
PRE FA 0 E. 

THE object of this Volume is to des~ribe the present condition of American Railroad Practice in its. most advanced 

form, both as concerns ConstructiOn and Management. . 

Although the railway system of the United States is far more extensive than that of any other nation in the 

world, only a very incomplete knowledge of its characteristics exists in Europe. It is popularly believed that the 

leading features of American railroads are flimsiness in construction, and looseness in working; the idea is certainly 

not without foundation, but its chief support _is a want of accurate information. There exist in the United States 

some thousands of miles of railroad, which, from the roadbed upwards, are deficient in almost every detail of 

excellence, while a still greater mileage, though serving the necessities of traffic, fall far short of what, in a European 

point of view, is mediocrity. On the other hand, there are many lines-chief among them those of the Penn

sylvania system-in which the most advanced features of American practice are found, and which are of the first 

order in all respects. 

The principal conditions by which the American engineer has been and is governed,· differ materially from those 

with which we are familiar. Chief among them are excessive distances to be traversed, natural obstacles on a large 

scale to be overcome, and as a consequence, the necessity of moderate expenditure in construction and working. 

These conditions have been met by minds, possibly less highly trained than those of European engineers, but 

certainly less trammelled by veneration for precedence, and with an instinctive power of finding suitable means, at 

once practical and economical, to achieve a desired end. 

In view of the fact that American industries are rapidly entering into keen competition with those of this 

country, both in home and foreign markets, an intimate acquaintance with the manufacturing and engineering practice 

of the United States is a matter of vital importance. Already in several parts of the world American engineers have 

established themselves and their railway .system, while some of the more important of our Colonies are pur

chasing engines, rolling stock, and other railway materiel in the United States. In this country and on the 

Continent, some important American features have been introduced into railroad practice-chief among them, 

the Westinghouse Automatic Brake and the Pullman Car, while one of our leading railway compames 1s now 

building locomotives embodying all the characteristics of the Mogul type of American engine. 
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iv PREFACE. 

These are promising signs of the awakening desire among English engineers to look abroad, and especially 

towards the United States, with the intention of learning, and of adopting, what is good and expedient for 

ad9ption. 

To aid in this research the present volume has been prepared, and as far as possible the most minute information 

bearing on its special subject has been recorded. Especial thanks are due to the Management of the Pennsylvania 

Railroad Company for forwarding this object by every means in their power. Particularly the author desires to 

acknowledge his grateful appreciation of the assistance rendered by Mr. W. H. Wilson, Consulting Engineer to the 

Company; to Mr. Joseph M. Wilson, his son, Engineer of Bridges and Buildings; and to Mr. Theo. N. Ely, 

Superintendent of Motive Power. It should also be mentioned that some of the illustrations in the earlier part 

of the volume have already been presented to American readers in The Pennsylvania Railroad, Historical and 

Descriptive. 

LONDON, January, 1879. 
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THE 

PENNSYLVANIA RAILROAD. 

INTRODUCTORY. 

THE Commonwealth of Pennsylvania is at present the 
· most important of the divisions of the United States, 
and possesses more advantages, natural and developed by 
progress, than any other State in the Union. Its cities are 
numerous, large, and prosperous, its surface is highly 
cultivated, while beneath lie almost inexhaustible supplies 
of minerals; it contains the only important supplies of 
anthracite in the world, while towards its western boundary, 
the f:tard fuel changes gradually into semi and finally into 
bituminous coal. In the western portion, too, stretching 
from near Pittsburgh towards the north-east as far as Erie 
City, lie the wonderful oil-bearing sand strata from which 
a universal demand is almost entirely supplied. It is 
intersected by several important rivers, forming water 
communications with the main streams of America, as well 
as to the seaboard, and these means of communication are 
further supplemented by an extensive system of canals, 
made before the network of railways with which the State 
is covered, were commenced, and still carrying large quan
tities of mineral and agricultural freight. The railway 
system comprises no less than 1672 miles of line, the 
chief of which is of course that to which the present 
volume will be devoted. Finally, the historical relations 
of this ' State are richer than those of any other. 

The form of Pennsylvania is almost rectangular, and 
it measures from its eastern to its western sides 310 
miles, its breadth being . 160 miles. To the north lies 
the State of New York, with the· southern end of 
Lake Erie extending into it at the north-west corner ; 
on the east the boundary is the Delaware River, sepa
rating it from New Jersey and New York ; on the 
south are Delaware, Maryland, and Virginia; and on the 
west a part of Virginia and Ohio. It lies between lati
tudes 39 deg. 42 min. and 4~ deg. 15 nl.in. north, and 

between 7 4 deg. 40 min. and 80 deg. 35 min. west longi
tude. The area of the State is about 46,000 square miles, 
and the mean elevation of its surface above the sea is 
600 ft., the highest mountain ridges rising to 3000 ft. 

It will be impossible to do better than to borrow from 
Rogers's great work on the geology of P ennsylvania such 
leading facts as are necessary to preface the present 
subject, bearing on the general geographical features of 
the country. 

Dividing the State according to the contours of its 
surface, Professor Rogers classifies it into five distinct 
districts. 

The First District is that of the Atlantic Slope at the 
south-east portion of the State lying between the Delaware 
and the Susquehanna, and the south-east base of the South 
Mountains. 

The Second District includes the Appalachian Chain, 
including the ridges and table-lands between the south
east base of the South Mountains and the summit of the 
Allegheny Mountains. 

The Third District includes that part of the State 
north and north-west of the Allegheny Mountains, except 
the two districts north of the northern table lands of the 
bituminous coalfields. 

The Fourth District lies in the north-east, and is watered 
by the tributaries of the north branch of the Susquehanna. 
This is the highest of the series of plains descending to 
Lake Ontario. 

The Fifth District lies in the north-west portion of the 
State, and slopes down to Lake Erie. 

As to the natural drainage of the State of Pennsylvania, 
it consists of three principal slopes, divided by two chief 
watersheds, that of the Appalachian range which separates 
the streams to the Atlantic from those flowing into the 

B 
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2 THE PENNSYLVANIA RAILROAD, 

Ohio River, and the watershed to the lakes. The follow
ing summary shows this : 

{ 
Basin of the Delaware. 

{ 

Basin of Delaware Bay, Basin of the Schuylkill. 
embracing Basin of the Brandywine. 

Atlantic With some minor streams. 
Drainage -Basin of the Susquehanna . 

. Basin of Chesapeake Bay, {Basin of the Potomac (only a 
l embracing part of this is within the 

State.) 
r Basin of the Allegheny. 

Mexican f B . f th Oh. R. i Basin of the. Beaver. asm o e 10 1ver B · f h M h 1 Gulf . p 1 . asm o t e ononga e a. 
. m ennsy vama. A Dramage .... nd other smaller streams 

L flowing into the Ohio. 

{ 
Basin of Lake Ontario in} · G · Lake p 1 . Basm of the cnessee r1ver. 

Drainage ennsy vama. 
B · f L k E · I Conneaut Creek and several asm o a -e ne 1 h t t 

1.. s or s reams. 

The first of these drains an area of 28,000 square miles, 
the second 12,632 square miles, and the third 9500 square 
miles. 

Professor Rogers has admirably tabulated the water 
system of Pennsylvania, and as the Pennsylvania Railroad 
crosses its chief stream many times, while its chief cities are 
located upon one or other of the rivers, we reproduce the 
statement in Table No. I. The various courses can be fol
lowed upon a good map of the State. 

The geological formation of Pennsylvania comprises 
only the more ancient deposits ; there are found in it none 
of the Tertiary, Cretaceous, or Oolitic periods, the strata 
belonging exclusively to the Gneissic, Palreozoic, and th.e 
Mesozoic, the second of these being the most extensive. 
No volcanic rocks appear, but a few dykes of trap are met 
with, and in the south-eastern part of the State an immense 
number of granitic veins. 

The gneissic or ancient metamorphic rocks and the meso
zoic red sandstone formations occupy in about equal parts 
the south-eastern part of the State. On the other hand 
the palreozoic cover nine-tenths of its area, and preserving 
:an enormous total thickness, are divided into many series 
:and then into many formations; it is in this series that the 
·wonderful coal and iron deposits of the State are found. 

Upon this grand foundation rest the superficial deposits 
of the surface, including the ferruginous loams of the 
hematite iron ores and diluvium. 

The gneissic rocks include nearly all the varieties of 
felspathic, micaceous gneiss, and mica slates, and, pro
perly belonging to the palreozoic system, a large series. of 
indurated clay, chloritic and steatitic slates, thoroughly 
metamorphosed by the action of heat. 

The palreozoic system comprises a long succession of fer
riliferous strata, ascending from the lowest class upon the 
gneissic beds to the highest or cool strata. Careful exami
nation has shown that these rocks were deposited during 
the .. four earliest palffiozoic periods-the Cambrian, Devo-

"" ::::: 
<: :;: 
<: 
..:1 

"" Q 

"" :t: 
8 

TABLE No. I. A-THE DELAWARE. 

Rises in the north-east corner of Delaware County, New York 
State, about 2000 ft. above. the sea. It traverses Delaware County, 

flows between Pennsylvama and New York as far as Carpenter's 
Point, thence between Pennsylvania and New Jersey, to the State 
line below Chester, and thence between Delaware and New 
Jersey, into Delaware Bay. 

r 
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I 
I 
I 
I 

I 
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il 
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I I 
I I I I 
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I I 
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I I 
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s 
0 ... 
~ 

r Rises in Moosik Mountain, on 

I the eastern borders of Wayne 
County, and flows eastward 
through Wayne and Pike Conn-

The Lackawanna J ties. The towns on it and its 
Creek I branches are : Belmont, Mount 

The Lehigh River 

Pleasant, Bethany, Honesdale, 
and Hawley. Empties into the 
Delaware, between l\Iount Hope 
and Barryville. 

Rises in the table land of the 
Pokono Mountain in Monrose 
and Lucerne Counties. Runs 
between Lucerne and Carbon 
Counties, across the latter, and 
between Lehigh and North
ampton, and across the latter. 
The towns upon or near it 
are: Stoddartsville, Whitehaven, 
Pennshaven, Mauch Chunk, Le
highton, West port, Parryville, 
Allentown, Bethlehem, and Eas
ton. Empties into the Dela
ware below Easton. 

Rises in the southern anthracite 
fields in Schuylkill County. 
Runs through Schuylkill, Berks, 
Montgomery, and Philadelphia 
Counties. The towns on or near 
it are: Tuscarora., Middle Port, 
Port Carbon, Pottsville, Schuyl
kill Haven, Orwigsburg, Port 
Clinton, Hamburg, Reading, 
Pottstown, Phamixville, Norris
town, Manayunk, and Phila-

The Schuylkill 

1 
delphia. 

River rOn the right from Broad 
rn I Mountain Mill Creek, West 
~ Branch, Tulpehocken, and 

l·z J French Creek. On the left 
~ l from Broad Mountain, 
~ I Little Schuylkill, Maiden 

I Creek, Manatawny, Per
l kiomen, and Wissahickon. 

Empties into the tidal part of the 
1 Delaware a few miles below 
l Philadelphia. 
r Rises in the plateau of the Cats-
1 kill Mountains, traverses Dela-

The Pawpacton ~ ware County, New York, west
! ward. Empties into the Dela
l ware at Hancock. 

r Rises in the north of Ulster 
County, traverses this and Sui-

The Neversink ) !ivan Counties to the south. 
1 Empties in the Delaware below 
1 Port Jarvis. Principal town 
L upon is Monticello. 
r Rise in :Monmouth and Burlington 

Several Large 

L Streams in New 
Jersey 

I Counties, New Jersey, and tra
verse Burlington County. The 

I chief towns upon them are .: 
"\ Pemberton, Mount Holly, Vin-
1 centown, Eayrstown, and Lum-

berton. Empties into the Del laware below Burlington City. 

It passes by or near the towns of Narrowsburg and Port J arvis in 
New York; Milford in Pennsylvania; Belvidere in New Jersey; 
Easton and New Hope in Pennsylvania; Trenton, Bordentown, 
and Burlington, in New Jersey; Philadelphia and Chester, in 
Pennsylvania; Wilmington in Delaware. It empties into De
laware Bay. 
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THE PENNSYLVANIA RAILROAD~ 

B.-THE SusQUEHANNA. 
Rises in Otsego County, New York, near Otsego Lake, on an 

elevated table land. Enters Pennsylvania in Bradford County, 
and finally enters Chesapeake Bay. 

~i 

I 
I 

I 
L 

f Rises in Madison County, New 
The Shenango i York, traverses Shenango and 

Ri>er Broome Counties, New York, 
empties into the Susquehanna 
at Bing hampton, New York. 

Rises in Steuben County, New 
The Chemung I York, traverses Steuben and 

River i Chemung Counties, New York, 
I empties into Susquehanna at 

The Great ·west 
Branch of 

the Susquehanna 

The Juniata River 

l Athens. · 
r Rises in Cambria County, Penn-

I sylvania, traverses Clearfield, 
Clinton, and Lycoming Coun-

1 
ties; passes Lockhaven, Clear
field, Williamsport, Muncy, Mil

i ton, Lewisburg, and Northum-

! berland; empties into Susque
hanna at Northumberland. It 

I receives from right and left a 
number of creeks, some of con

l siderable size. 
r Rises in the eastern slope of the 

I Allegheny Mountains in Blair 
and Bedford Counties, traverses 
Bedford, Huntingdon, Miffiin, 
Juniata, and Perry Counties, and 
empties into the Susquehanna 
above Duncannon. It receives 
from right and left a number 
of creeks, some of considerable 
size. 

Rises on the border of Wayne 

I and Susquehanna Counties, tra-
The Lackawanna verses parts of Susquehanna 

1 and Luzerne Counties, passes 
Creek Carbondale, Scmnton, and Pitts

ton, empties into the Susque
hanna at Pittston. 

The Swatara 
Creek 

r Rises in Schuylkill County, in 
the southern coal basin, tra

~· verses Schuylkill, Lebanon, and 
I Dauphin Counties, empties into 

the Susquehanna at Middle-
! town. 
I Rises in the southern corner of 

I Berks County, traverses Lan
caster County, passes Morgan-

The Conestoga J Creek 1 town, Churchtown; Lancaster, 

f 
and Safe Harbour, empties 
into the Susquehanna near Safe 
Harbour. 

Rises near the eastern ridge of 
The Octorara Lancastet· County, empties into 

Creek l the Susquehanna above Port 
Deposit. And a number of 
smaller creeks and streams. 

It passes by or near the towns of Unadilla, Great Bend, Bing
hampton, Owego, Athens, Towanda, Tunkhannock, Pittston, 
Wilkesbarre, Berwick, Bloomsburg, Danville, Northumberland, 
Sunbury, Dauphin, Harrisburg, Marietta, Columbia, Port De
posit, and Havre-de-Grace. It empties into Chesapeake Bay, 
in Maryland, 12 miles south of the State line of Pennsylvania. 

nian, and Carboniferious-the Permian not entering at all 
into the series. The aggregate thickness of these rocks is 
not less than 35,000 ft., and some of the separate forma
tions measure from 3000 ft. to 5000 ft. The strata of 
the Appalachian system consist of the three prevailing 
classes of sedimentary rocks, sandstone, sla.te, and lime
stone, and subordinate are the great beds of conglomerate 
ofquartz pebbles, argillaceous limestone and sandy shales. 

C.-THE ALLEGHENY RIVER. 
Rises near the centre of Potter County, 1700 ft. above the sea. 

Traverses Potter and McKean Counties, enters New York, 
ret"?rn~ to Pennsylv:ania in north-east corner of Warren County, 
which 1t traverses d1ag?nally, passes through Venango, Clarion, 
and Armstrong Countws, to Pittsburgh; where it unites with 
the Monongahela and forms the Ohio, which traverses Allgeheny 
and Beaver Counties, and forms the boundary between Ohio 
and Virginia. 

(Rises in Cataraugus County, New 
( The Conewango 1 York; traverses that county and 

Creek l Warren County, Pennsylvania, 
empties into the Allegheny at 
Warren. 

(Rises in Chatauque County, New 

I York, near Chatauque Lake, 
traverses Chatauque County, 

The French Creek 1 New York, Erie, Crawford, and 
"") Venango Counties, Pennsyl-l vania, passes town of Mead

ville, · and empties into Alle
gheny at Franklin. 

I The Beaver River 

(Rises in the north-west corner of 

I Crawford County, passes towns 
of Lawrence, Newcastle, Sha

~ ron, and Greenville, and re-
l 

Neshannock Creek, empties into I ceives the Mahoning river and 

( l the Allegheny at Beaver. 

I , {Rises in Warren County, traverses 
The Tionesta south-east of Warren and east 

Creek of V cnango County, empties 

I i_nto the Allegheny at Tionesta. 
(Rises in the south part of McKean 

I County, at an elevation of 2000 

I feet, traverses Elk, Forest, 
The Clarion River ~ and Clarion Counties, passes 

I I towns of Ridgeway and Cla
rion, empties in the Allegheny 

l at Foxburg. 
(Rises in the west of Clearfield 

The Redbank i County, traverses Jefferson and 
Creek Armstrong Counties, passes 

town of Brookville, empties in 
l the Allegheny near Vanburen. IRises in the west of Clearfield 

County, traverses Jefferson and 
Tho Mahoning Armstrong Counties, passes 

Creek towns of Punxatawney, and 

The Crooked 
Creek 

Ll Nichols burgh, empties into Alle
gheny above Kittanning. 

{
Rises in Indiana County, traverses 

Indiana and Armstrong Coun
ties, empties into Allegheny be
low Kittanning. 

rRises in and traverses Cambria. 
I and Westmoreland Counties, 

The Conemaugh ~ passes towns of Johnstown, Be-
River I livar, Blairsville, Saltsburg, and 

1 Leechburgh, empties into Alle
l gheny at Freeport. 
(Rises in Lewis County, Virginia, 

1 II traverses Lewis, Harrison, and 
Monongalia Counties, and Aile

The :Monongahela ~ gheny County to Pittsburgh; re-

I River I ceives the Cheat and Youghio
gheny rivers, and empties into 

I the Allegheny at Pittsburgh, 
l with \'vhich it forms the Ohio. 

I (Rises in Washington Count. y 
1 which it traverses, and th~ 

The Chartiers l southern part of Allegheny 

I Creek County, passes near town of 
Washington, and empties in AL 

l legheny 3 m. below Pittsburgh. 
Passes by- or. near. the towns of Coudersport, Olean, Warren, 

Frankhn, K1ttannmg, Freeport, and Pittsburgh, where it meets 
th? ¥~no:r;tgahela:, a~d forms the Ohio, which empties into the 
MlSSlSSlppl at Cairo m the State of Illinois. 
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4 THE PENNSYLVANIA RAILROAD. 

SECTION I.-HISTORICAL. 

THE history of railway communication in the State of 
Pennsylvania takes us back through a period of 54 

years, the Legislature having in March, 1823, passed a Bill 
sanctioning the construction of a railroad from Philadelphia 
to Columbia, in Lancaster County, a distance of 80 miles. 

Long before that time, however, the people of the United 
States had bestowed much earnest attention to the subject 
of routes of communication between the sea-board and 
what was then the "-west." The great river system lent 
itself to these undertakings, and the inland navigation 
works carried out were extensive at the beginning of the 
century. In 1791 a " Society for promoting the improve
ments of the roads and the inland navigation of Pennsyl
vania" was formed, having for its main object the creation 
and improvement of artificial and natural channels between 
the Delaware and the Ohio-Philadelphia and Pittsburgh 
-as well as the chain of lakes to the northward. Much 
was done to improve the great watercourses of the State
the Delaware, Schuylkill, Susquehanna, Juniata, Ohio, and 
their numerous tributaries-and to form the necessary 
supplementary channels. Between Philadelphia and Pitts
burgh, however, running across the State of Pennsylvania, 
lies the Allegheny range, not very lofty it is true, but 
sufficiently high to interpose a formidable barrier to 
through traffic, and to render land carriage over the 
mountains an absolute necessity by the shortest route 
practicable that could be laid out to join the terminal 
points of navigation on the eastern and western sides of 
the Alleghenies. Meanwhile Pennsylvania was probably 
more advanced than any other State of the Union in the 
construction of roads. In 1807 the Lancaster high road 
was completed, and two companies had been formed to 
extend these roads as far as Pittsburgh. Writing in that 
year, Mr. Gallatin, then Secretary to the Treasury, stated 
that the Commonwealth of P ennsylvania had authorised 
the construction of 3000 miles of road, and he recom
mended the Government to sanction the construction of 
four great water routes westward, with an outlay of 
4,800,000 dols. Lines of communication of this nature 
were, in fact, rapidly pushed forward during the succeeding 
twenty years, until the inauguration of the railway system 
in this country awakened the people of the United States to 
the consciousness that a far better and more rapid means 
of transit than they had previously dreamt of, was possible. 

Railroads had already been built in the United States, the 
first about 1809, in Pennsylvania, from a stone quarry to 
a loading stage on one of the creeks running into the 
Delaware. In 1827 quite an extensive railroad was made, 
connecting some coal mines at Mauch Chunk, in the 
Lehigh district, with the Lehigh River. Altogether with 
branches and sidings it was 13 miles in length, and was 
worked by gravity and winding engines. The following 
year the first steam-IYorked road in the United States was 
commenced, that of the Delaware and Hudson Canal 
Company. The " Stourbridge Lion " was sent over from 
England, and placed upon this road on the 8th of August, 
1829. In 1828, too, the Baltimore and Ohio Railroad 
was begun, the work having been commenced on the 
4th of July by the last survivors of those who signed the 
Declaration of Independence. It was on this line that the 
first engines built in America (by Mr. Ph. Davis, of New 
York) were set to work. This was in 1831. 

As we have already stated, the State of P ennsylvania 
had long before been concerned in the question of rail
roads. In 1823, a charter was granted to John Stevens, 
Horace Binney, ancl Stephen Girard, of Pennsylvanian 
celebrity, for the construction of a line from Philadelphia 
to Lancaster. Nothing came of this, however, and the 
scheme was dropped in favour of the better-known system 
of water transport. In 1824, Canal Commissioners were 
appointed, and during that year and the next extensive 
surveys were made for canals. In 1826, an Act was 
passed for the building of the Columbia, Lancaster, and 
Philadelphia Railroad, following about the same route as 
that previously proposed by John Stevens and his friends. 
Like the earlier scheme, too, the later one came to no 
practical issue, and the following year the State itself, 
convinced that works of this sort were beyond the scope of 
private enterprise, resolved upon taking up the matter on 
behalf of the Commonwealth. Besides other projects, the 
Canal Commissioners, in whose hands the work of carrying 
out these novel schemes was placed, were instructed to lay 
out and contract for the construction of a railroad from 
Philadelphia via Lancaster to Columbia, and to examine 
into and report upon the practicability of building a line 
from Huntingdon on the east, to J ohnstown on the west 
of the Alleghenies. An appropriation of 2,000,000 dollars 
was made for these works. From this time forward, 
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THE PENNSYLVANIA RAILROAD. 5 

railway construction was pushed on, not only by the Com
monwealth, but also by private enterprise, and, of course, 
the same movement was being made in other States. 
Pennsylvania was called upon to spend 2,000,000 dollars 
a year through many years, before the main canal from 
Columbia to Hollidaysburg on one side of the mountains, 
and from Johnstown on the other to Pittsburgh was com
pleted, and in 1834 the unbroken line to the latter place 
was finished by the two sections of canal and the line of 
railways-Philadelphia and Columbia, and the Portage 
road over the mountains from Hollidaysburg to Johnstown. 
The latter vvas built with a single track, and the former 
with a double line of rails. This energy on the part of 
Pennsylvania was chiefly due to the fact that New York 
State, by the completion of the Erie Canal, had created an 
easy and unbroken line of travel, which opened the closed 
doors of the great lake to the Atlantic. 

This route from Pittsburgh to Philadelphia, the fore
runner of the P ennsylvania Railroad, was a grand work, 
reflecting credit alike on the enterprise of the State that 
authorised, and of the engineers who constructed it. 

The Columbia Railroad, 82 miles in length, was located 
in 1828, and constructed almost to completion by Major 
John vVilson, who died in 1833, and whose son and 
grandson are now on the P ennsylvania Railroad, as Con
sulting Engineer, and Engineer of Bridges and Buildings. 
The curvature, which was limited to 631 ft. radius, was 
not considered objectionable at that clay, being quite as 
moderate as on any contemporaneous road, but which has 
since been modified to meet the advanced condition of rail
road science. The gradients however were easy, not exceed
ing 30ft. per mile except at one point, where in consequence 
of quicksand at a deep summit cutting, it became necessary 
during the progress of construction to increase the gradient 
to 45 ft. per mile for one mile on each side of the apex. 

The permanent way appears to have been of a somewhat 
mixed nature, part of it being of flat, and part of edge 
rails, secured to granite blocks or to wooden ties. The 
cost of the line was about 666,000l., or 8100l. per mile. 
At each end there was an inclined plane, that at the 
Philadelphia terminus having been 2805 ft. long, with a 
rise of 1 in 15, the total rise being 187 ft. The other at 
the Columbia end was 1 in 20, the length being 1800 ft. 
and the total rise 90 ft. These planes were worked, 
at a very large cost, by stationary engines, the annual 
expense of working, maintenance, &c. of the large plane 
having been about 8000l., and that of the smaller 
3500l. Between the planes, horses hauled the cars for 
two or three years, and they performed the journey of 82 
miles in nine hours. The first engine put on the road 
was sent from England, but she proved a failure and was 
removed. In 1836, a useful class of engines superseded 

horse power entirely. The motive power belonged to and 
was worked by the State, while the cars were the property 
of private individuals, who paid a fixed toll for the privi
lege of having their vehicles transported. 

At the terminal station at Columbia, passengers and 
freight were transferred to boats running on the eastern 
division of the Pennsylvania Canal, which extended to 
Hollidaysburg, at the eastern base of the Alleghenies. 
The canal itself was quite a considerable work. It was 
172 miles long, and cost about 3450l. per mile. There 
were 33 aqueducts upon it, and 111locks, the total height 
overcome being 585.8 ft. A part of this water navigation 
consisted of the Juniata and Susquehanna, which were 
suitably clammed for the purpose. 4t the junction between 
the two rivers the canal crossed the latter, a clam being 
constructed across it, and the boats were towed on the 
stream by horses traversing a path made on a bridge cross
ing the Susquehanna at a height of about 30 ft. above the 
water. Hollidaysburg was, from the fact of its being 
the terminus of the canal, a central clep6t, and therefore of 
considerable commercial importance ; but for many years 
it has declined, and is to-day but the shadow of its former 
self. The Alleghenies at this point vary in width from 
100 to 150 miles, but the heights nowhere exceed 3000 ft. 
The sides are timbered to the summits, and the steepest 
sides face towards the east. The formation of transition 
and secondary rocks with a westward clip, includes exten
sive coal and iron deposits, which are not however largely 
worked. It was over this barrier that the Portage Rail
road was carried, to complete the route to Pittsburgh. 
The Portage road cost over half a million sterling. It was 
commenced in 1831, and was opened for traffic on the 
26th November, 1833, but the second line of rails was not 
laid clown until two years later. The crossing was located 
at a pass called Blair's Gap, the summit level of which was 
2326 ft. above the sea. The formation width of the line 
was 25 ft., and for a considerable distance it was formed 
entirely of side cutting and embankment, with heavy revet
ment walls, sometimes 100ft. high, and built with a batter 
of one-half to one. 

The drainage of the line was a matter of great trouble 
and expense, on account of the heavy rainfall which not 
unfrequently swept in torrents clown the mountain side, 
and flooded the line. The works on the railroad included 
153 culverts and four viaducts, and the line was boldly laid 
out skirting the edges of precipices. One of the viaducts 
crossed the Conemaugh at a height · of 70 ft. above the 
water level. There was only one tunnel, 900 ft. long, 
20 ft. wide, and 19 ft. high. 

The most striking features of the line, however, were the 
inclined planes. There were ten of these in the whole 
length of 36 miles between H ollidaysburg and Johnstown, 
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five on one side of the range, and five on the other. The 
total rise and fall in the whole distance was 2571 ft., of 
which 2007 ft. were graded on the planes, and the re
mainder of the easy gradients of the intermediate sections. 
From Hollidaysburg to the summit was 10 miles, and the 
height to be overcome was 1398 ft. On the other side 
the distance was 20 miles and the height 1172 ft. 

The lengths, gradient and total rise of the series of 
planes are given in the following Table. 

TABLE No. II.-THE PoRTAGE RAILROAD PLANES. 

NUMBER. Length in Feet. Gradient. Height 
Overcome. 

feet. 
Plane No.1 1607.74 1 in 10.71 150 

" 
2 1760.43 1 " 13.29 132.40 

" 
3 1480.25 1 " 11.34 130 .• 50 

" 
4 2195.94 1 " 11.68 187.86 

" 
5 2628.60 1 " 13.03 201.64 

" 
6 2713.85 1 " 10.18 266.50 

,_, 7 2655.01 1 " 10.19 260.50 

" 
8 3116.92 1 " 10.13 307.60 

" 9 2720.80 1 " 14.35 189.50 
" 10 2295.61 1 " 12.71 180.52 

The gradients between the planes varied from the 
horizontal to 26~\- ft. per mile ascending, and 521~ ft. 
per mile descending eastward. A pair of thirty horse 
power horizontal engmes were placed at the top of 
each plane. One of them sufficed to drive the rope to 
which the trains were attached, and the engmes were 
driven on alternate weeks. The water supply for the 
boiler was a matter of considerable trouble and expense. 
In some cases it was brought through wooden pipes 
from points more than a mile distant. The ropes for 
working the traffic were passed around horizontal wheels 
placed at the top and bottom of each plane. The upper 
wheels were provided with a powerful brake to retard 
the descent of the trains, and they were driven from the 
engme. The ropes at first used were 7 k in. in circum
ference, but they were afterwards enlarged to 8 in., as the 
smaller ones occasionally slipped from the grooves in the 
wheels. As already stated, the line was laid with a double 
track, and the traffic was worked so that a descending and 
ascending train were always attached to the rope at the 
same time. The trains were secured only by a smaller 
rope made fast to the main one, at each end of the train, 
secured to the couplings of the first and last wagons, and 
several devices for safety brakes were also employed. 

The following extract from the report of the Pennsyl
vania Canal Commissioners for the year 1836, giVes a 
clear idea of the practical working of this great under
taking, so long abandoned, of which to-day scarcely the 
traces remam. "The Portage Railway, however com
plicated in its operations, and limited in its capacity by 

inclined planes, as canals are by locks, is nevertheless 
adequate to the transaction of a vast amount of business. 
Occupying as it does a nearly central position on the main 
line between Columbia and Pittsburgh, the capacity of the 
planes ought to be equal to the canal locks on these 
divisions. Many suppose the planes fall very far short 
of that limit, and that their full capacity is nearly reached, 
It is, however, due to our commercial interest, and to the 
public at large, to state that the maximum of that limit 
is very far from being obtained. The length of tho 
largest plane is very nearly 3000 ft.; the time occupied 
in moving up or down is five minutes ; the time occu
pied in attaching a train is 2k minutes, making 7 k 
minutes, or 8 drafts per hour of three loaded cars, carrying 
3 tons each, making 24 cars or 72 tons per hour. It will 
be observed by the report of the superintendent that 
the number of cars weighed at Hollidaysburg, and tran
sported from east to west, from April 1st to October 31st, 
is 14,000, making a transit of a number not exceeding 
100 per day; but instead of this number when the trade 
demands it, 24 cars can be passed up, and the same 
number down the largest plane in each hour, making 
288 cars each way in the day of 12 hours, and 576 cars 
m one direction in 24 hours. This can be accomplished 
by using the road day and night, with a double set of 
hands. This is the true limit of the capacity of the road." 

During the six months ending October 31, 1836, there 
were 19,171 passengers conveyed over the line, and 
37,081 tons of freight carried in 14,300 cars. Of course 
the rate of travelling by this route was slow. Mr. David 
Stephenson, writing in 1837, says with reference to it: 
"The train by which I left Hollidaysburg at nine in the 
morning, reached the summit at twelve, where it stopped 
an hour, and arrived at Johnstown at 5 P.M., seven hours 
having been occupied in travelling over 36 miles. Much 
time is lost in ascending and descending the various 
planes." From Johnstown to Pittsburgh extended the last 
section of this really great work, the western division of 
the Pennsylvania Canal. Upon its length there were 
64 locks, 16 aqueducts, 152 bridges, and a tunnel 1000 ft. 
m length. It ran through the valleys of the Conemaugh 
and Allegheny rivers, and was 105 miles in length. 
To-day it remains with ruined locks and broken bridges, 
a relic of early American engineering. Upon this journey 
from Philadelphia to Pittsburgh in 1836, Mr. Stephenson 
observes: "I travelled this distance (395 miles) in 91 
hours. The average rate of travelling was therefore 
4. 34 miles per hour. One hundred and eighteen miles 
of this extraordinary journey were pmformed on rail
roads, and the remaining 2 7 7 miles on canals. The 
Gharge made for each passenger conveyed the whole 
distance was 3l., being at the rate of twopence per mile. 
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This line was operated for twenty years, and one of the 
most interesting developments that was made upon it, 
related to the facilities for transporting freight from the 
canal to the railway without breaking bulk. For this 
purpose the canal boats were built in sections of conve
nient size, and so arranged as to be easily detached. On 
arriving at the end of the canal where it joined the rail
way, the sections were separated, and brought upon trucks 
which were made up into a train. The operation was 
reversed at the other end of the railway, the sections 
being again united so as to form a boat, which was then 
towed up the canal. 

According to a statement prepared by Mr. vVilson from 
official documents the total cost of the line to the State 
was as follows : 

Columbia Railroad . . . . 
Eastern and Juniata Divisions of Canal . 
Portage Railroad . . 

dols. 
5,277,278 
5,313,251 
1,860,753 
3,173,432 Western Division of Canal 

New Portage 

Total 

15,624,714 
. 2,127,970 

. 17,752,684 

The combined route to Pittsburgh was, however, scarcely 
opened for traffic when an agitation was commenced for 
the construction of a through line of railroad, which 
should be independent of inclined plane working. Two 
charters for this purpose were granted in 1837, but they 
remained as a dead letter for a number of years. In 1838 
the project, however, took a more definite form. Public 
meetings were convened, and after some delay, alternative 
routes were surveyed, and in 1840, that following the course 
of the Juniata and the Conemaugh was concluded to be 
the most feasible. Six years were passed, however, before 
anything was actually done. In 1846, an Act incor
porating the Pennsylvania Railroad Company was passed, 
with a capital of 10,000,000 dollars. The following year 
(July 16th, 1847), the contract for the first 20 miles west 
of Harrisburg was let, and the same month a section of 
15 miles east of Pittsburgh. On the 1st of September, 
1849, the first division, 61 miles long, from Harrisburg to 
Lewistown, was opened for traffic; and one year later the 
line was completed to a mile east of Hollidaysburg, where 
a junction was made with the Portage Railroad. In 
August, 1851, 21 miles west from Johnstown were com
plete, leaving only 28 miles to join up with the Pittsburgh 
sections running east. This was completed, and from 
the lOth of December, 1852, through trains ran from 
Philadelphia to Pittsburgh via the Portage Railroad, for 
more than a year, the through line not being completed · 
till February 2, 1854. The route of the line over the 
Alleghenies is shown by the full line in the accompanying 

plan. But about the same time, the Commonwealth was 
constructing a second line over the mountain called the 
"New Portage," crossing the summit by a tunnel very 
near the one constructed by the Pennsylvania Railroad 
Company. This section of road was not completed when 
the State works were sold in 1857; consequently, it was 

RAILWAY ROUTES OVER THE ALLEGHENIES. 

never brought into use, although a large amount of money 
had been expended upon it. It has now, with the excep
tion of the tunnel at the summit, disapea;red about as com
pletely as the older Portage road, although the formation 
still remains to indicate its course. 

The money for the construction of the Pennsylvania 
Railroad was liberally subscribed throughout the State, 
the City of Philadelphia having contributed in 184 7-48 
about 4,000,000 dollars. 

When the through line of railroad was completed and in 
operation, many of the people of the State became anxious 
to sell the public works which had never been productive, 
but the burthen of which they had borne, in order to 
secure trade and traffic through the State. Now that indi
vidual enterprise by the construction of the Pennsylvania 
Railroad had secured this object, they wanted to get rid 
of the incubus, and in 1854 a Bill was passed authorising 
the sale. No purchasers were found, however, and the 
Bill was repealed, but in 1857 another Bill was passed 
empowering the Commonwealth to dispose of her public 
works, and thus the Pennsylvania Railroad Company, 
under its present organization, became the purchaser of 
the main line between Philadelphia and Pittsburgh. 
Under this new arrangement considerable improvements 
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and developments of the railway were made, to be sus
pended during the period of the civil war, and resumed 
immediately after its close. Of course in the mean time 
the State of Pennsylvania was being covered with a net
work of railways under the direction of other companies, 
but the great extension and the power of the Pennsylvania 
Railroad Company rendered it advantageous for them to 
acquire the control of lines other than their own. Thus 
in 1862 the company acquired by lease for 999 years the 
Philadelphia and Erie Railroad; in 1871, they leased for 
the same term the united railroads of New Jersey ; some 
years earlier, it became controller of the Northern Central 
from Baltimore to Sunbury, where it joins the Phila
delphia and Erie, and the Baltimore and Potomac Rail
road, commenced in 1853, but abandoned, and completed 
by the P ennsylvania Railroad Company in 1873. Besides 
this it was aided by the construction and extension of other 
lines, such as the Pittsburgh, Fort vVayne, and Chicago, so 
as to develop the traffic upon its own lines. 

Some years since it was found desirable in the interests 
of the company to incorporate the lines west of Pittsburgh 
under separate management, and in 1871 the Pennsylvania 
Company was organised, with a capital of 12,000,000 dols., 
of which 8,000,000 dols. were transferred to the Pennsyl
vania Railroad Company in payment of the leases and 
property transferred. The parent association exercises a 
general control over the second company, and it is under
stood that the net revenues arising from the various lines 
are expended in the improvement and extension of the 
railways of which they are lessees. 

Two gentlemen whose names are conspicuously con
nected with the Pennsylvania Railroad, call for a passing 
notice here. The first, the late John Edgar Thomson, one 
of the best known and most highly honoured engineers the 
United States has produced. Mr. Thomson was born in 
Delaware County, Pennsylvania, and commenced his en
gineering work in 1827 in the surveys of the Philadelphia 
and Columbia Railroad. From that time forward he was 
intimately associated with canal and railway work, and 
after having built the Pennsylvania Railroad he was elected 
its president, a post which he held until his death in 187 4. 

The second name to which we would refer is that of 
Colonel Thomas A.. Scott, the successor of Mr. Thomson 
in the position of president. Colonel Scott's wonderful 
energy and executive ability have made him justly noted. 
Like most of the present officers of the Pennsylvania Rail
road, he worked his way from an insignificant commence
ment. In 1841 he was a toll collector at Columbia, and 
six years after he was transferred to Philadelphia to act 
as collector's chief cleric Then in 1850 he became a 
station agent at Duncanville, and afterwards superinten
dent of the Western or Pittsburgh Division, where for the 

first time his abilities made themselves strikingly evident. 
In 1860 he was elected vice-president, and in this position 
he played a very distinguished part in assisting Govern
ment in the transport of troops and supplies during the 
war. On the death of Mr. Thomson, Colonel Scott was 
elected to the vacant presidency. 

GENERAL ORGANIZATION. 

The principal officers of the P ennsylvania Railroad 
Company, elected by the boar~ of directors, consist of 
a president, three vice-presidents, a treasurer, and a secre
tary. The various acting officers of the railway are
subject to the approval of the board of directors-ap
pointed by the president. The following is a complete list 
of the principal and secondary officers : 

President. . . . . . . . . 
1st Vice-President . . . . . . 
2nd , , . . . . , . 
3rd ,, ,, ••• 0 •• 

General Manager . . . 
Treasurer . . . . . . 
Secretary. . . . . . 
Assistant to the President 

" " 
Assi;fant-Treasurer" . . . . . 
Assistant-Secretary . . 
Cashier . . . . . 
General Solicitor 
Assistant to Solicitor . . . 
General Freight Agent 
General Passenger Agent . 
Controller . . . . . . . 
General Baggage Agent. . . 
Auditor of Passenger Receipts 
Assistant ditto . . . . . 
Auditor of Freight R9ceipts . 
Assistant ditto . . . . 
Auditor of Disbursements 
Assistant ditto . . . . . 
Consulting Engineer . . . 
Purchasing Agent . . . . . . 
Engineer of Bridges and Buildings. 
Engineer of Maintenance of Way . 
Superintendent of Canals 

Thomas A. Scott. 
George B. Roberts. 
Edmund Smith. 
A. J. Cassatt. 
Frank Thomson. 
John D. Taylor. 
Joseph Lesley. 
Strickland Kneass. 
John P. Green. 
J . N. Du Barry. 
Vacant. 
John C. Sims, Jun. 
ll. F. Crawford. 
John Scott. 
G. W. I. Ball. 
S. B. Kingston. 
L. P. :B'armer. 
R. W". Downing. 
Ch. R. Clement. 
H. W. Gwinner. 
M. Riebenack. 
G. M. Taylor. 
J. Justice, 
T. R. Davis. 
Joseph D. Greene. 
W. H. Wilson. 
E. Lewis. 
J. M. Wilson. 
IV. H. Brown. 
I. J. Wistar. 

The following are the names of the chief officers of 
the various divisions : 

1. NEw JERSEY DIVISION. 

General Superintendent . . . . F. W. Jackson. 
Superintendent of Motive Power . Thea. N. Ely. 

2. PENNSYLVANIA DIVISION. 

General Superintendent . . . . G. Clinton Gardner. 
Superintendent of Motive Power , Thea. N. Ely. 

3. PHILADE LPHIA AND EmE DIVISION. 

General Superintendent . . . W. A. Baldwin. 
Superintendent of .Motive Power . Howard Fry. 

The board of directors consists of fifteen members four 
' of whom are also officers of the company. The general 

offices are in Philadelphia, and ordinary meetings are held 
there on the second and fourth Wednesday of every montp, 
special meetings are also held at any time on the order of 
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the president, or on the written request of three members 
of the board. The presence of nine directors is sufficient 
to constitute a quorum for the transaction of business. 
Every year standing committees are appointed on the 
following subjects : finance, road, real estate, and inci
dental business. These committees meet at some con
venient time before each ordinary board meeting, at which 
their proceedings are reported. 

With regard to the actual duties of the various offices, 
the president has a general supervision and direction of all 
departments, and he has charge of the seal of the company. 
The first vice-president, who acts for the president when 
the latter is absent, has the general supervision of the 
comptroller's department. He also, acting through the 
general manager, determines the main character of all 
engineering work, and engineering questions relating to 
the construction or improvement of railways, and other 
properties owned by the company ; his power, however, 
does not extend to concluding contracts or sanctioning 
expenditure without the approval of the president or of 
the board of directors. The same officer exercises special 
control over receipts and expenditure over the whole of 
the system owned or worked by the company. The second 
vice-president is at the head of all the financial business of 
the company. It is his special duty to be fully informed 
on the treasury business, to provide for all financial re
quirements, and generally to see that this important de
partment is kept in order. He also exercises similar control 
over the various corporations in which the Pennsylvania 
Railroad Company have any interest. The third vice
president has, through the general manager, supervision 
of the Transportation Department, and manages both 
passenger and freight business; all questions relating to 
rates, &c., must be submitted to him, or to the president. 

The assistants to the president take charge of any 
business entrusted to them by the president or the board 
of directors. 

The treasurer naturally fills a very important position 
among the officers of the company. He gives securities 
for his integrity to the amount of 20,0001, and all the 
monetary transactions of the railroad pass through his 
hands. The banks or other places of deposit in which 
the funds are placed, are indicated by the board of 
directors, and in the month of February of each year the 
treasurer has to submit to the president a complete state
ment of the financial transactions of the past year. He 
has also to report daily to the comptroller a statement of 
all receipts and expenditure, so that the same may be 
entered in the comptroller's books, which thus form a 
complete record of all the financial transactions of the 
company. The accounts of treasurer and comptroller are 
compared at the end of each month ; and at monthly 

intervals, or oftener if called upon, the treasurer submits 
to the directors a balance-sheet and report relating to the 
deposit of all moneys belonging to the company. The 
treasurer signs all cheques, or in his absence · the assistant
treasurer, and each cheque is countersigned by the cashier 
or other officer the directors may appoint, and he pays 
all vouchers, after satisfying himself that they have been 
properly certified by the proper officer, and examined and 
approved. by the auditor of disbursements. The appoint
ment of book-keepers, clerks, and watchmen rests, subject 
to the approval of the president, with the treasurer so far 
as his departmental staff is concerned, and he is responsible 
to the company for their honesty and efficiency. 

The assistant treasurer and the cashier have to give 
sureties to the company in such amounts as are required 
by the board, and to perform the usual duties of their 
post, and such other duties as may be required of them by 
the treasurer, president, and directors. . 

The secretary records all proceedings at the board 
meetings, serves all notices upon directors, cancels old 
stock certificates, and registers and signs all new stock 
certificates issued. He also signs the bills of the general 
expense account that have been duly approved. In his 
absence, all these duties, except the latter, may be performed 
by the assistant secretary. 

The general manager has charge of the working of the 
Transportation Department. His duties are of a varied 
and highly responsible nature. He is accountable for the 
safe and economical working of the road, and has to report 
fully upon these points from time to time to the directors, 
pointing out existing defects, and making suggestions for 
improvement wherever such suggestions are possible. Sub
ject to the approval of the president he issues orders to 
the Supply Department, for machinery for erecting and 
repairing shops, materials for repairs of rolling stock, 
plant, and railway, as well as general supplies which 
are issued by the Supply Department to his order, or 
to the orders of the general superintendents of the various 
divisions, or of such other officers as have been authorised 
by the general manager to issue such orders. Accounts 
contracted before the fifteenth of each month are prepared 
for payment on the proper vouchers, and are made ready 
for payment on the fifteenth of the following month. 

The appointment of the numerous staff required to work 
his extended department, is the business of the general 
manager, subject to the approval of the board, to which 
the dismissal of any member of the staff has to be reported. 
It is a rule of the company that no salary is paid to 
any subordinate officer or agent until his appointment is 
sanctioned by the directors, unless such appointment be 
only a temporary one, or during the first three months 
of service which may be considered probationary. The 
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general manager frames, subject to the approval of the 
president, the detailed rules and regulations controlling 
the officers and employes within his jurisdiction. He has 
also to keep the third vice-president fully posted upon all 
matters connected with the Transportation Department, of 
which, as we stated above, the former is the chief, and 
finally, any spare time that may be remaining, is occupied 
by reporting all subjects relating to his department, that 
may be of interest or importance to the president and 
board of directors. 

Mr. Frank Thomson's head-quarters are in the general 
offices of the company at Philadelphia. It should, how
ever, be added, that he has two important and able officers 
to assist him in two of the responsible sections of his work 
-the maintenance of permanent way and bridges and 
buildings, to each of which an engineer is especially 
appointed. The former reports fully to the general 
manager, and carries out all work connected with the road 
bed under his direction ; the latter prepares all plans, 
estimates, specifications, &c., for bridges, stations, and 
other structures upon the line, and makes periodical visits 
of inspection to examine bridges, &c., and to report upon 
them. 

There are three general superintendents upon the Penn
sylvania system, each having charge of one of the principal 
divisions into which the lines are grouped. 

As has been already stated on a previous page, these 
divisions are :-1. The Pennsylvania Railroad Division, 
between. Philadelphia and Pittsburgh, and all its branches. 
2. The United Railways of New Jersey Division, including 
the Philadelphia and Trenton · Railroad, the Connecting 
Railroad and its branches. 3. The Philadelphia and Erie 
Railroad Division and its branches. 

The general superintendents act entirely under the in
structions of the general manager. They are responsible 
for the safe and efficient management and conducting of the 
traffic, both passenger and goods, for the general efficiency 
of the rolling stock and condition of the road, and for 
discipline among the employes. They have charge also of 
the properties and real estate belonging to the company 
within their division, and they have general charge of all 
shops, stations, yards, &c., connected with the railway, and 
the locomotives and rolling stock belonging to it. 

The seven sub-divisions of the Pennsylvania Railroad 
Division are each of them under the charge of a division 
superintendent, under supervision of the general super
intendent, and carrying out the details of the work for 
which the latter is responsible. 

Similarly the United Railroads of New Jersey Division 
is divided into three sections-the New York, the Amboy, 
and the Belvidere; and the Philadelphia and Erie into 
three-the Eastern, Middle, and Western. All of these 

have division superintendents. Under them is an assistant 
engineer to take charge of permanent way, earthworks, 
bridges, culverts, viaducts, stations, and works and build
ings generally, and who is responsible for their good con~ 
clition and general efficiency. 

It is one of the duties of the general superintendent to 
report annually to the general manager the number of 
employes, their status, rates of payment, &c., and to sum
marise all changes that have been made in the staff during 
the previous year. 

The principal producing and repairing works of the 
company being at Altoona-at the eastern foot of the 
mountain section on which the Horseshoe Curve occurs
the general superintendent and the ·superintendent of mo
tive power have their offices there. The division superin
tendents are located in the most important towns upon 
their divisions ; Philadelphia, Harrisburg, Pittsburgh, 
Tyrone, Blairsville, Lewistown, and Bedford, are the 
respective head-quarters of these officers. 

The United Railways of New Jersey have their own 
general superintendent, together with their division and 
other officers, but the duties of the superintendents of 
motive power and of transportation of the Pennsylvania 
Railroad also extend over the United Railways of New 
Jersey. The general superintendent has offices in J ersey 
City, and the division superintendents are respectively in 
Jersey City, Camden, and Lambertville. And just in the 
saine way with the Philadelphia and Erie, whose chief 
officers are at Williamsport, and the division officers at 
Williamsport, Renovo, and Erie respectively. 

The general freight agent is another important officer. 
He is located in Philadelphia, and has the general super
vision of the goods business. The terminal station manage
ment is under his control, and acting agents are responsible 
to him for keeping their books strictly according to regula
tion, and keeping business well in hand. It is also the 
business of the general freight agent to keep himself in 
constant communication with the agents of other railways 
connecting with the Pennsylvania Railroad, that he may 
keep himself posted upon the general conditions and 
probable variation of traffic, in order that it may always 
be feasible to regulate the conditions of working, or to 
meet any emergency that may arise. 

The general freight agent, as before stated, acts im
mediately under the direction of the third vice-president. 
One of his most important duties is to arrange the tariffs . 
for the transport of goods, and when it is found necessary 
or expedient to make any changes in existing rates, tci 
co-operate with other companies, and with the agents of the 
various roads leased or operated by the Pennsylvania 
Railroad Company. He has also to give all instructions 
to station, foreign and other agents, as to the receiving, 
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forwarding, and handling of goods, to inquire into all 
claims of compensation for damaged or lost freight, and to 
report the same to the general manager, who shall direct 
payment to be made, when such claims are admitted by 
the company. The principal assistants of this officer are 
general freight agents for the United Railroads of New 
Jersey Division, and of the Philadelphia and Erie Railroad 
Division, whose duties are similar to those just described. 
These gentlemen have, moreover, to travel constantly over 
their respective lines, in order to keep well acquainted 
with special conditions of traffic that may arise, and to 
be always familiar with the varying requirements of trans
port of local freight. To this end frequent consultations 
with the general superintendents of the various divisions 
form imperative parts of their duties. 

All variations and changes in the rates charged for 
freight are subject to the approval of the third vice-presi
dent, and notice of the same has to be served immediately 
upon the comptroller and the auditor of freight receipts. 

The general passenger agent acts also under the 
immediate supervision of the third vice-president. His 
principal duty is the organization of rates for passenger 
traffic over the Pennsylvania Railroad, and the negotia
tion of arrangements with the passenger agents of other 
connecting lines, together with the printing and distribu
tion of all tickets. His chief assistants are the assistant
general passenger agent, the general baggage agent, and a 
general ticket agent on the Pennsylvania Railroad, the 
United Railroads of New Jersey, and the Philadelphia 
and Erie Railroad. The general baggage agent has the 
charge of receiving, checking, and delivering baggage, and 
of examining into claims for loss which are afterwards 
passed on to higher quarters, as already explained. The 
duties of the general ticket agent are broadly explained by 
the title of his office, but he has besides to devote his 
attention to the development of travel, and to the comfort 
and accommodation of passengers. 

The consulting engineer to the company takes charge of 
the Real Estate Department, together with all plans and 
sections of the road, deeds, leases, and records referring 
to the real estate controlled by the company ; he has also 
to prepare leases, to attend to the assessments of the com
pany's property for taxation, and to perform all the various 
duties connected with the land properties connected with 
the railway. 

The comptroller prepares and keeps all the books and 
accounts of the company relating to receipts and disburse
ments, and furnishes all forms, blanks, and books of the 
various accountants' employes. His principal assistants 
are the auditor of freight receipts, the auditor of passenger 
receipts, and the auditor of disbursements. The first 
named of these has charge of all the accounts relating to the 

earnings of the goods traffic on the Pennsylvania and other 
lines belonging to the company, having under him a staff of 
agents and collectors; his reports are made to the comp
troller. The auditor of passenger receipts fills precisely 
the same position with regard to the passenger business, 
while the auditor of disbursements has to do with the ex
penditure in the various departments throughout the whole 
system, to check bills and vouchers, and to endor~e them 
for payment or to refuse passing them as the case may be. 
Each of these three officers is provided with an assistant, 
who performs their duties during their absence. As already 
stated, the comptroller and treasurer act in concert, the 
latter informing the former of all moneys paid and received, 
and the two compare monthly the cash balances. 

It need scarcely be said that the whole of these extended 
and necessarily complicated accounts are kept entirely 
upon a prescribed system, and that receipts and expenses 
are divided into sections, of which the following are the 
chief of the latter: 1. Transportation. 2. Motive power. 
3. Maintenance of way. 4. Maintenance of cars. 5. 
General expenses ; and, 6. Construction and equipment. 
The first head includes all expenditure relating to receiv
ing and forwarding freight and passengers, rent, repairs of 
stations, &c. The second head includes all expenditure for 
working and repairing locomotives, and for shops and 
engine sheds, &c. The third deals with all expenses 
relating . to ·repairs and renewals of permanent way, 
road bed, masonry, repairs of bridges, viaducts, &c. The 
fourth includes the repairs and renewals of cars; the 
fifth the salaries of the general officers, office expenses, and 
miscellaneous expenses; and the sixth comprises the con
struction and equipment, including widening of lines, or 
other improvements, new passenger and goods stations, 
new engines and rolling stock, and so forth. In the 
various sub-branches of the different departments these are 
again subdivided. 

The Legal Department of the company is under the 
charge of two officers- the general solicitor and the 
general counsel. The duties of the former are concerned 
with all lawsuits and general litigation in which the rail
road company is a party, to keep records of all legal trans
actions in which the company may be interested, and 
to prepare opinions upon all questions referred to him 
by the board of directors or the president. This officer 
is assisted by a conveyancer, who transacts the business 
connected with title deeds, leases, mortgages, &c. The 
general solicitor nominates (with the sanction of the pre
sident) a solicitor for each of a number of districts into 
which the system is divided. These nominations are for 
one year. On the Pennsylvania Railroad there are twenty
three such districts with twenty-seven solicitors in as many 
different cities ; on the Philadelphia and Erie there are 
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THE PENNSYLVANIA RAILROAD. 13 

six districts with five solicitors, and on the United Rail
roads of New Jersey there are seven districts with one 
solicitor to each. These officers look after the interests of 
the company over the whole of its lines, and report all 
cases coming within their province to the general solicitor, 
who instructs them. The local solicitors represent the 
company in any action brought against it within their 
respective districts, and-under the instructions of the 
general solicitor or the general manager-they prepare 
contracts for construction, maintenance, or management of 
works or property belonging to the company. They also 
examine all taxes, assessments, &c., referred to them by 

entries on this account are made from vouchers given by 
the agent, and containing all particulars of the purchase, 
together with the formal declaration that the goods enu~ 
merated on the voucher " have been purchased on the best 
terms for the company and at the prices specified, and 
that they have been received for the use and benefit of the 
company." These vouchers are afterwards endorsed by 
the auditor of disbursements and are returned for payment 
at the specified time. 

The Canal Department is under the care of a general 
superintendent, who is responsible to the president and 
directors for the maintenance of the canal and branches 

MAP OF THE PENNSYLVANIA RAILROAD SYSTEM. 

the consulting engineer, and they attend to the securities 
on the bonds given by the various agents of the company, 
train conductors, or owners of individual sidings, &c. 

Finally, the Supply Department is under the super
vision of a purchasing agent, who is responsible to the 
general manager, and who buys all articles required for 
every department under the care of the latter, excepting 
coal, rails, timber, and roadway and bridge materials, 
these supplies being under the special supervision of the 
president or general manager, to be provided from time to 
time as they may think most advisable. The purchasing 
agent is, of course, in intimate relation with the Accoun
tant's Department, in which-under the head of general 
stores-a record of all these transactions is kept. All 

for the maintenance of all vessels, wharves, &c., belonging 
to it, and for the management of the traffic, and he reports 
periodically to the president. 

The two accompanying maps show the main line of the 
Pennsylvania Railroad, with its connexions, and the general 
system of railways with which the company is more or less 
interested. Further on is given a list of the various rail
ways which it controls, and which will be readily followed 
upon the map. The most important of these are the United 
Railroads of New Jersey, and the Philadelphia and Erie 
road, to which detailed reference has already been made. 
The former of these, which have a totallength of 3 77 miles, 
were acquired by the Pennsylvania Railroad Company, in 
order to obtain increased facilities for conveying passen-
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14 THE .PENNSYLVANIA RAILROAD. 

gets and freight between Philadelphia and New York, and 
so increase greatly the capacity for business of the system. 
The lease was completed in December, 1871, and was for 
a term of 999 years, so that becoming actually a permanent 
property of the company, the system was incorporated into 
one of the main divisions of the Pennsylvania Railroad. 
The lines thus taken over included the Camden and Amboy 
Railroad and Transportation Company, an old association, 

I 

capital, and to incorporate themselves with, or assign such 
consolidated properties to any company or association as 
should be expedient or advantageous to them. 

These formed in fact a portion of the earliest system 
of the State works of New Jersey. The section of the 
railroad joining Jersey City and Newark, which was opened 
for traffic in the autumn of 1834, was for a long time 
worked by horses, and it was not till 1839 that the line 

i 
i 
i 
I 

0 

CO\...UMBIA 

MAP SHOWING LINES CONNECTING WITH THE PENNSYLVANIA RAILROAD. 

dating from 1830; the Delaware and Raritan Canal 
Company, formed at the same time, and the New Jersey 
Railroad and Transportation Company (1832). The Bel
videre Delaware Railroad is leased by the United New 
Jersey Railroad and Canal Companies; it is not one of 
the companies forming the amalgamation. In 1870 these 
various concerns were authorised to consolidate their 

was extended to Philadelphia and developed into a steam
worked railroad. Previously the means of communication 
between the two cities were via the Camden and Amboy 
Railroad to New York, as far as South Amboy, and thence 
by steamers for a distance of 27 miles. Until recently, 
indeed, this route was very largely adopted. 

The Philadelphia and Erie Railroad, 288 miles long, 

shared on railsandtrails.com Digitized by Stephen Titchenal



THE PENNSYLVANIA , RAILROAD. 15 

was transferred to the Pennsylvania Railroad in 1862, 
also for a period of 999 years. We may briefly refer 
to some of the other lines controlled by the Pennsylvania 
~ailroad Company, and of which the names and lengths 
are appended. The West Jersey Railroad was built and 
opened for traffic in 1861, and in 1863 extended to form 
the through line between Camden and Cape May. By 
the terms of its lease the Pennsylvania Railroad acquired 
control of the line, but does not assume the direct manage
ment of it. The Northern Central and Baltimore and 
Potomac Railway were purchased to secure connexion 
with Baltimore and Washington, and thus with the 
Southern Atlantic States. The former extends from Bal
timore to Sunbury, the terminus of the Philadelphia and 
Erie line. The acquisition of the Baltimore and Potomac 
road gave the desired access to Washington. This was 
completed in 1873, and during the same year the tunnel 
through Baltimore was finished, a work which, including 
open cutting, is 7 519 ft. long-a considerable undertaking 
which cost 2,500,000 dols. 

The Pennsylvania Company controls about 3500 miles 
of railway. This system was originally managed by the 
Pennsylvania Railroad Company, but in order to simplify 
arrangements, it was detached and re-organised under the 
new arrangement in 1871, with a capital of 12,000,000 dols. 
The Pittsburgh, Fort Wayne, and Chicago ( 468 miles) was 
one of the first railways that had been assisted by the Penn
sylvania Railroad Company. Running from Pittsburgh to 
Chicago it was an important connecting link between the 
Mississippi Valley and the Atlantic, and was thus capable 
of greatly promoting the interest of the company. The 
lease was assigned in 1869 for 999 years. In 1871 the 
controlling interest in the Jefferson, Madison, and India-

napolis road was purchased, giving command of the bridge 
at Louisville over the Ohio, and thus opening up direct 
connexionswith the railways of the south-west, and similar 
arrangements were made the same year with the Cairo 
and Vincennes Railway, opening up the way to Arkansas 
and south-west Texas. Two years before, the company 
had bought at auction the Pittsburgh and Steubenville Rail
road, and acquired the largest capital interest in the bridge 
over the Ohio at Steubenville and in the Steubenville and 
Indiana Railroad, extending to Columbus, Ohio. These 
three undertakings were then amalgamated to form the 
Pittsburgh, Cincinnati, and St. Louis Railroad, which in its 
turn controls a number of lines in Virginia, Ohio, and 
Indiana. It will thus be seen that the Pennsylvania Rail
road Company has become an immensely powerful cor
poration, with branches extending in all directions through 
the most productive part of the United States, and that 
traffic from all sides is concentrated upon its main lines 
to seek an outlet either in New York or Philadelphia. 
In transferring from its own direct management to that 
of the Pennsylvania Company, this great and divergent 
system of railways, it was agreed that the net revenues 
for 1871 were to be entirely devoted to the improvement 
of the different lines. Since the date of the transfer 
several additional lines were leased, under the original 
charter, which prescribed that all contracts and arrange• 
ments were submitted to the approval of the Pennsylvania 
Hailroad Company, and that none of them extend beyond 
the Mississippi on the west, or Chicago on the north
west. It should be added that under this independent 
management the organization, extensive as it is, is worked 
with good success. 
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16 THE PENNSYLVANIA RAILROAD. 

TABLE No. III.-RA.ILROADS OWNED, LEASED, OPERATED, AND CONTROLLED BY THE PENNSYLVANIA. RAILROAD 
COMPANY, AND THE PENNSYLVANIA. COMPANY. 

I. THE PENNSYLVANIA RAILROAD SYSTEJ\f. 

NA::IIES OF LI~ES. First 
Track. 

Second 
Track. 

liiAIN LINES. 

Third and 
F ourth 
Tracks. 

Side 
Track. 

Total. First 
Track. 

BRANCIIES. 

SEcond 
Track. 

Side 
Tracie T otal. 

I. UNITED RAILROADS OF NEw J ERSEY DIVISON. 

a. New York Division: 
New J ersey Railroad 
Harsimus Branch 
Centre Street Branch, Newark 
Perth, Amboy, and Woodbridge Railroad 
Bonhampton Branch 
Millstone and New Brunswick Raihoad 
Camden and Amboy Raihoad (Branch) 
Monmouth Junction to Kingston 
Rocky Hill and Kingston Railroad 
Princeton Branch 
Trenton Delaware Bridge 
Philadelphia and Trenton Railroad 
Frankford and Holmesburg Railroad 
Connecting Railroad 

Total .._Vew Y01·k Division 

b. Amboy Division. : 
Camden and Amboy Railroad 
Jamesburg Branch 
Pemberton and Hightstown Railroad 
Trenton Branch 
Columbus, Kinkora, and Springfield Rail-

road 
Florence Branch 
Burlington and Mount Holly Railroad 
Camden and Burlington County Rail-

road . 
Mount Holly, Lumberton, and Medford Rail

road 
Vincentown Branch 

Total A mboy Division 

c. Belvidere Division : 
Belvidere Delaware Railroad 
Milham Cutoff, Trenton 
Mercer and Somerset Railway 
Flemington Railroad 

T otal B elvidere Division 

Total United Railroads of New Jersey Division 

2. PENNSYLVANIA RAILROAD DIVISION. 

a. Philadelphia Division: 
Philadelphia and Columbia Railroad 
Delaware Extension, P ennsylvania Railroad . 
East Brandywine and Waynesburg Rail-

road . 
P ennsylvania and Delaware Railway 
Columbia and P ort Deposit Railroad 
Harrisburg, Portsmouth, Mount Joy, and 

Lancaster Railroad 
Columbia Brauch . 

Totall'hiladelphia Division 

b. Middle Division: 

33.78 

23.03 

.19 
23.66 

6.75 

87.41 

33.78 

23.03 

.19 
23.66 

6.75 

87.41 

26.53 15.64 

18.81 33.59 

10.05 5.75 

5.47 4.32 

60.86 59.30 

109.73 

98.46 

.38 
63.12 

23.29 

294.98 

1.78 
1.38 
6.30 
1.89 
6.61 

4.20 
2.33 
3.00 

2.78 
·4.16 

34.43 

1.78 
1.00 

2.78 

5.56 

4.54 
.12 
.96 
.47 
.77 

.40 

.74 

1.98 
.79 

10.77 

8.10 
2.50 
7.26 
2.36 
7.38 

4.20 
2.73 
3.74 

7.54 
4.95 

50.76 
----1-----1----::----1----1-----1----1-------

61.14 26.32 48.85 136.31 
5.54 

24.50 
6.20 

14.37 
2.14 
7.15 

22.45 

6.18 
2.84 

2.07 0.65 
2.11 
0.46 

0.93 
0.05 
1.27 

4.56 

0.80 
0.71 

8.26 
26.61 
6.66 

15.30 
2.19 
8.42 

27.01 

6.98 
3.55 

1----1----1---:·----1----1----·1----1---- ----
1 48.85 136.31 91.37 61.14 26.32 2.07 11.54 104.98 

1- ---1----1-·-- - :-----1- ---1- - ·-- ---- --------

67.71 52.11 119.82 
1.12 

22.54 
11.67 

1.12 
1.65 
0.88 

2.24 
24.19 
12.55 

1----:-----;--------- ----1---·- ----------
67.71 52.11 119.82 35.33 1.12 2.53 38.98 

1- - --1----1----1-----1- - --1---------1----1·----
216.26 113.73 60.86 160.26 551.11 1611.3 8.75 24.84 194.72 
----1----1----1-----1----~ ·---- ------------

80.39 80.39 29.07 56.95 

34.96 9.44 5.12 8.04 
18.13 18.13 2.79 

246.80 

57.56 
39.05 

8.80 

28.11 
38.62 
39.26 

3.59 19.86 

1.57 
1.86 
1.80 

32.25 

29.68 
40.48 
41.06 

1----1----1----1--------------------- ----
133.48 107.96 36.98 64.99 343.41 114.79 3.59 25.09 143.47 
----1-- -- - --1- --- 1-- -- -------- ---- ----

Harrisburg, Portsmouth, Mount J oy, and 
Lancaster Railroad 0.58 0.58 2.41 3.57 

Main Line Pennsylvania Railroad, Harris-
burg to Altoona 131.96 131.96 

T otal Middle Division 132.54 132.54 

24.04 

24.04 

77.15 365.11 
----------- --------·----

79.56 368.68 
1 
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NA~IES OF LINES. 

Third and I 
First Second Side First Second Side 

Tmck. Track. Fourth Track. Total. Track. Track. Tnwk. Total. 
Tracks. 

----

c. Pittsburgh Division: 
Main Line Pennsylvania Railroad, Altoona 

to Pittsburgh 116.70 116.70 26.70 51.05 311.15 
Hollidaysburgh Branch .. . . .. ... ... ... 9.80 .. . 2.52 12.32 
Newry Railroad ... ... . .. .. . . .. 1.00 .. . 0. 13 .· 1.13 
Morrison's Cove Branch .• . .. . .. ... ... ... 19.25 .. . 1.78 2il.03 
Bloomfield Branch ... ... ... .. . .. . 3.00 ... 0.62 3.62 
Martinsburg Branch .. . .. . ... ... ... 0.70 .. . 0..15 0..85 
Williamsburg Branch ... .. . ... .. . . .. 13.52 .... 1.18 14.70 
Springfield Branch . . ... .. . . .. ... ... 8.90 ······ 1.11 10.01 
Ebensburg and Cresson Railroad ... ... .. . ... ... 11.00 .. . 1.33 12.33 
South West Pennsylvania Railway . . .. . .. . ... . .. .. . 41.90 ·- . 8.40 50.30 
Port Perry Branch to Pittsburgh, Virginia, 

1.34 1.08 2.42 and Chicago Railroad . ... .. . .. . ... .. . 
------------ ----

Total Pittsburgh Division: 116.70 116.70 26.70 51.05 311.15 110.41 1.08 1.7.22 128.71 
-------- -------~ 

d. Tyrone Division : 
Tyrone Branch . . .. . .. ... ... . .. 3.14 .. . 6.73 9.87 
Bald Eagle Valley Railroad ... ... ... : ... 51.19 .. . 4.61 '55.80 
Bellefonte Branch, B. and s. s. Rail-

road ... ... ... ... .. . 2.78 .. . 1.51 4.29 
Tyrone and Clearfield Railway . . ... . .. ... ... ... 44.04 .. . 7.13 51.17 
Moshannon Branch, Tyrone and Clearfield 

Railroad ... ... ... ... . .. 8.90 . .. 0.91 9.81 
Goss Run Branch . .. . ... . .. ... .. . 1.91 .. . .. . 1.91 
Mapleton Branch .. . . .. ... .. . ... 2.21 ... ·-· 2.21 
Phillipsburg Branch .. . . .. . .. . .. .. . 3.83 . .. .. . 3.83 

. -------- ------------
Total Tyrone Division ... . .. .. . ... .. . 118.00 . .. 20.89 138.89 

-------- ----· ----------------
e. vVest P ennsylvania Division: 

Indiana Branch, Pennsylvania Railroad . ... . .. . .. .. . .. . 18.87 ... 3.22 22.09 
West P ennsylvania Railroad to Allegheny City ... . .. ... . .. .. . 63.50 5.20 17.26 85.96 
Butler Branch, W est P ennsylvania Railroad. ... .. . . .. . .. 21.05 . .. 2.43 23.48 

---- - ------------------- ----
Total West P ennsylvania Division .. . .. . ... . .. .. . 103.42 5.20 22.91 131.53 

----- ------------ ------------
f Lewistown Division: 

Mifflin and Centre County Railroad .. . . .. .. . .. . . .. 12.31 . .. 3.93 16.24 
Lewistown and Tuscarora Bridge ... . .. ... .. . ... 0.11 . .. . .. 0.11 
Sunbury and Lewistown Railway . .. . .. . . .. . .. .. . 43.33 ... 2.47 45.80 

--------------------------·- - ·-------
Total L ewistown Division .. . .. . .. . . .. .. . 55.75 . .. 6.40 62.15 

- --- -------- ------------ ----
g. Bedford Division: 

Bedford and Bridgeport Railroad . ... 38.70 4..38 43.08 . .. . .. . .. .. . . .. 
Dunning's Creek Branch .. . 10.50 0.57 . 11.07 ... . .. ... .. . . .. 
Cumberland and Pennsylvania Railroad Brch. . .. ... . .. ... .. . 2.50 .. . ... 2.50 

---- ------------
Total B edford Division ... ... . .. ... .. . 51.70 ... 4.95 56.65 

---- ------------------------
Total Pennsylvania Railroad Division 382.72 357.20 87.72 195.60 1023.24 554.07 9.87 97.46 661.40 

---- -------- -------
3. FREDERICK DIVISION. 

Columbia Bridge ... . .. ... ... .. . 1.02 . .. . .. 1.02 
York Branch P ennsylvania Railroad ... ... ... ... . .. 12.48 ... 2.00 14.48 
Hanover and York Railroad. ... ... ... I ... . .. 18.60 . .. 0.51 19.11 
Littlestown Railroad i 9.40 0.64 10.04 ... ... ... ... . .. . .. 
Frederick and Pennsylvania Line Railroad ... ... ... . .. i ... ..: 28.00 ... 0.54 28.54 

' 

Total F1·ederick Division ... ... ... ... . .. 69.50 ... 3.69 73.19 

4. PHILADELPHIA. AND ERIE RAILROAD DIVISION. 
a. Sunbury Division: 

Danville, Hazleton, and Wilkes barre Railroad ... ... ... . .. ... 43.44 . .. 5.46 48.90 
---- ----

b. Eastern Division : 
Main Line, Sunbury to Renovo 91.68 10.70 ... 41.09 143.47 
Lewisburg, Centre, and Spruce Creek Rail-

road . ... ... ... ... ... 43.18 2.03 45.21 .. . 
Lewisburg Bridge ... ... ... ... ... 0.24 ... ... 0.24 

Total Eastern Division 91.68 10.70 ... 41.09 143.47 43.42 2.03 45.45 . .. 
c. Middle Division : 

Main Dine, Renovo to Kane 101.81 4.34 ... 34.06 140.21 
d. Western Division: 

Main Line, Kane to Erie 94.00 ... ... 47.01 141.01 · 
-

Total Philadelphia and Erie Railroad Division . 287.49 15.04 ... 122.16 424.69 86.86 ... 7.49 94.35 
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NAMES OF LINES. Third and 
First Second Fourth Side Total. First Second Sido Total. 

Track. Track. Tracks. Track. Track. Track. Track. 

5. NoRTHERN CENTRAL RAILWAY LINES. 
I 

a. Elmira and Canandaigua Division: I 
Elmira and Williamsport Railroad 75.50 ... . .. 22.82 98.32 

Chemung Railroad . . . . . 17.40 . .. . .. 5.66 23.06 

Elmira, J e:fferson, and Canandaigua Railroad 46.60 ... . .. 9.40 56.00 
---------

Total, Elmira and Canadaigua Railwvy 139.50 ... . .. 37.88 177.38 

b. Shamokin Division : 
Shamokin Valley and Pottsville Railroad . ... ... ... . .. ... 27.30 ... 11.19 38.49 

Lancaster Branch . ... . .. ... . .. . .. 3.80 . .. . .. 3.80 

Total Shamokin Division ... . .. ... . .. . .. 31.10 . .. 11.19 42.29 

c. Susquehanna Division : 
Main Line, Marysville to Sunbury 46.15 23.39 ... 15.84 85.38 

d. Baltimore Division: 
Main Line, Baltimore to Marysville . 91.51 56.41 ... 46.98 194.90 
Green Spring Branch ... ... ... . .. ... 8.50 . .. 1.28 9.78 

Canton Branch . ... ... ... .. . ... . .. . .. 4.55 4.55 

Total-Baltimore Division 91.51 56.41 ... 46.98 194.90 8.50 . .. 5.83 14.33 

Total Northem Central Railway Lines 277.16 79.80 ... 100.70 457.66 39.60 . .. 17.02 56.62 

6. BALTIMORE AND POTOMAC RAILWAY LINES. 
Main Line, Baltimore to Washington 43.30 5.01 ... 10.06 58.37 
Pope's Creek Line . . . ... . .. .. . .. . .. . 48.70 . .. 2.36 51.06 

Alexandria and Washington Railroad ... . .. ... ... ... 6.00 .. . 0.26 6.26 
Alexandria and Fredericksburg Railroad 32.30 ... . .. 2.20 34.50 

Total Baltim01·e and Potomac Railroad 75.60 5.01 ... 12.26 92.87 54.70 ... 2.62 57.32 

7. RICHMOND AND DANVILLE RAILROAD. 
Richmond and Danville Railroad 140.52 ... . .. 13.33 153.85 
Branch to Rocketts, &c. ... ... . .. ... . .. 11.82 .. . . .. 11.82 

Piedmont Railroad 48.62 ... ... 2.33 50.95 
North-Western North Carolina Railroad ... ... ... ... . .. 25.19 . .. 0.65 25.84 

North Carolina Railroad 223.15 ... . . . 14.48 237.63 

Total Richmond and Danville Railroad . 412.29 . .. ... 30·14 442.43 37.01 .. . 0.65 37.66 

8. WEST JERSEY RAILROAD LINES. 
West Jersey Railroad, proper 37.24 .. . ... 5.67 42.91 
Swedesboro' Railroad ... .. . .. . . .. ... 10.80 .. . 0.46 11.2\3 

Salem Railroad ... ... ... . .. . .. 16.58 .. . .. 0.78 17.36 

Millville and Glassboro' Railroad 22.25 ... . .. 5.90 28.15 
Cape May and Millville Railroad 41.58 ... ... 4.77 46.35 

Total West Jersey Lines 101.07 ... . .. 16.34 117.41 27.38 ... 1.24 28.62 

9. FREEHOLD AND JAMESBURG AGR. RAILROAD. 
Freehold and Jamesburg Agr. Railroad 11.45 ... ... 2.20 13.65 
Squankum and Freehold Railroad . ... ... .. . .. . ... 7.65 .. . 1.58 9.23 
Farmingdale and Squan Village Railroad ... . .. .. . . .. . .. 8.60 . .. 0.60 9.20 

Total Freehold and Jamesburg Lines . 11.45 ... . .. 2.20 13.65 16.25 .. . 2.18 18.43 

10. CuMBERLAND VALLEY RAILROAD. 
Main Line, Harrisburg to Potomac River. 82.20 6.10 ... 10.66 98.96 
Dillsburg and Mechanicsburg Railroad. ... .. . . .. ... . .. 7.70 .. . 0.73 8.43 
South Mountain Iron Railroad . . ... ... . .. ... . .. 17.78 . .. 2.26 20.04 
Mont Alto Raih·oad ... .. . . .. ... . .. 10.50 ... 1.33 11.83 
Southern Pennsylvania Railroad ... ... .. . . .. . . . 23.30 . . . 0.77 24.07 
Martinsburg and Potomac Railroad 11.80 ... ... 0.57 12.37 

Total Cumberland Valley Railroad 94.00 6.10 ... 11.23 111.33 59.28 . . . 5.09 64.37 
----

11. ALLEGHENY VALLEY RAILROAD. 
Main Line, Pittsburgh to Oil City 132.90 10.50 ... 45.03 188.43 
Plum Creek Branch . ... . .. . .. ... ... 7.00 . .. 2.65 9.65 
Lowgrade Division ... . .. . .. .. . . .. 110.00 ... 17.86 127.86 
Sligo Branch ... .. . ... ... . .. 10.00 . .. 0.26 10.26 

' 

Total Allegheny Valley Railroad 132.90 10.50 ... 45.03 188.43 127.CO ... 20.77 147.77 

12. Junction Railroad 3.65 3.65 .. . 1.30 8.60 
13. Lykens Valley Railroad . . . • . 19.70 ... ... 11.16 30.86 
14. Pittsburgh, Virginia, and Charleston It.ailroad. 30.00 2.40 ... 3.00 35.40 
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Nc. NAMES OF LINES. 

THE PENNSYLVANIA RAILROAD. 

H.-RECAPITULATION. 

First 
Track. 

Second 
Track. 

MAIN L INES. 

Fourth T~aidcek. Total. 
Tracks. 

First 
Track. 

BRANCHES. 

Second 
Track. 

Side 
Track. 

19 

Total . Third and I 
---- -----------------------------------:-------l-------1 -------i--------l·-------l-------l-------

160.26 1 551.11 
195.60 1023.24 

1 United Railroads, New J ersey Division. 216.26 113.73 60.86 
2 Pennsylvania Railroad Division 382.72 357.20 87.72 
3 Frederick Division . .. .. . . . . 
4 Philadelphia and Erie Railway Division 287.49 15.04 . . . 122.16 424.69 
5 Northern Central Railway Lines 277.16 79.80 .. . 100.70 457.66 
6 Baltimore and P otomac Railroad Lines 75.60 5.01 ... 12.26 92.87 
7 Richmond and Danville Railroad Lines 412.29 . . . . . . 30.14 442.43 
8 West J ersey Railroad Lines . . 101.07 ... . . . 16.34 117.41 
9 Freehold and Jamesburg Railroad Lines 11.45 .. . . . . 2.20 13.65 

10 Cumberland Valley Railroad Lines 94.00 6.10 .. . 11.23 111.33 
11 Allegheny Valley Railroad Lines 132.90 10.50 .. . 45.03 188.43 
12 Junction Railroad 3.65 3.65 .. . 1.30 8.60 
13 Lykens Valley Railroad. . . . 19.70 ... ... 11.16 30.86 
l4 Pittsburgh, Virginia, and Charleston Railro:1cl 30.00 2.40 . . . 3.00 35.40 

161.13 
554.07 
69.50 
86.86 
39.60 
54.70 
37.01 
27.38 
16.25 
59.28 

127.00 

8.75 
9.87 

24.84 194.72 
97.46 661.40 
3.69 73.19 
7.49 94.35 

17.02 56.62 
2.62 57.32 
0.65 37.66 
1.24 28.62 
2.18 18.43 
5.09 64.37 

20.77 147.77 

Total Miles-all Lines · 12044.29-[593.43 148.58- _7_1_1._3_8 - ~l-34_9_7-.6-8-- -12-3-2.--7S -1-8-.6-2-I--18-3-.0-5-- 1-14_3_4-.4-5-

- -~---------------------------------------~--------------------------------~-----

---·---- ----- ----------- ---------------- . 

TABLE NO. I V.--RAILROADS LEASED OR CONTROLLED BY THE PENNSYLVANIA COMPANY. 

-------

MAIN LINES. BIUNCIIES. 

NAMES OF LINES. 
First Second Side Total. First Second Side Total. TraCk . Track. Track. Track. Track. Track. 

Pittsburgh, Fort Wayne, and Chicago Lines 468.32 57.79 142.32 668.43 36.99 . .. 8.36 45.35 
Erie and Pittsburgh Railroad 81.00 .. . 15.17 96.17 3.47 . .. 11.13 14.60 
Ashtabula, Youngstown, and Pittsburgh Railroad 62.60 .. . 6.84 69.44 ... ... . .. . .. 
Cleveland and Pittsburgh Railroad 123.70 1.52 46.61 171.83 76.20 ... 9.03 85.23 
North-Western Ohio Railroad 79.17 .. . 4.86 84.03 ... . .. . .. . .. 

*Pittsburgh, Cincinnati, and St. Louis Railway 193.04 15.66 48.60 257.30 54.86 ... 3.06 57.92 
*Cincinnati and Muskingum Valley Railway 148.45 .. . 13.50 161.95 ... ... . .. . .. 

Cleveland, Mount Vernon, and Delaware Railway . 144.04 ... 19.03 163.07 12.23 . .. 2.37 14.60 
*Litt le Miami Railway. 119.35 25.49 21.60 166.44 80.01 ... 8.65 88.66 
Columbus, Chicago, and Indiana Central Railway 187.68 ... 33.80 221.48 393.39 7.20 43.90 444.49 
Grand Rapids and Indiana Railroad 418.09 ... 24.69 442.78 37.50 ... 1.76 39.26 

*J efferson, Madison, and Indianapolis Railroad 111.53 0.81 24.40 136.74 113.36 000 12.95 126.31 
Ip_dianapolis and Vincennes Railroad . 116.63 000 5.10 121.73 ... . .. ... . .. 
Terra H aute and Indianapolis Railroad . 237.55 ... 59.10 296.65 23.60 . .. 10.80 34.40 
Indianapolis and St. Louis Railroad 260.01 0 0 0 40.78 300.79 5.23 ... 1.98 7.21 

Total Miles- all Lines 2751.16 101.27 506.40 3358.83 836.84 7.20 113.99 958.03 

* These lines are owned or operated by the Pittsburgh, Cincinnati, and St. Louis Railroad Company. 
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Before proceeding to a detailed description of the works, 
and fixed and moving plant of the P ennsylvania Railroad, 
we may glance briefly at some of the principal points of 
interest lying along the route of its three main divisions
the P ennsylvania, the New J ersey, and the Philadelphia 
and Eric. 

I. THE P EKNSYLVAXIA DIVISION. 

This clivision, which extends between Philadelphia aml 
Pittsburgh, has its eastern terminus on Market and Thirty
secoml Streets in Philadelphia. This depot was finishecl 
early in May, 187G, and replaced a small and inconvenient 
station occupying an adjacent site, but entirely unsuited for 

The importance of the City of Philadelphia is indicatecl 
by the fact that it was selected as the most appropriate in 
the Union in which to hold the Centennial Exhibition. It 
was indeed the best suited in all respects for this distinc-
tion. Apart from its importance as a manufacturing city, 
it is rich in relics of the early days of the nation, and 
of monuments that existed before the Independence. It 
possesses the finest park in the country, a small portion of 
which made a magnificent site for the Exhibition. It is 
pre-eminently the city of dwellings, containing a greater 
number of houses in proportion to the population than any 
other city in the ,,·orld. The population of Philadelphia is 
about 700,000, all(l the number of manufacturing establish-

TilE l 'OHT OJ<' l'HILADELPHIA. 

the large traffic to ·which it was subjected. The company 
own.~ besi<les a large freight depot at Sixteenth-street and 
Market,streets, Letween which and the terminus, lines are 
laid down on the street, and goods are transferred almost 
continuously day and night Ly means of mules. This line 
of rails crosse$ the Schuylkill by the Market-street Bridge, 
a wooden structure, built witllin tln·ee 1\·eeks, to replace a 
similar bridge burnt down in December, 18 7 5. The com
pany has also a large freight depot extending from vV alnut 
to Dock-street on the Delaware River front, which is 
accessible by locomotive engines, and used entirely for 
freight to and from points west of PittsLurgh and Erie. 

ments is nearly £)000, giYillg employment to about 150,000 
hawk Prominent among the industries are iron manu
factories of all classes, IYhicb, in 187 5, amounted to 
54,000,000 clols., and the cotton industries, wl1ich pro
duced goods of the nlue of 2 5, 000,000 dols. As au 
indication of the gro>Yth of the city we may mention that 
the a1·erage numuer of new dwellings erected annually 
during the last eight years has been .5300. 

Leaving Philadelphia, the railway passes through a 
number of busy and populous suburbs till it reaches Bryn 
Mawr, nine miles from the city, which, occupying a very 
advantageous and picturesque situation, has been improved 
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by the Pennsylvania Railroad Company into a favourite 
watering-place and smmner resort. At Villanova, the first 
station on the line in Delaware County, is located the 
Augustinian College of Villanova, a large and flourishing 
institution. The county has a population of about 40,000 
inhabitants, who are chiefly engaged in agriculture. Eagle, 
fifteen miles from Philadelphia, is the first station in 
Chester County, which was one of the three counties 
originally established by Penn in 1682, and purchased 
from the Indians, together with a large amount of other 
territory, for 100l., in 1683. These original owners of the 
soil settled near their old possessions, but rapidly declined 
in numbers, and became extinct in 1803. Chester is a 
rich agricultural as well as a mineral county, the latter 
including valuable iron deposits that have created con
siderable industries, building stones, and porcelain clays. 
Population about 78,000. 

Paoli (19 miles from Philadelphia), situated on one of 
the enclosing ridges of the Chester Valley, is an old settle
ment, and once celebrated in the annals of American 
history. It takes its name from the Corsican General Paoli, 
who, although he does not appear to have visited America, 
was greatly venerated by the colonists (then striving to 
throw off the weight of allegiance to this country) in con
sequence of his heroic efforts in attempting to release 
Corsica from the hands of the Genoese. Almost close to 
Paoli, General Anthony vV ayne was born, so celebratec1 
during the revolutionary war, and afterwards in the Indian 
campaigns, then more serious than they are now. 

Malvern (21 miles) is a junction station from which a 
branch runs off to vV est Chester, the capital of Chester 
County. Lime burning is the principal industry of Mal
vern, which occupies the summit level of the Chester Valley 
ridge, the railroad crossing it at 545 ft. above sea level. 
It was close to Malvern that, on the 29th of September, 
1777, the incident known as the Paoli Massacre occurred. 
General Wayne was in command of about 1500 men 
detached to harass the British troops, by whom he was 
surprised, O\'erpowered, and forced to retreat with heavy 
losses. Part of a memorial, erected in 18l 7, marks this 
spot, and has been a standing protest against "British 
barbarity;" it is, however, rapidly disappearing beneath 
the hands of visitors to the spot, who take away with 
them samples of the monument. 

At Coatesville (38 miles) the railway crosses the Branc1y
wine by a bridge 836 ft. long and 73 ft . above the river, 
and then runs through a succession of unimportant centres 
of agricultural and mineral industries, as far as Lancaster. 
Among the latter is a place called Kinzer's, where are 
situated the only nickel mines yet worked in the United 
States. These mines give employment to about 100 men, 
who are occupied in extracting the ore, and producing the 

matte, nearly the whole of which is shipped to Swansea. 
The yield is not large, the value of the product annually 
being about 60,000 dollars. 

Lancaster (69 miles from Philadelphia) is the seat of 
justice for Lancaster County, established by the Colonial 
Legislature in 1729, and was the first county formed after 
those originally created by Penn. Lancaster City was 
laid out the following year, and twenty-five years later was 
a growing and flourishing town of 2000 inhabitants. Like 
most of the Pennsylvanian cities, it was the scene ot 
historical events. It was here that Dr. Franklin super
intended (17 53) the equipment of the Braddock expedition 

THE CHIQUES ROCK. 

against Fort Duquesne at the forks of the Ohio, where;. 
Pittsburgh is located. This expedition, undertaken against: 
the French forces and their Indian allies, consisted of two, 
regiments of British troops, and about 1000 Virginian 
volunteers. After . having crossed the Allegheny and 
penetrated what was then almost an unknown wilderness, 
they found themselves, in July, 17 55, at a point which has 
since been known by the name of the commander, and 
344 miles distant from Philadelphia. When the little 
army was crossing the Monongahela at a ford, it was 
attacked by the allied forces, which, although numbering 
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less than a thousand men (including 600 Indians), routed 
Braddock and his men, killing 700, and taking possession 
of all the artillery and stores of the expedition. Braddock 
was shot, presumably by one of his own men. 

Lancaster can boast of having been the birthplace of 
many eminent men, Robert Fulton, James Buchanan, 
Thaddeus Stevens, and others. The manufactories of the 
city include six cotton mills, boiler and locomotive works, 
woollen mills, flour mills, and a number of small factories. 
Iron mines are worked in the vicinity of the city. The 
population is 20,000. W est of Lancaster, at Dilleville, 
the road divides intJ two lines, connecting agam at 

are there four furnaces and one rolling mill. At Marietta, 
a few miles further on the left bank of the Susquehanna, 
there is also an important iron industry, including six 
furnaces, rolling mills, and hardware factories. The lumber 
trade is moreover an extensive one. 

Harrisburg (105 miles from Philadelphia) is an impor
tant centre of manufacture, besides being the capital of 
the State of Pennsylvania. It is situated on the left 
bank of the Susquehanna. The town was founded in 1725 
by an Englishman named Harris, when white settlements 
were extending to a considerable distance along the banks 
of the Delaware and the Susquehanna, the centre of a 

HARRISBURG. 

Middletown; one a short line via Mount J oy, and the 
other a main line running via Columbia. 

Conewago Creek, which forms the boundary between 
Lancaster and Dauphin counties, is crossed on the short 
line by a high bridge. The scenery at this point is very 
striking. The point of crossing is the narrowest portion of 
the valley, which widens out considerably as soon as the 
spur of the hills is passed. Another extremely picturesque 
spot is "that known as Chiques Rock, on the main line above 
Columbia. (See preceding page,) The railway follows 
the canal and Susquehanna, passing close beside the hills, 
the base of which has been cut away to make room for the 
tracks. Iron ore is mined extensively at Chiques, and there 

hostile Indian territory. The settlement of the western 
portions of Pennsylvania was one prolonged struggle for 
existence by the settlers against the Indians, and as the 
former were obliged to depend for their lives upon them
selves, a system of defensive and offensive warfare was 
developed which of course rapidly terminated in the 
extinction of the Indians and the peopling the whole of 

\ 

the fertile valleys of the State. Along the rivers from the 
Delaware to the Alleghenies, and on the western side of 
the mountains to the present site of Pittsburgh, a line 
of forts extended to protect the growing colonies. Some of 
them were destroyed by Indians as late as 1782. Harris
burg has had its share of the stirring events, military anrl 
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political, of American history, and during the rebellion 
it was threatened by General Lee, who reached the right 
bank of the Susquehanna opposite the city. At present it 
is a great manufacturing and railway centre, being within 
easy access of the bituminous and anthracite coalfields, and 
of the iron ore deposits of Cumberland, Lebanon, and 
York counties. The population is over 23,000. 

Leaving the Susquehanna, the Pennsylvania Railroad 
follows the Juniata, which it crosses and recrosses at 
several points. This river, which has only a length of 
100 miles from its source in the Alleghenies to its point 
of union with the · Susquehanna, is remarkable for the 

by the railway company, who have established there the 
chief shops for construction and repair of rolling stock and 
general plant. It is situated at the eastern base of the 
Alleghenies, at the height of 1168 ft. above sea level. The 
town was located in 1849, when the Old Portage road 
with its inclined planes was still in use for crossing the 
mountains. The present population is about 10,000, all 
being entirely dependent directly or indirectly upon the 
railroad company, which has been unceasing in its efforts 
to promote the well-being of the inhabitants. By its 
assistance banks, newspapers, schools, institutes, and 
libraries have been founded, and the town was incorpo-

SPRUCE CREEK TUNNEL. 

channel which it has cut for itself, and which displays 
nearly the whole of the geological formation of Penn
sylvania. The railway follows this stream, passing towns 
of more or less importance, till it reaches Petersburg 
(209 miles), where it leaves the main branch and skirts 
for a considerable distance the Little Juniata. At Spruce 
Creek (215 miles from Philadelphia), the line passes 
through a tunnel cut through a spur of the mountain. 
The place, though containing several factories, is of small 
importance, but extremely picturesque. Between this 
point and Altoona (237 miles) there are no places calling 
for special notice. Altoona, however, is the most impor
tant point upon the railway. It has been entirely created 

rated as a borough in 1854, and as a city in 1867. The 
company's shops occupy 122 acres, and comprise facilities 
for construction and repair of rolling stock, foundries, a 
telegraph instrument factory, &c. A large amount of 
bridge-work was formerly executed here, and nearly all 
the carpentry for stations, signal-boxes, &c., but most of 
the bridge and station work is now contracted for, the 
company's shops being fully employed in locomotive and 
car work. Altoona is besides, the head-quarters of the 
executive staff, so far as motive power and general super
intendence are concerned. Immediately on leaving Altoona 
the line begins to rise to the ascent of the mountain, 
climbing by a succession of heavy gradients and sharp 
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curves, which testify to the skill of the engineers who laid 
out the road. After passing up the side of the hill for 
about six miles the valley separates, forming two chasms, 
and each of these is scaled by means of very heavy banks, 
forming together, with the connecting sweep, the cele
brated Horseshoe Curve. By this means the summit 
of the pass is reached at a point of over 2000 ft. above 
the sea, a tunnel 3Gl2 ft. long being driven at the highest 
point. 

Conemaugh (273 miles from Philadelphia) is the western 
terminal station of the Allegheny section. The company 
owns considerable repair shops here, and all trains east 

'V oollen factories, tanneries, and other works, also exist 
here on a large scale. 

The Pennsylvania Railroad follows the Conemaugh for 
a considerable distance, passing by what are now interest
ing relics of the past, in the heavy canal works, by >vhich 
the traffic at one time was conducted. One of the principal 
works thus deserted is a long aqueduct at Lockport, which 
used to carry the Pennsylvania Canal over the Conemaugh. 
Between Johnstown and Pittsburgh no towns of much 
importance are passed, although the country is highly 
cultivated and well populated, while the boundless deposits 
of bituminous coal giYe it great present and future impor-

THE HORSESHOE CURVE. 

or west are inspected before proceeding. It forms really 
a suburb of Johnstown, an important centre of the iron 
manufacture. Johnstown, which is situated at the junction 
of the Stoney Creek with the Conemaugh River, was 
founded in 1791, and was for many years after, the head 
of navigation of the Conemaugh. All freight westward 
was transported down the river on flat boats to the Ohio; 
the transit over the mountains being effected first by road, 
and later by the Portage inclines. Almost boundless 
deposits of coal, iron ores, fire-clays, &c., are found in 
the vicinity of Johnstown, and the most important mines 
are owned by the Cambria Iron Company, which have at 
Johnstown the largest iron works in the _United States. 

tance. Pittsburgh, the western terminus of the Penn
sylvania Railroad proper, is 354 miles from Philadelphia, 
and is the seat of justice of Allegheny County. It is 
situated on the tongue of land fonnecl by the two rivers, 
Allegheny and Monongahela, at the point of their union 
to form the Ohio. So important a position was naturally 
secured at a very early date, and it appears certain that 
French explorers and missionaries were the first to esta
blish a footing on the spot in 1730. About eighteen years 
later an attempt was made to form an English colony, 
under the name of the "Ohio Company," which had 
obtained a grant of 500,000 acres of land. This company 
made considerable efforts towards the settlement of the 
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.colony, but did not apparently effect much. It is perhaps 
more to be remembered from the fact that it employed 
George Washington upon his first military expedition,· 
which, although a failure, demonstrated his ability. The 
French had, with their Indian allies, invaded the districts 
Df the company, and in spite of the efforts made to dis
lodge them, remained masters of the position. It was 
during their occupation of Fort Duquesne that the Brad
dock expedition already referred to, was carried out with 
such disastrous results. The French, however, held Fort 
Duquesne for only four years, when it and the surround
ing district were returned to English authority. Before 
this cession, however, the British troops were again signally 

1840, the Pittsburgh fleet numbered89 vessels. On account 
of its great natural advantages of position-that of a fine 
river port for western and south-western navigation-of 
the network of railways of which it is the centre, and 
of the mineral wealth the surrounding district possesses, 
Pittsburgh has grown during this century with a rapidity 
striking even for an American city. 

According to the latest published statistics the popula
tion is 86,000, and that of its suburb, Allegheny City, 
53,000, making a total of 139,000, of whom 90,000 are 
native, 16,000 are Germans, 17,000 Irish, and 3000 are 
coloured. The population of Allegheny County is 262,000; 
the annual value of agricultural production 4,400,000 dols., 

'l'HE· HORSESHOE CURVE, LOOKING WEST. 

defeated, on a spot now forming the heart of the 
city. 

After passing through the various phases of the revo
lutionary war, and later, of the more desultory Indian 
fighting, Pittsburgh gradually increased in importance, but 
it was not until after a city charter had been granted in 
1816 that any marked progress was made. Five years 
before, the first steamboat ever launched in western waters 
had been constructed by Fulton and Livingston. She was 
called the New Orleans, was 138 ft. long, and carried 
400 tons. By 1818, seven more boats were built, and in 

the number of manufacturing establishments 1844; number 
of hands employed 34,200; wages paid 18,500,000 dols.; 
capital invested 54,300,000 dols.; value of materials 
used 52,165,000 dols.; value of manufactured products 
88,789,000 dols. The number of coal mining companies 
in the neighbourhood is 68; number of hands employed 
6000 ; wages paid 3, 500,000 dols. ; capital invested 
6,300,000 dols.; tons of coal raised per annum 2,630,000. 
The capital invested in iron manufacture is 26,962,000; 
hands employed 15,500; wages paid 8,100,000 clols.; 
value of products 36,32R,OOO dols. The annual shipment 

E 
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of coal from Pittsburgh by river is about 2,100,000 tons; 
by railroad 1,500,000 tons; consumed in the city 1,500,000; 
representing a total of 5,100,000 tons raised in the year 
from the mines worked in the vicinity. 

II. NEW JERSEY DIVISION. 

Although the New J ersey Division of the Pennsylvania 
Railroad has its terminus in J ersey City, and is separated 
from New York by the Hudson River, the American 
metropolis must be regarded as the actual objective point 
of the lines, a regular system of ferry boats and transfer 
flats conveying the traffic across the Huclwn to the railway 
company's piers on the New York shore. 

New Yo?'k.-The aggregate population of the metropolis 
was, according to recent stati stics, 842,292, made up as 
follows: 

Native 
Irish 
German 
Coloured 
Miscellaneous 

Tot?.! 

523,198 
202,000 
151,202 
13,073 
52,819 

942,292 

The population of Brooklyn, ·which was also taken with 
that of New York, is-

According to the same authority, the capital employed 
for commercial purposes in New York is 130,000,000 dols., 
the number of workmen employed 129,500, the wages 

OLD SAW MILL 0)1 THE CONEMAUGH. 

paid during the year 63,824,000 dols., raw material used 
178,697,000 dols., and the value produced 333,000,000 
clols. 

OLD l'URNACE ON THE CONEMAUGH. 

Native 
Foreign 

251,381 
144,718 

Total . 396,099 

So that the total of the two cities is 1,441,234 m
habitants. 

The value of imports and exports during the same year 
was respectively 418,500,000 dols. and 285,600,000 dols. 
The banking capital was 88,300,000 dols., and the amount 
of deposits in savings banks 169,500,000 dols. 

The shipping trade for the year was as follows : 

shared on railsandtrails.com Digitized by Stephen Titchenal



THE PENNSYLVANIA RAILROAD . 27 
• 

ARRIVED. CLEARED. 

-
No. of 

Tonnnge. Crews. 
No. of 

T onnage. Crews. Vessels. Vessels. 

--------
American 2189 1,008,000 28,227 1716 852,478 24,050 

Foreign .. . 3452 2,961,000 93,397 3347 2,896,000 90,512 
---------

Totals ... . 5641 3,969,000 121,624 5063 3,748,478 114,562 

Jersey City.-Jersey City is exactly opposite New York, 
on the west bank of the Hudson. Here, as above stated, 
the tenninal station of the Pennsylvania Railroad Company 

North of the passenger station is the large freight depot 
recently finished at a cost of several millions of dollars. It 
has a river front of 1100 ft., and includes stock yards, 
measuring 1300 ft. by 225ft., with slaughter-houses 225ft. 
by 200ft., the capacity being equal to 500 carloads of 
cattle per day. Beside these there is a dock 180ft. wide 
and 1500 ft. long, running the whole length of the stock 
yards and abattoirs. There is also a pier 1500 ft. by 200 ft., 
and another dock the same length, and 200 ft. wide. At 
the back of the pier is a grain elevator 600ft. by 100ft. 
by 120ft. high. The freight sheds measure 1000 ft. by 
125ft., and the grain piers and sheds 500ft by. 60ft.; 

PITTSBURGH. 

is situated. The depot is a large one, and includes a new 
passenger terminus, covering an area of 620ft. by 228ft., 
in which are laid twelve lines of rails for the accommoda
tion of passenger traffic. At the end of the building facing 
the river is a passage 40ft. wide and 228ft. long, leading 
to the waiting-rooms, ticket offices, restaurants, &c., the 
central waiting room measuring 80 ft. by 84 ft. These 
rooms open to the stages from which the ferries run, by a 
tovered gallery 60 ft. wide, and the whole length of the 
river front. The ferry house itself is 40 ft. by 120 ft., and 
contains waiting-rooms below, with the company's offices 
above. 

from these 1GO carloads of grain can be transferred daily. 
Reserve space is provided for a warehouse 500ft. by 125ft. 

Lastly, we may mention the lines of rail laid in connexion 
with the bridges and floats by which trains are transferred 
betwen Jersey City and · New York. About 200 trains, 
including 91 passenger trains, are received and despatched. 
from this terminus. The population of Jersey City is: 

Native 
Foreign . 

Total 

50,700 
31,840 

82,540 

The number of manufactories is 333, the capital invested· 
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is above 12,000,000 dols., the workmen-employed, 5624; 
wages paid, 3,280,526 clols.; materials used, 17,230,000 
dols., and the value of products is 24,250,000 clols. 

Leaving J ersey City the railway passes through many 
towns in the wealthy and populous district through which 
its route lies. vVe may briefly notice the most important 
of them. 

In Jlfeadows, five miles from the terminus, arc situated 
branch shops of the company, occupying 14 acres of 
ground, and comprising repair shops, goods sheds, coaling 

-
five passenger stations within the city limits, which arc 
employed by the Pennsylvania Railroad Company. The 
celebrated incline of the Morris Canal is at Newark. 
The follo-wing are the principal statistics. 

P opulation: 

Native 
Foreign . 

69,175 
35,884 

Total 105,059 

Number of manufactories, 1015 ; capital invested~ 

:MOUNT WASHINGTON, PITTSllnWH. 

platforms, &c. It is at this point that the goods and 
passenger traffic of the railway are separated, and run 
forward, each class upon independent lines. 

1Yewark, nine miles distant, is the largest town in New 
J ersey. It is situated on the Passaic River, and was settled 
as early as 1666 by emigrants from the State of Con
necticut. It contains numerous manufactories, including 
Jewellery, iron, rubber, and leather goods, and possesses 

34,400,000 dols.; hancl:o employed, 29,150; wages paitl, 
14,760,000 dols.; value of products, 72,880,000 clols. 

1'1-enton (57 miles), the capital of New J ersey, is situated 
on the left bank of the Delaware at the head of navigation. 
This city is handsome and 1vell laitl out ; it contains the 
Capitol, State Lunatic Asylum, P enitentiary, and Library, 
the latter containing 18,000 Yolumes. The Delaware and 
Raritan Canal, belonging to the Pennsyh·ania Rnilroacl, 
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passes through the city. The passenger and goocls stations 
of the company are large and commodious, and through 
l~ere a second line-the Bordentown and South Amboy
runs to New York. A branch railway also runs to 
Philadelphia viet Camden. The Belvidere Delaware Rail
road, a division of the Pennsylvania Railroad, after running 
along the bank of the Delaware to the \V"ater Gap, and to 
the Lehigh Valley, terminates in Trenton. The population 
is 22,870. 

Bristol (68 miles) is the chief town of Bucks County, 
one of the three counties established by Penn. This county 
contains several important flour and saw-mills, and has 
altogether 739 manufacturing establishments. The popula
tion is about 64,000. 

-------------------------~ 

III.-PHILADELPHIA AND ERIE RAILROAD. 

By reference to the maps, and summary of the railways 
(see pages 16 to 19 ante), it will be seen that Harrisburg is 
105 miles from Philadelphia, and forms the western terminus 
of that section of the main Pennsylvania Division; the 
Northern Central Railway from Baltimore to Sunbury also 
runs through Harrisburg, making a junction with the 
Pennsylvania road at that city. Sunbury lies about 51 
miles to the north of Harrisburg, and forms the eastern 
terminus of the Philadelphia and Erie Railroad, where it 
connects with the Northern Central, which, as has been 
already shown, is controlled by the Pennsylvania Hail
road Company. The Philallelphia and Erie has a total 

MUNCY MOUNTAIN, NEAR BELLEFONTE, BALD EAGLE BRANCH OF THm PENNSYLVANIA RAILROAD, 

Frankford (81~ miles) is a suburb within the widespread 
limits of Philadelphia. Here is a branch to Kensington, 
another of the city suburbs, and before the opening of the 
connecting line uniting the New Jersey with the Penn
sylvania Railroad at West Philadelphia, the Kensington 
rlepOt was the point of departure for New York. 

l{orth Pennsylvania Junction (84~ miles) joins this rail
way with the North Pennsylvania line running to Beth
lehem. 

Germantown Junction (85~ miles). This is near another 
and one of the pleasantest of the Philadelphian suburbs, 
and is the point of intersection with the Germantown, 
Norristown, and Chestnut Hill Railroads. 

At Mantua Junction is a union of the New York Division 
with the Pennsylvania Railroad, and one mile further is 
the West Philadelphia depot, where the New Jersey 
Division terminates. 

length, including branches, of 3 7 4 miles, and forms a direct 
communication between Erie and Baltimore and Phila
delphia, passing through some of the most beautiful and 
picturesque scenery in Pennsylvania. 

The western terminus of Erie City, situated on the 
south-east side of the lake of that name, and 288 miles 
from Sunbury, is a town whose importance has been greatly 
developed of late years, and is now a formidable rival to 
BiJffalo. Parallel to the shore of the lake, and about ten 
miles distant, is a low ridge of hills, the drainage from 
which runs from one side to the Mississippi, and from the 
other into the lake. The synopsis of the river system of 
the State of Pennsylvania, which will be found on pages 2 
and 3, gives this information clearly. The city of Erie is of 
considerable age, having been laid out in 1795, and has 
much historical interest attached to it. It was near 
Erie that the great lake battle was fought in 1813 be
tween the English and American fleets, which terminated 
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disastrously for the former, and destroyed our power on 
the lakes. It was but a miniature engagement, although 
the results were important, the American fleet consisting 
of nine vessels carrying 54 guns, and the English fleet of 
six vessels, and 63 guns. After the engagement, which 
lasted several hours, was over, the American fleet numbered 
15 vessels and 117 guns. 

some large grain elevators, while the registered tonnage of 
the port so far back as 1872, was 1,227,000 tons, 114 
foreign and 2278 native vessels having entered during that 
year. There are many extensive industries at Eric, and an 
interesting feature, to which we shall later refer more fully, 
is the presence in great abundance of natural gas, obtained 
by sinking wells. A very large number of private csta-

DELAWARE WATE!l G.AP. 

The harbour, dock, and quay works, constructed by the 
P ennsylvania Railroad at Erie, are extensive, and of an 
interesting character; they will be described and illustrated 
fLllly ir~ the course of this volume. There are, moreover, 

blishments own their o-wn gas wells, from which pipes are 
laid throughout the houses, and it is used mixed with about 
50 per cent. of coal gas for street illumination. The popu
lation of Erie is 19,600. 
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Jackson (27 5 miles from Sunbury) is situated on the 
summit level dividing the drainage to the Ohio from that 
to the lake. 

vVe may allude here to the fact that for a part of its 
length the Philadelphia and Erie runs through certain 
districts of the oil regions, and derives an important portion 
of its traffic from the transport of petroleum. Many of 
these cities of petroleum are of recent but quick growth, 
liable to rapid decay, starting up with the discovery of oil, 
and disappearing again when the wells give out. The 
more important of them, however, have taken firmer root, 
and derive more profit from the refining than from the 
pumping of oil, or from the manufacture of oil-well plant. 
Such a one is Union, 261 miles from Sunbury, thus 

then, and the hastily built Oil Creek road from Corry to 
Titusville was completed in 1862. This convergence of 
lines to one point decided the location of the city, and 
it soon sprung into a manufacturing centre, which spread 
and prospered through all the fluctuations of the early 
petroleum days. It now possesses many manufactories, 
including refineries, tanneries, lumber mills, for which the 
wooded mountain sides of this beautiful region afford ample 
supply, factories for wooden ware, flour mills, &c. All 
the population is essentially industrial. The situation of 
Corry is admirable. It is 1500 ft. above the tide and 
800 ft. above Erie water level, and possesses a fine climate, 
though severe in winter, and liable to the great storms in 
summer which so often sweep this region. The population 

LAKE ERIE. 

described in the Pennsylvania Railroad, Historical ancl 
Descriptive: "Union is a flourishing borough on the waters 
of French Creek, containing manufactories of oil barrels, 
wooden pumps, and furniture, employing about 300 men, 
besides several other industries. It is surrounded by a 
good grassy country. The town contains six churches, an 
opera house, two public halls, three banking institutions, 
graded public schools, and three hotels. Population 1500." 

Corry (250 miles) is another city born of oil, and now 
of high importance. Fifteen years ago it was a wildemess, 
through which the Philadelphia and Erie Railroad ran. 
In 1860 the Atlantic and Great ·westem Railway crossed 
the former on the site of Corry, and the first house of the 
city was built the following . year. The oil fever was raging 

numbers 6800, and these enjoy about the same liberal 
proportion of churches and hotels, schools and academy of 
music, banks and city hall, as its small but well-provided 
neighbour Union. Garland, Pittsfield, Youngsville, and 
Irvineton are four small towns of from 300 to 500 in
habitants, dependent upon tanneries which abound in the 
district, owing to the facilities for obtaining bark, flour 
mills, &c. Garland is the terminus of the New York 
companies' oil-pipe lines, and cars for both east and west 
shipments are loaded here. 

Warren (222 miles) is the chief town of Warren County. 
It is situated on the Allegheny River, and js the centre of 
a very large timber trade, the Allegheny and its various 
creeks affording outlet and channels for the transport of 
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the timber, which is made up into rafts and floated down 
in the spring. Warren County is rich in oil wells, and 
the city possesses .refineries, tanneries, and several other 
industries. The population,, however, is only about 2000. 
The annexed illustration, taken from The Pennsylvania 
Railroad, Historical and Descriptive, shows the town of 
Warren and the handsome suspension bridge crossing the 
Allegheny at this point. 

Kane (193 miles) is picturesquely situatedhigh up among 
the hills, over a succession of which the Philadelphia and 
Erie Railway has to climb. It is a place of small impor
tance, but a favourite summer resort. The company have 

,------·-----· - --·- - ... . 

I 

I 

line of the Philadelphia and Erie Railroad, running from 
Erie. Rapidly falling again into the valleys, the line 
follows the tortuous courses of the streams, to rise again 
after passing through a number of towns of minor im
portance to Emporium (139 miles), which is situated on 
the high land that separates the Susquehanna from the 
Allegheny rivers. This place, as well as Cameron, has 
quite a considerable bituminous coal industry, and there 
are also valuable iron deposits which, as yet, remain 
unworked. 

Driftwood (120 miles).-At this point is the junction of 
the Bennetts branch extension of the Allegheny Valley 

---~ 

! 

SUSPENSION BRIDGE OVER THE ALLEGHENY RIVER AT WARREN. 

small shops, and a large hotel, accommodating 400 guests, 
which is generally filled throughout the summer. The 
population is about 2000. 

Wilcox (184 miles) is noted for containing, and, indeed, 
consisting of the largest tannery in the United States, if 
not in the world. 

Ridgway (169 miles) is situated on the crest of the 
divide, the drainage from which slopes on the one side to 
the Mississippi, on the other to the Atlantic. It is a forest 
city, almost the whole of the county of which it is the 
chief town being clothed in a noble growth of hemlock 
and other trees. In Ridgway County there are two 
bituminous coal mines-of very small production however 
-the first, with the exception of one at Warren, on the 

Railroad, known as the " low grade" line, the maximum 
gradient, and that for only a short distance, being 48ft. to 
the mile, while every other road between the east and 
west has gradients approximating to 100ft. per mile. The 
line was built chiefly for slow speed freight traffic to 
compete with the water navigation to New York. 

Renovo (92 miles) is the site of the principal shops 
and offices of the Philadelphia and Erie Railroad. It is 
beautifully situated in a large valley through which the 
Susquehanna runs, and is surrounded by the densely 
wooded mountains rising sharply to a height of about 
1000 ft. The population is under 2000, and most of these 
are connected, or indirectly dependent upon the railway 
shops, which are located upon an area of 50 acres. Be-
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longing to the company there is also a large hotel with ten 
acres of ground, and forming a pleasant resort during the 
summer. The shops, which are well designed and built, 
have a frontage of 1600 ft., and employ 700 men. 

JVilliamspo1·t (60 miles) is one of the most important 
cities on the Susquehanna. It has a population of about 
10,000, and the principal business is the lumber trade, 

important industries, are axe-making, furniture factories, 
boiler shops, &c. ; there is a match-stick factory, the turn 
out of which is 103,680,000 sticks per day. On the south 
side of the river opposite the city are some large iron works. 

Sunbury, the terminus of the Philadelphia and Erie, and 
the point of its junction with theN orthern Central Railway, 
contains repairing and constructing shops. It is situated 

PULPIT ROCKS, NEAR ROUND ISLAND. 

established only about 25 years ago. Now there are 50 
steam sawmills, and the annual shipments have grown to 
200,000,000 ft. The company formed some years since 
to receive and deal with the lumber floated down the river 
have, since their organization, handled 8,312,000 logs, 
equivalent to 1,642,000,000 ft. of timber. Among other 

on the left bank of the Susquehanna, below the junction 
of the west and north branches, and above the mouth of 
Shamokin Creek. This latter outlet from the Shamokin 
anthracite region causes Sunbury to be an important coal 
station, and about 600,000 tons are shipped annually either 
on the trains or in boats. 

F 
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In this rapid review of the principal stations upon the 
Philadelphia and Erie Railroad, we have, of course, omitted 
to name many of minor importance. Enough has been 
s:tid, however, to show that the line connecting the busy 

the positions of the valleys lying between the lofty and 
richly-clothed hills of this beautiful rcgjon, are followed as 
far as possible by the railway, which leaves their banks to 
surmount hills by means of heavy grades, in order to strike 

RENOVO HO'I"EL. 

"!· 

town of Eric with Philitidelphia and Baltimore, passes 
through districts dependent for their prosperity chiefly 
upon the 1iroducts of the forest and the petroleum wells. 
The Susquehanna and its branches, which have determined 

the lower level again as quickly as possible. In its course 
the railway crosses and re-crosses the Susquehanna and its 
bra{1ches, almost incessantly, so that the bridgework upon 
the line forms one of the important features of the work. 
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SECTION !I.-PERMANENT vVAY, SIGNALS, &c. 

(PLATES I., II., III.) 

WITH the ~xception of some branch lines and sidings, 
steel rails are employed exclusively upon the Penn

sylvania Railroad, and the iron and steel sections as 
first used, have been gradually replaced by heavier sec
tions, until the standard type last adopted both for iron 
and steel weighs 67 lb. per yard. This section and its 
fastening is shown in Fig. 1, Plate I. The rail is flat
footed, 4k in. wide at the base, 1vith rounded ends ! in. 
thick and tapering up to g. in. at the point where it is 
rounded into the web ; the latter is T; in. thick at the top 
ai1d bottom, and ~ in. thick in the middle. The depth of 
the rail is 4k in. and the width 2;! in. at the top, increasing 
by a taper to 2T'6 in. at the bottom. In a section now 
being tried, the top of the table is fiattenecl to approxi
mate it to the form to which it becomes worn under traffic. 
Sufficient time for testing the advantage of this form has 
not yet elapsed; it appears doubtful however whether it 
will be sufficiently great to warrant its increased intro
duction. The form of the fishplates is also shown in 

Fig. 1. One of these is of the common section, !\- in. 
thick, curved inside, and form ed with a fiat portion on -the 
back for the round end of the bolt to take a bearing; 
the other fish is extended down over the foot of the rail, 
and finishes with a fiat base I! in. wide; the thicknes's of 
this lower part is -h in. The fish-bolts are i in. in 
(liameter, and are secured by hexagon nuts. No rails are 
made by the company, who purchase from a variety of 
manufacturers. English makers at one time supplied 
nearly the whole demand, but of late years the amount 
imported has decreased, until at present Am~rican steel 
rails are almost entirely used. The following has recently 
been adopted as the standard specification by the com

pany: 
SPECIFICATION FOR RAILS. 

As it is the desire of the Pennsylvania Railroad Company to have 
on the roads under their control none but first-class tracks in every 
respect, and as the rails laid down on their tracks form an important 
part in the achievement of this result, the Pennsylvania Railroad 
Company have found it necessary to make certain demands, in regard 
to the manufacture of their steel rails, with which the different rolling 
mills and rail inspectors will be required to comply. 

1. That the steel used for rails shall be made in accordance with 
the "pneumatic process," and shall contain not less than thirty-one
hundredths nor more than fifty-one-hundredths of one per cent. of 
carbon. 

,2. That a test bar 1 ft. long and t in. square is to be taken from 

the head of a rail made from each charge. This bar is to be sup
ported at each end, leaving a space of 8 in. between bearings, and by 
a sudden pressure on the centre of the bar, deflected to an angle of. 80 
deg. from a straight line. This angle will be made the limit between 
good and bad tests. If the bar bends 80 deg. without breaking, the 
charge will be considered good ; if the bar brea.ks before bending, or 
shows signs of fracture at this angle, two more bars will be tested ; if 
both these stand the test, the charge will be considered first-class 
steel; but if one of them breaks, the charge will be rejected and called 
second-class steel. 

3. That the r esult of the test of each charge of which the P ennsyl
vania Railroad Company are to receive rails, and of which an official 
record is kept at each mill, is. to be exhibited to the rail inspector. 

4. That the number of the charge and place and year of manufac
ture shall be marked in plain figures and letters on the side of the web 
of each rail. · 

5. That the section of the rails rolled shall correspond with the 
respective templates issued by the Pennsylvania Railroad Company, 
showing the shape and dimensions of the different rails adopted as 
their standards. · 

6. That the space between the web of the rails and template repre
senting the splice bar, shall not be less than t in. nor more than t in. 

7. That the weights of rails shall be kept as near to standard weights 
as can be demanded after complying with Section 5. 

8. That circular holes, 1 in. in diameter, shall be drilled through 
the web in the centre thereof, at equal distances from the upper sur
face ,of the flange and lower surface of the head, and 3 ~ ~ in. from 
the 'end of the rail to the centre of the first hole to the centre of 
the second hole. 

9. That the lengths of rails at 60 deg. Fahr. shall be kept within 
tin. of the standard lengths, which are 30 ft., 27t ft., and 25 ft. 
That not more than 10 per cent. of rails of the latter .Iength shall be 
delivered in any one contract. · 

10. That the rough edges produced at the ends of rails by the saw 
shall be well trimmed off and filed. 

11. That rails are so straightened that they will insure a perfectly 
straight track. 

12. In order to get the exact length as mentioned in No. 9, it is 
necessary that the rails should be cut off as near a uniform tempera
ture as practicable, that the blooms should not be detained in the 
process of rolling, and should go to the saw at a uniform t'empera
ture. 

The causes for a temporary rejection of the rails are : 
a. Bad straightening. 
b. Imperfect ends (which after being cut off would give a perfect ' 

rail of one of the standard short lengths). · 
c. Missing test reports. 
d. A variation of more than one-quarter of an inch from the 

standard length. 
The causes for a pe1·manent 1·ejection of a rail are : 
e. A bad test report, showinfa deficiency or excess of carbon. 
f. The presence of a flaw of one-quarter of an inch in depth in any 

part of the rail. 
,q. The presence of such other imperfections as may involve a pos

sibility of a rail breaking in the track. 
h. A greater variation between the rail and the splice bar than is 

allowed in Paragraph 6. 

The standard types of permanent way are shown in Figs. 
2, 3, and 4, Plate I, which show a section at a rail joint, a 
type of transverse s~ction of a gravel ballasted road, and a 
similar section with broken stone ballast. As will be seen 
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from Fig. 2, the sleepers (7 in. by 8 in.) are placed 10 in. 
apart in the clear at the rail joint. The stiffened fishplate 
is held clown by cramp spikes, and the bolt holes in the 
fish are 5 in., 8 in., and 5 in. apart, the total length of 
the fish being 24 in. 

Fig. 3 is a cross section for gravel ballast. The width 
of formation from slope to slope is 31 ft. 4 in. ; the forma
tion level is made up to a height of 8 in. under the middle 
of each line of road, the space between being left flat as 
shown. The ballast is laid with side slopes of 2;! to 1 ; 
between the sleepers it is made up flush ·with the upper 
surface in the centre, and curved off on each side as shown. 
Underneath the sleepers there are 12 in. of ballast. 

Fig. 4. is a similar section with stone ballast. The 
sleepers are here laid in the ballast, with their upper 
surfaces flush with the top ; 12 in. are left in all cases 
between the under side of the tie and formation. All 
dimensions are marked upon these sections~ which renders 
further description unnecessary. 

The following is the standard specification for sleepers : 

SPECIFICATIOX FOR TIES. 

1. All ties must be made of green or living timber of good quality 
and free from decayed knots or other unsound parts. White oak and 
rock oak will be the only kinds of timber admitted. 

2. Ties must be 8i ft . long, 7 in. thick, and not less than 7 in. wide, 
to be hewn on two sides with straight faces, of an even thickness, cut 
off square at each end, and stripped of the bark. No variation will 
be allowed in the length and thickness given above. No sawed or split 
ties will be received. 

3. They must be delivered on the line of railroad, stacked up in 
neat square stacks of fifty each, with alternate layers crossing each 
other, on ground which is as high or higher than the grade of the 
road, and in such a position as to admit of their being inspected and 
counted. 

4. Ties delivered at suitable and convenient places will be inspected, 
and bills made for all received to the 15th of each month. The pay
ments will be made on or about the 15th of the succeeding month. 

The following are the standard specifications for super
structure, road-bed and ballast, side drains and inspection: 

SPECIFICATION OF ROAD BEDS. 

Superst1·ucture.-I. The track must be on good surface; on straight 
lines the rails must be on the same level, and on curves the proper 
elevation, as set down in the table, must be given to the outer rail 
and carried uniformly around the curve. This elevation should be 
commenced from 100 ft. to 150 ft. back of the point of curvature, 
depending on the sharpness of the curve, and increasing uniformly 
to the latter point, where the full elevation is attained. The same 
method should be adopted in leaving the curve. 

· 2. The track must be in good line. 
3. The splices must be properly put on with the full number of 

bolts, nuts, stop washers and stop chairs. The nuts must be screwed 
up tight. 

4. The joints of the rails must be exactly midway between the joint 
ties, and the joint on one rail must be opposite the centre of the other 
rail of the same track. In winter a distance of five-sixteenths of an 
inch and in summer one-sixteenth of an inch must be left between the 
ends of the rails to allow for expansion. 

5. The rails must be spiked both on the inside and outside of each 
tie, on straight lines as well as on curves. 

6. The cross-ties must be evenly and properly spaced, 16 ties to a 
30ft. rail, with 10 in. between the edges of bearing surface at joints, 
with intermediate ties evenly spaced a distance of not over 2 ft. from 
centre to centre, and the end on the outside on double track, and on 
the right-hand side going north or west on single track, must be lined 
up parallel with the rails. 

7. The ties must not under any circumstances be notched, but 

should they be twisted, must be made true with the adze, and the 
rails must have an even bearing over the surface of the ties. 

8. The switches and frogs must be kept well lined up and in good 
order. Switches must work easily, and safety blocks must be attached 
to each switch head. 

9. The switch signals must be kept bright and in good order. 
Road Bed ancllJa/last.- 1. The ballast must be broken evenly, and 

not larger than a cube that will pass through a 2t in. ring. There 
must be a uniform depth of at least 12 in. of clean broken stone under 
the ties. The ballast must be filled up evenly between but not above 
the top of the ties, and also between the main tracks and sidings, 
where there are any. In filling up between the tracks, large coarse 
stones must be placed in the bottom in order to provide for drainage, 
but care should be taken to keep the coarse stone away from the ends 
of the ties. At the outer ends of the ties the ballast must be sloped 
off evenly to the sub-ties. 

2. The road-covering planks must be securely spiked: the planking 
should be i in. below the top of the rail, and 2t in. from the gauge 
line. The ends and inside edgs of planks should be bevelled off. 

D·itches.-1. The cross section of ditches at the highest point must 
be of the width and depth as shown on the standard drawing, and 
graded parallel with the track so as to pass water freely during heavy 
rains, and thorougly drain the road bed. 

2. The lines must be made parallel with the rails and well and 
neatly defined. 

3. The necessary cross drains must be put in at proper intervals. 
4. Earth taken from ditches or elsewhere must be dumped over the 

banks, and not left at or near the ends of the ties but distributed over 
the slope. Earth taken out of the ditches in cuts must not be thrown 
on the slope. 

5. The channels or streams for a considerable distance above the 
road should be examined, and brush, drift, and other obstructions 
removed. Ditches, culverts, and box drains should be cleared of all 
obstructions, and the outlets and inlets of the same kept open to allow 
a free flow of water at all times. 

Policing.-!. The telegraph poles must be kept in proper position, 
and trees near the telegraph line must be kept trimmed to prevent 
the branches touching the wires during high winds. 

2. All old material, such as old ties, old rails, chairs, car material, 
&c., must be gathered up at least once a week, and neatly piled at 
proper points. 

3. Briars and undergrowth on the right of way must be kept cut 
close to the ground. 

4. Station, platform, and the grounds about station must be kept 
clear and in good order. 

Fig. 5, Plate I., is a plan showing a standard type for 
a three-throw switch, crossings, &c. The former consists 
simply of 25ft. of loose rail, hinged to the main rail, and 
thrown to and fro with a lever. The Table on the op
posite page gives the leading dimensions of the points, 
crossings, &c. 

The Wharton switch, so largely used on the Pennsyl
vania Railrojd, is illustrated by the Figs. 6 and 7. The 
switch rails' and movable guard rail connected together, 
are arranged so that when not in use they are moved out 
of the way, so as to be clear of the wheels. When closed, 
as in Fig. 6, the guard rail draws the wheels on the oppo
site side away from the main rail, so as to insure the point 
of the switch being cleared by the flanges. By this means 
the wheels are forced by the guard rail against the main 
rail, and the tread is brought upon the switch rail which at 
the end is flush with the main rail, but which gradually 
rises, so that the wheel is lifted, and in about 4~ ft. it is 
high enough to clear the flange of the main rail. The 
pointed switch rail has, as shown, a guard rail rolled upon 
it, and is extended beyond the end of the opposite switch 
rail, so that it may have sufficient strength to carry the 
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weight of the train as soon as the latter leaves the mam 
track. A crank is placed at each end of the longitudinal 
shaft of the operating apparatus, one placed at such an 
angle to the other, that while the pin holding the switch is 
on the dead centre, or slightly below it, the crank at the 
opposite end is at such an angle as to be easily acted on by 
the movable guard rail by means of its connecting rod. 
By this arrangement, when the switch is in use, any lateral 
pressure against it tends to hold it m position, smce 
the tendency i~ to press the operating lever firmly on the 
sleeper upon which it rests. If, however, the switch has 
been accidentally left closed, the first wheels of a train 
running m the direction marked by the arrow, press 
laterally against the guard rail, and thus acting on the 
sensitive crank, to which the latter is connected, the appa
ratus is released, and the switch is thrown over, clearing 
the line. The rails forming the switch are of Bessemer 
steel. 

TABLE No. V.-LEADING DIMENSIONS OF STANDARD PoiNTS 

' AND CROSSINGS. 

Single Singlo Threo 
DESCRIPTIO~. 

Throw Throw Throw Standard 
Switch Switch. Switch. Crossing. 

&Turnout. 
-

ft. m. ft. Ill. ft. Ill. ft. in. 
Length of switch 24 0 24 0 
From point of switch to point 

of frog 95 0 76 0 ... 76 0 
From point to point of frogs 

on adjacent lines of the pair 
of tracks .. . . .. ... 21 2 

Length of frog 15 0 15 0 8 0 15 0 
Width of space between tracks 

measured from inside to in-
side of adjacent rails 7 5 7 5 7 5 7 5 

L ength of loose rail ... ... 25 0 
From point of switch to end 

of 1st frog . ... ... 32 0 
From point of switch to end 

of 2nd frog. ... ... 52 0 
L ength of straight rail from 

point of frog to commence-
ment of curve . 26 0 24 0 21 2 21 2 
umber of ties N . 72 57 46 95 

in. in. in. in. in. in. in. m. 
s ize of ties . 7xl0 7xl0 7xl0 7xl0 

ft. in. ft. Ill. ft. lll. ft. in. 
M aximum length . 17 0 17 0 26 0 20 9 
T otal feet run •· 842 0 654 6 746 -8 1181 9 

The safety switch is illustrated by Figs. 8 and 9, Plate II. 
When the interlocking system in connexion with the 

safety switch 1s used, a point lock 1s employed, and 
the spiral spring shown in the illustration is omitted. 

For facing points the high signal and lamp shown in 
F1gs. 14 to 18, Plate III., are employed. The arrange
nent of this signal is so clearly shown in these figures as 
needs little explanation; it will be seen to be of a very 
simple character. 

The :::ost of the safety switch is 105 dols., and that of the 
Wharton switch is 106 dols. 

The standard crossing in use on the road is shown in 
Figs. 10 to 12, Plate II. It is made by the Pennsylvania 
Steel Company, under the name of the " spring rail or 
main line frog." The price is 60 dols. It is 15 ft. long, 
and is made of steel rails weighing 67lb. per yard for niain 
lines, and 60 lb. for branch lines. The rails are rivetted 
on a wrought-iron bedplate, and the two pieces of rail are 
dovetailed together, and secured from separating by two 
heavy mortice rivets. The spring or moving wing rail is 
kept in place by a cross-bar passing through a slot in the 

. guard end, and is pressed closely to the side of the point 
by india-rubber springs in iron housings (Fig. 12), except 
when pushed open by the wheels in passing into the side 
track. 

Lately, however, the Railroad Company has commenced 
to manufacture these crossings themselves, which they are 
doing at a cost of from 50 dols. to 55 dols., showing a 
saving of from 10 to 20 per cent. over those purchased. 

The standard crossing for sidings is the pattern known 
as the " steel rail stiff frog." An illustration of this is shown 
in Fig. 13, Plate I. It is made of 67lb. steel rail, and costs 
40 dols. This crossing is also used for yard and shop pur
poses, and is found to answer extremely well. The two 
pieces composing the point are dovetailed together, and 
the entire space between the point and wing rails is filled 
with cast-iron blocking, which extends nearly the whole 
length of the crossing, and fits the rails perfectly, bearing 
on the flange and underside of the head the entire length. 
The different parts are bolted together as shown. The 
crossing rests on wrought-iron bedplates, and the point 
and · wing rails are drilled for ·fish plates, as shown in the 
drawing . 

In Figs. 19 to 28, Plate III:, is shown in full detail the 
standard signal tower in use on the Pennsylvania Railroad, 
and also by the perspective sketch on the next page, which 
gives the bridge across the track, and the signal lamp (see 
also Figs. 29 to 34, p. 39) in the centre. The tower is a light
framed timber structure about 12ft. square, and 15ft. from 
the ground level to the upper floor in which the operator 
sits, and which contains the requisite telegraph and other 
signalling apparatus. From the level of the first floor the 
tower is made octagonal, and is of a very neat, indeed of 
ornamental design. The figures show clearly the details 
of construction, and from them it will be seen that the 
building rests upon a dwarf stone wall, on which the 
bottom sills are placed. These signal towers for the whole 
of the line are made in the carriage shops at Altoona. 

Referring for a moment to the standard high signal, 
Figs. 14 to 18, the ordinary form of switch is shown to a 
larger scale than on Fig. 5. It is simply the type known 
here as the contractor's switch, sliding in a chair provided 
with stops that check the movement of the loose rail when 
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thrown over or brought back. The motion is effected by 
a lever connected with the handle that occupies a hori
zontal position, when the switch is thrown over. The end 
of the lever is formed with a socket in which the loose rail 

water troughs are laid m the track on Ramsbottom's 
system, so as to save the time that would be wasted in 
stopping at watering stations. By this means the express 
trains between Philadelphia and Pittsburgh need only 

STAKDARD SIGNAL TOWER. 

rests. A second leYer, also attached to the loose rail, is 
connected to a crank placed on the vertical shaft carrying 
the lamp and discs, so that when the main line is closed 
the signals may be thrown to danger. The height of the 

make two stops, one at H arrisburg, after a run of 105 
miles, and ngain at Altoona, 135 miles further. Fig. 41 , 
Plate II., shows a transverse section of one of these tanks. 
They arc generally about 1200 ft. long, and arc mack 

FEED WATER TROUGH AKD BOILEH HOUSE. 

signals from the under side of the raihi to the centre of 
the discs is 15ft. 8 in., and to the bottom of the bmp 
17ft. 5 in. 

On the main line of the P ennsylvania Railroad, feed-

of -y'6 in. boiler plates stiffened with angle irons nt the 
sides, and Itt in. from the bottom, and half-round irons 
along the top. The width of the tank is 19 in., and the 
depth 6 in. These tanks are spiked loosely to the cross-
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ties to admit of expansion and contraction. Fig. 35 shows 
a general plan of a portion of the tank, including the . 
means adopted for preventing the water from freezing in 
winter. This is effected by turning steam into the tanks 
from a boiler placed in a shed beside the track. Steam 
from this boiler is led through a 2-in. pipe into another at 
right angles running down the centre of the track and 
parallel to the troughs. From this main, branch pipes 
1 in. in diameter are led off at intervals of about 40ft., 
and are admit~ed into the side of the trough, as shown in 
the section Fig. 36. Valves for shutting off the steam at 
any desired point are introduced as shown. The pipes 
are enclosed in boxes 6 in. square inside for the larger dia-

I.-RuLES FOR FoREMEN OF RoAD REPAIRS. 

l. Foremen of road repairs report to and receive their instructions 
from the supervisor. 

2. They have charge of the repairs on their respective sub-divisions, 
and will be held responsible for the condition of the road, and the 
watching necessary to secure its safety at all times. 

3. They are required to pass over the whole extent of division at 
least once a day to observe particularly the condition _of the main 
track, sidings, road-bed, bridges, culverts, road-crossmgs, water
courses, &c., and execute such repairs as may be necessary. 

4. They will engage in all work personally, and will see that the 
labourers employedunder them faithfully perform their duty. 

5. They must keep a record of the time of the men and the material 
used, and report the same in the manner and form directed by the 
supervisor. 

6. They may discharge or su_spend from duty any employ~ under 
their charge, but must report the case promptly to the supervisor for 
his approval. They must not employ more than the regular force 
allowed without his consent. 

STANDARD SIGNAL LA~IP. 

meter, and 4 in. square for the smaller (see Figs: 39 and 
40, Plate II.). These boxes are placed at least 18 in. 
underground to check condensation. The valves are all 
enclosed in suitable boxes provided with lids. Figs. 3 7 
and38 are respectively a plan and section showing the ends 
of the tank, which are curved to avoid any damage being 
done to the feed trunk of the tender. The perspective 
view on the opposite page shows the arrangement of water 
tanks, boiler-house, &c. Annexed are the regulations and 
rules of the company referring to the repair and mainte
nance and arrangement of permanent way, telegraphs, and 
points and crossings : 

'1. They will give particular attention to the surface and line of the 
track, especially at the joints, see that it is spiked properly, and kept 
in true gauge, and that the cross-ties are evenly spaced, lined, and 
tamped to a uniform bearing. 

8. They must remove all defective materials from the tracks, and 
all times maintain it in safe condition for the passage of trains. 

9. They must see that the road-bed is kept in perfect order, that 
cuts are sloped, embankments widened, and the necessary ditches 
made to afford thorough drainage. 

10. They must carefully observe the signals carried by trains, and 
be sure that all trains running on the same schedule have passes 
before obstructing the track. 

11. They must never obstruct the track in any way whatevE)r without 
first conspicuously displaying a danger signal at least 900 yards in 
both directions on single track, and 900 yards in the direction trains 
are expected on double track. Special trains or engines may pass 
over the road at any time without previous notice, and foremen must 
always be prepared for them. Anything that interferes with the safe 
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passage of trains is an obstruction, and must not be attempted with
out using the above precaution. 

12. They must not run their hand cars within twenty minutes of 
the time of any passenger train, nor run in the wrong direction on 
double track, and always run with great caution, keeping a sharp look 
out for work or other extra trains. They will under no circumstances 
allow their hand car to be used, except they accompany it, nor run it 
on Sundays, or after dark, without special permission of the division 
superintendent. Hand cars or trucks, when not in use, must always 
be kept locked and secured in such a position that they cannot drift 
on to the main track. 

13. They are permitted to use the track in making repairs to 
within twenty minutes of the time of passenger trains, and ten 
minutes of the time of freight trains, but invariably under cover of a 
danger signal, which must be placed at least nine hundred yards in 
both directions on single track, and nine hundred yards in the 
direction trains are expected on double track ; and if it cannot be 
seen by the foreman at the point where he is at work, a man must 
be placed in charge of it. 

14. They must see that watchmen attend to their duties by fre
quently visiting them at night, and promptly discharge them if found 
negligent. 

15. They must keep a close watch at points where obstructions are 
likely to occur, and carefully examine the slopes of cuts and remove 
promptly any rocks, stumps, or masses of earth that are liable to fall 
or slide. 

16. They must take every precaution during heavy rains and 
storms to prevent accident ; all hands should be placed on duty, and 
every part of the division closely watched. 

17. They must not allow old rails, cross-ties, &c., to be scattered 
along the road, but have them cleaned up promptly and piled. All 
scrap iron and other movable tmck material should be taken to their 
head-quarters. 

18. They will remove all combustible material from the vicinity of 
the track and not permit rubbish to accumulate near bridges and 
buildings, and will promptly extinguish any fires that may occur 
along the line of the road. 

19. They will watch the telegraph line, especially after storms, keep 
the poles in proper position, reset them when necessary, unite the 
wires when broken, and render any assistance required by the line re
pairman. They must promptly report to the division superintendent 
any derangement of the wires. 

20. They must see that the water stations are in order, that the 

supply of water is kept up, and frequently inspect the head of the 
pipe and clear it from brush, leaves, &c., when necessary. 

21. They are required to assist in removing broken cars left upon the 
road, and will render prompt assistance in all cases of accident or 
delay to trains. 

H.-RULES FOR SWITCH TENDERS. 

1. Switch tenders on the road are under the order of the supervisor, 
those in the yards are under the direction of the yard despatchers. 

2. They are responsible for the safety of trains passing the switches 
under their charge, and the duties although simple, require the closest 
a.ttention, as any neglect may cause serious accident. 

3. They must keep the switches locked right for the main track, 
except when passing trains to or from the opposite track or siding. 

4. They must always be on the watch for approaching trains, and 
give the safety signal if all is right. 

5. They must carefully examine the condition of the switches, keep 
them clear of snow or other obstruction, and promptly report to the 
foreman of road repairs any defects. 

6. When day and night switchmen are employed they must not 
leave their posts until relieved by each other ; the one going off duty 
must inform the one coming on when trains that are due have not 
passed. 

III.-RuLES FOR LINE REPAIRMEN. 

1. Line repairmen report to and receive their instructions from the 
division operator. 

2. They must keep the poles in proper position, the wires connected 
insulated, and clear of all obstructions, and make all necessary repairs: 
When assistance is required they will call upon the foreman of road 
repairs. 

3. They must pass over the road frequently, and closely observe 
the condition of the line and examine the connexions at the offices. 
They will report each morning the part of the road they will be on 
during the day. 

4. They must always be provided with a full set of tools, and ready 
to respond immediately to any orders they may receive. 

5. They must supply the operators and foremen of road repairs with 
wire, insulators, &c., and instruct them in regard to splicing the wire 
and making other repairs. 

6. They will promptly report to the division operator anything that 
comes under their observation that may interfere with the proper 
working of the line. 
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SECTION 111.-STATIONS. 

(PLATES IV. TO VIII.) 

THE stations upon American railroads are as a rule 
conspicuous by the absence of the accommodation 

and convenience which characterise those on English or 
Continental railways. There are of course a few excep
tions to this general rule, which are found at the terminals 
of trunk lines in great cities, and at a few special points, 
chiefly summer resorts or centres for suburban residences. 
Even . in Philadelphia there is. not a single depot which to 
an Engl~sh eye appears worthy of the line to which it 
belongs, and until lately the West Philadelphia tenninus 
compared unfavourably, in regard to comfort, cleanliness, 
and space, with . our own Fenchurch-street Station. It is 
true that this building has been abandoned for passenger 
uses, and .replaced by another and more pretentious build
ing, which may fairly take a leading rank among American 
railroad buildings. 

As for the stations serving small outlying towns, they 
consist of little more .than rough sheds, giving shelter, but 
nothing more, while the absence of platfonns and of rail
way officials, tend still further to mark the characteristics 
of these stopping-places. Upon second-class lines, espe
cially in the Southern States, the popular criticism upon a 
slow train that " it stops at every wood pile," has in it not 
much of exaggeration. The reason for this disregard of 
appearances, and of the comfort and conveniences of pas
sengers, is a simple and obvious one. The railway com
pany cannot afford to expend large sums in station accom
modation, and the absence, or rather reduction in this 
item of expenditure, is one of the causes why railroads in 
the United _States are built so cheaply. Travellers habi
tuated only to the necessities of station accommodation, 
see no reason for complaint if they have to commence their 
journey from a rough timber shed devoid of furniture 
except for a few wooden benches and the universal stove, 
and complete it on tlw narrow platform of a dark and 
dirty terminus, or they might console themselves with 
the reflection that had greater things been attempted in 
this direction the railway would never have been built 
at all. 

In the same way the number of porters and other station 
employes is reduced to a degree that would raise popular 
indignation here. At the smaller stopping-places there is 

only one man employed to attend to all the varied duties 
of station management, to act as porter and booking-clerk, 
to check and store baggage, to receive freight, work the 
telegraph both for the railway and general service, and 
who not nnfrequently fills all these varied duties in the 
intervals of his regular occupation of tradesman or me
chanic; ' Towns of from 3000 to 6000 inhabitants are 
served by two men at the station belonging to them. At 
large cities the station employes are more numerous, and 
at tenninal depots the percentage of servants to the number 
of travellers is probably higher than here, though the actu~l 
force is considerably less. On the other hand, it must ~e 
borne in mind that the organization for dealing with bag
gage is far better in the United States than in this country, 
travellers require less looking after, and are more long
suffering in the hands of lazy, indifferent, and impertinent 
porters. 

One of the best examples on the Pennsylvania Railroad 
of a· first-c~ass suburban station is given on the following 
pages. This is erected at Bryn Mawr, already referred to 
by us as one of the favourite places of residence arourid 
Philadelphia. It is a small and elegant building of gneiss 
rock, with brown pointing and Connecticut brown-stone 
dressings, placed on the south side of the line, and con
taining the necessary offices, station-master's dwelling, and 
a waiting-room 24ft. by 37ft., the _latter with an open 
timbered roof. On the opposite side of the road is a shelter 
for passengers, connected with the main building by a 
light iron bridge; There is no platform, but the spaces 
between the rails are planked for a length of about 300ft. 
This building was, like all the best architectural work 
on the Pennsylvania Railroad, designed by Mr. Joseph M. 
"Wilson, engineer ofbridges and buildings to the company. 

The sketch on page 44, taken from Tlze Pennsylvania 
Railroad, Historical and Descriptive, shows a general view 
of the depot at Lancaster, a town of about 20,000 inhabi
tants. It is a large and heavily designed building with an 
arched roof, and carried on columns, the station buildings 
being at the side. As will be seen in the sketch, the trains 
enter and leave the depot by passing through the streets, 
an arrangement very general-indeed, almost universal-
in American railroads. 

G 

shared on railsandtrails.com Digitized by Stephen Titchenal



42 THE PENNSYLVANIA RAILROAD. 

On page 45 is an illustration showing the passenger 
station recently erected at Washington, on the Baltimore 
and Potomac Railroad, a line belonging, as will be re
membered, to the P ennsylvania Company's system. The 
building is situated at the corner of Sixth and. B-streets, 
with a frontage of 137ft. in B-street, and a depth in Sixth
street of 95ft., the main entrance being from the latter, 
and the ladies' entrance from the former. On the ground 
floor there is ample accommodation for passengers, in
cluding a general waiting-room 40ft. by 68 ft., a ladies' 
room 23ft. by 4.5 ft., a gentlemen's room 20ft. by 37ft., 

. and a restaurant 45 ft. wide by 55 ft. long, with kitchen 
and cellars, and all other necessary appliances. There are 
besides on the same floor luggage-rooms, offices, lavatories, 

The rooms and offices are heated by steam. 'l'o the rear 
of this station are placed the train sheds, forming a strong 
contrast to the really elaborate building we have described. 
It is intended, however, before long to remove them, and 
replace them by a roof 130ft. wide and 510ft. long. 

Figs. 1 to 10 on Plate IV. show the general plans of 
the J ersey City depot, the important terminal station of 
the ·New Jersey Division of the Pennsylvania Hailroad. 
Passengers to and from New York alight here, and cross 
the river by the ferry service which is so admirably 
organized. Out of this fact arose a considerable difficulty 
in designing the station, as the same ferries were employed 
for the train passengers as for local traffic. Before the 
construction of this station it was the rule to proYidc 

BRYN MAWR STATION. 

&c. The upper floors are laid out as offices for the 
. company, and some dwelling rooms. The walls are formed 
of bricks, with a facing of pressed bricks, relieved by 
dressings of Ohio stone, and a base course of Richmond 
granite, rising to the sill level of the windows on the 
ground floor. The entrance steps on each side are also of 
Richmond granite, and the shafts of the columns at the 
. entrance are of polished Aberdeen granite. It will be 
observed that a considerable amount of terra-ccttta deco
ration has been introduced, and with good effect. The 
interior of the building is fitted up with hard woods of 
different colours, and oiled, and the floors of the principal 
waiting-room, restaurant, and lavatories are laid with tiles. 

travellers with special tickets, which they presented · on 
entering the boats. To avoid this inconvenience the local 
ferry traffic is accommodated with a separate building, 
comprising a waiting-room 80 ft. by 48 ft., and the neces
sary offices. This building has a drive on each side of it 
from the street, and leading on to a roadway 60ft. wide, 
whence access is obtained to the ferry slips. The station 
is roofed over in five spans, and has platforms 620 ft. in 
length, there being twelve tracks and six platforms. At 
the end of the station is a covered passage 40 ft. wide, on 
to which the doors of the general waiting room open. At 
the south side of the station are placed the offices, stores, 
baggage rooms, &c., which are built of brick, as also is 
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the boundary wall on the north side. ·with these excep
tions the station is entirely of timber. The station building 
comprises a general waiting-room 80ft. by 84ft., a restau
rant, kitchen, and offices, ticket office, ladies' waiting-room, 
&c. At one end of the room are exit doors leading to 
steps at the top of which is a bridge forming a connexion 
with the street. Train passengers for Jersey City reach 
the street by a second series of steps shown on the plan, 
while those going on to New York pass underneath the 
bridge and through the gate to the ferries. On the other 
hand, passengers from N cw York enter the general waiting-

were cut off at low-water level, and iron columns placed 
upon them to carry the floors and walls. The various 
structures are all built with solid timbers thro-ughout instead 
of framing, so as to leave no concealed spaces, the object 
being to reduce danger by fire as far as possible. The 
diagram, Fig. 10, shows the arrangement of the roof over 
the general waiting-room. It will be seen that only four 
main trusses arranged diagonally are employed, these 
being tied together only at the feet, over the walls. The 
view from below is therefore not intercepted by any 
bracing, and an excellent effect is obtained. Each truss 

BRYN MAWR STATION. 

room of the station, but cannot return without purchasing 
ferry tickets. From the waiting-room they pass out to the 
platforms. It should be mentioned that four of the lines 
of rails ·in the station are used for arriving and four for 
departing trains, · the other four being employed for storing 
cars. 

The foundations for this work were difficult and eostly, 
-as the ground on which the station stands is very soft, and 
the whole area required piling. Indeed the station build
ings and all _in front of it to the ferry slips is · over the 
water. The whole of the · piles underneath the building 

is of iron, excepting the principal rafter, which is of timber. 
The roofs are covered with tinned sheets, and are well 
lighted by skylights filled with -§in. roughened glass. The 
roof over the 60ft. roadway leading to the ferry slips are 
fiat, as shown in section, Figs. 7 and 9. This work was 
also designed by Mr. J. M. "Wilson. 

The new terminal station at West Philadelphia is per
haps the most important on the Pennsylvania Railroad, 
and is illustrated on Plates V. and VI. It occupies a 
site immediately adjoining the old depot, and stands back 
from the main road, being reached by a carriage drin3 that 
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passes underneath a timber ornamental covered way in 
front of the fa<;ade. The design of this covered way is 
shown in Fig. 1, which also gives the front elevation of 
the station building, and it will be seen to have consider
able pretension of design. It is a two-storied structure, 
the upper floor being chiefly occupied by the company's 
offices. The fa<;ade is constructed of different coloured 
bricks arranged with a very good effect. Fig. 4 is a plan 
showing the arrangement of the whole station. From this 
figure it will be seen that behind the station building are 
two covered sheds, about 900 ft. long, each of them cover
ing three lines of rails. Fig. 3 is a section through one of 
the sheds, from which it will be seen to consist of columns 
spaced about 15 ft. apart, and carrying a curved timber truss 
with iron ties. This truss is extended on each side beyond 
the columns, and is supported by brackets as shown. The 
longitudinal girders between the columns are braced to
gether with double ties converging into a single rod run-

ment will be seen in plans Figs. 4 and 5, the former of 
which is taken on the ground line and the latter on the 
level of the first floor. Fig. 2 is a section to a larger scale 
on the line A B. It will be "noticed that the general wait
ing-room does not occupy a central position in the building, 
having on one side of it a general and ladies' restaurant 
40 ft. wide, and occupying together the whole depth of the 
building, while on the other side is a ladies' waiting-room 
40ft. wide by about 100ft. long, approached by a passage 
from the general waiting-room, and having on one side o! 
it the ticket office, and on the other lavatories, occupying 
a width of about 20 ft. On the second floor, which is 
reached by a winding stair, are situated on one side the 
kitchen and offices of the restaurant, and on the other the 
offices of the general agent, general baggage agent, con
ductor and train agent, telegraph clerks' stores, &c. A 
second spiral stairway leads from these rooms to the ground 
level. This part of the building is covered by a flat roof as 

LANCASTER DEPOT. 

ning across the span, and supported at two points in its 
length by a light suspension rod. An adjusting screwed 
sleeve is placed in the middle of each tie-rod. The roof is 
covered with tinned sheets carried on purlins, and a lifted 
ventilating roof with louvres "in the sides is placed in the 
centre. There are altogether twelve tracks in the station, 
six of which are under the shelter of the two sheds, and 
the remaining six are used for storage of cars, &c. There 
are ten platforms as indicated on the plan. The station 
comprises three independent structures-the station build
ing proper, the departure baggage room, and the arrival 
baggage room. The design of these two latter is shown 
in Fig. 1, and their position and size in Fig. 4. There is 
besides on the end platform a small office for receiving 
parcels. The space around the station building is covered 
in with a flat roof as far as the gable end of the enclosed 
roofs over the tracks, as shown in Fig. 2. The main build
ing is about 180 ft. by 100 ft., and the general arrange-

shown in Fig. 2, and from the same figure it will be seen 
that the general waiting-room rises unbroken up to the 
roof, the centre of which is about 65 ft. from the ground. 
A very spacious chamber is thus obtained, measuring ap
proximately 81 ft. by 100 ft. The construction of the 
roof is somewhat similar to that of the Jersey City depot, 
and is clearly shown in the details, Figs. 6 to 32. By re
ferring to the diagram, Fig. 6, Plate VI., it will be seen 
that the roof is carried by four main trusses, springing one 
from each corner of the wall and meeting at the top in a 
horizontal rafter. From each of these points of intersec· 
tion three secondary trusses fall upon the wall plate ,:running 
around the top of the building, and the spaces between 
these and the foot of the main trusses are again eli vided by 
a third series which meet upon the principal rafters of 
the main trusses. A light system of bracing parallel to 
the walls of the building is introduced, starting from the 
foot of the central strut of each main truss at A, Fig. 6, 
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and a second starting from the same point and terminating I 
at the ridge rafter at B, as indicated in the same figure. 
This construction involves a considerable number of joints Ji 

and connexions. The wall plate running around the top 

elevation and plan of the principal truss, shown in detail 
by Figs. 27 to 32. The principal rafter is 15 in. by 12 in., 
and is 60 ft. 6! in. long. The trussing is of the simplest 
character (see Figs. 25 and 26). The middle strut, which 

PASSENGER STATION, BALTIMORE AND POTOMAC RAILIWAD, WASHINGTON, D.C. 

of the wall is 6 in. by 10 in., and is halv-ed together at ~he l ~alms t~e depth of the truss from the centre of th~_pri~l
:angles, as shown in Fig. 27. Figs. 25 and 26 are a s:~.de e1pal n~ofter to the centre of the eye b~lt; ~ lt. ,11 ~m. Is, 
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built up of two T-irons bulged in the centre to obtain 
increased stiffness, and kept in position with rivets and 
distance pieces. At the foot of the strut is a distance block 
rivetted to the T-irons, and at the top where the webs 
come together, two brackets are rivetted to the tables, and 
form the means of attachment to the principal rafter by 
two through bolts. The side struts, Figs. 27 and 29, are 
of lighter construction, being made of fiat bars bulged in 
the middle and kept in position by distance ferrules and 
rivets. A distance block is placed at the bottom, just 
above the point of attachment to the ties, and the upper 
end of each bar is turned over at right angles, and fastened 
by coach screws to the rafter. Near the top of the main 
strut, Fig. 28, is shown the attachment of the ties passing 

diagram, Fig. 6. Finally, there is a light -central tie, 
which passes up to the further end of the ridge, as shown 
at B, Fig. 26. The length of this rod is 44 ft. 11! in., and 
it is shown in detail in Fig. 33. The form of the cast-iron 
shoe is shown at C, :Fig. 28, and the one at the ridge 
rafter level at D, Fig. 30, as well as in Figs. 10, 11, 12, 
13, and 19. As will be seen, this is somewhat intricate, as 
it receives the upper ends of the two of the principal 
trusses, three of the secondary trusses, and one end of the 
ridge rafter. 

The secondary trusses are shown in Figs. 9 to 19. The 
length of the principal rafter is 45 ft. 1 k in., the distance 
from the centre of tie over wall plate to the middle of span 
is 40ft. 5 in., and the rise from springing 20 ft., of course 

TERMINAL STATION, PITTSBURGH. 

to the bottom of the smaller struts. They are light round 
Lmrs, the eyes formed in the ends of which pass through 
an opening made in the webs of the T-irons forming the 
strut, and held in position by a through bolt. The assem
blage of ties at the foot of this strut is rather complicated. 
There is first the pair of round ties passing from the foot of 
the strut to the end of the rafter where it is attached to 
the cast-iron shoe, Fig. 30. There is next a pair of fiat 
ties going back to the shoe in the wall plate at C, Fig. 27. 
vVithin there is another pair of similar ties diverging from 
the foot of the strut, Fig. 28, and passing to the other 
principal trusses, making the rectangular line of bracing 
before alluded to, and shown in the small perspective 

the same as in the principal trusses just described. The 
form of truss is also similar to the latter, and is clearly 
shown in the details; the struts are, however, in each case 
built up of thin bars bulged, and kept in form by ferrules and 
rivets. The size of the principal rafter is 12 in. by 7 in., 
and the upper ends of the pair of tie-rods are spread from 
the strut to pass on each side of the rafter to which they 
are held by a through bolt (Figs. 12 and 19). The truss 
is attached to the shoe by a bolt which passes through a 
pair of these rafters, and the ends of which take a bearing 
on a fiat surface received in the upper side of the rafter as 
seen. The third and smaller series of trusses are shown by 
Fig. 8, and Figs. 20 to 24. The principal rafter of these 
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is 22 ft. 6± in. long, the length of span is 20ft. 2! in., and 
the height from the springing to the poiut of connexions 
. with the principal truss is 10 ft. This connexion is made 
by a cast-iron shoe, Figs. 20, 21, and 24, bolted to the 
principal rafter of the main truss. The length of the ridge 
rafter is 19 ft. 2! in., and the size 10 in. by 13 in. Fig. 7 
shows a part of the assemblage of trusses, C being the 
main truss, and E and F the trusses of the second and third 
systems. The general appearance of the whole structure is 
excellent ; the arrangement of purlins, roof-covering, &c., 
calls for no special remark. 

Some special appliances exist at Jersey City for tran
sporting loaded freight cars across the Hudson River, that 
they may be unloaded and reloaded in New York. These 
works consist of a hinged bridge and a number of large 
boats or floats on which the cars are transported. The 
general arrangement is shown on Plate VII., and the 
details of gearing on Plate VIII. The floats are large 
timber structures, rectangular in cross section, 148 ft. 6 in. 
long and 34 ft. 3 in. wide over all. . They are 6 ft. 6 in. 
deep from the bottom to the centre of the cambered deck, 
and are built up of 3 in. planking stiffened with longi
tudinal framing, as shown in· the transverse section Fig. 5. 
Six timber braced girders run down the whole length of 
the float, and ofthe full depth of the hull. The central 

. pair of these ·girders are placed 6 ft. 4 in. apart, and their 
position is immediately beneath the middle platform 
running down the float ; the two outer pairs are spaced 
4ft. 9 in. apart, each coming below one of the rails. The 
sides of the float are also strongly framed, and inter
mediate timbers run along the bottom from end to end, 
as · shown. The outer sides of the boat are protected by 
rows of walings. In the centre of the deck, and extending 
1lea.rly the whole length, is a raised platform 7ft. wide, 
and about 3ft. 6 in. high, covered in with a roof, as shown 
in Figs. 1, 4, and 5, and on each side are two other raised 
platforins each 3 ft. wide with steps · at each end. The 
spaces between are occupied with two tracks, and at one 
end are fixed buffers. Hatchways are provided at intervals 
in the deck for entering the hull, and cleats are placed 
at intervals along each side of the boat for securing the 
cars, &c. 

The bridge is 97ft. 6 in. long over all, and 30ft. 7 in. 
wide; it is carried on three girders 11 ft. deep, with double 
timber top and bottom members, timber bracing, and vertical 
iron tie-rods, each taking hold of one each of the trans
verse bearings carrying the roadway. The width of the 
two outside girders is 17 in., and of the middle one 21 in., 
leaving two clear spaces of 13ft. each for the rails. These 
areas are planked over, as shown in Fig. 2. The land end 
of the bridge is carried on movable bearings resting on a 
foundation formed on the shore, and the outer end is 

supported on a pontoon, somewhat wider than the bridge, 
and ballasted by anoverhanging loaded stage (Figs. 1 and 2). 
The bridge does not rest upon the pontoon direct, but 
upon an intermediate and adjustable bearing. On each 
side of the pontoon is a narrow staging carried upon piles, 
and supporting a strongly braced framing extending across 
the bridge. This framing is shown in Figs. 1, 2, and 3. 
It consists of two triangular vertical frames raised on the 
platform supported by the piles, and carrying at the upper 
ends a considerable height above the bridge two horizontal 
tim:bers, stiffened by inclined and raking struts. At each 
side chains depend froin these beams, and are connected 
by the raising and lowering gear upon the platform. 

This gear is shown in Figs. 6 and 7, and the locking 
gear upon the boat indicated in Figs. 1 and 2 is also given 
in Figs. 8 to 11, Plate VIII. The latter gear is placed, as 
will be seen by reference to Fig. 2, at that end of the float 
which always comes in contact with the bridge, and in the 
middle of its width. It is in two independent sets, and is 
·mounted on timber framing. It is actuated by two hand
wheels, each of which sets in motion a train of·gearing, 
that finally moves the locking eccentrics on the forward 
shafts of the train of wheels. The gear is prevented from 
running back · by a pawl and ratchet on the hand wheel 
shaft. There are four sets of gearing on the platform, two 
on each side of the pontoon, employed for two different 
purposes. ·Their general arrangement is shown in Figs. 1, 
2, and 3; and the details in Figs. 6 and 7. That on the 
right-hand side of the latter figures is used simply to secure 
the boat by means of the chains which are attached at 
each side. The other, which hauls on the chains suspended 
from the top timbers of the fixed framework, is employed 
to adjust the height of the bridge to correspond with the 
level of the car floats, which vary in their draught of 
water according to the load placed upon them. The chain 
passes around the free wheel a, Figs. 6 and 7, to the drum 
b, which is turned by the handwheel through the train of 
gearing, as shown. Means are also provided of admitting 
water into the pontoon, and for emptying it in order to 
regulate further the height of the bridge. The rise and fall 
of tide is only some 6 ft. 

In loading the floats, long eight-wheeled flat cars are 
employed of sufficient length that they may serve to push 
the wagons upon the float without the engine having to 
come upon the bridge. These "pushers" are coupled to the 
passenger or freight cars to be transferred, and when 
the float is secured and locked to the bridge, the cars are 
backed on to the float until the engine is at the upper end 
of the bridge. Four freight cars are generally placed in 
position at once, this number occupying the whole of one 
side of the float, and the pushers cover the whole length 
of the bridge, and about 10 ft. in addition. .After the 
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float has been fully loaded in this manner the securing 
chains are unhooked, and the vessel is taken in tow by 
steam tugs, and transferred across the river to New York 
Arrived at the other side the cars are not taken off the 
floats, but are unloaded and loaded as they stand, the cen
tral platform already described as running clown the whole 
length of the float being employed by the men for this 
purpose. As the cars are not removed on the New York 
side, no bridge or other works are required there, the floats 
being moored alongside bulkheads or dummies. 

This transfer traffic requires the constant use of fourteen 
floats and three steam tugs. Each float, as already stated, 
has a capacity of eight cars, and transfers 350 during the 
24 hours. The amount of freight thus carried averages 
3500 tons per day, or, including the weight of the cars, 
7000 tons. Care is taken not to have the cars running 
light on this service. The above amount does not include 
the cars loaded or unloaded, which are transported by the 
National Towage Company, who employ five steam tugs : 
and fourteen floats on this service, but these do not all 
run regularly to the Harsimus Cove Docks of the Pennsyl
vania Railroad Company. The cars carried by the National 
floats are for the most part owned by the Independent, 
Union, Empire, and Anchor Transportation lines, and 
average about 6000 tons per clay gross, or 3000 tons of 
net freight. 

The floats of the National Company are built to accom
modate ten cars, or two more than those belonging to the 
Pennsylvania Railroad. 

the work of storing and slaughtering cattle has been in 
successful operation ever since, and Philadelphia possesses 
one of the most complete and commodious abattoirs in the 
world. It is situated on the west side of the Schuylkill 
River, a few· hundred feet north of Market-street, and is 
bounded on the north by Vine-street, on the south by Arch
street, on the east by the river, and on the west by Thir
tieth-street. It occupies an area of twenty-one acres. 
Cattle are discharged at the rear or western side of the 
abattoir, being brought thither on a branch from the main 
line, while towards the east another line runs, devoted 
entirely to sheep and hogs, and serving the portion set 
apart for these animals. These lines are lowered to the 
level of the pens. The enclosure is laid out in blocks and 
streets, which latter are all carefully paved and drained, 
and well lighted with gas. The accommodation it contains 
is as follows : 

1. Cattle pens to hold 7300 beasts. 
2. Sheep pens, accommodating 10,000 animals. 
3. Hog pens of about the same capacity, 
4. Covered sheds for 500 cows and calves. 
5. The main office and exchange building. 
6. Stables for storing and selling horses. 
7. The abattoir. 
8. Fat and refuse reducing department. 

The cattle pens are framed structures, only partially roofed 
in, so as to give the animals plenty of ventilation, and at 
the same time to protect them against sunshine and rain. 
The floors are all paved with granite, and well drained, so 
that no water or liquid impurities remain on the ground. 

. All the pens, to the number of 172, are provided with 
water and food troughs, and it is a part of the regular 
business of the place, for the attendants, after receiving 
notice of the approaching arrival of a number of cattle by 
train, to have the pens set apart for them placed in perfect 
order by the time they arrive, and to see that abundance 
of food and water is placed in the pen before they are 
tumed into it, in order that the animals may be made com
fortable after a more or less prolonged railway journey. 

The sheep enclosures are two in number, each 350ft. by 
130 ft., and they are placed at the northern end of the 
establishment. These enclosures are roofed over and 

Until very recently the slaughtering of cattle for the 
Philadelphia market has been conducted exclusively in 
private slaughter-houses which are distributed all over the 
city, The same objections to such a system as exist in 
other cities, were also found in Philadelphia. The driving 
the cattle through the narrow and crowded streets, stabling 
them in inconvenient and unwholesome localities, the diffi
culty of promptly removing refuse and putrescent matter, 
the defiling the drains by blood, and choking them with 
solid obstructions, were amongst some of the many objec
tions. In 1873 the Board of Health pointed out, in their 
annual report, the urgent necessity for establishing com
mercial abattoirs, and of abolishing gradually the numerous 
badly managed private slaughter-houses. Subsequently a 
scheme was projected and carried into effect by the Penn
sylvania Railroad Company for the purpose of accomplish
ing this desirable object, and the result has been in all 
respects satisfactory, reflecting the utmost credit on the 
railway company. In 1875, after considerable opposition 
arising solely from objection to the site selected, the work 
of preparing the ground for the present abattoir, illustrated 
by the annexed engTaving, was commenced and pushed 
forward with energy. In the early part of 1876 the 
buildings were sufficiently completed to be occupied, and 

· paved with granite blocks. Each building is divided up 
into suitable compartments and pens for wholesale or 
retail storage, fodder racks and water troughs being pro
vided. Weighing apparatus are also fumished in each 
enclosure. The hog pens are situated to the east of the 
sheep dep6t. 

Every provision has been made here to insure cleanli
ness · and render the renewal of any portion of the structure 
easy, and considerable attention has been given to ven
tilating the enclosure. The roof of the building is sup
portetl on · light iron colmnns, and the pens, &c., are 
divided off with iron railings. The floors of the pens are 
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laid with Belgian blocks grouted in cement, and they are 
formed with sides sloping to a central gutter, falling in the 
other direction to a transverse drain. A stream of water 
flows constantly along the gutter, and carries off all im
punties. Two rows of wrought-iron columns carry the 
roof, and divide the building into a central aisle 50 ft. 
wide, and two side aisles 30 ft. wide each. The middle 
portion of the building is covered with an arched roof 
~pringing 40 ft. above the ground. The side aisles are 
20 ft. in height to springing, and have also a central roo£ 
Along the sides of the building are a number of doors 6 ft. 
wide and placed 15ft. apart, which are used to admit 
wagons for the purpose of loading the meat. Ventilators 
are placed over each door. Large windows are placed at 
each end of the central aisle, and further ventilation is 
secured by louvres running along the roof. The floor of 
the building is supported on cast-iron columns, and the 
space below forms a basement 11 ft. in depth. Both the 
main floor and the basement are covered with an asphalte 
pavement 4 in. thick, having a sufficient slope to insure 
perfect drainage. The work of slaughtering the cattle is 
carried on entirely on the main floor, that portion set 
aside for this purpose being divided off into pens, the floor 
of which is laid with heavy yellow pine planking carefully 
caulked. The cattle are admitted through doors in the 
ends of the building, through which they pass into , the 
middle aisle, and thence through gates into the sl~ughter
ing pens, the centre space· being fenced off from the sides 
by iron pipe railings; Each slaughtering pen is provided 
with the requisite apparatus, .and with appliances for hang
ing up the carcases and dressed meat. . .The blood and 
refuse are removed to that part of the building set aside 
for their utilisation, and an ample supply of hot and cold 
water is provided. In the winter the building is warmed 
by coils of steam pipes running arom;td the · walls. The 
place has a capacity for killing and dressing 1200 beasts a 
day. The sheep are slaughtered in the basement at the 
west end of the building. H ere there is a row ·Of raised 
pens, enclosed by a wire fence and iron posts, and paved 
with stone. In front of these pens is a stone table with 
a gutter running round it for catching the blood of the 
slaughtered animals. Three thousand sheep can -be 
slaughtered and dressed in this department. In the base
ment at the east end of the building facing the river (the 
basement here is on the ground level) is the engine and 
boiler house, the former being 60 horse power and the 
latter equal to 100 horse power. H ere also is placed the 
plant for reducing the tallow and treating the blood and 
refuse from the animals. 

This latter department possesses considerable interest, 
and it contains several very novel features. It comprises 
two horizontal vessels or boilers 5 ft. in diameter and 15ft. 

long, supported on cast-iron pillars. In each of these 
boilers there are three manholes 16 in. in diameter, two 
placed in the upper and one in the lower part. They are 
elevated so far above the basement that the upper opening 
is on a level with the slaughtering floor. The boilers are 
jacketted by being enclosed in a steam space 3 in. wide, 
and a shaft running in stuffing-boxes passes through the 
end of the boiler. On this shaft are mounted radial arms, 
and on the end is a large spur wheel, gearing into a pinion 
which is driven from the engine by belting. 

The rough fat resulting from each day's slaughtering is 
brought in trucks and filled into one of the boilers. The 
space within the jacket is then filled with steam and kept 
at a high temperature for four hours, at the end of which 
time the fat is entirely separated from the tissues and im
purities. Water is then introduced into the bottom of the 
vessel, and the melted tallow is lifted and passed through 
a dome in the top of the boiler, and then is conveyed 
through a pipe for a distance of about 50 ft. to the centre 
of the basement, when it is allowed to cool and settle, and 
is afterwards run off i~to casks. A length of glass tube is 
introduced into the pipe by which the tallow is taken off, 
so that the condition of the latter can always be ascer
tained by the person in charge of the operation. As soon 
as all the fat is removed the water is drawn from the boiler 
and passes away into the river. When this has been done, 
the refuse from the slaughtering floor is placed in the tank, 
and the same- process is repeated, the r,esulting fat being 
taken off, and the water running into the river. The day's 
produce of blood is then placed in the vessel, together with 
what refuse has remained from the two· preceding opera
tions, the tank is closed and again' heated by the stemn 
jacket, while the revolving arms are put into motion. All 
steam generated within the boiler escapes through a pipe 
in its lower part and is condensed in the river. After the 
drying and amalgamating action has been continued for a 
sufficient length of time, the blood and other matters are 
dried and brought into a powdered state, in which con
dition they leave the vessel in a perfectly inoffensive con
dition. This apparatus was designed by Dr. J. J. Craven, 
of Jersey City. 

The abattoir and buildings were designed by and erected 
under the superintendence of Messrs. Wilson Brothers, of 
Philadelphia, to whom considerable credit is due for 
having elaborated an exceedingly tasteful and appropriate 
structure. The internal arrangements were completed 
under the supervision of the Philadelphia Stock Y ani 
Company, who have succeeded in supplying the building 
with all useful and efficient appliances, and have made it 
in all respects a model abattoir. We may add that large 
quantities of cattle are slaughtered there weekly, and 
shipped direct from Philadelphia to Liverpool. 
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At the Erie terminus of the Philadelphia and Erie Rail
road there exist extensive works, comprising a harbour and 
dock, which are shown by the perspective view and an~ 
nexed plan. 

The docks comprise two large basins and three piers, the 
largest one 1020 ft. long, and terminated in a large head, 
on which are situated two large elevators, freight house, 
&c. The second pier is 1335 ft. long and 100 ft. wide, 
with an average depth of 17 ft. of water; on the other side 
this pier is 1225 ft. long, and the basin adjoining it is 
150 ft. in width. The third pier is 912 ft. long, and is 
employed for loading colliers. Beyond this pier is a small 
berth and an embankment. The arrangement of rails is 
shown on the plan. These lines with sidings pass from the 

it may be mentioned that they were laid out and built in 
the winter when the water was frozen, and the ice afforded 
a platform for the construction of the work. 

The two elevators belong to the Empire Transportation 
Company. That marked B is a timber structure built in 
1870. It is 96ft. long and 72 ft. wide, and is enclosed 
within a shell of brickwork, the roof being slated. The 
main building is 109ft. high, and the tower 124ft. The 
structure rests upon piles driven in groups of nine to 
fifteen each, down to the rock, for an average depth of 
17 ft. On the tops of the piles, a platform was laid and 
the stone foundations of the building placed on it. The 
area over which the piles are driven is surrounded with 
cribwork filled with sand. The capacity of the el0vator 

HARBOUR AND DOCKYARD ON LAKE ERIE. 

main tracks to the first pier for the accommodation of the 
freight house and elevators. A second series of sidings 
runs down one side and the centre of the main pier. On 
the coal pier the arrangement is different; a . high level 
gradient runs from the main lines on the pier, where the 
level is rai'sed to the height shown in the section. The 
loaded cars are hauled up this gradient, and these when 
unloaded run back again on the line marked "gravity track" 
on the plan. The coal is dumped from the cars into shoots, 
the lower parts of which are hinged, as shown in the sec
tion, and can be raised and lowered by the winches placed 
above the shoots. The vessels to be loaded lie alongside, 
as shown in the section. These piers are constructed 
throughout of timber or cribwork loaded with stones, and 

is 250,000 bushels, the grain being contained in 47 bins, 
and the transferring capacity of the elevator is 100,000 
bushels in 24 hours. In unloading a vessel lying along
side, .a long movable leg is lowered from the building 
into the hold of the vessel ; this leg carries a rubber 
belt 17 in. wide, and having mounted on it 154 buckets, 
each holding nine quarts. By this endless belt the grain is 
raised ·to the top of the building, when it is delivered into 
a 100-bushel weighing and recording apparatus, and then 
falls into a chamber at the bottom of the building. A 
similar endless band lifts the grain again to the top of 
the house, to be distributed through hoppers into the 
various bins. For loading into the cars there are two lines 
of rails running underneath the building, and each having 
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space for accommodating six vehicles. The bottoms of the 
bins are immediately above the cars, which are loaded by 
opening sluices in the hoppers. The amount so discharged 
is weighed in every car, so that a complete check is kept 
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long building, suitably arranged for receiving and deliver
ing freight of all classes, whether coming from the lake or 
transfer by rail, or vice versd. The trade, it may be men
tioned, is very considerable, and always increasing. The 
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PLAN OF DOCKS AT LAKE ERIE. 

on the amount of grain received and ·delivered. The 
elevator marked A is arranged similarly, but is smaller, its 
capacity being 100,000 bushels. The freight house is a 

Empire Transportation Company, to which Erie serves as 
a terminus, own a large fleet of boats, some of them of 
1500 tons, and carrying 650 passengers. 
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SECTION IV.-BRIDGES. 

PLATES IX. TO XVII. 

THE Pennsylvania Railroad Company has always main-
tained a high reputation for its bridges. Thirty years 

ago, when the construction of this road first commenced, 
iron railway bridges were almost unknown in America, 
and all of the bridges on the eastern part of the line were 
constructed of timber, and in some cases for short spans of 

vania Railroad may therefore be justly said to be among 
the pioneers of iron railway bridge construction in the 
United States. At that time its eastern division was in 
active operation, and large repair shops for cars and loco
motives had been erected at Altoona. The plans for the 
iron bridges required were prepared in the Engineering 

THE CONNEMAUGH VIADUCT. 

stone or brick That portion of the road between Altoona 
and Pittsburgh, however, being a few years later in its 
construction, dating from 1851 to 1853, iron bridges were 
-erected when the line was first opened, and the Pennsyl-

Department of the company at Altoona, and built in the 
shops at that place. They were what are denominated 
deck bridges, having the track on top, and were con
structed on the Pratt principle, having cast-iron upper 
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chords of the inverted U form, cast-iron vertical posts, and 
wrought-iron lower chords, inclined ties, and counters. A 
cast-iron arch was also introduced, the thrust being taken 
by the lower chord of the truss. The trusses were well 
braced together with diagonals, and with both upper and 
lower systems of laterals. The floor system consisted of 
white pine timber cross floor beams of 7 in. by 14 in. 
section, placed 2! ft. apart to centres, with white oak 
track stringers of 5 in. by 12 in. section under each rail. 
The bridges were calculated for a moving load of one ton 
per foot lineal for each track, and a limiting working stress 
of five tons per square inch for wrought iron in tension, 
the rods with screws not being made heavier at the thread, 

which these bridges were calculated, became too light. 
The principles of construction of the bridges also, although 
perhaps fully up to the experiences of that time, were open 
to many objections. The use of cast iron, especially when 
subjected to cross strains as in the upper chord, although 
in very short lengths, was undesirable, notwithstanding 
that its quality was very excellent, and on an average much 
tougher and of higher grade than is generally obtained 
in England. The system of ties and counters in each panel 
of the truss, necessitating adjustment from time to time, 
and the combination with cast-iron arches, were also objec
tionable features. It was considered prudent, therefore, 
in 1868-9, to replace some of the oldest of these bridges 

THE CONEWGO BRIDGE. 

and no account being taken of the fact that the section 
there was less than in any other part of the rod. The 
truss was calculated independently of the arch, which was 
merely added as an extra precaution, the weight being 
thrown on to it by means of lugs on the vertical posts. 
Bridges of the same type, with various minor improve
ments in detail, were introduced on the other parts of the 
road during the next ten to twelve years in place of 
wooden bridges. The spans of these bridges varied from 
65ft. to 110ft. The traffic of the road increased very 
much, however, heavier engines were introduced, and the 
moving load of one ton per foot lineal of each track for 

with new structures, and as a number of them had spans 
of the same length, to use the trusses taken out to double 
up others, that is, two trusses were put in place of one, 
really doubling the strength of the remaining bridges, and 
after their long use in their original condition, giving by 
this means a full insurance of strength. In this way all 
the bridges of this type west of Altoona, the oldest on the 
road, and some later ones on the Middle Division, were 
disposed of. Bridges of the .same principle of construction, 
but more heavily built and possessing improved details, are 
still in use. Some of these are being now replaced or 
strengthened, one recently being strengthened by additional 
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cast-iron arch ribs, by the introduction of steel rods instead 
of the old iron ones, and by relieving the upper chord from 
cross strain. It is the intention to go on with the work 
until all are finally replaced. This type of bridge was built 
during the period from 1851 to 1861. At the same time 
solid rolled I beams of various depths were used for bridges 
of small spans from 10ft. to 20ft., and built beams up to 
30 ft. openings. Girders constructed of boiler plate and 
angles, and denominated boiler plate bridges, were used for 
spans of 30ft. to 65ft. These were not constructed as box 
girders, but were built in the I form, a single web being 
used rivetted by angles to top and bottom flanges, with 
cast-iron vertical struts placed at frequent intervals on each 
side of the web, each pair being bolted together through 

termed a double intersection truss, and are made with a 
pin connexion at the lower end, and screw and nut with 
angle block at upper end on top of the upper chord. The 
pivot span has wrought-iron upper and lower chords built 
in the box form of rolled I beams and plates. The pivot 
was furnished by Messrs. William Sellers and Co., of 
Philadelphia, and was constructed with anti-friction rollers 
on the same principles as their noted turntables for loco
motives are built. The pivot works by hand power, and 
two men are generally used to open and close the bridge, 
although it moves so easily that it can be accomplished by 
one man. 

Several bridges of' the same kind as this Schuylkill 
bridge, with the exception of heavy cast-iron posts, were 

TIMBER BRIDGES AT THE JUNCTION OF THE WEST AND NORTH BRANCHES OF THE . SUSQUEHANNA. 

the web, and acting to stiffen between the flanges, and to 
take the compressive shearing stress. · 

In 1861, Mr. J. H. Linville, now president of the Key
stone Bridge Company, and then engineer of bridges and 
buildings to the Pennsylvania Railroad Company, designed 
a new plan of bridge./ still on the Pratt system, but with 
entirely different details, and built the bridge over the 
Schuylkill river on the Delaware extension of the road 
in Philadelphia. This bridge consists of three spans of 
192ft. each, the centre one being a pivot or draw span. 
The fixed spans have cast-iron upper chords, wrought-iron 
hollow cylindrical posts, and wrought-iron link lower chords 
with pin connexions, these lower chord links being forged 
into form and drilled for the pins at the ends. The ties 
and counters are arranged in two sets, forming what is 

erected at cliH:erent points C?n the ro.ad dliring 1861-62. A 
modification of this plan was adopted for deck bridges, 
wrought-iron I beams being placed on both sides of the 
top chord of each truss, not taking any compression through 
the system of the truss, but employed only to carry the 
floor beams above, and only to resist a cross strain from 
them. 

A number of bridges of this form were built and 
erected on the road as late as 1867. Of course there were 
many modifications of plans depending upon the particular 
requirements of special localities, length of span, &c , al
most every bridge on the road varying .in some particulars, 
but we are speaking of the general designs as in use. In 
1865, the Department of Bridges and Buildings passed 
into the charge of Mr. Joseph M. Wilson, who had pre-
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viously been resident engineer of the Middle Division, and 
he still fills the position. 

In reference to the open truss bridges, continued efforts 
were made to improve the designs, not only in details but 
in form of truss, and to attain a plan of bridge that should 
not require repeated attention from the repair men in the 
way of adjustment, as was necessary in any system with 
diagonal ties and counters in the same panel. A triangular 
system was what was required, and the point was to adopt 
a form that should be desirable theoretically, at the same 
tim~ that it gave good practical and economical details in 
the connexions of the members, reducing the number of 
places liable to derangement from loosening of nuts, &c., 
to a mm1mum. The use of wrought iron to the exclusion 
of cast, and pin connexions in both upper and lower chords, 
were adopted as a first move in this direction, and in 1869 
two bridges were built on the triangular system, one a 
double intersection deck bridge with pin connexions in 
both chords, the upper chord built of rolled channels and 
plates, the lower chord of fiat link bars, and the braces 
also of link bars inclined at an angle of 45 deg., and 
bulged and stiffened for compression wherever the stresses 
so required. The other was a through bridge of single 
intersection (Plate IX.), ere'cted over the Little Juniata, 
near Union Furnace Station, and designated Bridge No. 5. 
It is in two spans, each having three girders. The trussing 
is triangular with vertical suspension rods and inclined 
lateral stays in each panel. The leading dimensions of this 

bridge are as follows : 

Total distance between abutments 
Width of bearings on abutments for each 

girder . 
Width of bearings on pier . . . 
:Distance from centre to centre of end pins in 

one span, measured along the lower chord . 
Number of panels in each truss . . 6 
Length of each panel . . . : . . 
Depth of girders, measured between pms m 

top and bottom chords . . 
Distance between girders from centre to centre 
Distance from top of masonry to underside of 

rail 

ft. m. 
170 4i-

4 3 
6 6 

82 6 

13 9 

8 3 
14 0 

2 7 

These bridges have operated very satisfactorily, but the 
details were not as simple in every respect as could be 
desired, and the use of cast iron was not entirely excluded, 
it being used for end posts, pier plates, and some minor 
parts. Taking up the old Pratt form of truss, with vertical 
posts and inclined ties and counters, it will be noticed that 
if the counter rods are omitted, and some of the vertical 
posts towards the centre of the bridge are made so as to 
resist tensile strains under the variable load, while the 
corresponding ties are stiffened to resist compressive strains 
under the same conditions, the truss will possess the ad
vantages of the triangular system, as far as certainty of 
stressei'l, and having no extra members is concerned, and 

---- ·-··-·-------- ·-- . 

at the same time it offers facilities in designing of details, 
the principal compre.<lsion members being short and making 
right angle connexions with the upper chord. Two deck 
bridges of 78ft. and 98ft. span were built of this form in 
1870, constructed entirely of wrought iron, even the pier 
and abutment plates being of that material. Three deck 
bridges of larger span were also built with a modification 
which allowed the trussing of the upper chord for cross 
strain at a point intermediate between the principal vertical 
members, and also gave the advantage of stiffening the 
inclined ties in the centre of their length for compression 
under variable load. 

THE MouNT UNION BRIDGE. 

The Mount Union Bridge (see Plate X.), was con
structed upon this plan, the object sought being to obtain 
a form of truss, self-adjusting, economical in principle, 
and simple in the arrangement of its parts. The ordinary 
form of triangular truss fulfils the first of these conditions, 
but although theoretically economical in principle it does 
not appear to work up so practically. A form of truss 
with vertical compression members and inclined ties and 
counters, seemed the most economical, and for this reason 
the type of triangular truss here shown was adopted with 
vertical and inclined members. Under a uniform load the 
vertical members sustain compression and the inclined 
members tension, not necessarily the maximum strains, 
however, which, except for the end members, occur under 
certain conditions of the variable load. 

Under the action of the variable load, certain inclined 
members sustain compression and certain vertical members 
tension, but the amount of such strain is not very great, 
espe<Jially in large spans where the dead weight of the 
bridge plays an important part, and it is easily provided 
for by constructing such vertical members to resist tension 
and such inclined members to resist compression, the ver
tical members requiring no more material than needed 
under maximum compressive strains, and the inclined 
members only a small amount more than required for 
maximum tensive strains. To further induce economy of 
construction and simplicity of details, the angle of the in
clined members from the vertical is taken at about 45 deg., 
and a single intersection system is adopted, thus massing 
the material as much as possible. In a bridge of long 
span, however, by this arrangement the triangles become 
quite large, the inclined braces are long, and for a deck 
bridge the upper chord is left for too great a distance in 
each panel unsupported. 

A secondary system has therefore been introduced, con
sisting of a light vertical post and an inclined panel 
stiffener, the two connecting with the inclined main carry-
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ing braces at its middle point, thus shortening and stiffen
ing it for compression, and at the same time effectually truss
ing the upper chord for the length of one panel. In case 
of a through bridge the lower chord would Le trussed 
instead of the upper chord. The structure is designed 
as a double track deck bridge, of three trusses, the trusses 
being so placed that when Loth tracks are loaded, each 
truss carries one-third of the total load. It is constructed 
entirely of wrought iron, except certain connecting pins, 
which are of steel, and the rollers under the bolster blocks 
at the ends of the trusses, which are chilled castings. The 
different members are joined together by pin connexions 
throughout. 

The following are the principal dimensions and data : 

Number of spans over river 

" , , canal. 
4 

. . I 

Length of spans, centre to centre of end posts: 

One span . 
Three spans 
One span (canal) • . . 
Number of trusses in each span . 

, , main panels in each truss 
" , sub , , , . 

Height of truss centre to centre of chord 
pins . . . . · · · 

Height from top of masonry on bridge seat 
to centre of lower chord . . . 

Height from top of masonry on bridge seat 
to base of rail . . . 

Distance from centre to centre of trusses . 
Extra length given to upper chord over 

lower chord for camber= 1'o in. in each 
I!Ub panel=in truss 

I2I ft. 6 in. 
I23 ft. 6 in. 
I25 ft. 4 in. 

. 3 

. 8 
. . I6 

I5 ft. 8 in. 

9 in. 

I8 ft. 5i in. 
9ft. 6 in. 

I iu. 

The ult~mate strain per square inch for tension is taken 
at 60,000 lb.1 and for compression in the case of short 
prisms, 36,000 lb. Gordon's formulm is used in the com
putation of columns, and a factor of safety of G adopted 
throughout the structure. 

The upper chord is formed of channel and deck beams, 
connected together at the top by a rolled plate rivetted on, 
an increase of section being given to the chord towards 
the centre of the bridge Ly the addition of rolled plates on 
top, and also of thickening plates to the sides of the webs 
of the deck beams. 

The lower chord is composed of links 5 in. to 7 in. deep 
and of varying widths, having upset heads at the ends drilled 
for connecting pins, the upset heads being ! in. thicker 
than the body of the link. 

The vertical posts of the primary system are constructed 

VALLEY CREEK BRIDGE. 

of I beams and channel Lars, connected together and stif
fened as shown in the plate. 

The main carrying links are fiat bars, 6 in. deep, and of 
varying widths, and arranged in pairs, those towards the 
centre which have to resist compression under the action 
of the variable load, being braced by internal diagonal 
bracing and joined Ly rivets with distance ferrules. The 
ends are upset and drilled for connecting pins, the upset 
being i in. wider than the main body of the link. 

In the centre of their lengths, where the intermediate 
connecting pins pass, the braces have thickening plates 
rivctted on so that the proper section shall be mam
tained. 
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The vertical posts of the secondary system are com
posed of two light channel bar~, braced by internal dia
gonal bracing, and joined by rivets with distance ferrules. 
The inclined panel stiffeners are formed of two rolled 
links 3 in. wide, bulged and stiffened by rivets and dis
tance ferrules. 

The upper and lower chord connecting pins of the 
primary system are all 4 in. in diameter, the upper chord 
connecting pins of the secondary system are 1-! in. in 
diameter, and the intermediate connecting pins in centre 
of length of main carrying braces are 1~ in. in diameter, 

and of steel. Where necessary, the ends of the pms 
project out and are planed off flat on the sides to afford 
connexwns for the lateral and diagonal bracing and 
struts. 

The lateral struts are composed of two pieces of rolled 
iron, bulged and stiffened by rivets and distance ferrules. 
The lateral and diagonal bracing are of round rods with 
sleeve nuts for adjustment. The upper lateral bracing is 
between the centre and side trusses and in sub-panel 
lengths. The lower lateral bracing has the rods pass 
from outer truss to outer truss, above and below the lower 
chord of the centre truss. The struts are between the 
centre and side trusses as in the upper chord. Diagonal 
bracing is placed at every post in the primary system, and 
in the · two central panels only of the sub-system. The 
latter is merely useful for stiffening the main carrying 
braces and is formed of light rods, the struts for the inter
mediate pins being made of two pieces of light T Iron 
bulged and stiffened by rivets and distance ferrules. 

The bolster blocks and pier plates are of wrought iron, 
and the former have hinge connexions with the · trusses, 
allowing of adjustment of position. Each truss )s fixed 
at one end, the bearing blocks at the fixed end, and the 
rollers at the other being chilled castings. 

THE MoNONGAHELA BRIDGE. 

The east span of the Monongahela Bridge Is illus
trated by Plate XI. It is built on the same type as 
Mount Union Bridge, and the following are its principal 
dimensions : 

CONESTOGA BRIDGE. 

Length of span from centre to centre of end 
pins . . . 

Number of trusses in span . . 2 
, main panels in each truss. . 6 
, secondary , , 12 

Length of main panels . . . 
Distance from centre to centre of trusses 
Depth of truss between centres of ehord pins . 
Distance from top of masonry and under side 

of rail . 

ft. in. 
182 0 

30 4 
19 0 
22 10 

111 

The top chord is composed of four 9-in. deck beams, 
with a top plate rivetted to them, and strengthened towards 
the centre by additional plates, and the lower chord is built 
up of links 7 ~ in. deep, and with holes 4~ in. in diameter 
through the eyes. The diagonal braces are arranged in 
sets, those which are under compression and tension being 
connected together with distance pieces between them. The 
vertical rods are formed with an eye at the upper end, by 
which they are connected by a pin to the web plates of the 
upper chord, and at the lower end it carries a cast-iron 
shoe supporting the lower chord. The inclined posts at 
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the ends arc of cast-iron, and one end of each span rests on 
chillecl cast-iron rollers. The floor beams arc of I section, 
and placed 2 ft.. 3 in. apart. The cross-ties are of white 
oak 6 in. by 12 in., notched i in. on to the floor beams. 

The example, which, as stated above, is 182ft. span, 
shows large panels and illustrates very well the advantages 
the system possesses for massing the material and making 
use of all these practical points which conduce to economy. 
In 1875, Trenton Bridge, over the River Delaware, was 
erected, the spans varying from 166ft. to 208ft., which is 
an excellent illustration of the adaptation of this system 
to a through bridge where the track is laid on the lower 
chord. Lately for small span bridges the ordinary single 
intersection triangular system braces inclined at 45 deg. 
have again been adopted with improved d~tails, and Morris
ville Bridge is a good example of this type. -Within the 
last year, also, several bridges have been and are now 

a distance apart of about 3 ft. to 5 ft., and take all the 
compression from the shearing stress. 

TmnTIETII-STREET BmDGE. 

In some locations it has been necessary to design special 
plans for bridges to suit certain requirements, ornamental 
effect, &c. In 1869, a wrought-iron elliptical braced arch, 
hinged at three points at the springing and at the crown, 
was erected over Thirtieth-street in Philadelphia (see Plate 
XII.), and it has been used continuously for heavy engines 
without showing any defects. 

This bridge was constructed for the purpose of carrying 
the railroad tracks over Thirtieth-street to the upper story 
of the extensive grain depot erected by the Pennsyl
vania Railroad Company at that point. The amount of 
clear headway, from the street grade to base of rail, was 
very limited, ancl it was considered ohjectionable to have 

BRIDGE OVEH THE DELAWARE AT TRENTON. 

being ccnstructed upon a double intersection triangular 
system with the braces inclined at 45 degrees, and inter
mediate vertical stiffening members from the intersection 
of tl1e braces, similar in type to the new bridge over the 
Tay in Scotland but with American details, pin connexions, 
&c. Among these may be mentioned a new bridge over 
the Susquehanna River above Harrisburg, 3682 ft. long, a 
new bridge over the Raritan River at N cw Brunswick, 
New J ersey Division, and a bridge over the :Monongahela 
at Port Perry near Pittsburgh, the latter having a channel 
span of 260ft. in the clear. These may now be said to 
be the latest type of bridge in use on the road, superseding 
the stiffened triangular truss just illustrated. 

In boiler-plate bridges, as now constructed, improve
ments are made by the use of ·wrought-iron vertical 
stiffeners made of angles or of T iron in place of the 
cast-iron ones formerly employed. These are placed at 

a through bridge with the trusses above the floor - line. 
The greatest clear height, under the bridge, was re
quired over the carriage way, the footways did not require 
so much. The street being a main thoroughfare of the 
city, and one of the principal drives to Fairmount Park, it 
became essential to have something neat and artistic in 
design and finish. 

These considerations led to the adoption of the arched 
form of bridge, and since the limited thickness of the stone 
abutment, next to the grain depot building, required the 
thrust of the arch to be thrown on to the stonework some 
distance down from the top of the abutment, thus excluding 
any form of segmental arch that would allow sufficient 
height above the footways, a wrought-iron elliptical braced 
arch, the upper chord, or boom, being horizontal, was 
finally decided upon. The bracing pieces are stiffened 
at their middle points in the direction of the length of the 
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bridge, by curved members runmng through the structure 
as shown in the drawings. The arch is hinged both at the 
crown and springing, by this means reducing the calcula
tions to a certainty not possessed by the ordinary form of 
arch, and annulling the straining effects due to change 
of temperature or yielding of piers. The braces are con
nected to the arch member and upper chord by pins. 
There are six tracks and twelve trusses, two to each track. 
The trusses are connected together by lateral bracing, both. 
in the arch member and upper chord, but there is no 
diagonal bracing, the ends of upper chord being secured 
in masonry so as to allow longitudinal, but not lateral 
motion. The floor beams are of wrought-iron I section, 
and the track stringers of white oak. There is a flooring 
of 2 in. plank laid with an incline to properly drain off the 
water and covered with tarred sheet-iron. On each si<:l-e 
of the bridge is a galvanised iron cornice and wrought
iron railing. 

The hinge blocks at crown and springing, some ferrules 
in upper chord in centres of panels, and a few washers and 
rosettes, are the only castings in the structure. 

The following are the principal dimensions and assumed 
data: 

Span, centre to centre of pins at springing . 
Height from springing line to centre of pier at 

crown . . . 
Length of panel in bracing 
Number of trusses .12 

, tracks . . . . 6 
Distance of trusses apart, centre to centre 

, tracks , , . . 
Upper cho:d projects at each end beyond centre 

of end pm . . . . 
Total length of upper chord out to out . . 
Variable load per foot lineal of each track . . 

, , , , truss . . 
Constant load=weight of bridge per foot lineal 

of each truss . . . . 
Total load per foot lineal of each truss 

ft. in. 
64 1 

10 0 
20 0 

0 5 
64 11 
3000lb. 
1500" 

500" 
2000 " 

The strains upon the different members of the struc
ture were solved graphically, th~ forces being ·taken as 
applied at the points of connexion of the braces with the 
upper chord. The total force or load at each point, except 
at the ends of truss, was taken at 2000 lb.x4=8000 lb.=4 
tons, and at the ends 2000 lb. x 2 = 4000 lb.= 2 tons. The 
diagram of strains for each force was constructed separately, 
and the results tabulated, compressive strains being repre
sented positive, and tensile negative. The arch being 
symmetrical it was necessary to compute for only one side, 
and to construct diagrams for only the forces on that 
side, and the force at the crown. 

The strains on this particular side of the arch, result
ing from the action of the forces on the other side, are all 
sub-multiples of the strains from the force at the crown, the 
reactions from this abutment all passing through the crown, 
and springing in the same line, and being proportional to 

---------------- ------- -

each other as the horizontal distances of the forces from · 
the other abutments. 

The ultimate resistance of wrought iron for tension was 
taken at 60,000 lb. per square inch, and for compression, 
in the case of short prisms, at 36,000 lb. per square inch, 
the computation of sections being made for the various 
columns according to Rankine's formulre. A factor of safety 
of six was used throughout. 

The upper chord members, in additon to the strains 
upon them through the system of the truss, have been 
computed to resist transverse strain due to load between 
the points of junction with the braces. It is considered 
that the stiffening member at centres of braces reduces 
them to round-ended columns of half their total length, . 
the effective width of the braces at right angles to the 
direction of the truss being more than twice that in 
the direction of the truss. The arch member next to the 
springing, which has considerable curvature, has been 
computed to resist the compressive strain to which it 
is subjected, as a bent column, the additional tendency 
to flexion owing to its departure from a straight line being 
taken into account: The connecting pins have been com
puted, not only for shearing, but also to resist a tendency 
to pulling or tearing through any of the plates through 
which they pass, and the pins have been made of such 
diameter that its bearing surface upon any such plate 
or bar does not sustain a greater force than five tons per 
square inch. 

Some tests were made on the bridge when first opened 
for use, with an engine and tender, the total weight ot 
which, when loaded, was 115,500 lb., and the length ot 
bearing on wheels 43 ft. This gave for that length a load 
of 2686lb. per foot lineal. Moving the engine slowly on 
to the bridge, the side on which it came and the crown 
gradually deflected, while the other side of the arch rose 
slightly at the haunches. Bringing the engine to rest in 
centre, the crown gave a deflection of -§-in., and both 
haunches rose T16 in. in a direction perpendicular to the 
curve of arch. In addition to above deflections, which 
always recovered themselves after the engine was removed, 
there was a permanent deflection on the first trial of k in. 

The actual weights of iron in the structure are as 
follows: 

Wrought iron: 
Arch and upper chord members 
Braces • 
Floor beams . 
Laterals 
Pins • . . . 
Sti1fening member for braces 
Nuts, bolts, rivets, and ferrules 
Railing 

Cast iron 

Total 

lb. 
130,423 
45,515 

104,655 
30,432 
12,248 

4,139 
14,041 

2,318 

343,771 
26,220 

369,991 
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With a flat elliptical arch, very little rising at the haunches 
will allow of considerable defiexion at crown, and it is pro
bable that if it had been possible to load the whole arch 
uniformly, the crown deflection would have been less than 
above noted. Owing to the location of the bridge at the 
entrance of the grain depot, experiments with high rates 
of speed were impossible. The working of the bridge has 
been in every way satisfactory. 

FORTIETH AND }..,ORTY-FIUST STHEETS AND B E LMONT 

A VENUE BmDGES. 

A number of special street bridges have been erected. at 
various cities on the line, particu1arly Philadelphia and 

velopecl and published by Mr. S. ·whipple, a well-known 
American engineer, as long ago as 1847, to whom due 
credit must he given, although much is owed to Mr. 
Onlish for the exceedingly able manner in which these prin
ciples have been carried out in the great and important 
bridges he has e~ectecl , and we do not mean to infer that 
the idea may not have been as original with him in 
Europe as with Mr. Whipple here. The bridge is in 
three spans with a total length in the clear between abut
ments of 321ft. 1 0!- in. It has two trusses with outside 
sidewalks, the whole construction, including towers, being 
of wrought iron, except the ·long pedestals and ornamental 
finish of towers, which are of cast and galvanised iron. 
The suspension cables are of wrought iron with upset weld-

THE FORTIETH-STREET B:liDGE, PHI.LADELPHIA. 

Pittsburgh. There were three built in Philadelphia just less links, and pin connexions. The lower chord compres
previous to the Centennial Exhibition, which deserve men- sion and stiffening member is of boiler plate in combination 
tion, Fortieth-street, Forty-first-street, and Belmont Avenue. with the rolled beams and angles, and from this are sus
That at Fortieth-street (illustrated by Plate XIII.), is pended at intervals wrought-iron built cross girders sup
a stiffened suspension bridge on the Ordish system, and porting longitudinal timber floor joists for the road and 
the one at Forty-first Street (see Plate XIV.) is a triangular sidewalks. These are covered with a sub-flooring of 2 in. 
truss with vertical and inclined members similar to the white pine plank, the roadway having on top of this a 
Trenton Delaware Bridge, with an improvement, however, flooring of 3 in. white oak, and the sidewalk a tongued 
in the manner of taking the intermediate loads between and grooved flooring of 1! in. yellow pine, dressed. It 
the main vertical members. will be seen that the horizontal pull of the main cables 

The Fortieth-street Bridge, Plate XIII., is designed on is taken by the lower part of the stiffening member of 
what is called in Europe the Ordish stiffened suspension - ~ the trus<:as lVIr. Ordish has done in the Albert Bridge. 
plan, the general principles of which were, however, de- The principal dimensions are as follows : 
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ft. in. 
Clear span between abutments measured on 

centre line of street . . 321 lOt 
Centre span centre to centre of main towers . 189 0 
End spans, centre of tower to centre of end 

pin . . . . . . 
End spans centre of tower to face of abut-

ment . . . . 
Total span, centre to centre of end pins 
Distance, centre to centre of cables on square . 
Distance, centre of cable to centre of hand 

69 6 

66 51!. 
328 0~ 
40 0 

railing on the square . . . . 10 0 
Width of bridge, centre to centre of hand 

railings on the square . . · 60 0 
Angle skew of centre line of bridge 62 deg. 35 min. 47 sec. left. 

The superstructure of the Forty-first Street Bridge is 
constructed on a stiffened triangular truss system entirely 

ft. m. 
Number of main panels 10 

, sub-panels . . 20 
Distance between trusses, from centre to 

centre . . 40 0 
Distance centre of truss to centre of hand 

railing . . . . 10 0 
Entire width of bridge, centre to centre of 

hand railing . . . 60 0 
Clear span between masonry on the square . 185 9g"2 
Clear span between masonry on the skew . 209 3 
Angle of skew . 62 deg. 35 min. 47 sec. 

The Belmont Avenue Bridge, Philadelphia (see Plate 
XV.), carries two intersecting streets over the railroad, 
involving a considerable amount of special construction. 

The superstructure consists of rolled beams of I section 

TRENTON BRIDGE. 

of lower chorJs and inclined ties of link bars with pin 
connexions throughout. 

The principal dimensions are as follows : 

ft. in. 
Span from centre to centre of end lower 

chord pins 213 4 
Height of truss from centra to centre of 

chord pins 21 4 

placed about 3 ft. apart, and supported by stone abut
ments, and at intervals between by girders resting on cast
iron columns having masonry foundations on the road
bed of the railroad, these columns being of such a height 
as will give a clearance of 17 ~ft. for the passage of trains 
underneath. Upon these beams are rivetted wrought-iron 
buckle plates ! in. in thickness, upon which rest a gravel 
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filling and the street paving, these plates having been first 
coated on their top surface with a preparation of tar and 
lime applied hot. The kerb of pavement is of dressed 
granite 5 in. wide, and the sidewalks are of brick, the road
way being paved with granite blocks, usually specified as 
Belgian paving. 

The principal dimensions of the bridge are: 

Number of spans . . . . 5 
Length of each span from centre to centre 

ft. lll. 

of columns . . . . 28 1H 
Clear span between abutments on the 

square . . . . . . . 126 6l 
Clear span between abutments on the skew . 142 0-{6 

The two streets intersect directly over the railroad 
nearly at right angles with each other, one of them, Bel
mont A venue, making an angle of skew with the railroad 
of 62 deg. 35 min. 4 7 sec. These peculiar conditions com
plicated very much the problem of the design, otherwise 
quite simple in its arrangement. The I beams forming the 
bridge were laid. in the direction of Belmont A venue, and 
deeper built beams were placed on the outside skew lines 
of the bridge to support all of the short I beams cut off 
from a full span by reason of the skew. Ornamental 
cast-iron cornices were used to finish the sides of the 
structure surmounted with a wrought-iron railing of hand
some design. 

Plate XV. gives drawings of the Belmont Avenue 
Bridge, which will render the foregoing description clear. 
Fig. 1 is a general plan of the whole work, Fig. 2 a partial 
plan to an enlarged scale, Figs. 3 to 6 are sections on the 
various lines indicated on Fig. 1, and Fig. 7 is an eleva
tion of one of the columns carrying the girders. From 
these drawings the whole of the construction will be 
readily understood. It will be noticed (Fig. 5), that the 
water and gas pipes are enclosed in cast-iron boxes, and 
suspended by slings, bolted to the tops of the boxes, which 
in the case of the water main are tied back to the adja
cent I beams. It will also be seen that underneath these 
boxes the beams are doubled, being placed only 5! in. 
apart. The space enclosing the mains is covered over with 
cast-iron plates as shown in the plan, and which come flush 
with the surface of the road. The gas pipes are covered 
over with a row of buckle plates, protected by gravel and 
paved. The girders carrying the transverse beams arc 
12 in. deep and arranged in pairs (Figs. 4 and 5). They 
are placed 25 ft. apart, excepting the two outer ones, 
which are 25 ft. 6! in. The width of one roadway is 
48 ft , and of the second 60 ft., and of the third 68 ft. 
The sidewalks vary in width from 8 ft. to 20ft. This 
bridge was completed and opened for traffic in May, 
1876. 

THE MORRISVILLE BRIDGE. 

The railway bridge erected near the Morrisville Station 
on the New York Division of the Pennsylvania Railroad 
is an example of the single intersection triangular truss 
recently again adopted by the company for small spans, 
but with improved details. Plates XVI. and XVII. show 
clearly the construction of this bridge, or rather of the 
spans built upon this type. Fig. 1 is a side elevation of 
the girder, Figs. 2 and 3 show the construction of outer 
diagonals, and Figs. 4 and 5 the middle pair of diagonals ; 
Figs. 6 and 7 the vertical struts; Figs. 8, 9, 10, and 11 
the horizontal transverse bracing; Figs. 12 and 13 are 
details of the end roller bearings ; Figs. 14 to 2 5 show · 
the connexions between horizontal members and vertical 
struts, and the latter and tie-rods, and the various other 
connexions ·throughout the bridge. Figs. 26 to 31 are 
diagrams showing the arrangement of bracings, &c. 

The superstructure is constructed on the triangular 
system, and consists of four spans square to the line of 
the railroad, three of them deck bridges of three trusses, 
and one, a half through 'bridge of two trusses, numbering 
from the west end, the railroad· being double track with a 
curvature of 5! d~g. to the 100ft: The trusses through
out are composed entirely of wrought iion, having wrought
iron upper chords of channels and plates, wrought-iron 
upset weldless link lower chord, wrought-iron braces all 
with link ends upset without weld. - All -joints are made 
with pin connexions, and sleeve nuts are introduced in the 
laterals and diagonals. The deck spans have timber floor 
beams, and the half-through .span, wrought-iron built cross 
girders, whit~ oak tra~k - strillgers being used under the 
rails throughout._ '!'Jie : bolsters and abutment plates are 
of wrought iron. The general dimensions are as follows: 

Span No. ·1: . · ft . lll. 

Distance, cenijre to ~ntre of end pins 73 6 
Number ofJl&Ilels . -

.. 
4 

, - sub-panels 8 
Length of each panel . 18 4t 

, sub;panel . 9 2t 
Height_ of trvss, centre to centre of chords 7 3 
Distance, centre to centre of trusses . . 9 9 

Spans No: 2 and 3: · 
Distance, centre to centre of end pins 53 6 
Number of panels . . 4 

, sub-panels 8 
Length of each panel . 13 4l 

, sub-panel . 6 8t 
Height of truss, centre to centre of chord 5 6 
Distance, centre to centre of trusses . 9 6 

Span No.4: . 
Distance, centre to centre of end pms 57 6 
Number of panels . 6 

, sub-panels 12 
Length of each panel . 9 7 

, sub-panel . . . 4 9l 
Height of truss, centre to centre of chords 5 9 
Distance, centre to centre of trusses . . 26 6 

K 
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In the fourth span the cross girders occur at every sub
panel. 

The approximate quantity of iron in the bridge amounts 
to 205,300 lb. 

The upper chord consists of a top plate 12 in. wide, with 
two channel irons 9 in. deep and 3 in. wide rivetted to the 
underside 6 in. apart (Fig .. 12). These channel irons are 
stiffened at the occurrence of the two end struts by plates 
18 in. long by 6 in. deep (Figs. 14 and 15), and from the 
middle of each end panel by a continuous plate of the same 
depth, Figs. 1, 18, 19). At each end over the bearings the 
chords are similar I y st:r:engthened. These bearings are 
shown in Figs. 12 and 13. They consist of a wrought
iron plate 18 in. by 20i in., to which is secured by counter
sunk rivets a .second plate upon which the rollers rest; 
these are 3 in. in diameter, and 10i in. long; they are 
three in number, and are connected by a plate and pins 
set into the centres of the rollers. On the top of the latter 
rests a curved plate to which the cast-iron saddle is rivetted. 
The form of the saddle is shown in the details. It is 12 in. 
wide at the base; and is ~ in. thick. As will be seen, there 
are four bearing plates, the middle pair about 1 in~ apart 
and the outer ones 3 in. from the others. The bearing 
consists of a semicircular recess 3~ in. in diameter, in which 
the end pin is seated. Upon these pins are placed the 
pair of diagonal links, which are 4 in. wide and 1 kin. 
thick. 

The bottom chord consists of two outer links 5 in. · deep 
by ll in., and a single one .in the middle of the same 
depth and 1!- in. thick. The vertical struts, Figs. 6 and 7, 
a;re 7ft. 3 in. long, from the centre of the lower chord pin 
to the middle of the upper chord. They are composed of 
light channel irons, with the flange cut away at the top 
and bottom for attachment. to the top and bottom chords. 
The bottom is, however, strengthened with a stiffening 
plate (Figs. 6 and 7). The attachment to the upper chord 
is effected by two short angle irons (Fig. 21) rivetted to the 
under side of the channel irons of the chord, and three 
rivets to the web. The two bars forming the strut are 
stiffened a,nd kept apart by means of nine distance ferrules 
and rivets passing through them (Fig. 6). They are, more
over, strengthened on each side by diagonal bracing. It 
will be noticed that the bottom of the strut rests upon the 
pin of the lower chord, a semicircular recess being cut for 
it as shown. 

The outer pair of diagonals (Figs. 2 and 3) are built up 
of two channel irons 7 in. deep and weighing 63~ lb. per 
yard, strengthened by two plates, 7 in. by !- in., rivetted to 
them on the inner side. At each end a plate 12 in. long 
is rivetted on to the diagonal, with a hole formed in it for 
the pin connexions, the diameter of that for the upper 
chord being 3 in. and for the lower 3~ in. The length of 

the diagonal between centres of pin holes is 11 ft. 91~ in., 
and in the centre of its length it is provided with a cover 
plate on each side 18 in. long. Six other connecting strips, 
as shown, Figs. 2 and 3, also couple the channel irons of 
the diagonal. Figs. 18 and 19 show the connexion with 
the top chord and the ties, which are double and 3 in. by 
1-k in. The pin which passes through them is 3 in. in 
diameter, and on the inside is extended 3!- in., and formed 
as an eye to receive the horizontal bracing. Figs. 14 and 
15 show the connexion between the strut, diagonal, 
and links forming the bottom chord. The diameter of 
the pin is 3! in., and it will be noticed that the diagonal 
on each side of the channel irons is strengthened by an 
additional strip, the lower end of which is recessed with a. 
semicircle that embraces one half of the pin. Figs. 4-
and 5 show the centre pair of diagonals, which are some
what like those already described, except that the channel 
irons are placed further apart ( 4~ in.), and a}re kept in 
position by distance ferrules and rivets, being strengthened 
also by a diagonal plate bracing as shown, and by a centre 
cover plate ; connecting strips are also added at each end_ 
As in the other diagonal, to both extremities, plates are 
rivettE;d with 3 in. and 3~ in. holes formed in them, for 
connexion with the top and bottom chords. 

The horizontal ~racing is shown in Figs. 9, 10, and 11. 
It consists of two ·· bars 3 in. deep and ! in. thick, bulged 
and connected by rivets and distance pieces at intervals of 
12 in. and placed between the upper chord of each pair 
of girders at intervals of 9 ft. 2-f6 in. The ends of these 
braces are attached to the pin connexions of the girders, 
or to brackets rivetted to the inner side of the upper chord. 
The panels between these braces are occupied with dia
go~al horizontal tie rods ~ in. in diameter, as shown. The 
lower chord is braced in a similar manner, but the panels 
are 18ft. 4! in. long. A light diagonal transverse bracing 
passes from the top to the bottom chords as shown. Fig. 27 
is a diagram of the different parts of the girder, Fig. 26 is 
a diagram of the upper, and Fig. 2 8 of the lower chord. 
Figs. 29, 30, and 31 are diagrams of the various systems 
of bracing. The leading dimensions are marked on these 
figures. 

TRENTON BRIDGE. 

The wrought-iron railway and carriage bridge which 
has been recently erected by the Railroad Company over 
the Delaware River at Trenton, U.S., replaced an old 
wooden structure which has a history of some interest. 

In 1803, Wernwag erected a woQden carriage bridge 
over the Delaware, at Trenton, consis~ing of five spans, 
two of which were 203 ft. each, one of 198 ft., one of 
186ft., and one of 161 ft. in the clear. ,Jt consisted of 
timber arched ribs, from which the roadway was suspended 
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by iron bar chains, the ribs being formed of eight courses 
each 4 in. by 13 in. The arches were braced vertically 
by timber struts, and laterally by braces connecting the 
different arches together for some distance each side of the 
crown, and the whole bridge was covered to protect it 
from the weather. 

This was quite a celebrated bridge in its day, and an 
elevation of it may be seen in the Nouveaux Portefeuille 

de l'lngen£euP, Plate M, 35, Fig. 19. 
In 1848, the south side of the bridge was arranged for 

locomotive traffic, that part forming the present middle 
arch being increased in strength by four more ribs, making 
a total depth of 4ft., and a new arch being erected on the 
south side, while the bridge was kept still covered. 

In 1869, the covering was taken off and four new arches 
1yere put in on the railroad portion of the bridge, along
side of the old arches, which latter were still kept in 
pos1t10n. Renewals have been made from time to time 
of special timbers as necessity required it, hut a large 
amount of timber, dating from 1~03, still remains in the 
carriage portion of the bridge, and some in the railroad 
portion dating from 1848-strong evidence of the dura
bility of timber if carefully selected and properly protected 
from the weather. 

The present structure, which was completed for traffic in 
January, 1875, is a through bridge of three trusses, the 
north side being for carriage travel, and the south side for 
two railroad tracks. It is constructed entirely of wrought 
iron, with the exception of some ornamental castings which 
are merely of thin metal fastened to the wrought-iron 
members, and do not in any way contribute to the strength 
of the structure. The trusses are constructed upon a 
stiffened triangular system with vertical and inclined 
members and horizontal upper and lower chords, being 
economical in design, and at the same time after once 
being placed in position, requiring no future adjustment, 
as is necessary from time to time in all rectangular trusses 
of the ordinary type. 

The following are the principal dimensions: 

Number of spans . 

Length of Spans from Centre to Centre of End Piers: 

Two spans 
One span 

" " . 

5 

Number of trusses in each span . 3 
Distance from centre of north truss to centre of 

middle truss . . . . . . . 
Distance from centre of middle truss to centre of 

south truss . . . . . . 
Distance from centre of north truss to centre of 

railing on foot-walk . 
Height from centre to centre of chords 

ft. 
208 
204 
192 
166 

25 

28 

6 
26 

The foot-walk and carriage-way are assumed to be 
covered with a moving load of 7 5 lb. per square foot of 
surface, and each railroad track is taken with a rolling 
load of 1 ~ tons per foot lineal (1 ton of 2000 lb.) The 
ultimate strain per square inch for tension was taken at 
60,000 lb., and for compression in short prisms at 36,000 lb. 
It has two trusses with outside sidewalks and an orna
mental finish at the entrances, of cast and galvanised iron 
fastened to the wrought-iron framework. (See illustra
tion.) The floor beams are of wrought iron suspended 
built beams placed across from truss to truss at the panel 
points. Upon these rest longitudinal floor joists of white 
pine. The roadway and sidewalks are of double thick
nesses, the sub-flooring for each being of 2in. white pine, 
the top flooring for the roadway of 3 in. white oak, and 
that for the sidewalks of 1 k in. yellow pine, tongued and 
grooved and dressed on the upper surface. The upper 
chords of the trusses and the vertical posts are formed 
of rolled plates and angles ; the factor of six is adopted 
for tension members, and of four and one-half for 
compressive members. In addition to this, the floor
beam system and certain light members of the truss were 
computed for a moving load of two tons per foot lineal of 
each track. 

The upper chord consists of channel bars connected at 
the top by rolled plates, and is varied in section according 
to the maximum strains in the different parts of its length. 
The posts consist of channels and I beams connected to
gether and stiffened by plates, rivets, ferrules, and diagonal 
bracing. Some of the posts near the ends of the spans are 
trussed. 

The main carrying members are composed of links 6 in. 
deep, and also in some places of links and rods in com
bination. Those in the panels next. to the centre of the 
span are stiffened by internal diagonal bracing, so as to 
resist compression under variable load. 

The carrying members of the secondary truss are rods. 
The lower chords are composea of links 9 in. deep and aU 
of varying widths. All links have upset heads and ends 
drilled for connecting pins. Horizontal lateral bracing is 
used throughout the structure in the upper and lower 
chords, and diagonal bracing is introduced extending from 
the upper chord partly down the posts, allowing, of course, 
sufficient clearance for the passage of locomotives. 

vVrought-iron connecting pins, 4k in. to 6 in., are used 
to connect all parts of the bridge together in both upper 
and lower chords. The cross girders of the railroad por
tion are of two channels trussed, and are placed at every 
panel and sub-panel. The track girders consist of two 
I beams under each rail, upon which are placed white 
oak cross-ties and track stringers. 

The carriage portion of the bridge has a timber flooring, 
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and an ornamental timber screen is placed in the centre 
truss between the carriage-way and the railroad tracks. 

The Pennsylvania Railroad Company has wisely bestowed 
great care and attention to its bridges, and differing from 
the almost universal American practice by which con
tractors prepare their own designs, it has an engineer of 
bridges and buildings, whose special duty it is to furnish 
plans for all new structures, and attend to the inspection 
of those already built. In the case of new bridges the 
plans are carefully prepared in every detail under his direc
tion, and specifications and full bills of materials are drawn 
up on which contractors bid, and to which whoever builds 
the bridge must strictly conform. By this means a proper 
quantity and quality of material for strength, and first-class 
workmanship, such as can be obtained in no other way, are 
insured. The plans for each bridge are carefully digested 
and matured before being ordered, improvements suggested 
by experience with existing structures being made in almost 
every new design, and the principles of construction fully 
kept up to the highest standard of European and American 

practice. The bridges are now computed to a variable 
load of 1! tons per foot lineal of each track, increasing to 
2 tons per foot for the floor systems and certain individual 
members of the trusses, and in case of very short span 
girder bridges running up to 3 tons and ·even 4 tons per 
foot. (These of course are of 2000 lb. each) The limiting 
stresses for wrought-iron are taken at 10,000 lb. per square 
inch for tension, and 8000 lb. for compression on short 
prisms, due allowance being made for the lengths of columns 
in comparison with their diameters. In addition to the 
weekly and sometimes almost daily inspection of the 
bridges by those in direct charge of them, the engineer 
of bridges and buildings makes an annual advisory inspec
tion, overlooking them all carefully, noting their action 
under service, and suggesting any improvements and re
pairs that may be necessary. On the main line between 
Philadelphia and Pittsburgh there are 15,970 ft. lineal of 
iron bridging, and only three wooden bridges, amounting 
to 848 ft. lineal. 
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MINIMUM SECTIONS. 

THE accompanying diagrams represent the principal mini-
mum sections in works on the main line of the Pennsyl

vania Railroad. Fig. 1 is a section showing the intrados of 
the Columbia tunnel, where there is a double line of rails and 
a sharp curve. The width of the tunnel at rail level is 
22.1 ft., and the greatest width at the level of springing 
is 24ft. The outlines of the palace sleeper cars and 
engine chimneys show in this as in the following sections 
the clearance allowed. Fig. 2 is the section of the single
line Elizabethtown tunnel. It is 14.1 ft. wide at the level 
of rails, and 14.9 ft. at springing, the height between these 
points being 8.1 ft. and that of the whole tunnel 15.1 ft. 
1n this section the tunnel is formed with a semicircular 

side walls. There 1s a pier 4 ft. wide between the two 
tunnels. Fig. 4 is a diagram showing the intrados of the 
Allegheny tunnel, beyond the Horseshoe Curve and on 
the Pittsburgh Division of the railway. At the rail level 
the width is 21ft. 9! in., increased to 24ft. at the line of 
springing. The height from rails to springing is 7 ft. 9! in. 

·and thence to crown 12 ft., the total height of arch being 
19 ft. 9! in. Fig 5 shows the outline of Carpenter's tunnel, 
also on the Pittsburgh Division. The width at rail in this 
case is somewhat less than in the previous one, but it 
extends at springing, which is 9 ft. 6 in. above rail, to 
24ft. 5{ in. The total height of crown is 21ft. 8~ in., and 
this, like the Allegheny tunnel, has a semicircular arch. 
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Fro. 1. FIG. 2. 

FIG. 6. FIG. 7. 

arch. This tunnel has recently been cut out, and is now 
an open cutting. Fig. 3 is a section of the north and 
south sides of the double canal tunnel at Trenton, on the 
New Jersey Division, and now replaced by the Trenton 
Aqueduct (Fig. 9). It is built with parallel side walls 
11 ft. 6 in. and 11 ft. ~in. apart respectively, the total 
heights being 15ft. 1 in. and 15ft. 2! in. The arch 
is semicircular and springs from a set-off on top of the 

FIG. 3. FIG. 4. FIG. 5. 

FIG. 8. FIG. 9. 

Fig. 6 is a section of the Spruce Creek tunnel, where the 
space is yet more limited than in the previous examples, as 
will be seen from the outlines of the cars. The width is 
increased from 21ft. 10 in. at rails to 23ft. at springing, 
the total height is 18ft. 8 in., the arch being also semi
circular. In Fig. 7 the outlines of four tunnels are given, 
the highest being also that of Carpenter's tunnel, the second 
the outline of the Ga1litsin tunnel, the third the proposed 
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intrados of the east end of the Spruce Creek tunnel, and 
the fourth the present form of the west end of the same 
work Fig. 8 represents the entrance to the Pequea Bridge 
on the Pennsylvania Division, and is remarkable for the 
small clearance allowed, the height from rails to top of 
engine smoke stack being 14 ft. 8 in,, and from the same 
point to under side of bridge spandril 15 ft. 2 in. ; the 

shield in the centre between the two spandrils comes 
lower down, as will be noticed. Finally, Fig. 9 shows in 
outline the crossing of the Trenton Aqueduct, replacing 
the tunnel, . Fig. 3. The aqueduct is supported by a 
centre pier 4 . ft. wide, and leaves a clear opening be
tween pier and abutments of 12 ft., and a headway of 
15 ft. 2 in. 
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SECTION V.-BUILDING AND REP AIRING SHOPS. 

THE WEST PHILADELPHIA WORKSHOPS. (PLATES XVIII.; XIX., XX.) 

THE terminal depot at vVest Philadelphia, during the 
year 1876, received the important and much-needed 

addition of a large and very commodious passenger sta
tion facing on Market-street, and which replaces the dark 
and crowded sheds that previously had received the whole 
of the passenger traffic. 

Besides the accommodation for passengers there is a large 
and well-arranged set of shops, not so extensive as those 

fi(; .l. 

while the Delaware extension of the Pennsylvania Rail
road connects it with the grain elevator and coal wharves 
on the Delaware, and with the gas works at Breeze 
Point; close beside it, also on the Schuylkill River, 
are the very extensive abattoirs belonging to the railway 
company, and previously described. On the east side 
of the Schuylkill River, at Sixteenth-street and Market
street, is the city freight depot of the railway, and 
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PLAN OF THE WEST PHILADELPHIA WORKSHOPS. 

at Altoona, but favourably contrasting with the latter, 
from having been designed upon a systematic plan, and 
not having grown by consecutive extensions and altera
tions as is the case with the 'Altoona shops. 

The depot derives additional importance from the fact 
that it serves not only as a terminal station for passengers 
and freight to the Pennsylvania Railroad, but that by con
necting lines it communicates with the Philadelphia, Wil
mington, and Baltimore, and with the Philadelphia and 
Reading Railroads. It forms also the terminal station for 
the new line recently opened by the company to New York, 

a double line of rails connects this with the station, 
crossing the Schuylkill over the Market-street bridge, which 
was rebuilt of timber in such a remarkably short time at 
the close of the year 187 5, the previous~bridge having been 
destroyed by fire. The present bridge has been built upon 
the piers of the older one, and it crosses the Schuylkill in 
three spans. The platform is divided into two parts, one 
of which is given up to public traffic, and the other re
served for the business of the railway company. Over 
this bridge, between the terminal station and the depot on 
Eighteenth-street, trains of empty and loaded cars pass 

shared on railsandtrails.com Digitized by Stephen Titchenal



72 THE PENNSYLVANIA RAILROAD. 

each other continually, the whole of the traffic being con
ducted by mules, which in long trains of fifteen or twenty, 
transfer the wagons between the two points. 

The West Philadelphia station yard contains 4f miles of 
single main line and 22 miles of sidings, besides the exten
sions recently made for the accommodation of the new 
passenger station already described. 

A large grain depot is situated on the east side of 
Thirtieth-street, Philadelphia, immediately north of Market
street, and is connected with the railway by the arched 
bridge, illustrated in Plate XII., and referred to on page 60. 
It is employed as a depot for storing grain, and is 555 ft. 
long, 125 ft. wide, and 3() ft. high to the springing of the 
roof, divided into two stories by a floor 19 ft. from the 
ground. The building is covered by a roof in a single 
span of wrought iron with triangular bracing and timber 
rafters. The roof is covered with slate, and a number of 
skylights. The rest of the building is all of timber, the 
sides being protected with slating. The total capacity of 
the building is 3, 607, 5fJ0 cubic feet, and the space is 
divided into 600 bins, each containing 500 bushels, so that 
the storage capacity of the house is 300,000 bushels. The 
trains enter the building on the upper story, on which six 
lines of rails are laid along the entire length, and a plat
form 4 ft. above the rail level is placed between each track._ 
The bins occupy the space between the platforms, and 
the grain is discharged from the wagons into them. The 
bins descend from the upper floor to within 8 ft. of the 
ground, and terminate with sloping sides, the bottom being 
closed by a valve, so that the discharge of grain can take 
place into the wagons brought underneath the bin, and the 
amount regulated by the valve. On the ground floor there 
are fifty entrances for vehicles, with as many passages run
ning the width of the building, and separated from each 
other by trestles carrying the upper floor. The passages 
are, of course, immediately under the bins. Flour in 
barrels is unloaded on the platforms, and crane accommo
dation is provided at one end of the building for lowering 
it into the street. The whole of the building is carried on 
piles, 5558 being driven in the soft ground upon which it 
stands. The depth to which they were driven varies from 
35 ft. in the river front, to 6 ft. at the rear. The piles 
were of hemlock, not less than 10 in. in diameter. Under 
the outside walls they were driven 30 in. apart from centre 
to centre, and 3 ft. apart longitudinally. After they were 
driven the heads of the piles were cut off to a level of 30 in. 
below high water, and a double floor of hemlock logs 
9 in. and 6 in. thick was laid upon them. The masonry is 
laid upon this platform, the outside walls being 4 ft. thick 
at the bottom, and carried to a height of 10 ft. 6 in. above 
high water, at which level the thickness is reduced to 
2 ft. 6 in., and the thickness of the cross walls decreases 

from 3 ft. to 2 ft. The wood work of the building is erected 
on this masonry. This depot is not shown upon the 
plan, Fig. 1 (see preceding page), but the lines leading 
to it are marked A. The buildings B and C are respec
tively a locomotive house and a machine shop, both of 
which are old and require no special description. The 
newer portion is that included between the sidings and 
Thirtieth-street. They comprise a locomotive roundhouse 
300 ft. in diameter ; a blacksmiths' shop, 192 ft. 6 in. by 
96 ft., leading into the locomotive and machine shop, 
280ft. I! in. long by 82 ft. 8 in. wide. Next comes the 
passenger car shop of the same dimensions, and between 
these two buildings is a long traverse pit as shown on the 
plan. , The boiler house, 80 ft. by 55 ft., lies at the rear of 
the machine shop, and between it and the blacksmiths' 
shop is a large coal store. To the rear of the passenger 
car shed and leading into it, is a second smiths' shop of the 
same dimensions as the other, a large building, 132 ft. 9 in. 
by 67ft. 5 in., for wood-working machinery, and a paint shop 
of the same length but 52 ft. wide. Further to the rear is 
a freight car repairing shop 108 ft. 9 in. by 277 ft., an oil 
shed 30 ft. by 251 ft. 9 in., and a lumber shed 80 ft. long. 
A carpenters' shop, stables, and a few smaller buildings 
complete the works. The plan shows the arrangement of 
rails in the yard, and the communication between the main 
tracks and the various buildings. 

The engine shed is not circular in plan but consists of a 
regular polygon of 44 sides with an open court in the centre 
168 ft. 11 in. in diameter. The space between the court 
and the outer wall is 62 ft. 10 in., and this space is roofed 
over. In the middle of the central court is a turntable 
shown in Fig. 2, Plate XVIII. I t was manufactured, as 
are most of the turntables upon the line, by Messrs. W. 
Sellers and Co., of Philadelphia. It is 50 ft. in diameter 
and turns upon a central pivot provided with antifriction 
rollers. Upon this pivot is a cast-iron box to which are 
bolted four horizontal cast-iron arms in pairs on opposite 
sides of the box. A cast-iron strut connects each pair 
of arms near their outer ends, and these struts serve to 
carry rollers ~s shown in the figure, and which run upon 
a circular rail laid on a sill laid on top of the masonry 
enclosing the pit. Oak cross-ties are laid at short intervals 
upon the horizontal arms, and upon these are placed longic 
tudinal sleepers which carry the rails. The construction of 
the central box, the pivot, and rollers, is shown in Fig. 3, 
from which it will be seen that a cast-iron block is placed on 
the top of the pivot, while to the top of the cast-iron box is 
bolted acap, the underside of which contains the upper roller 
path ; the lower path is laid on the block placed on top of the 
pivot. Both rollers and roller paths are made of steel. 
The whole of this central portion rests upon a masonry 
pier 6 ft. square, a bedstone 5 ft. 6 in. square and 15 in. 
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thick is interposed between the top of the pier and the 
pivot. The wall surrounding the pit is of 22-in. brickwork, 
resting on a stone foundation ; the oak ties supporting the 
circular rail are laid on the top of the wall, the spaces be
tween being filled with brickwork in cement. Around the 
outer part of the wall is an oak kerb, 4 in. by 13 in., 
fastened down to the brickwork by anchor bolts. The 
floor of the pit is brick set in cement. 

The various tracks converging from each of the stalls to 
the centre of the pit terminate on the oak kerb before 
mentioned, and at each track there is a socket into which 
the locking bolts on each end of the turntable pass, to hold 
the latter in position. Unloaded, a weight of a pound and 
a half is sufficient to move the table, and when occupied 
with an engine and tender, it is easily turned by one man, 
who pushes the table round by means of a bar, the end of 
which fits the locking bolt already spoken of. 

The design and construction of the engine-house is shown 
in Figs. 4 to 17, Plate XVIII. The outer face of the house 
is formed of brick, the inner of cast-iron columns spaced a 
little more than 12 ft. apart from centre to centre. The 
foundations are of stone, the outer wall being 2ft. 6 in. thick, 
and the inner 24 in. A cut stone sill 9 in. by 15 in. runs 
around the building on top of the foundation wall as 
shown. The outer wall above the ground is of brick, 
with piers placed 21ft. 4 in. apart from centre to centre, 
and panels between, as shovm in the section Fig. 4, and 
partial elevations Fig. 5. The thickness of the brickwork 
at piers is 22 in., and in the panels 13 in. Above the piers 
an indented course runs around the building, with mould
ings above, as in Fig. 5, to the gutter and wall plate, which 
is 21ft. 9 in. above rail level. Fig. 5 also shows the 
arrangement of doors and windows in the outer wall. Of 
the former there are only two, the positions of which are 
indicated on the general station plan at the point where 
the rails from the siding run through the house. The rest 
of the panels in the outer wall are pierced for windows 
4ft. 8~ in. by 9ft. 11k in. The two entrance doors are in 
double leaves, 11ft. 1kin. total width, and 12ft. 5kin. 
high to the level of the springing of the semicircular head. 
They are framed 3k in. thick, and each leaf is hung upon 
three hinges as shown. Fig. 6 shows the inner front of 
the building. It consists of square columns of cast iron 
placed 11 ft. 5k in. in the clear. The space between the 
tops of the columns and the facia at wall plate level is 
filled in with semicircular spandrils as shown. The bays 
left by the latter and the columns are filled in with doors 
3 in. thick, but glazed as shown. Three of the doors are 
provided with wickets. Figs. 9, 10, and 11 show details 
of these columns, facia plates, and spandrils; the thickness 
of metal is 1 76 in., except for the columns, which are ~in. 
The section Fig. 4 shows the roof of this building, and 

Figs. 12 to 17 are details of different portions. The span 
of the truss is 64ft. 6 in. from centre to centre of bolt 
holes in the shoes; the rafters are pitched to an angle 
of 22k deg., and the camber of the tie-rod is 6 in. in the 
centre of span. All the dimensions of the various parts 
are figured on the engraving ; the rafter is of I section and 
weighs 40 lb. per yard. The shoes at the end of the truss 
are shown in the detail Figs. 9, 12, 14, 16, 17. On the 
inner side the shoe is bolted to the head of the column, on 
the outer side it rests upon rollers, bearing on a cast-iron 
plate, that is carried by an oak wall plate 4 in. by 17 in. 
and 6ft. long. The enlarged plan of house, Fig. 7, shows 
the arrangement of purlins. These latter are of pine 4 in. 
by 8 in. and10 in., and varying in length from 13 ft. to 22ft. 
according to their position on the radiating roof. The 
purlins are covered with 1 in. boarding tongued and 
grooved, and over this is laid the slating. The roof is 
drained through 4 in. pipes running clown the outer wall, 
at every alternate pier, into a drain 13 in. in diameter, and 
laid around the building as shown in the part plan Fig. 7. 
The flooring is in two thicknesses, the lower of 1 in. pine, 
and the upper 2 in. thick of pine tongued and grooved. 
This flooring is laid upon oak joists 3 in. by 12 in., and 
placed at distances varying from 12 in. to 15 in. The joists 
rest upon oak wall plates 3 in. by 12 in., and these are 
carried by the dwarf stone wall, as shown in section Fig. 4. 
It will be seen in the plan, Fig. 7, that a line of rails is 
laid in each division or stall of the house converging to the 
central turntable. Between the rails in each stall, e_xcept
ing those two devoted to the ingress and egress of engines, 
is built a pit 42 ft. 6 in. long, 3 ft. 11 in. wide, 2 ft. 9 in. 
.deep at front, and 21ft. 6 in. at back. Fig. 4 shows one 
of these pits in longitudinal section, while Fig. 8 is a trans
verse section of same to an enlarged scale. The sides of 
the pit are of masonry 2 ft. thick, and the invert is of brick 
set in cement and coursed as shown. A 12 in. drain runs 
around the house in the position marked by Fig. 7, and 
receives all the drainage from the pits. The rails within 
the house are laid upon white oak sleepers 3 in. by 12 in. 
cut into the joists, as shown in Fig. 8, the top of the 
sleeper being flush with that of the joist. On the outside 
of each rail is laid an oak strip flush with the flooring, and 
formed with a gutter, that drains the floor into the pit. 
Between the inner face of the house and the turntable, the 
rails are laid on oak cross-ties 6 in. by 8 in., with 14 in. ot 
ballast. 

Suitable arrangements are provided for supplying water 
to the house, and ventilation is secured by means of the 
louvre frames on top of the roof, and shown in the section 
Fig. 4, and by the cowls in each stall over the stack of the 
locomotive. 

The locomotive ancl machine shop, as already stated, is 
L 
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rectangular in form, 280ft. 1k in. long by 82ft. 8 in. wide, 
and covering an area of 21,840 square feet. Fig. 18 (see 
Plate XVIII.) is a plan showing the general arrangement 
and disposition of the machines. Fig. 19 is partly a trans
verse section and partly an elevation of one gable encl. 
The roof trusses in this building are placecl10 ft. 6 in. apart 
from centre to centre. The rafters are .10 in. by 12 in., 
and the horizontal tie beam is in three timbers 3k in. by 
12 in. At each end between the tie and the wall plate, 
which is of white oak in two pieces 3 in. by 12 in. each, 
is placed a timber 8 in. by 12 in. The vertical rods are 
arranged in pairs and from 1 in. to 1 k in. in diameter, 
with the screwed ends enlarged so as to make the section 
uniform throughout. The cross braces vary from 4 in. by 
12 in. to 6 in. by 12 in., and a stretcher 10 in. by 12 in. 
extends horizontally between the rafters. The drawing 
shows the arrangement of the ventilators in the upper part 
of the roo£ Fig. 20 is an enlarged view of one side of 
this raised portion, filled in with glazed sashes hung upon 
centres, and so arranged that they can be opened and 
closed together in sets. Figs. 21 to 28 show the forms and 
dimensions of the various cast-iron blocks by means of 
which the connexions between the timbers in the roof 
truss and tie-rods are made. Each of these blocks is 
numbered both in detail and on the section Fig. 19, so 
that their relative positions can be easily identified. The 
purlins are 4k in. by 8 in. placed 3 ft. apart from centre to 
centre, and spiked to the principal rafters. These are 
covered with pine boarding, 1 in. thick, and slated. 

Fig. 29 shows to an enlarged scale one of the side walls 
of the building; the foundation is of stone 2 ft. 6 in., with 
a stone course running around at ground level, and the 
brickwork of the walls is 22 in. thick through the pilasters 
which divide the walls into panels. In the length of the 
building there are formed eleven large doors 11 ft. wide by 
15ft. 10 in. high, with elliptical arched headways; they 
are glazed and some of them are provided with wickets. 
Large doors are also placed in each gable end as shown in 
Fig. 19, and there are four semicircular-headed windows. 
In the sides of the building the windows are rectangular. 
Fig. 29 shows the arrangement of sash. At frequent 
intervals, ventilating passages are placed around the build
ing, passing through the foundation walls, and opening 
under the floor joists. These openings are protected by 
cast-iron gratings as shown in the drawing. The same 
figure also indicates the arrangement of sewer and 
connexwns. 

From the plan, Fig. 18, it will be seen that there are 
eleven pits, and lines of rails for engines, one pair passing 
out through the back of the shop, and connecting with a 
siding as seen in the general plan. All eleven tracks pass 
through the front of the building to the transfer table, to 

which reference will be made presently. The construction 
of the pits is similar to that already described and illus
trated for the engine-house, and the flooring is also similar. 
The space between the front of the house and the transfer pit 
is bricked. Fig. 18 shows the general arrangement of tools 
in that part of the building devoted to the machine shops ; 
none of them, however, call for any special observation. 
By reference to the same plan, the relative positions of this 
building, the blacksmiths' shops, the chimney stack and the 
boiler and engine-house, will be at once understood. Figs. 
30 to 35, Plate XIX., show the design and construction of 
the chimney stack. It is 121ft. 8 in. high, built of brick 
upon a stone foundation and a cap of cast iron. The sec
tion has the form of an eight-pointed star, and it will be 
noticed that the points of the star are built hollow, and 
have air openings at the bottom and top of the stack. An 
inner lining 4~ in. thick runs throughout the stack, but is 
not bonded to the rest of the brickwork ; as far as a a, 
Fig. 30, it is of firebrick. 

Figs. 36, 37, 38 (Plate XX.), refer to the west black
smiths' shop, that one in communication with the locomo
tive and machine shops. It is 70ft. wide and 162 ft. 9 in. 
long, and has a floor area of 10,626 square feet. The roof 
trusses resemble closely that used in the locomotive shop. 
They are placed16 ft. apart; all the dimensions are marked 
upon the drawings, and the cast-iron angle blocks are 
numbered to correspond with those shown in Figs. 21 to 
28. There are twelve double forges in the shop; the ar
rangement and construction of these are indicated in Figs. 
37 and 38. Each hearth is 5 ft. 2 in. long and 4 ft. 6 in. 
wide, and they are placed 2 ft. 6 in. apart. The height 
from floor to top of forge is 1 ft. 11 in. Around the top 
edge is an iron plate i in. thick and 4 in. wide, held clown 
by bolts through the brickwork, as shown. The back of 
the forge is raised, as shown by the dotted lines, and five 
courses of brickwork are laid on each side as shown, to 
form the base for the curved hood protecting the fire. 
This hood is of cast-iron ! in. thick, with an 8 in. face, 
and formed as shown. At the top the hoods are anchored 
into the brickwork, and each pair is also tied together by 
two tie-rods 1 in. in diameter. The brickwork is carried 
above the hoods, as shown, and the form of the flue indi
cated by dotted lines. After the flues meet they are run 
up together in a trunk 3 ft. 3 in. by 2 ft. 2 in., and for a 
height of about 20 ft. to the level of the tie-rods of the 
roof. They then run into a sheet-iron flue 2 ft. in diameter, 
and about 21 ft. high, with a ventilator at the top (see 
Fig. 36). Underneath each row of forges runs a line of 
cast-iron pipe for conveying the blast ; the diameter of this 
pipe varies from 10 in. near the fan to 4 in. at the furthest 
forge. At each pair of hearths a' vertical branch is led 
off from the main pipe, which divides horizontally as 
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shown, and goes to each fire. Valves are adapted to the 
pipes to regulate the amount of blast, and each pipe termi
nates in a copper nozzle 2~ in. in diameter placed in a 
hollow cast-iron tuyere, which is kept cool by the circulation 
of water brought from the tanks placed between the hearths 
and above the fire level, and led through the tuyeres by 
pipes, as shown in Fig. 37. 

The boiler-house is built of bricks with a roof similar in 
construction to those already illustrated and described. It 
-encloses an area of 3914 square feet, and has two lines 
of rails running through it, one for the accommodation of 
boilers, and the other of tankwork. The store-room, 
which presents no special features, is also of brick with a 
wooden and iron roof; it has an area of 3085 ft. A 
second floor is added to this building supported on a row 
of cast-iron columns, carrying rolled beams that take bear
ings in the side walls. These beams carry the floor 
joists. 

The oil house is indicated in the general plan, and its 
construction is sho-wn in Figs. 39 to 46 (Plate XX.). It is 
a fireproof building, and consists of one main portion 
24ft. by 30ft., with a boiler-room added13 ft. by 13ft. 6in. 
A platform 6 ft. wide extends down the front of the struc
ture, the level being 4ft. above that of the adjacent siding. 
As shown in the plan, the building consists of a basement 
and one story, and up to the level of the higher floor the 
walls are of stone. An entrance to the lower portion is pro
vided under the platform. The floor of this portion is of 
brick laid in cement, and as will be seen in the sections, 
Figs. 39 and 41, brick platforms supported on arches are 
laid on each side, with a passage in the centre 7 ft. wide, 
for carrying oil tanks. The upper floor is partly supported 
by two cast-iron columns 3 in. in diameter at the top and 
4 in. at the bottom, resting upon stone foundations. Upon 
these columns are placed I beams 9 in. deep. The ends of 
these rest on angle irons laid on the walls of the building, 
and the thrust of the floor arches is resisted by 1 in. dia
meter tie-rods. The spaces between the walls and columns 
are spanned with brick arches of the form and construction 
shown in Fig. 42, and they are levelled with concrete, and 
paved with brick. The upper floor is also used for storing 
oil, and the tanks are carried by brick pedestals, surmounted 
by stone caps. The sizes and positions of these are 
shown in the drawings. The upper floor is lighted with 
seven windows, and the basement by glazed openings 
in the upper floor, and marked a in Fig. 40. Glazed 
openings are also made in the end of the building (see b), 
behind which gas burners are lighted at night to illuminate 
the interior, and avoid the risk of taking lights into the 
building. The roof is a simple structure, shown in Fig. 41, 
and in the details Figs. 43 to 46. 

The tanks are all made of boiler iron. The rectangular 
ones in the basement are formed with a sloping bottom, to 
allow sediment to be more easily run off. There are three 
of these on one side of the house, and four on the other, 
and the capacity varies from 1130 gallons to 1739 gallons 
each. On the upper floor the smaller tanks contain 361 
gallons and the larger 642 gallons each. The total capacity 
of the building is 385~ barrels. It should be mentioned 
that over each basement tank, openings are made in the 
upper floor, and lengths of 4-in. pipe introduced, for the 
double purpose of filling the lower from the upper vessels, 
or for pumping supplies into the latter. 

The passenger car shop is 82ft. 1~ in. long by 82ft. 8 in. 
wide, divided into three spans, arranged as shown in 
Figs. 4 7 and 48, Plate XX. The outer walls of the 
building are of brick, and two rows of columns run down 
the length of the building, dividing it into two outer bays 
of 26ft. 6 in. and one centre one of 26ft. On the tops 
of the columns vertical trusses are framed as shown, and 
upon them the _centre raised roof is placed, _ventilators 
being arranged as shown. The height of the tie beams 
in the side roofs above the floor is 18ft., and the principal 
rafters are framed at their upper ends against the top of 
the trusses placed on the columns ; the tie beam of 
each truss is bolted to brackets on the columns. The 
principals are placed 16 ft. 4 in. apart from centre to 
centre. The building contains 14 tracks, and founda
tions for pits in each of these are made, so that if desired 
the building can be converted into a locomotive and ma
chine shop. The floor is at present entirely boarded. 

The blacksmiths' shop connected with this building is 
exactly the same as the other one already described, but 
it contains only 43 fires. 

The freight car repair shop is 227 ft. by 108 ft. 9 in. 
Fig. 49, Plate XIX., is partly an elevation . and partly a 
section of this building, and Fig. 50 is a plan. The roof 
is nearly flat, and is supported by four rows of timber 
columns 8 in. and 10 in. square. Raking struts 5 in. by 
6 in. from the top of the posts help to carry the principal 
rafters which are 6 in. by-8 in. The centre part of the 
roof is raised, as shown, for the whole length of the 
building, forming a ventilator 33 ft. span. The roof of 
the building, which is carried on purlins, 3 in. by 7 in., is 
covered with tarred felt and gravel. There are six tracks 
in this building, which contains accommodation for 42 
freight cars. At each end there are six doors, 11 ft. wide. 

The water used at these works is obtained from wells 
belonging to the company, the supply being pumped into 
a reservoir 60ft. diameter, and 16 ft. deep. The amount 
consumed at the works and station exceeds 132,000 gal
lons per day. 
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THE ALTOONA LocOMOTIVE SHOPS (Plates XXI. to 
XXIV.) 

The shops of the Motive Power Department of the 
Pennsylvania Railroad Company, at Altoona, are situated 
between Ninth and Tenth A venues, and Eleventh and Six
teenth-streets, and extend over an area of 26.8 acres. Be
sides these the company also owns extensive car shops, 
about one mile from the former, and some small works de
voted to the maintenance of way. The relative positions 
of the various buildings are shown in the plan, Fig. 1. 

5 in. by 126 ft. 6 in. and 60ft., complete this portion of 
the works. Beyond is the foundry, the chief building 
being 250 by 100ft., with a wheel foundry 139ft. long, and 
a brass foundry 95 ft. by 58 ft., together with core rooms, . 
ovens, wheel pit, sand stores, &c. The pattem house is a 
separate building 100 ft. by 50 ft., and close by is the char
coal store 128 ft. by 26 ft. Finally a paint shop, 346 ft. 
6 in. long, completes the list of buildings to which attention 
need be called here, and all of which are, together with 
several smaller ones, clearly shown upon the plan. 

The principal work done at these shops is locomotive 
building and repairs, but besides this a very large amount 
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Only a portion of the locomotive shops is new, the re
mainder consisting of old and not over commodious 
buildings, which will, however, be gradually removed and 
be replaced by new structures. They are situated on the 
south side of the railway, the offices being situated at some 
little distance in Twelfth-street. A bridge over the rail
way at A affords communication between the northem part 
of the town and shops, otherwise separated by the railroad 
tracks. The shops comprise the following buildings : 
Three engine houses, marked 1, 2, 3, and respectively 
300 ft., 195 ft. 2 in., and 236 ft. in diameter; a new erect
ing shop 350ft. by 66ft. 6 in.; a machine shop 426ft. long, 
and 70 ft. wide; a second erecting shop 62 ft. 6 in. wide, 
and about 336 ft. long. This last shop will probably be 
replaced by a new one located as shown on the plan, in 
which event the old shop will be used for other purposes. 
Close to the round house No. 3, is a small sand house and 
a shop for air brakes. In front of the last-named erecting 
shop is a transfer pit 30 ft. wide by 356 ft. 4 in. long, and 
on the opposite side are boiler, flanging, tank, and wheel 
shops, while two blacksmiths' shops, the larger one 345 ft. 

of general work is performed, including, in fact, all the 
requirements of a first-rate railway, except the manufacture 
of iron or steel, or the rolling of plates, rails, &c. Thus at 
these works, switches, crossings, and signals are produced; 
car wheels are cast, together with the more general work 
of the foundry, castings for rolling stock, bridges, buildings, 
&c. ; making and repairing tools and machinery for various 
shops, the mixing and preparation of oils, the manufacture 
and repair of electrical instruments and telegraph plant, &c. 
In describing these extensive works it will be convenient 
to follow the various departments into which they are 
actually divided. 

1. The 1J£achine Shop.-This is a two-story building, 
426 ft. long, 70 ft. 0~ in. wide, and has only been built a 
short time. The floor of the second story is supported by 
two rows of cast-iron columns, 17 ft. 6 in. high, on which 
rest 15-in. wrought-iron rolled I beams, 200 lbs. per yard; 
upon these latter the floor joists are laid. The flooring 
consists of 2£ in. ordinary pine planking, and on the top of 
the planking li-in. pitch pine flooring. The lower shop is 
lighted by sixty-four windows 15 ft. 3 in. high, 6 ft. 8 in. 
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wide, and arched at the top. The upper story is 18ft. 4 in. 
high, of the same length and width as the shop below; it is 
lighted by eighty-eight windows 6 ft. 8 in. wide, 9 ft. 2 in. 
high; above these are ventilating windows 12 in. high and 
5 ft. 10 in. long. The upper story is ceiled below the 
bottom chord of the wrought-iron roof truss, and the lower 
story is ceiled under the floor joists. 

In the centre of the lower shop is laid a track of 4 ft. 9 in. 
gauge to connect with the system of tracks in the shop yards. 
Between the rails of this track is laid a single rail, on which 
travels a power crane, to which motion is given by a rope 
running)t high speed. The stability of this crane is pre
served when working, partly by the length of its carriage 
and also by two stringers guiding the top of the crane
post; these stringers extend the whole length of the shop. 
Tl1e jib of the crane is rivetted to the post and swings 
with it. Compensating arrangement is provided to take up 
the slack in the rope driving the crane. 

The heavy machine tools are located in the middle of 
th~ shop on each side of this crane, so that the labour 
of handling work of great weight, and transporting it from 
one 'machine to another, is reduced to a minimum. 

Besides three commodious stairways, one at each end, 
and one in the centre, three large hydraulic elevators are 
arranged for lifting and lowering work from one floor to 
a11other. These elevators arc made of sufficient size 
to handle the largest pieces that may be worked up-stairs. 
Two lines of shafting extend the whole length of the lower 
shop. These are connected at one end by belting, and 
transmit motion to all the machinery in this shop. 

This building is well supplied with tools for all classes 
of machine work ; not many of them, however, call for any 
special notice. Amongst others there is a planing machine 
with bed 24 ft. long, on which the locomotive frames are 
planed for their entire length with only one adjustment; 
also a large slotting machine, on the table of which a pair 
of locomotive side frames are laid together, and faced along 
the pedestal legs, the head of the machine being so arranged 
that it can be set at the desired angle to cut the taper. 
There is, moreover, a vertical milling machine, in which 
the table also revolves and moves at right angles; almost 
every shape can be finished up in this machine. A hori
zontal milling machine for surfacing all kinds of work, and 
for fluting or arrising coupling rods; this machine is 
especially adapted for finishing work which terminates in 
fillets or hollow curves. A number of the planing machines 
are provided with four tool holclers, so that work may be 
planed upon two sides as well as on the top. 

Some of the lathes have forming attachments added, the 
former guicling the rest on which the cutting tool is 
fastened. The bolts used for locomotive work throughout 
the shops are all turned upon these lathes, a uniform taper 

of -t;; in. per foot of length being given them. In the 
machine shop, and fenced off by lattice-work, is the tool 
room, where taps, dies, reamers, punches, &c., are made, 
and where the same tools and gauges used by the workmen 
are kept. These tools are delivered to the workman in 
exchange for numbered brass checks, the same as the 
number by which the man is known in the shop ; the 
brass check is hung on, or alongside of, the place for 
the tool, and represents it in its absence. When the tool 
is returned in good order the workman receives his check. 

The reamers employed are, with but few exceptions, 
made with a taper of :(2 in. per foot of length, and are 
made in series from ±in. in diameter to 1-t in. in diameter, 
increasing by sixteenths; the threads of the taps and dies 
are of American standard throughout, in form and pitch, 
with straight sides and an angle of 60 deg. with fiat sur
faces at top and bottom, equal to one-eighth the pitch. 
Templates and gauges are employed throughout the shop, 
great exactness and uniformity of work being obtained 
thereby, and the variations otherwise unavoidable even by 
skilled workmen, are entirely unknown; the amount of 
fitting is also greatly reduced, and the work comes together 
in the erecting shop with greater accuracy than could 
otherwise be obtained. As far possible shaping and boring 
is executed with hardened templates made to the shape and 
size of the piece; thus, for example, in finishing a cross
head, a template is bolted to the end, and the casting is 
planed up exactly to the template. The guide plates for 
drilling or boring are of cast iron with holes formed in the 
proper places, and lined with hardened steel ferrules. 

With these templates very little chance of error exists, 
and nothing is left to the judgment of the workmen, an 
inferior class of labour being sufficient for the work. With 
regard to the forming lathes already alluded to, it may be 
mentioned that by their means perfect uniformity is secured 
and the same standard degree of uniformity is always given 
to bolts no matter what length they may be, and no time 
is lost in checking the accuracy of the work. In finishing 
up bolts, however, cast-iron gauge blocks are employed 
with holes in them reamed out exactly to the size of the 
hole the bolt is to fill; the latter is gauged by entering it 
into the hole, and seeing whether the proper clearance has 
been left, so that the bolt may be driven tightly into its 
place. . 

The planing machines in the shop are arranged in pairs 
so that two of them can be operated by one man, even in 
the case of the largest tools, with very long tables. It is 
the system also to place as large a number of similar pieces 
as possible at one operation, and this same principle will be 
found to rule throughout the works. Means of attaching 
the work are adapted to the planing machines, consisting 
of cast-iron strips with angle pieces, provided on their 
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-under side with their projecting blocks planed up true, and 
fitting into the grooves in the table of the machine. By 
these appliances work can be very quickly and truly fastened 
to the table, and without much adjustment. 

2. Boiler Shop.-It will be seen by reference to the plan 
of the locomotive works, that the boiler shop is separated 
from the erecting shop, and is very conveniently situated 
for pass.ing the boiler when completed on to the latter. 
The boiler shop is divided into the erecting, the flanging, 
:and the tank departments, this last-named being employed 
for the construction of tender and engine tanks, ash pans, 
water troughs for track tanks, and all other classes of heavy 
sheet-iron work. In the flanging department are three flang
ing forges upon Nixon's pattern. They are provided with 
water tuyeres, having the top plate perforated with holes 
for the passage of the blast. The fire is made up upon this 
plate, and any desired form can be given to it by stopping 
up a certain number of the holes, or if desired, the whole 
of them can be used for the blast, so that pieces of any 
desired form can be treated and the heat concentrated over 
any given part of the surface for flanging, or heated all 
,over for straightening. In connexion with these forges are 
a large number of cast-iron shaping blocks, of the various 
contours to which the plates have to be brought, or the 
flanging executed. These blocks are placed near the forges. 
There are five smiths' forges in this department, at which 
boiler stays, crown bars, fire-door fittings, &c., and all the 
small forgings required for the tender tanks, are made. In 
the shop is placed a crane which swings so as to command 
all three of the flanging forges, so that the sheets may be 
easily handled. 

In the tank shop, overhead rails are laid on which run 
.differential chain hoists, by which tanks weighing up to 
5000 lb. can be raised from the place where they are 
erected and transported, over any other work that may be 
in progress, to be deposited on the tender frames. 

In the erecting room of the boiler shop are placed the 
punches, bending rolls, and shears required for this de
partment, as well as a steam rivetting machine. To 
facilitate handling the work, two 10-ton jib cranes are 
<erected here, of sufficient range to reach the various lines 
of rail on which the boiler work is carried on. The wind
ing gear of these is attached to the vertical posts at such a 
height above the ground that the platform, also secured to 
the crane post, is 6ft. above the ground. By this arrange
ment no floor room is wasted, and the man in charge 
:standing on the elevated platform can always keep the 
work in sight, which would not be the case were he lifting 

from the floor level. 
The steam rivetting machine, made by Messrs. \iV. Sellers 

.and Co., of Philadelphia, has a cast-iron body and block ; 
:about one-half of the boiler rivetting work is executed 1vith 

this machine. The punches and shears are some of them 
made by the above-named firm, and the remainder by 
Messrs. W. B. Bement and Son, also of Philadelphia. All 
the holes, excepting those for boiler flues, are punched. 

The bending rolls are almost new, and of good design; 
the top or following rolls are raised and lowered by power, 
and the housing at one end, which is hinged, can be swung 
back so as to allow of a sheet rolled cylindrically to be 
taken out from the end of the machine. 

The shop is heated by steam supplied by a vertical boiler 
placed in the flanging department, and the same boiler fur
nishes the steam for the rivetting machine. Sufiicient 
lighting is obtained at night by means of "gas beneath re
flectors hung between the roof trusses, and placed above 
the level of the crane jibs ; by this means the shop is well 
illuminated and work is easily carried on. 

The fan supplying the blast to the forges is placed over
head upon the roof trusses, and the blast pipe is carried 
along one wall of the building ; from this main, branches 
are taken to the various forges. For the rivetting fires 
rubber hose is led off from a suitable coupling in the main 
to any point where it is convenient to have the hearths. 

3. The New . E1'ecting Shop.-This is one of the most 
complete and best arranged shops in the locomotive sec
tion of the works. On Plate XXI., Figs. 3 to 6, are 
shown respectively a longitudinal section, plan, and two 
cross sections of the building. 

The shop is 350 ft . long by 66 ft. 6 in. wide, and there 
are three lines of rails running from end to end of the 
building, the side tracks being used for repairs. There is 
ample room for seven engines on each track,· and in case 
of emergency nine could be placed upon them. 

For facility in hanclling the work there are in this shop 
two overhead travelling cranes, each of 25 tons capacity. 
They run upon rails placed along each side of the building, 
at a sufficient height above the ground, and 59 ft. apart. 
Each crane consists of two plate-iron girders weighing 
together 18 tons, and carrying at their ends the frame and 
wheels with which they run upon the rails. Upon rails 
laid on the tops of these girders travelling crabs run to and 
fro . The cranes are driven by a cotton rope travelling at 
the rate of 507 4 ft. per minute, and the power is applied 
by the friction of this running rope upon grooved wheels, 
on the shaft of which are worms working into wormwheels, 
and thence to reducing gear. The slack in the travelling
rope is taken up, and all variations due to temperature or 
other causes is compensated by running ·the rope over a 
grooved pulley, the shaft of which is movable and con
trolled by a regulating weight. The crane travels longi- · 
tuclinally at the rate of 48 ft. per minute, and the crabs at 
30 ft. per minute. There are two hoisting speeds, the 
quick being 8 ft. 1 in. per minute, and the slow 18 in. per 
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minute. Figs. 7, 8, and 9 show the mode of attaching an 
engine to the crane for the purpose of lifting and trans
ferring. 

Below the floor of this shop, on each side of the centre 
track, are deep paved pits extending the whole length of 
the building, and in these pits are stored the machinery and 
other parts of engines, the boilers ofwhich are sent to the 
boiler shop for repair. These pits are of such capacity that 
wheels 5 ft. 6 in. in diamet~r can by stowecl in them. They 
are also employed for warming the shop in ·winter, for 
which purpose steam radiators are placed in them, and the 
heated air rises through gratings formed in the timber 
coverings of the pits. A channel beneath the centre track 
conducts the cold air from the outside into the pit, an open
ing being made for this purpose from the central channel 
to the pits opposite each radiator. By this arrangement 
also the machinery thus stored is kept from rusting. 

W"ithin the pits a system of pipes is also laid in con
nexion with a vV orthington pressure and force pump, also 
placed below the floor level. The pump has three sets of 
cylinclers, viz., a set of steam cylinders l 0 in. in diameter, 
a set of 6~ in. water suction cylinders, and a set of 3~ in. 
pressure forcing cylinders, the stroke being 10 in. Each 
set of cylinders is in line, and the smallest are in connexion 
with an accumulator with 18 in. cylinder, and loaded to 
42,830 lb., equivalent to a pressure in the pipes of 168lb. 
per square inch. The suction cylinders of the pump are 
employed to empty a well into which the two pits drain, 
they being below the level of the Altoona sewage system. 

This arrangement is employed for testing the boilers 
by hydraulic pressure before they leave the shop, the test 
rising to 150 lb. per square inch. To effect this there is at 
the back end of each repair pit a hose connexion, by which 
the pipe from the accumulator can be coupled to the blow
off cock of the boiler. Or the boilers can be tested with 
steam through the same connexions, the steam at 125 lb. 
per square inch, being furnished from three stationary 
boilers. 

The shop is lighted at night by means of six 5 ft. re
flectors, each with twenty burners; there is, besides, a gas 
bracket at each vice bench, which is placed in the recess 
formed by the arches carrying the overhead rails; and 
inside the pits, along one side, is a line of gas piping with 
connexions at the place of each engine, to which a flexible 
hose and burner are attached, and may be carried about 
the engine or inside the boiler. 

4. The 111ain Founclry.-The main foundry, Fig. 10, 
Plate XXII., where all the locomotives, cars, and general 
castings are produced, is a rectangular brick building 
250ft. long by 100 ft. wide, and 34 ft . 1 0~ in. high from 
the floor to the roof ties. It is lighted by side windows 
21ft. 6 in. by 8ft. 10 in., and the roof is surmounted by a 

ventilator 213 ft. long and 29 ft. 8 in. span. The shop is 
lighted at night by five groups of gas burners, having 
twenty in each group, and suspended from the ties of the 
roof in a line along the whole length of the building. 
The cupola house is placed at the side of the foundry, 
and about the centre of its length. It is built of brick,. 
in two stories, and measures 40 ft. by 28 ft. It con
tains two Mackenzie cupolas, used alternately, and each 
capable of melting ten tons of iron per hour. Thirty tons 
is the average amount melted daily at the works. The 
following are the principal dimensions of the cupola at the 
level of the tuyeres : major diameter 7 ft. 6 in., minor 
diameter 3ft. 6 in. The area is 2969 square inches, and 
the melted metal chambers contain about three tons of 
iron. The materials are conveyed to the cupolas from 
the yards where the pig, scrap, and fuel are stored, in cars 
running on a shop railroad of 2ft. gauge. Arrived at the 
cupola, they pass upon the platform of a hydraulic hoist. 
within the house, and are raised to the desired level. 

Outside the cupola house there is a yard 40 ft. wide; 
around which are ranged several single story brick build
ings about 30 ft. wide, and devoted to the following 
purposes : On one side is a pattern shed 16 ft. 4 in. by· 
30ft., employed for storing patterns required for immediate 
use, then a room 23 ft. by 30 ft., containing three cinder 
mills, two of which were built by Messrs. vV. Sellers and 
Co. ; doors in this building communicate with each cupola, 
and also with the open court. Adjoining is the cupola 
house of the wheel foundry, 40ft. by 29 ft., and beyond 
that is the engine-room. This contains a pair of horizontal 
direct-acting blowing engines, constructed by I. P. Morris 
and Co., and supplying blast to all the cupolas. The 
steam cylinders of this engine are 18 in. in diameter, the 
blowing cylinders are 48 :in. in diameter, and the stroke in 
each case is 30 in. The main blast pipe is 24 in. in 
diameter throughout, and forms an air reservoir. The air 
pressure is gradually raised from the commencement of the 
heat in the cupolas to the end, the increase being allowed 
to compensate for the clogging up of the tuyeres during 
the heat. The normal speed of the engines is sixty revolu
tions per minute, and the quantity of air delivered at this 
speed is 7 500 cubic feet per minute. If, however, three 
cupolas are in blast, the speed of the engines has to be 
increased to eighty or ninety revolutions per minute. In 
the same engine-house is a vertical engine with 12 in. by 
16 in. cylinder, which supplies the power required for 
running the cinder mills, and the machinery in the pattern 
shop. The power is taken off to this shop by a ~in. wire 
rope running over wheels 7 ft. in diameter. Besides these 
engines in this house there are two duplex Worthington 
pumps, and an accumulator supplying water under a 
pressure of 450 lb. per square inch for working the 
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hydraulic machinery. The boiler-house is adjacent to 
the engine-room, and contains two multitubular boilers 
furnishing steam to all the engines and pumps, and finally 
there is a core room and ovens for the wheel foundry. 

On the other side of the court is a building 90 ft. long and 
30 ft. in width, employed exclusively for cleaning castings. 
It contains a hydraulic crane, capable of lifting the heaviest 
castings produced in the foundry. The shipping room, 
which is adjacent, is 4 7 ft. 6 in. by 29 ft. 7 in., and contains 
the office of the foundry foreman. The doors of this shop 
open on one of the sidings in the yard, so that cars can be 
urought alongside and loaded, and in the room, opposite 
the doorway, is placed a hydraulic elevator large enough 
to contain a man and a wheelbarrow, which are both lifted 
to the level of the car. As will be seen by the plan there is 
attached to the main foundry a large wing measuring 138ft. 
Gin. by 71 ft. 6 in., containing a core room 81 ft. 8 in. by 
75ft., and two core ovens, one 11ft. 6 in. by 27ft. 6 in., and 
the other 22ft. 4 in. by 27ft. 6 in. The former is em
ployed for drying the cylinder moulds. In the same build
ing there are two sand rooms, one 18ft. by 56 ft. 6 in. for 
preparing facing sand, and the other 56 ft. by 39ft. for 
storing green sand. There are also two additional sand 
stores, one leading to the brass foundry. Upon an upper 
floor in this wing there are admirable arrangements for 
the use of the moulders, comprising ten well-fitted up bath 
rooms, and a large washing trough. These are all supplied 
with hot and cold water, and are fitted with every atten
tion to comfort. Adjoining this room is a pattern shop 
communicating by a foot bridge 58 ft. long with the pattern 
house, a two-story brick building 100ft. by 50 ft. This 
building is otherwise isolated, and some efforts have been 
made to render it partially fireproof. 

The pattern shop, the position of which is shown on the 
general plan (see page 7 6), is 111 ft. 6 in. long and 7 5 ft. 
wide. It is furnished with benches for 18 workmen, and 
is supplied with the following tools: four wood-working 
lathes, two circular saws, one scroll saw, and a large planing 
machine. All orders sent to the foundry are furnished in 
duplicate to the foreman of this shop, who collects the 
proper patterns from the pattern house, and sees that 
they are in good condition before being sent on to the 
foundry. Before it leaves the shop a printed card is placed 
on each pattern on which is written the number of the 
pattern, the number of castings to be made from it, the 
date of issue, and the destination of the castings. The 
moulder is required to place his name upon the card when 
the castings are made, and the pattern is then returned to 
store. The complete record of all castings thus obtained 
is frequently valuable for reference. The pattern house 
is the building accessible by a bridge as above mentioned, 
and contains a large rack reaching from floor to ceiling, 

having a clear passage way all round it. The patterns are 
ranged in careful order on the various shelves of this 
rack. The latter is divided into sections, and the shelves 
on each section are lettered, so that the exact position of 
any pattern is at once ascertained by reference to the 
catalogue belonging to the house. The patterns are 
classified, as far as possible : thus all steam chests are 
placed in one section and numbered consecutively ; all 
crossheads are grouped and arranged in another section, 
and so on. Core boxes are ranged in shelves along one 
side of the house, and lettered to correspond with the 
patterns to which they belong. A complete index to this 
house is printed, and copies are furnished to the shops and 
offices of the railroad company, so .that orders from any 
part of the line sent to Altoona can be at once executed 
and despatched. 

A second wing of the main foundry contains the brass 
foundry, 58 ft. 7 in. by 9.5 ft. Here are eighteen melting 
furnaces, arranged in a circle 21 ft. in diameter, around an 
uptake 70ft. high, radial flues connecting the latter with 
the furnaces. These furnaces are lined with a cylinder of 
firebrick 16 in. in diameter inside, 2 7 in. long, and 4 in. 
thick. A small flue 5 in. wide and 4! in. high is cut out 
at the top. The spaces between the furnaces and the up
take are filled with coke and charcoal for immediate use. 

Phosphor-bronze is used for all journal bearings and rod 
brasses. All standard car bearings are made upon a special 
moulding machine, constructed by Messrs. Sellers and Co. 
Iron patterns are used in this machine, on which four bear
ings are moulded at a time, and two hundred are turned 
out per day by two men, and besides the great economy 
thus effected as compared with hand-moulding, the cast
ings are all absolute counterparts of each other. 

Somewhat similar machines are also employed in the 
iron foundry for moulding brake blocks and brake shoes. 
"With each of these, 250 brake blocks and 300 shoes can be 
produced per day. 

The irons generally used in the foundry are anthracite 
irons from. the furnaces on the Schuylkill and Lehigh 
rivers, and large quantities from the Allentown, the Cata
sauqua, and the Reading Iron Works ; the coke irons come 
from the Glamorgan furnaces, Lewistown. A considerable 
amount of railroad scrap iron is also employed in the 
foundry mixtures, and during the past year it formed 
more than one-half of the metal melted. The ordinary 
charge in the cupola is 2500 lb. The mixture chiefly used 
for car castings consists of one-third of pig iron and two
thirds of cast scrap; for machine castings, three-fourths of 
pig iron and one-fourth scrap. The mixtures run from 
the cupola are constaJ1tly tested, and for this purpose 
pieces, 15 in. long and 2 in. square, are cast, and reserved 
for proof, records of their strength being preserved. The 
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average transverse strength of these samples, laid on bear
ings 12 in. apart, is 15,000 lb., and the tensile strength per 
square inch is 16,900 lb. The following is the mixture 
employed for locomotive cylinder castings: 

66·} per cent. of Allentown No. 1 anthracite iron. 
20 per cent. Springfield No. 1 cold blast charcoal iron. 
13-} per cent. Lake Superior No. 1 cold blast charcoal 

Iron. 
5. The ·wheel Foundry.-This is a new and very im

portant addition to the Altoona vVorks. It forms a wing of 
the main building, as will be seen by reference to the plan, 
and is a brick structure with roof trusses of wrought iron; 
the roof covering is of slate. The main portion of the 
foundry, which is 138 ft. 6 in. long by 71ft. 6 in. wide and 
35ft. high, contains the moulding flo or. It is lighted 
by eleven windows each ':21 ft. high and 8 ft. wide, as well 
as by a raised skylight containing sixty sashes. Ventila
tion is obtained by louvres in the raised sides of the sky
light. 

On one side of this moulding floor are placed the 
cupola chamber, 29 ft. by 40ft., the engine-house, 30ft. 
by 30ft., the boiler house, 30ft. by 15ft., a core room and 
ovens of the same dimensions. The operations of annealing 
and finishing the wheels are performed in a wing of the 
foundry, 94ft. long and 56 ft. wide. The general arrange
ment is shown in the plan, and Figs. 11 to 18, Plates XXII. 
and XXIII., show details of construction. In noticing the 
main foundry reference bas been made to the blowing 
engines, the hydraulic machinery, the vertical engine for 
driving the machinery in the pattern shop, and the boilers, 
and they need not, therefore, be again described. The 
wheel foundry is furnished with thirteen hydraulic cranes 
arranged as shown in the plan of the shop. The ordinary 
working pressure for these cranes is 450 lb. per square 
inch. Each crane is free to swing entirely round, and controls 
a circle 13 ft. in diameter. As will be seen by the details 
they are unsupported at the top but are well secured to 
masonry foundations. The jib does not rise and fall, but 
carries at the end a sheave over which a wire rope passes 
and is brought back to the centre of the crane, where it is 
attached to the piston of the hydraulic cylinder, .the travel 
of which raises or lowers the weights to be moved. This 
portion of the plant was supplied by Messrs. W. Sellers 
and Co., of Philadelphia. The circle of 13ft. diameter 
which forms the sweep of the crane, is sufficiently large to 
give space for fifteen moulding flasks for wheels 33 in. in 
diameter, which is the largest size used by the Pennsyl
vania Railroad Company. The exact position of each 
mould around the circle is marked by an iron ring that 
forms a level seat for the flask, so that little time is lost in 
arranging the flasks in their places and in the proper posi
tion for pouring. 

The foundry floor is laid with cast-iron plates, as indi
cated in the plan, Fig. 13. 

In the founrlry and immediately beneath the cupolas A, 
Figs. 11, 13, Plate XXIII., is placed a large ladle B, hold
ing about 20,000 lb. and mounted on trunnions. This 
ladle is worked by hydraulic power, and is completely 
under the control of the workman. Troughs, C C, from 
the tapping holes of the cupolas, conduct the melted metal 
into it. It was found advisable to employ a ladle of so 
large a capacity, because by doing so ~a more complete mix
ture of the different irons is effected, than would be the 
case if a smaller vessel were employed. 

There are two Mackenzie cupolas, A A, belonging to 
this department. They are oval in section, measuring 
7 ft. 6 in. by 3 ft. 6 in. at the boshes, and 8 ft. 6 in. by 
4ft. 6 in. at the largest part: the distance from the tuyeres 
to the charging level is 9 ft. 6 in. These tuyeres form a 
continuous opening 1! in. wide, and extend round the 
cupola, at a height of 8 in. above the bottom, when the latter 
is ready for charging. No flux i~::~ employed in melting the 
charges, and no provision is made for tapping the slag. 
The average quantity of metal that can be run from each 
of these cupolas, before the tuyeres become so clogged as 
to impair the working, is 65,000 lb. It is true that a 
larger quantity than this can be run off in a single heat, 
but it is considered that so large a charge does not produce 
metal of a quality sufficiently good to fulfil the require· 
ments for cast wheels. 

In one corner of the cupola chamber is a small cupola 
having a capacity of 20,000 lb. This is used entirely for 
experimental purposes, for melting sample irons, and 
for trying the results of different mixtures, a very neces· 
sary process in wheel-castings, where marked differences 
exist in pig irons of the same brands. 

The charging stage of the cupola is placed 15 ft. 6 in. 
above the floor level, and is formed of iron plates. The 
charges are raised to the stage by a hydraulic lift. The 
charging room is 14 ft. high, of the same size as the cupola 
house, and it is well lighted. 

The core ovens are placed at the end of the core room, 
between the latter and the foundry, and they are so ar
ranged that the cores can be placed in the ovens from the 
core room and taken out direct into the foundry, so 
that the working of them is reduced as far as possible. 
The annealing room D, Figs. 12 and13, Plate XXIII., con
tains forty-four pits, E E, arranged in one wing of the 
building. They are disposed in two concentric circles. 
the outer ring containing twenty-four and the inner twenty 
pits. In the centre is placed a hydraulic crane, F, made 
to revolve also by hydraulic power. The pits are cylin
drical and are made of sheet-iron lined with firebrick. 
Outside they are surrounded with a bed of dry sand. Each 
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pit has a capacity of twenty wheels. 
annealing pits are shown in Figs. 14 
XXII.) 

The details of the 
to 18. (See Plate 

Adjoining the annealing chamber is the cleaning and 
inspecting shop G, where the wheels are stripped of sand 
that may adhere to them, the cores are broken out, and the 
wheels are tested by being struck with a sledge. The floor 
of the room is above the ground level, being raised to the 
average height of the freight-car platforms for convenience 
of loading. The cleaning room is paved with oak blocks 
laid with the grain on: end. At one end of this depart
ment is a hydraulic drop weighing 1200 lb., and having 
a fall of 13 ft. With this, wheels that have failed to pass 
the test, or which have been worn out in service, are broken 
up prior to being remelted in the cupola. 

A tramway, 2 ft. gauge, is laid down throughout the 
foundry, yards, &c., for convenience of shifting materials. 

The number of men employed in the wheel foundry 
during the last year averaged 109; of these, there were 
13 moulders, 2 core moulders, 2 mechanics, 7 5 labourers, 
including those employed at the cupolas, 2 clerks, 1 fore
man, and 1 assistant foreman. The average daily work 
performed comprises the melting of 112,000 lb. of iron 
and the casting of 195 car wheels. A brief description 
of the process of manufacturing these wheels will be found 
of interest. The operation of preparing the cupolas for 
the day's work is commenced at 4.30 A.M. The metal 
spilt and dropped from the previous day is collected, and 
the slag and other accumulations around the tuyeres are 
removed. At the same time the inside of the cupola is 
trimmed with a mixture of fireclay and refractory sand. 
A bed of sand 3 in. thick is laid over the cupola bottom, 

and well rammed until it is level and very compact. The 
fires are then lighted, and the cupolas are ready for charging 
three hours after work has commenced. 

The details of charging vary constantly, and each day's 
work is laid out by the foreman, who prepares a list of the 
varieties of irons to be used and the order of charging 
them into the furnace. The number of men employed in 
this operation, is six for weighing the different parts of the 
charge and loading them into the cupola, and one to super
intend the operation of weighing, to check the weights and 
proportions placed on the scale. With a full charge the 
blast is turned on to the first cupola at half-past ten in 
the morning, and into the second an hour later. The 
charge of 56,000 lb. will be melted in about four hours 
and a half, and the day's work is completed between five 
and six in the evening. Considerable attention has to be 
paid to the management of the blast, for the chilling qua
lities of the whole mixture are seriously modified by raising 
or lowering the blast pressure, which is generally kept 
between seven and eight-tenths of an inch of mercury, or 
5i oz. per square inch. If on testing it is found that the 
mixture does not chill sufficiently with this pressure it is 
at once raised, and on the other hand it is lowered if it 
be found that there is a tendency to too strong a chill. 
The quality of the charge is tested by running blocks 
1 i in. by 3 in. by 6 in. in a mould, one side of which is of 
iron to produce a chill. These samples are run every time 
the cupola is tapped, and they are broken to ascertain the 
chilling qualities as soon as they are sufficiently cold. By 
this means the quality of the chill is closely observed, and 
the blast is varied according to the indications afforded by 
the test pieces. Lumps of charcoal are placed in the large 
ladle before the metal is run off from the cupolas, and after 
it has remained in the former for some little time, small 
ladles holding each 700 lb. and mounted on two-wheeled 
trucks are filled from it, and taken off to the moulds. 

The fuel and the iron used in the cupolas is handled by 
a gang of ten men, who commence work at 6 A.M., and 
bring the loads to the charging floor for the clay's work; 
by this arrangement they do not interfere in any way 
with the charging gang. The work of moulding, of · 
inspecting castings, and the general foundry work does 
not commence till 7 A.M. In the cleaning and inspecting 
room there are generally sufficient wheels upon the floor 
for the day's work, which includes cleaning, testing, 
matching the wheels, and loading them upon the cars. 
There is often considerable variation in the diameter of 
the wheels, even when cast in the same chill, this variation 
amounting sometimes to half an inch on the circum
ference, and this is clue to variation in the hardness of the 
mixture. Pairing them is therefore a necessary operation, 
and they are carefully measured with a brass tape, and the 
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diameters are stencilled upon the plate of the wheeL 
While this is being done, that group of annealing pits 
containing one day's turn-out of wheels, and which have 
been in the pits a sufficient time, is being emptied, and the 
contents are brought on to the cleaning floor. Three men 
are employed to remove 195 wheels from the pits per day 
and place them in the cleaning room. It may be mentioned 
that when the wheels are removed from the pits after 
having been in them four or five clays, they are still hot 
enough to ignite pieces of wood brought into contact with 
them. The pits which have been emptied in the morning 
are refilled in the afternoon with the wheels cast during 
the clay. 

Moulding is commenced at 7 A.M., one moulder and an 
assistant working on a group around each crane. (The 
.arrangement of the group and cranes is shown at H H, 
Fig. 13.) By 11.30 all the moulds are ready, and at 12.30 
the work of pouring the metal is commenced. The moulder 
is then assisted by a second man to help in pouring, and 
afterwards in removing the wheels from the mould. · The 
crane is operated by a boy. Ladles for the cranes are 
filled by one man, who brings them under the cranes, and 
afterwards removes them. Before being poured, however, 
the metal is allowed to stand in the ladles for some time 
until its temperature has fallen to a point determined by the 
experience of the founder, for if poured too hot or too cold, 
the wheel produced will be unfit for use, and has to be con
demned. About a quarter of an hour after the wheel has 
been cast it is removed from the mould by means of the 
crane placed on a truck, and conveyed to the annealing 
pits. From the foregoing description it will be seen that 
the metal is scarcely handled after it is placed in the 
cupola, all the subsequent operations of pouring, lifting, 
and pitting the wheels being clone by power. 

For some time a system of record has been adopted. 
Each wheel is numbered as nearly consecutive as possible, 
and, in addition, the date of making is cast upon the plate 
of the wheel in raised letters A complete record is also 
kept in the wheel foundry of every wheel, showing from 
what part of the cupola charge the wheel was cast, the 
depth of chill given by the test piece before mentioned, 
the weight, the size, and if condemned, the cause of failure. 
Besides this, details are carefully preserved of the iron 
charged, the order and manner of charging, and so forth. 
The duration and behaviour of every wheel under service 
is also noted, and entered in suitable forms. 

The materials generally employed at the foundry are 
first-class chilling charcoal irons, cold blast being pre
ferred. Very few, however, of the many charcoal iron 
furnaces of the United States furnish material suitable for 
wheels, and the brands in highest repute command large 
prices. A very successful modification in their manufacture 

has, however, been introduced by Mr. W. G. Hamilton, of 
New York, which has been entirely adopted by the Penn
sylvania Railroad Company. It consists in the addition 
of a percentage of steel in the form of old steel rails, crop
ends, &c., and wrought iron into the mixture. By this 
addition it is found that anthracite, coke, or non-chilling 
charcoal irons may be used to a considerable extent instead 
of the higher-priced special brands; by this means a saving 
of at least 20 per cent. is effected in the price, and the dura· 
tion of the wheels, as shown by the records, is at least 
equal to that of the best chilling charcoal irons. On 
another page a more detailed reference will be found 
to this question of chilled wheels, and the advantages of 
the Hamilton process. 

6. The Old Er·ecting Shop.-By referring to the general 
plan of the Altoop.a shops (see page 76), it will be seen 
that this building, which is situated at one end of, and at 
right-angles to the new erecting shop already described, 
extends along the whole length of the east side of the 
transfer pit, which separates it from the boiler and smiths' 
shops. This building requires but little special reference; 
it is an old and inconvenient structure, and will pro
bably be shortly removed, and replaced by a building 
similar to the new erecting shop. It contains, however, 
every facility for performing the work which is carried on 
in it. 

7. The Vice Shop.-This department occupies the second 
floor of the machine shop. In this shop the fitting and 
finishing of such work as crossheacls, radius links, eccentrics, 
straps, &c., is performed. Unfinished forgings and castings 
are brought here, and the work remaining to be done to them 
is laid off by a man who attends entirely to this business. 
He is provided, for this purpose, with suitable templates, 
scribing tools, and a laying-off table, with a planed cast
iron top 4 ft. wide by 10 ft. long, fitted with parallel 
grooves and V blocks. Irregular pieces, like rocking
shafts, which cannot be · finished by a template, are here 
centred and scribed. This shop contains a number of 
emery wheels for finishing work. The connecting and 
coupling rods of freight engines are planed only at the 
ends, the rods themselves being finished on grindstones, 
and afterwards polished on the emery wheels. One set of 
the latter may [be especially noticed, that on which the 
crosshead guides are finished and polished. 

This machine consists of a surface table 5 ft. long and 
9 in. wide, with an opening in the middle, and of the 
width of a 15 in. emery wheel, which revolves beneath, and 
the periphery of which is nearly tangential to the surface 
of the table. The guides are passed to and fro face down
wards on this table, and are very quickly polished. Con
siderable saving is also effected by it, in the trueing up of 
old guides brought to the shop for repairs, and which are 
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always most worn in the centre of their length. In surfac
ing them by the emery wheel the highest parts only are 
reduced, until there remains the smallest trace of the wear 
in the middle of the guide. By this means only the 
smallest possible amount of metal is removed, and much 
more quickly than could be done in the planing machine. 
By the same process a large number of pieces with flat 
surfaces, such as keys, eccentric-rod straps, are finished. 
Close by is another machine with spindles adapted for 
emery wheels from 1 in. to 8 in. in diameter. The smaller 
sizes are used chiefly for trueing up holes that have been 
distorted in case-hardening, and also for finishing and 
polishing the filleted corners of work. Emery wheels 
have indeed entirely replaced the use of the file in finishing 
up work of this class. 

In this department the engine pumps are made, and all 
injector repairs are done. The Giffard injector, made by 
Messrs. William Sellers and Co., is exclusively used by the 
Pennsylvania Railroad Company. 

In a small room attached to and forming a part of the vice 
shop, light brasswork is finished, such as cocks, valves, &c., 
required for water gauges, tallow, blow-off cocks, &c. The 
shop also contains the test pump and gauges for testing 
steam and air gauges. All the former, whether on loco
motives or stationary boiler service, are tested once every 
month, and any deviation or irregularity is corrected before 
it is returned to service. 

The employment of mechanical means for finishing work, 
enables the company to dispense with the service of regular 
mechanics in this department, and the machines are for the 
most part attended to by a cheap class of labour, it being 
found that any workman with ordinary attention will learn 
very quickly how to finish up work by the means placed at 
his disposal as well as a trained mechanic. 

8. The Tube Shop.-This, as will be seen from the plan, 
is adjacent to the machine shop, from which is taken the 
power required to drive the various tools used in it. These 
are principally hollow spindle lathes, in which the tubes 
are cut to lengths, or (in the case of old tubes brought in 
for repair) scarfed for having new ends welded to them; 
screw-cutting machines for putting threads on pipe; a 
hydraulic testing machine, in which all welded tubes are 
proved to a pressure of 200 lb. to the inch ; four forges 
employed for welding new ends to the tubes, and for 
bending pipe ; and two furnaces for brazing copper fer
rules to the end of the tubes. It may be mentioned here 
that all these tubes have copper ferrules attached on the 
outside at the firebox end; they are 1! in. wide, and 18 
B.W.G. in thickness. The tubes are fixed with an expander 
in the fire-box and smoke-box sheets, being set out on the 
inner or water side of the plate, and turned round upon 
the other, and finished with a caulking joint. 

As a rule the tubes are brought into the shop for repairs 
after three or four years' use. About 6 in. is then cut oft 
from each end, in the hollow spindle lathe, as before-men
tioned; the scarfing being done by a cutter on a mandrel, 
and that for the new end made with a turning tool. This 
operation is performed entirely to gauge, so that any end 
will fit any tube of the same diameter. The welds very 
rarely yield under the hydraulic test. 

9. The Blacksmiths' Shop.-The old smiths' shop has an 
L form, the dimensions of the greater wing being 273 ft. 
3 in. by 56 ft. 6 in., and of the smaller 124 ft. 9 in. by 
66 ft. 9 in., giving a total floor area of 23,766 square feet. 
It contains twenty-five double brick forges, 4 ft. square in 
plan and 19 in. high, with curved fronts. The flues are 
built with a hood extending over the hearth, and inclining 
upwards and inwards until they meet. The brickwork is 
then carried up vertically to a height of 3 ft. above the 
roof, and is surmounted by a 24-in. sheet-iron chimney, 
finished at the top with a ventilating cap. The blast for 
the forges is supplied by a No. 10 Sturtevant blower. The 
main blast pipe is of sheet-iron 24 in. in diameter, extend
ing throughout the whole length of the shop, and resting 
on the tie-beams of the roof-trusses. Drop pipes 6 in. in 
diameter pass from the main to each pair of forges, and 
terminate in a tee-piece for serving each fire. The air 
pressure throughout is about 4 oz. There are also three 
large heating furnaces, placed beneath steam boilers which 
are supported on cast-iron columns, and supply the steam 
to the hammers. These furnaces are all similar, and their 
general dimensions are as follows: Firegrate, 50 in. by 
36 in. ; width of furnace, 5 ft., for a distance of 7 ft. 9 in. 
from bridge, after which they taper to 14 in. at the flue ; 
total length inside 10 ft. 6 in. The main flue is 18 in. 
square inside, and it extends 38 ft. above the top of the 
boilers. The latter are 48k in. in diameter, 22 ft. 10 in. 
long, with two flues each 16 in. in diameter. One of the 
furnaces is employed for heating the scrap piles. It receives 
at one charge ten piles, each weighing 250 lb., and will 
heat six tons of scrap per day of ten hours, consuming 
about 620 lb. of coal per hour. The blast for the furnaces 
is supplied from the forge 24-in. main. 

There are seven steam hammers in this shop, two of 
5000 lb., one of 2000 lb., one of 1000 lb., two of 1500 lb., 
and one 700 lb. hammer. The last-named was supplied 
by Messrs. Thwaites and Carbutt, the others by American 
makers, Messrs. Sellers having furnished the heaviest. The 
exhaust steam from all these hammers is received into a 
large sheet-iron tube, extending vertically from the hammer 
to a short distance above the roof. The condensed steam 
collects in a pan placed under this tube, an_d is conducted 
to a drain by a small discharge pipe. By this arrangement · 
back pressure in the cylinders is avoided. Near the scrap-
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heating furnace is a large shearing machine adapted for 
cutting up iron 4 in. square, or the heaviest sections of 
steel rails. At one end of the smaller part of the shop is 
a . bolt-heading machine, where all the bolts used in the 
establishment are finished; it works by means of a drop 
hammer, and four compressors or stamps driven by cams. 

The new smiths' shop is parallel to the old one, and the 
space between them is occupied by a coal pit or depot, 
156 ft. long by 34: ft. 6 in. wide. A staging on trestles is 
placed over this pit, and the coal cars are run upon it and 
dumped. The new shop is 188 ft. 9 in. long by 67ft. 
wide, and the floor area is 12,648 square feet. It contains 
twenty double forges, with hearths 4 ft. 8 in. by 4 ft., and 
23 in. high, composed of a sheet-iron casing with rounded 
ends, and filled with brick ; these forges have no flues. 
The blast is furnished by a No. 10 Sturtevant blower, like 
that used in the old shop, and the arrangement of mains 
and service blast pipes is similar to that already described. 
There are here two 1000 lb. hammers made by W. B. 
Bement and Son, and one of the same size by Messrs. \V. 
Sellers and Company. At one end of the shop is a small 
wing 40 ft. by 23 ft., containing four forges, and one 
small heating furnace. This latter forms the locomotive 
and tender spring shop. A second small wing near the 
centre of the building contains the foreman's offices a-nd a 
room for the men, round the walls of which are ranged 
cupboards to contain clothing and any small effects; each 
locker is numbered to correspond with the number of the 

· forge, and is supplied with a key, so that the owner can 
keep it locked. 

Mueh of the heavy forging is done in this shop, such as 
locomotive frames, in which the pedestal jaws are welded 
to the frame, so as to make the whole one solid piece. A 
very large number of the smaller forgings are made in 
steel dies or formed under the hammer, and pass on direct 
to the machine shop without any smith's work being be
stowed on them. In such dies, and at one heat, are formed 
the ends of valve rods, links, eccentric rods, and bolts, 
pins, and studs of various forms. Heavier pieces are finished 
under the hammer in cast-iron blocks shaped to the desired 
form, such as the T-shaped ends of the bars between the 
pedestals, the sole pieces of the front and back boiler 
braces, rocking shaft, arms, &c. Only three of the steam 
hammers do not get their steam from the furnace boilers, 
and those are supplied from three multitubular boilers 
placed in a room at the end of the coal pit above men
tioned ; these boilers also furnish steam to a stationary 
engine of the same size and pattern as that employed for 
driving the machine shop, and already described. 

10. The Wheel Shop.-Locomotive and tender wheels 
are finished and mounted in this shop, and in addition, 
points, crossings, and signals are made, and a variety of 

work connected with the maintenance of permanent way, 
bridges, and stations is also done. The cast-iron driving
wheel centres are bored and fitted to the axles, the former 
being forced upon the latter with a pressure varying from 
60 to 80 tons. The axles of the passenger engines are 
of steel 7 in. in diameter, and those for freight engines are 
of iron 6~ in. and 6± in. in diameter. The tyres are for the 
most part of steel, and are secured to the cast-iron centres 
by shrinking only, no fastenings being employed. The tyre 
is bored out smaller than the periphery of the cast-iron 
centre is turned, the difference being always one eightieth 
6f an inch per foot of diameter of wheel centre. Steel 
gauges are employed in boring and turning all tyres and 
centres. The steel tyres are rolled in sets of four or six, 
according to the class of engine for which they are intended, 
so that they are exactly of equal diameters, and the tread 
is not turned before being placed in service. For yard and 
shunting engines, chilled cast-iron tyres are employed 
instead of steel, and these are also used in a few of the 
heavy engines working difficult sections like the Tyrone 
and Clearfield branch of the Pennsylvania system. These 
chilled tyres are bored out with an inside taper, and are 
kept on the centres by conical-ended bolts screwed from 
the centre into the inside of the tyre. The crank-pins, 
which' are always of steel, are forced into the wheel 
centres by hydraulic pressure, varying from 18 to 25 tons. 
The cast-iron chilled wheels, which ·are employed entirely 
on the locomotive trucks, are finished and set on the axles 
in this shop, the pressure employed being about 30 tons. 
Steel axles are employed throughout for passenger loco~ 
motive tenders, and iron for those of freight engines. 

11. The Paint Shop.- The paint shop is a wooden 
building one story high, 345 ft. long, and 32 ft. wide ; it is 
situated on the southern .boundary of the shop yard. Two 
lines of rails traverse it from end to end, and engines, &c., 
brought in for painting, enter at the eastern door, and are 
gradually advanced as the work progresses, until they 
are complete and leave by the western exit. 

All the engines are painted a very dark green scarcely 
distinguishable from blaek, which colour indeed would be 
employed but that the former is more durable. No deco
ration is admitted upon the engines, except that in the case 
of freight locomotives the dark tint is relieved by lines 
of yellow, and passenger engines are similarly treated with 
gilt lines. All numbering and lettering is uniform through
out the whole system. The stock of paints, varnishes, and 
similar stores is kept in a separate building, and mixing the 
colours is performed entirely by one person; the preserva
tion of a standard tint being secured by this means. All 
pots, brushes, &c., are kept in the paint room under charge 
of one man, and they are delivered as needed to the work
men, who are responsible for their return in good order. 
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12. The Oil House.-About the middle of the western 
side of the shop is situated the oil house, a two story 
fireproof building with a basement, where the oils are 
mixed and supplied to the various shops of the company, 
and where the drivers of all engines passing through 
Altoona receive their daily supplies of waste, tallow, oils, 
&c. Before being brought into this building, however, 
the oils and tallow are stored as they are delivered in bar
rels in a large brick shed, about 30ft. away from the oil 
house. In the basement of the latter structure are placed 
along the walls several tanks for receiving the oils from 
the store; a pipe leads from the latter to the house, having 
branches directed to each tank, so that the barrels are 
simply emptied into a receiver in the storehouse, and any 
.of the different tanks are filled at pleasure. On the first 
floor is a second series of tanks from which the oils are 
put in barrels for transport, or served out for daily use. A 
system of pipes connects this upper with the lower system 
of tanks, so that oil from any one of them may be pumped 
into the others, and any desired mixture easily made. A 
steam pump is placed on the first floor for raising and dis
tributing the oils. The second story of the building is 
used for storing cotton waste, which is weighed out for the 
use of the engine-men, or to be sent to the various shops. 
The pump is driven by an engine and boiler placed outside 
the building, and steam from the boiler is employed to 
warm the building in winter. No lights are allowed in 
the oil-house, which is illuminated by gas burning outside 
the house and opposite windows provided for the purpose. 

The nature of the oils employed varies with the season 
of the year ; thus passenger ·engines are lubricated from 
June to September, both inclusive, with pure lard oil, and 
during the remainder of the year with a mixture of two 
parts of lard oil to one of paraffine. Freight engines are 
supplied always with a lubricant composed of equal parts 
Df lard oil and paraffine. In the locomotive head-lamps 
carbon oil of 150 deg. (Fahr.) fire test is burnt. The oil 
burnt in signal lamps of all kinds, as well as yard hand
lamps, is a mixture of extra pure lard oil and refined 
petroleum in the proportion of two to one respectively. 
The following are the prices paid for oils : 

Extra lard oil 
No. 1 , 
Paraffine oil 
Refined petroleum 

. . . 95 cents per gal. 

... '73 " 

.. . 24 

... 14 " , 

In mixing the oils, the proper number of barrels are 
emptied in a tank and are then thoroughly agitated till a 
thorough combination has been effected. 

13. The Steam Transfer Table.-Hereafter will be given 
detailed drawings of a very similar, but somewhat im
proved table recently built for the Meadows shops ; a very 
short description of this will therefore suffice. The pit in 

which the table runs is shown on the plan, between the 
erecting and the boiler and smiths' shops ; it is 306 ft. 4 in. 
long, and 30 ft. wide. This latter dimension of course 
represents the length of the table, which is mounted 
on four pairs of 33 in. wheels, running on two lines ot 
rails laid with a gauge of 5 ft. 11 ~ in. The length and 
width of the table is sufficient to give plenty of room for 
the largest engine coming into the shops. Upon a projec
tion on one side of the table is placed a pair of engines 
with 5 in. cylinders and 8 in. stroke, provided with link 
motion for reversing, and a vertical boiler 32i in. in dia
meter, 4ft. 9 in. high, and with 95 tubes 1 i in. in diameter. 
The steam is superheated by passing through a coil of 
pipes placed in the bottom of the smoke stack, on its way 
to the engine. On the main shaft of the latter, which 
extends the whole length of the table, are two 7 in. 
diameter pinions, gearing into spur wheels 36~ in. in dia
meter keyed upon the axles of the wheels supporting the 
table At one end of the table is placed a windina drum 

b ' 
the shaft of which extends under the engine shaft, and upon 
it is a wormwheel driven by a worm on the enaine shaft and 

b ' 
connected with a clutch for throwing the drum in and out 
of gear. The latter is furnished with a chain by which 
locomotives may be drawn out of the shop upon the table, · 
or bymeans of a pulley anchored ahead of the engine it can 
be drawn into the shop. 

14. The Gas Pumps.-The cars upon the Pennsylvania 
Railroad are lighted with gas, which is stored upon 
the vehicles in reservoirs. In a separate building con
taining pumps, engines, and boiler, the gas is com
pressed in storing tanks to the required pressure. In 
Plate XXIV. is shown an arrangement for doing this kind 
of work, and being the latest and largest built by the Rail
road Company it will be described in preference to that at 
Altoona, which is older and not quite so convenient. In 
J ersey City, where this apparatus is placed, not only the pas
senger cars on the railroad, but also the ferry boats owned 
by the railroad company and run between J ersey City and 
New York, have to be supplied with gas; the apparatus is 
therefore quite large. A special pipe 4 in. in diameter is 
laid from the city gas works directly to the compression 
apparatus at the Pennsylvania Railroad Depot. The 
pumping apparatus and boiler are contained in separate 
rooms from the storage tanks, so as to as much as possible . 
avoid the danger of explosions in case of leakage of tanks 
or pipes. Before entering the pumps the gas passes through 
a meter and the consumption is registered. One of the 
engines is shown on Plate XXIV., and, as will be seen, has 
a steam cylinder 7 in. in diameter and 16 in. stroke, placed 
vertically between two triangular frames ; the crosshead 
guides are formed of two round bars 1i in. in diameter, 
screwed at the top to a crosspiece bolted between the 
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frames and at the bottom screwed into the top cylinder 
head, and pinned so as to preven_t their screwing loose. 
To give greater steadiness to the frames they are braced 
by X shaped braces on each side. On the crankshaft and 
outside of the frames are two heavy flywheels 5 ft . in 
diameter, having cranks 10. in. between centres, cast on 
one of the arms ; these cranks work the gascompressors, of 
which one is placed on each side outside the frames. 
These compressors are 2i in. in diameter and have a stroke 
of 20 in. A casing made of sheet brass -{6 in. thick sur
rounds the pump cylinder, and through the annular 
chamber between the two a constant stream of water is 
passing, entering the lower end and passing out at the 
top ; by this means the pumps are kept cool during their 
working. The compressors are single-acting and have the 
casing containing the valves bolted to their lower end; this 
casing and valves are shown on Plate XXIV., Figs. 25 and 
26: the valves are made of steel of the form shown, the 
suction valve seats itself by gravity, but the delivery valve, 
being inverted, is seated by a spiral spring (not shown) 
surrounding the spindle, one end bearing against the valve 
proper and the other against its guide at the bottom. The 
pump piston is of the form shown in Fig. 24 ; it has a 
conical shoulder at the lower end, and between it and a 
conical loose collar, a number of leather washers are used as 
packing, a nut and check-nut above the loose collar expand 
the packing and keep it in place. Near the top of the left
hand cylinder in Fig. 24 will be seen an oil-cup communicat-

. ing with the cylinder and also by a small pipe with the 
suction or receiving pipe; by means of this oil-cup the 
cylinder can be lubricated and that part of it above 
the piston relieved of gas that may have passed around the 
piston packing ; a similar pipe and cup is attached to the 
other pump cylinder. This engine and pumps make about 
100 revolutions per minute, using steam at a pressure of 
50 lb. per square inch. In a room adjoining, and partly shown 
on Fig. 21, another engine and gas pumps are located; it 
differs somewhat from the one just described, having two 
steam cylinders 5~ in. diameter and 11 in. stroke, placed 
between the triangular upright frames. In journal 
boxes on top of the latter rests the double crankshaft, 
having at each end outside the frames, flywheels 3 ft. in 
diameter. The pumps are driven by connecting rods 
attached to crank-pins which are fastened in cranks cast 
with one of the spokes of the wheels. The pumps are 
2i in. in diameter and have a stroke of 14 in., the piston 
is similar to the one just described. An outer casing of 
sheet brass surrounds the pumps, furnishing the annular 
space through which the water necessary to cool off the 
pumps is passed. The arrangement of pump valves is 
similar to the one before described. This pump runs with 
a speed of 56 revolutions per minute, using steam at 50 lb. 

pressure per square inch. Both of these pumps deliver 
the gas into the same set of storage tanks. The gas enters 
the meter, placed in one corner of the room, at a pressure 
of 0.8 in. of water, and is compressed to and stored in the 
tanks at a pressure of 250 lb. per square inch. The 
system of pipes is so arranged that the gas after leav
ing either of the pumps, passes directly to the smallest 
of the tanks22 in. by 72 in., shown in the plan, Fig. 21; the 
pipe through which it enters extends some distance above 
the bottom, so that the water carried over by the gas may 
collect at the bottom of this tank and be drawn off from 
time to time through the small valve shown in Fig. 19. 
From this tank it passes through a system of pipes com
municating with all the tanks, and so arranged with stop
cocks that any combination of them may be charged or 
discharged; the form of stop-cocks used is shown in 
Fig. 22. 

From these storage tanks the gas passes through heavy 
wrought-iron pipes, with screwed and soldered joints, to 
the depot and also the ferryboat landing. At the depot 
the pipes are laid underground alongside the tracks, with 
branches leading off at intervals corresponding to the 
length of a passenger car. A well in the floor at each 
branck contains suffi~ient hose made of rubber with three
ply canvas lining to reach the cars; this hose is always 
connected to the branch in the well, and has a screw 
coupling by which it is easily attached to the reser
voirs under the cars. The average amount of gas passed 
through the meter and pumps at Jersey City to the 
storage tanks was during last winter 393,025 cubic feet 
per month. 

15. Round House No. 1.-This house is placed at the 
extreme east end of the shops, and is employed-only for the 
engines of the Middle (Harrisburg and Altoona) Division. 
It contains thirty radiating tracks, converging to a 50 ft. 
turntable in the middle. As is usual there is an open cen
tral space in the house, which is roofed over only for a part 
of its diameter. The doors in the inner wall contain glazed 
panels for lighting the house. As soon as they are re
ceived into the house, the engines are thoroughly inspected, 
and any slight repairs required are immediately attended 
to. At two points, on opposite sides of the house, are 
placed low platforms, on which stand hydraulic jacks, and 
other heavy tools required for the regular work of the 
house, and on the walls are panels with hooks and brackets 
carrying wrenches, pipe tongs, and other small tools . for 
performing light repairs. Small duplicate parts are kept 
in store here, so that any pieces damaged may be replaced 
without stopping the engine from its regular work. As 
soon as an engine comes into the house it is taken in charge 
by a man, who draws the fire, or if the engine is to go out 
again shortly clears the grate, and keeps the fire well in 
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hand. It is a common practice to keep the fire in from 
week to week, and very often engines are in steam for two 
weeks consecutively. A force of cleaners is always on 
hand to wipe down every engine thoroughly as soon as it 
comes into the house. 

16. Round House No. 2.-This house, which is placed 
~lmost in the centre of the yard, has twenty-six radiating 
tracks. It is used for engines brought from the machine 
shop, while they are bP-ing tested, and also for doing 
slight repairs, such as shifting tender wheels, setting up 
tender and truck frames, &c. 

17. Round House No. 3.-This is placed at the western 
end of the yard, and is devoted to the engines of the 
Pittsburgh (Altoona and Pittsburgh) Division. It contains 
forty-four tracks, with a central turn-table, and the space 
between the latter and the inner wall of the house is wide 
enough for an engine and tender to stand on. The ar
rangements are in all respects similar to those in the house 
No.1. 

18. The Telegraph Shops.-All the telegraph instruments 
used in the railroad offices, as well as in the signal towers 
along the line, are made at Altoona, and all instruments are 
also sent there for repair. The workshop for this purpose 
is placed over the erecting shop, and contains every ap
pliance for producing all the small and delicate parts 
required 

19. Tin Shop.-This is situated over the east wing of 
the old erecting shop, and all the light sheet-iron and tin
work is made here. The former includes smoke stacks, 
wheel casings, dome covers, sand.boxes, head and signal 
lamps, oil tanks, &c. The tin workers turn out all kinds 
Df oil cans, for enginemen and oilers on the road, and in 
the shops, the supplies required by the offices, covering for 
locomotive cabs and roofs. A considerable quantity of 
brass and copper work is also done here. 

20. Offices.-Before the new erecting shop was built the 
offices occupied its site, and when removed they were placed 
at the north end of the building on the east of the transfer 
pit, as shown on the plan. The general offices, as already 
stated, are situated in the town at some little distance from 
the shops. The stores are kept wherever room can be found 
for them, the present accommodation being extremely bad 
in this respect. Plans are now being prepared for new 
buildings, in which the office of the master mechanic and 
his assistants, physical test department, laboratory, store
keeper's room, and stores will be placed. The building 
will be 90mmenced shortly. 

21. Night Watchrnen.-A complete system of night 
watching is of course carried out here. The whole of the 
shops and yard is divided into four sections, and two 
watchmen take charge of each section. Indicator watches 
are carried by each of the patrols, and at certain points 

along the different beats, others are attached to the walls of 
the buildings. The watchman is required to turn one of 
these keys in the watch each time he passes (at intervals 
of twenty minutes). The key punctures a paper dial in 
the watch, and by inspection in the morning, it is ascer
tained when the man has been making his rounds during 
the night. It is divided by radial lines into twelve parts 
indicating the hours, and each of these spaces is again 
divided into six, each representing a period of ten minutes. 
The annular space around the periphery is also divided by 
concentric circles. The time at which a perforation is made 
is then seen at a glance, as well as if any are absent. The 
watches are handed each morning to a foreman, who unlocks 
them, takes out the old dial and replaces it with a new one 
for the following night. Besides the four watchmen just re
ferred to, there is a head patrol and an assistant, who make 
a round every hour, and especially visit the head-quarters 
of each section. An ample supply of fire-hose is kept in 
readiness, on suitable carriages, placed near the hydrants, 
to which the hose is always coupled up at night. 

22. Men's Lavatory, fc.-Between the new erecting shop 
and the machine shop is an open court, in which is placed a 
low building, arranged so as not to obstruct the light for the 
shop just named. This is divided into three parts, one of 
which is fitted up for the men to wash their hands on leav
ing work, the second is a bath for cleaning work brought in 
from the engines for repair, and the third is used as 
the men's water-closet. The first room is provided with a 
long trough, to which hot and cold water is supplied, with 
a raised shelf running down the middle for soap and brushes, 
and wires for hanging towels upon. The middle room 
contains two sheet-iron baths, into which dirty work is 
thrown and covered with water, in which a strong solution 
of soda is placed ; through a perforated pipe on the bottom . 
steam is then passed, which heats it, and all grease and 
dust is quickly removed. 

The water-closet and urinals are placed over an open 
sewer kept constantly running, it being continually flushed 
by the water pumped from the well of the new erecting 
shop, and delivered into the upper end of the sewer. Con
nected with this part of the building is a tall sheet-iron 
chimney, extending as high as the roof of the shop. The 
exhaust steam from the pumping engine is turned into this 
chimney, and by causing a rapid current of air, maintains 
a perfect ventilation in the closets. 

23. The D epartment of Physical and Chemical Tests.
This is a very interesting though scarcely completed 
section of the works. It contains two testing machines, 
one of which was supplied l>y Messrs. Fairbanks and 
Company, of St. Johnsbury, Vermont. This machine is 
designed to test material to a strain of 50,000 lb., and is 
adapted only for tensile and transverse strains. Measure-
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ments are taken between the shoulders at the ends of the 
test pieces, which are always of uniform size, and a per
centage of elongation is thus obtained on a definite length. 
The diameter, or width and thickness of samples, are 
calipered to .001 in. When determined, the load pro
ducing permanent set, and the ultimate strength, are 
stamped upon the sample, which is indexed and placed in 
store. The principal materials tested for tensile strength 
are iron and steel bars, cast iron from the shop foundries, 
steel boiler plates, sheet iron, phosphor-bronze, brass, and 
brake chains. The tests for transverse strains are prin
cipally confined to cast iron, from the general and the 
wheel foundries; usually four samples from the former 
and two from the latter are tested daily. The pieces are 
all 15 in. long and 2 in. square, and are put into the 
machine just as they come from the sand. As previously 
described, these test pieces are run from different parts of 
the same cupola charges, and they are broken by the appli
cation of a load in the centre, the bearings being 12 in. 
apart. The average breaking weights of the wheel mix
tures, containing 10 per cent. of steel, is 21,000 lb. per 
square inch, and the tensile strength is about the same. 
The strength of the samples taken fi:om engine cylinders, 
wheel centres, &c., is generally about 14,000lb. per square 
inch. The transverse strength of test pieces taken from the 
middle of the cupola charge is 16,000 lb., and it rises to 
18,000 lb. at the end, where the metal is much harder 
from the mixture used. The tensile strengt~ of all sam
ples is about the same as the transverse strengths given 

' above. 
The second testing machine is for recording torsional 

strains, and was designed by Professor R. H . Thurston. 
This machine produces during its operation a diagram indi
cating the value of the material tested. An ordinate of 
the curve, perpendicular to the datum line, measured at 
any point, represents the moment of torsion at that point, 
while its distance on the datum from 0 indicates the angle 
of torsion at that point. The point of decided change in 
the direction of the curve, a short distance from the com
mencement, marks the elastic limits of the test piece, and 
various other results can be deduced from the diagram; 
thus the degree of toughness is indicated, the resilience 
is shown by the area of the diagram, the homogeneity of 
the test piece from the form of the curve, and elasticity by 
occasionally relieving the sample of strain, and noting the 
deviation of the pencil. 

Belonging to the same department, but in another part 
of the works, is the testing machine for car axles. These 
are placed under a drop, supported on bearings of cast 
iron, 3 ft. apart from centre to centre. The drop, which 
weighs 1640 lb., strikes the axle in the middle of its length, 
and is raised in vertical guides by a wire rope passing 

around a sheave at the top. This testing machine is placed 
at the end of one of the tracks, and when in use, this rope 
passes from the drop over the sheave at top to a sheave at 
the bottom, and is then attached to a shunting engine, the 
engine going forward and back, thereby hauling up the drop 
or paying out the rope. In testing axles one is selected at 
random out of every hundred, and if it stands the test the lot 
is accepted," if not they are all rejected. For the passenger 
steel car axles the required test is that they shall withstand 
five blows from the 1640-lb. drop falling through 25ft., the 
axle to be turned half round after every blow. A similar 
percentage of the iron freight car axles is also placed under 
test, the requirement being three blows at 10 ft., and two 
at 15 ft. 

Table No. VI. shows the performance of the steel axles 
under test, and also indicates the methods in which the 
results obtained are officially recorded. 

TABLE No. VI.-TEsT OF PAssENGER CAR AxLES. 

Mmv ALE STEEL. 

Deflection. 

No. of 
Tests. Blow. Fall. Remarks. 

Before After Total. 
__ • ___l._ ----

Blow. Blow. 

ft. 
I in. in. in. 

259 1 25 0 lOt lOt 
2 25 lOt .Ot 11 1 With-3 25 Ot 9t lOt drawn. 4 25 9t l;f lot 
5 25 lt 9.!. 10! 4 

260 1 25 0 11 11 I 
2 25 11 0 11 1 With-3 25 0 lOt lOt drawn. 4 25 lOt 1 11t 
5 25 1 9t lOt 

261 1 25 0 12t 12t l With-2 25 12t 0 12t 
3 25 0 11t 11t l drawn. 4 25 11t 0 llt 
5 ' 25 0 11 11 J 

All the above stood the specified tests. 

Lubricants are also tested in this department. For this 
purpose a journal 3!- in. in diameter, and running at a speed 
of from 300 to 1000 revolutions per minute, is employed. 
The journal is placed horizontally, and from it depends a 
pendulum; this pendulum is supported on the journal by 
brass bearings, which can be weighted so as to bear upon 
the journal with a pressure varying from the weight of the 
pendulum to 8800 lb. by means of a spiral spring enclosed 
within the stem of the pendulum. The brass bearing 
above mentioned has set in it a thermometer, and in testing 
the lubricant, a given quantity of oil is placed in the 
journal, and the pressure is adjusted as desired. When 
the journal is caused to revolve, the pendulum commences 
to oscillate, the range varying with the pressure and the 
nature of the lubricant. 

N 
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A finger upon the pendulum moves along a graduated 
arc, divided so as to be proportional to the moments of 
the pendulum in different positions, and in such a way that 
the reading on the scale, divided by the pressure against 
the journal, gives the coefficient of friction at any given 
moment. In the course of an experiment, readings are 
taken every minute of the positions of the pendulum, the 
experiment being carried out with a uniform pressure. 
When the temperature has risen through 80 deg. Fahr. the 
experiment is terminated. The results obtained, and de
ductions made, are recorded for the guidance of the pur
chasing agent in ordering supplies of oils for the company's 
use. 

Lubricating oils are also proved for gravity and fire 
test; for the latter 300 deg. Fahr. is considered the lowest 

. that can be accepted. The comparative value of different 
oils is also carefully noted by observing the wear of dif
ferent brasses in actual service and running under same 
conditions and making the same mileage; records of these 
comparative tests are kept in this department. 

All the experiments relating to the relative efficiency of 
engines, the values of fuel, the performance of packing, 
bearings, &c., are carried out in this department. In· 
testing the value of two different kinds of coal, two similar 
engines are selected, and put upon the same work daily, 
each burning one class of coal until half of the experi
mental quantity is consumed. During the remainder of 
the trial the class of coal burnt by each engine is reversed, 
so that any slight error arising from difference in the engines 
can be eliminated. Of course during the trial, records are 
taken of coal and water consumed, weights of trains, 
steam pressure, condition of the road, weather, running 
time, and so on. 

In the autumn of 18 7 5 a chemical laboratory was 
established by the company. In this laboratory a regular 
chemist is constantly employed in examining the supplies 
of various kinds furnished the company ; and in making 
investigations, the results of which lead to greater efficiency 
in different parts of the service. In the matter of examining 
supplies some important results have already been obtained. 
The oils, of various kinds, used for lubrication and burn
ing, and the tallow used in cylinder lubrication, are sub
jected each month to careful examination, and adulterated 
and inferior lots rejected. The necessity for such exami
nation becomes evident when it is stated, that when these 
monthly examinations began, it was found that lard oil, 
which is largely used, both for burning and lubrication, 
was adulterated with cotton seed oil-a cheap oil and one 
almost worthless for either lubrication or burning-in 
amounts varying from 5 to 50 per cent. of the mixture. 
To prevent the purchase of such oils a method of detecting 
the cotton seed oil was devised which has proved so sue-

cessful that entire immunity from adulterated lard oil has 
since resulted. The petroleum products used for lubri
cation and burning are examined as to their fire test and 
gravity, and inferior lots rejected. Before the establish
ment of the laboratory inferior and adulterated tallow was 
used for cylinder lubrication which caused frightful cor
rosion of cylinders and valves. The cause of this corrosion 
was investigated, and a method of examining the tallow 
devised which has resulted in reducing this corrosion to a 
minimum, and in preventing the use of adulterated and 
inferior grades of tallow. 

The various kinds of coal are frequently subjected to 
analysis as a supplement to the results obtained by prac
tical trials in the firebox. The various kinds of paint, 
especially white lead and the important reel oxides of iron 
which are so largely used by this company, are frequently 
subjected to analysis, to guard against adulteration and 
secure the best grades. The zinc and sulphate of copper 
used in the batteries of the telegraph lines are also exa
mined from time to time with a view to securing the 
greatest efficiency in this branch of the service. 

As an example of special investigations, it may be men
tioned that air taken from the passenger cars has been 
analysed with a view to throwing some light upon the 
question of car ventilation. An attempt has also been 
made, by a most careful and thorough chemical and 
physical examination of steel rails which have actually 
clone service, to answer the question why one steel rail 
will last from seven to ten years, and another has to be 
removed from the track after six months' service. 

In this department, likewise, questions are constantly 
considered concerning the lighting and disinfection of cars; 
economy in the use of gas at stations and elsewhere; the 
prevention of boiler incrustations, whether the water at a 
proposed new water station is fit for use in locomotives or 
not, and whether the multitudinous new devices concern
ing these and other cognate subjects, which are constantly 
brought to the attention of railroad companies by inventors 
and parties interested, are worthy of trial or adoption. 

On an average about 1800 hands are employed at the 
Altoona shops, the capacity of which is 80 locomotives a 
year, and general repairs to as many more. 

THE ALTOONA CAR SHOPS.- (Plates XXV., XXVI.) 

The car shops of the Pennsylvania Railroad at Altoona 
are situated about a mile east of the locomotive shops 
already described, and upon the other side of the main 
lines of rails. The plan, Fig. 31, Plate XXV., shows the 
general arrangement. From this plan it will be seen that 
the works comprise all the buildings necessary for building 
and repairing rolling stock upon a large scale. 1 
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1. The Freight Car Shop.-This is a large round house, 
in which freight cars are built and repaired. The building 
is in reality a polygon with forty sides, and the same number 
of radiating tracks, as shown in the plan. The radius of the 
outer wall is 216ft. 6 in., and that of the inner 117ft. 8 in., 
so that the width of the annular space is 98ft. 10 in. In 
the centre is a turntable as shown, 65 ft. 4 in. in diameter. 
There arc two entrances into the shop for locomotives, 
which shift the wagons in and out of the building. One of 
these passages is used as a standing room for the engines at 
night. The total number of wagons that can be placed in 
this house is 114, that is to say, three on each pair of rails, 
the two exit and entrance tracks not being included. There 
are scarcely any fixed tools in this shop, as it is used 
entirely for erection and repairs, and all timber and other 
materials are brought here from the various departments 
ready for use. As many as 500 cars a month can be built 
in this shop, that is, if no repairs are going forward ; and if 
there is no new stock being built, 2000 cars a month can 
be brought in for general and slight repairs. The average 
number brought in for repairs during 187 5 was 1250, and 
the erecting force was also kept very busy : during the last 
three weeks of December, 1875, there were 259 freight 
cars built and delivered from this shop. The average 
number of men employed here is 250. 

2. The Passenger Car Erecting Shop.-Figs. 32 to 51 
show this building, which is rectangular, and built of 
brick; it measures 210 ft. 4 in. long, by 133 ft. 3 in. 
wide. Its position is shown upon the plan, and the 
arrangement of the five lines of rails, which it will be 
seen are brought together into the circular track that 
sweeps around the freight-car hol'.se, and returns to the 
various other car construction departments. There is 
standing room in this house for twenty cars, and part of 
one of the hues of rails is set apart for the construction of 
trucks for the passenger cars. Thirty-four cars a month 
can be built in the shop, which, like the round house for 
freight cars, is without any fixed tools with the exception 
of a hand crane placed in one corner of the building, and 
used in the construction of the trucks. About 100 men 
are employed here. 

3. The Planinp Mill.-This is placed 216ft. beyond the 
last-named building. It is also rectangular, 222ft. 8 in. by 
73ft., and is covered in by a pitched roof of one clear 
span. Only one line of rails is laid down in this shop (on 
its north side), and all rough as well as finished timber 
passes in or out of the shop on this track. Nearly all the 
wood-working machines of the establishment are contained 
in this shop. The plant is not very extensive, for the 
work to be done is simple and uniform for the most part in 
every class of rolling stock. The machines include a double 
tenoning machine for working timber from 10~ in. square 

to 3 in. by 4 in. ; a large single tenoning machine for heavy 
work; two panel planing machines for finishing stuff 6 in. 
by 24 in. by 20 ft. long ; two large planing machines, one 
having a table 63 ft., and the other 34ft. long, and work
ing sizes from 14 in. square to 4 in. square; two four-sided 
planing machines, one for planing sizes from 10 in. by 
20 in. to 4 in. square, and the other for planing flooring; 
two mortising machines, one 15ft. and the other 30ft. 
long, and one vertical mortising machine ; with these the 
whole of the mortising connected with the car work can be 
clone ; two moulding machines for squaring and moulding 
timber up to 4 in. by 8 in. ; two double vertical boring 
machines to bore holes of three sizes without changing the 
tool, and one horizontal boring machine. Besides these 
there are one universal wood-working machine, one shaping 
machine for all kinds of curved work, two band saws, one 
for light and one for heavy work, three ripping saws, and 
two circular cross-cut saws. About 60 men of all classes 
are employed in this shop, and about 2,000,000 ft. of 
lumber are worked up in it JllOnthly. 

4. The Shaving Tower.-The dust and shavings from 
all the machines are carried off from each machine 
through galvanised iron pipes varying in diameter from 

" 10 in. to 16 in., according to the amount of sawdust 
produced. These pipes are taken up vertically to a 
height of 20ft. above the floor, where they are joined to a 
horizontal tube 24 in. in diameter, and running clown the 
whole length of the building; finally these tubes are joined 
to two trunks each 48 in. in diameter, which convey the 
shavings and dust into two towers arranged for their 
reception. Fig. 53, Plate XXVI., shows the end of one 
of these trunks where it enters the receiver in the tower, 
and !rom which the shavings are dropped into the bunkers 
beneath, near to the boiler house, the position of which is 
shown in Figs. 52 and 59. When it was first erected, the 
whole of the sawdust, shavings, &c., were delivered into a 
plain chamber, but the escape of the dust caused so much 
inconvenience that the arrangement illustrated was adopted. 
The top of the chamber is formed of close planking pierced 
with 32 holes 24 in. in diameter (Fig. 55), and the brick
work is extended upwards to form a rectangular tower, 
near the top of which and below the roof, a light gallery 
runs around, and approached by an iron ladder fixed to 
the side of the building. Open bays are left around the 
tower at the gallery level, filled in with wire netting as 
shown in Fig. 53. From the rafters of the roof are sus
pended 32 coarse canvas bags 24 in. in diameter, and 20ft. 
long. They are framed with wooden hoops, and the open 
mouth of each bag is nailed to the floor forming the top of 
the chamber so as to enclose the 32 openings already 
alluded to. The top of each bag is closed by a conical 
end, terminating in a wooden disc carrying a ring by 
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which it is suspended to the rafter. By this arrangement 
the dust and light particles of wood forced into the lower 
chamber by the blast from the fans rise into the bags, but 
cannot escape through the canvas; they therefore gradually 
settle into the lower chamber, and the inconvenience and 
loss of the sawdust are thus entirely avoided. 

Figs. 59 to 64 show the arrangement for discharging the 
shavings, &c., from the chamber into the fuel bunkers. 
It consists simply of a series of hinged flaps held up by 
chains which pass around three shafts running transversely 
through the chamber. On the outside is a gallery, from 
which the winches connected with the shafts can be worked 
and any desired quantity of the shavings discharged. 
Shavings and dust which are not carried off through the 
pipes, but fall upon the floor, are swept into hoppers placed 
at intervals over the shop, and into these hoppers ver
tical pipes descend, communicating with the tubes above 
mentioned, and thus the whole of the refuse is disposed of. 
A powerful draught is maintained throughout the system 
of mains, by means of four fans manufactured by Messrs. 
Power, Tainter, and Co., of Philadelphia. 

5. The Blacksmiths' Shop.-The position of the black
smiths' shop is shown on the plan. It is a brick building 
358 ft. long by 73 ft. wide. It contains thirty-four double 
forges, or sixty-eight fires, one double bolt-heating furnace, 
and a single heating furnace for springs. The forges 
are ranged down each side of the building, and in the 
central space the following tools are arranged from west 
to east. 1. A punching machine by Messrs. W. Sel
lers and Co., Philadelphia, for ~punching up to 2 in. holes 
in cold 1 ~ in. plate. This tool is used for all kinds of 
work, but is especially adapted for punching out keys for 
drawhead bolts. 2. A Sturteyvant fan having sufficient 
capacity to supply the blast for 100 fires. 3. The follow
ing hammers: one 1000 lb. hammer, four 100 lb., and one 
150 lb. dead stroke hammer, one 1500 lb. steam hammer, 
and one 500 lb. hammer. 4. A bolt-making machine for 
producing bolts from ~ in. to i in. in diameter, at the rate 
of 300 per hour, and a second for bolts from ~ in. to 
1!- in., with a capacity of 450 bolts per hour. 5. A 
multiple drilling machine arranged especially for drill
ing the holes in truck frames. 6. Three shearing ma
chines, one for cutting round iron from !- in. in diameter 
to 2!- in., one for cutting off bolts, and the third for 
plate iron. All the wrought iron work required for 
the passenger and freight cars built at Altoona, is pro
duced in this shop, which, when running full, gives 
employment to 177 men. As in the case in the locomotive 
blacksmiths' shop, all the work is brought to shape upon 
forming blocks, so that parts of every description can be 
duplicated and made interchangeable. Considerable time 
is also saved by this system, so that orders sent for repairs 

from different parts of the line can be fitted at once, and 
sent away with the certainty that they will come exactly 
into place. 

Figs. 34a, 34b, Plate XXVI., show the form of roof over 
the blacksmiths' shops. A similar roof covers the up
holsterers' shops. 

6. The Cabinet Shop.-The plan shows the position of 
the cabinet, tin, and machine shops. They are situated to 
the north of the house last described, and occupy a brick 
building 302 ft. 6 in. long, and 73 ft. wide. The eastern 
part of the building for a distance of 168 ft. 4 in., is devoted 
to cabinet work. H ere all the cabinet work for passenger 
and other Pullman cars is made. A few light tools are 
in this building, comprising moulding, mortising, tenoning, 
and scraping machines, a variety of light band and scroll 
saws, lathes for circular mouldings, and general work, and 
machines for making the louvre window shutters for the 
cars. About 80 men are employed here. 

7. The Tin Shop.-This is 33ft. 10 in. long and is de
voted to the production of such things of its class as are 
required for the car service, roofs for passenger cars, filters, 
lamps, &c. The average force in this shop is 27 men. 

8. The Machine Shop.-This occupies the rest of the 
space in this building. It is 100ft. 4 in. long by 73ft, and 
contains all the necessary plant for the rolling stock machine 
work. The tools comprise eleven axle lathes, having a 
total capacity of 50 axles per day of ten hours, and three 
wheel-boring machines in which 105 wheels a day can be 
finished. There is a hydraulic press for forcing the wheels 
upon the axles, and another for drawing them off after 
they are returned to the shop. Freight car wheels are 
forced on with a pressure of25 tons, and passenger carwheels 
with from 30 tons to 40 tons. There are some half-dozen 
lathes of various sizes, one compound planing machine 
made by Sellers, twelve drilling machines, and an axle 
centering machine. Finally there are four-double bolt
cutting machines ranging in size from !- in. to 1 in. in 
diameter, each of these cuts 1400 bolts per day ; six single 
bolt-cutting ·machines for i in. to 2 in. diameter bolts ; 
the capacity of these is 700 bolts per day each; four nut
tapping machines from !-in. to 2 in., turning out each 
250 lb. of nuts per day, and one vertical machine for the 
same purpose, which finishes 1400 lb. of nuts per day. 
This latter is rather a curiosity in its way. Six spindles 
with square sockets at the ends are ranged around a com
mon centre, and driveo. at different speeds by gearing, 
each speed being adapted to a different size of nut, and the 
various sockets are arranged to receive the square ends of 
corresponding taps. At equal distances around the spindles, 
vertical bars are placed fixed to the circular frames which 
below and above carry the machine ; these bars serve as 
abutments to a cross-piece, in the centre of which is a 
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hexagonal recess to receive the nut to be tapped, and 
which is prevented from turning by the ends of the cross
piece bearing on opposite sides of the pair of bars cor
responding to the die and spindle in use. Thus fixed, the 
nut is very quickly tapped, and replaced by another blank. 
Two men attend to this muftiple machine, which, as stated 
above, turns out the large quantity of 1400 lb. of nuts per 
day. About 62 men are employed in this shop. 

9. The Painting and Upholstery Shops.-These are con
tained in the same brick building, 363 ft. by 73 ft. There 
are four lines of rails running down the whole length of the 
building, and accommodating 28 passenger cars. Employ
ment is given here to 140 painters, including 15 men 
occupied with new freight cars, 6 in the passenger car 
shop for repainting and grounding work, and 12 who are 
kept always engaged upon the car body linings. The 
capacity of this shop may be taken at 14 cars per month, 
besides the ordinary work upon cars brought in for repair. 
In September, 18 7 5, however, three limited mail cars, and 
three mail tender cars were painted completely in four 
days; these cars came back for repainting after seven 
months' running. In addition to the car work, all station 
boards, mile and gradient posts, and so forth, for all dif
ferent parts of the road, are painted here. 

10. Car Linings.-Mention was made above of the 
number of men employed in painting the car linings. All 
are familiar with the abundant decoration in the interior 
panelling and the ceilings of American passenger cars, and 
on first-class rolling stock like that of the Pennsylvania Rail
road Company, considerable skill is employed in this deco
ration. This work of course comes within the paint depart
ment, but it is carried on in a separate building, shown on 
the plan of the maintenance of way shops, and is marked 
there as " Paint Shop." This room, which forms the 
second story of the building, has a capacity for four frames, 
each of them 60ft. in length. The canvas upon which the 
designs are painted, is stretched upon these frames. The 
quantity of canvas used for each car is 35 yards, and the 
lining when completed costs 85 dols. for a first-class car, 
and 35 dols. for a second-class car. The temperature of 
this room is maintained at 90 deg. 

11. Varnishing Shop.-The eastern end of the main 
paint shop already described is built with an upper story, 
a part of which is devoted to varnishing seat backs, arms, 
and other car fittings. The remainder of the same story 
for a length of 100 ft. is devoted to the upholstery depart
ment, which is managed by 25 men, the chief part of the 
work being the making of new, and repairing old cushions 
for passenger cars. 

12. Paint Store-The paint store and mixing house is 
shown on the plan. It is a building 24 ft. east of the 
cabinet shop, and contains painting stores of all kinds 

for cars, stations, signal boxes, &c. The storekeeper has 
the entire charge of mixing colours to the order of the 
foreman of the paint shop. At the end of each day's work, 
the unused paint is returned to store, and the man in 
charge weighs the amount thus delivered, and charges the 
consumption to each car or other work, upon which the 
paint has been expended, so that the amount used for every 
car is always known. One great advantage of employing 
one man to mix all the paints is that the colours are kept 
uniform. 

13. Timber Kiln.-The timber drying-house is an im
portant section of these works. It is located to the east 
of the freight car shop, and beside it is the boiler-house, 
which contains three boilers, one of which supplies the 
steam required, and that from the other two is employed 
to heat the freight car shop. 

The drying-house is of brick 65 ft. long and 30 ft. 
wide. It contains three pairs of rails running along the 
whole length of the building, and beneath each track is a 
pit. On both sides of these pits steam pipe coils run 
lengthways, as shown in the sketch. The timber to be 

dried is loaded upon special trucks, which are run into 
the building, and the doors, which form a very close fit, 
are shut. The temperature generally maintained in the 
house is 170 deg., but this is sometimes exceeded when any 
special kind of timber is to be treated. Annexed is a list of 
various sizes and classes of timber, and the periods required 
for drying them inthe kiln. 

Ash 4 in. by 4 in., time in drying 
, 2 in. by 2 in , , . . . . 

Poplar 1 in. boarding, used for car panels, time 

Days. 
8 
4 

in drying . . . . . . . 3 
Walnut for inside finishing, time in drying 4 
Cherry , , , , . 4 
White pine 2 in., time in drying 4 

, 1 in. , , . . . 3 
Yellow pine flooring 1~ in., time in drying 6 
White pine planking 1 in. , , . 5 

The drying capacity of this kiln is about 120,000 ft. of 
lumber per month. The steam pressure in the boilers is 
kept at 40 lb. to the inch, and the fuel used is waste timber 
from the freight car shop, almost to the entire exclusion of 
coal. 

14. The Lumber Yard.-This is situated to the east of 
the freight car shop, and occupies an area of about 
twelve acres. The timber is stacked according to size, 
and lines of rails are laid about the yard, so that any 
given stack is accessible by a car. 
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About 8,000,000 ft. of timber are usually stored here, 
and the management of the yard gives employment to 
about 45 men. At the western end of this yard is a 
shed in which is stored the timber after it is brought from 
the kiln ; a little to the south of this shed is another in 
which the various portions of freight car framing are 
kept in stock, either for immediate use at Altoona, or to be 
sent to another part of the line on demand. A third 
lumber shed is placed between the passenger car shop and 
the planing mill, and it is employed for storing the 
different parts of passenger car work, which have been 
worked ready for erection. 

15. The Engine House.-The engine-house is of brick 
105 ft. by 28ft.; as will be seen from the plan it is placed 
between the planing mill and the blacksmiths' shop. At the 
east end of the building is the engine-room 44 ft. in length, 
:and containing a double Corliss engine with cylinders 18 in. 
in diameter, and 48 in. stroke; the flywheel is 20 ft. dia
meter and has a 36 in. face. The average working speed is 
50 revolutions per minute, and with 95 lb. pressure in the 
boiler it develops 242 indicated horse power. The power 
is transmitted from the flywheel direct by a 33 in. leather 
belt passing over a 12 ft. pulley in the main shafting, 
which extends into the smiths' shop, and by suitable 
countershafts drives the tools therein. From this shop a 
belt actuates some underground shafting that drives the 
tools in the tin shop, machine shop, and cabinet shop. On 
the main shaft, already mentioned, is placed a pulley 8 ft. 
in diameter, driving a 33 in. belt, going over a 5 ft. pulley 
on an overhead countershaft, at the other end of the engine
room, and running thence to drive the various machines in 
the wood-working shop. The shaving tower forms a part 
Df the engine and boiler house. The latter is 43 ft. in 
length. It contains three multitubular boilers approxi
mately of the standard section and of the following leading 
-dimensions : 

Outside diameter 
Total length . 
Diameter of dome 
Height of dome 
Length of tubes . . 
Outside diameter of tubes 
Number of tubes . . 
Heating surface: firebox 

" " 
tubes 

Total 

5/t in. 
26ft. 3 in. 

30 in. 
30 in. 
15ft. 
3~ in. 
66 

136 sq. ft. 
807 " 

. 943 " 

East of this building is a second boiler house furnished 
with a similar shaving tower, and containing three boilers 
like the foregoing. The steam from them is used to drive 
the hammers in the blacksmiths' shop. 

16. Wheel and Axle Depot.-Beyond the blacksmiths' 
and machine shops is an open space in which wheels 
and axles are stored. A large stock is always kept on 
hand here. The wheels are brought from the wheel 

foundry in cars, and run into a depressed track, of such 
a relative height that the top of the truck is on a 
level with the paving of the yard. By this arrangement 
wheels can be unloaded, and wheels and axles loaded for 
shipment with great facility, and without the expenditure 
of any labour in lifting. lt is in this yard that the 
testing drop for axles is placed, and which has been already 
described in the notice of the departmen~ of physical tests 
(see page 90). 

The heating of this large extent of shops is a serious 
matter. As already stated, the freight car shop is warmed 
by steam from the boilers of the group by the timber-drying 
kiln, and all the others, with the exception of the machine 
shop, with the same boilers that furnish steam for -the 
hammers. The machine shop is heated by boilers adjacent 
to the Corliss engine. Opposite each pair of rails on the 
outside wall of the freight car shop and between the tracks 
on the inner wall are placed coils of piping, each coil 
having a total length of 62ft., made up of pipes 1 in. in 
diameter. There are altogether 78 of such coils. In the 
paint shop the coils are placed in pits between the rails at 
intervals of about 25ft. from centre to centre, and these 
pits are covered over with iron grating through which the 
hot air rises. Each of these coils is made up of 60 ft. of 
1 in. pipe. The temperature in this shop is maintained 
at 7 5 deg. throughout the year. All the other shops are 
heated by coils placed at convenient intervals along the 
walls. 

Shown in the plan to the north-east of the office is the 
fire-engine house, containing besides the steamer, hose, 
fire-escapes, buckets, axes, and all the paraphernalia of a 
fire station. A regularly organised fire brigade is esta
blished among the workmen, who are always ready to 
respond to any alarm of fire. Each member of the brigade 
is provided with a badge which he wears constantly, and 
must display when on duty. No other employes at the 
works are permitted to take any part in the work of ex
tinguishing a fire, and if the alarm is given during the day, 
only the members of the brigade are allowed to quit their 
occupation, all the other workmen having to continue 
their work as usual. Water plugs and hydrants are dis
tributed over the whole works, and' in every shop is a 
sufficiency of hose to command all parts of the building. 
The brigade is kept in a state of efficiency by regularly 
instituted drills. The system of watchmen and patrols is 
similar to that described for the locomotive works. 

The office and stores are located about 200ft. west of 
the freight car shop, and are included in one building, half 
of which is devoted to the offices, and the latter to the 
stores. The offices are entirely for the use of the genera} 
foreman and the miscellaneous clerks belonging to 
establishment. The stores are large, well arranged, 
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controlled ; they are under the charge of a storekeeper, 
who issues materials to the orders of the foremen. The 
supplies kept here are very large, as orders are filled for all 
parts of the line. 

THE MAINTENANCE OF \:V AY SHOPS AT ALTOONA. 

Annexed is a plan of a small auxiliary establishment 
known as the Maintenance of vVay Shops. They are placed 
to the east of the car shop just described, and were originally 
built and managed by the D epartment for Maintenance of 
Permanent W ay. By an alteration in the organization of 
the con1pany1 however, the department was merged into 
the Department of Motive Power. The principal of the 
buildings in them is the carpenters' shop, containing several 
different wood-working machines for doing all classes of 
general work. These are driven by an engine built by 
Messrs. Morton, Poole, and Co., of Wilmington, Delaware, 
and having a 16 in. cylinder and 42 in. stroke; the fly
wheel is 12ft. diameter and 18 in. wide. Steam is sup-
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plied by a boiler of the standard typ0, and this also heats 
the building. A planing mill adjoins the carpenters' shop. 
There are employed in this department when full 32 car
penters, 8 machine hands, and 24 labourers. The signal 
houses and fittings, watch-boxes, small stations, and general 
station work, wheelbarrows, luggage barrows, &c., are all 
made here for the whole of the road. 

Adjacent is a small blacksmiths' shop with two forges, 
and the plmnbing and gasfitting department, in which two 
plumbers and gasfitters and three labourers are employed. 

These workmen test all the gas tanks, put gas and water 
fixtures into the cars, fix heating coils and apparatus in 
the Pullman cars, make the steam and water connexions 
for the water troughs laid in the tracks, and do all repairs 
within their scope to rolling stock, at the Altoona shops. 
So small a force it may be imagined have no idle time. 

Lastly may be noticeed a (to English practice) novel 
feature in this work . This is the ice-house, used for 
storing ice for the water filters placed in every car through
out the year, and found in every shop throughout the 
works along the line. All passenger cars passing Altoona 

are daily supplied here, and the storage capacity of the 
building is 1200 tons. 

The total area of the car shop is 42~ acres, and that of 
the maintenance of way shops is 11-} acres. 

STATIONARY BoiLERs.- (Plate XXVII.) 

To the foregoing description of the locomotive and car 
shops at Altoona may be added a notice of the standard 
types of stationary boilers used at the works, as well as upon 
some of the other shops upon the line. Figs. 65 and 66, 
Plate XXVII., are longitudinal and transverse sections of 
the stationary boiler No. 2 at Altoona (and also at the car 
shops, W est Philadelphia). It is a plain cylindrical boiler 
with a firebox adapted for burning anthracite attached at 
the end, the crown of which is 16!- in. below the top of the 
barrel ; a steam dome is placed near the end of the latter, 
and in front of the smokebox is a projection for making the 
connexion with the flue. T he total length of the boiler is 
22 ft. 1~ in., and of the barrel 12 ft. 11~ in., the firebox 
being 6 ft. 9! in. long outside, and the smokebox 2 ft. 4! in. 
The following i ~ the list of plates employed: 

Plate. in. in. in. 
Barrel a 1 66 by 42! by ~ steel. 

a' 1 148-! " 42! 3 

" " 8 " a" 4 106t " 42! 3 

" " 8 " 
" 

a"' 2 107~ " 42! " ~ " Smoke box 0 2 107 " 26! " t Iron. 
Dome G 1 70 " 22t , 156 steel. 
Throat. B 1 79t " 62t 3 

" 8 " Neck c 1 76 " 33 a 
" 8 " Sides E 2 78! " 59t 5 
" 1 6 " Roof D 1 78t " 46f 5 

" TO " Hip F 2 86! " 30 5 

'' T6 " Backhead R 1 77 " 74t " 
_5_ 

" 1 6 

Front tube sheet . H 1 68t diameter 1 
2 " Smokebox end . h 1 63t 1 Iron. 

" " 2 
Firebox: 

Crown sheet J 1 72 
" 61t , -r~6 steel. 

Bk. tube sheet m 1 70 " 61t l 

" 2 " End . p 1 70 " 61t 5 
" To " Sides K 2 72 " 67! 5 

'' T6 " 

The barrel of the boiler is 65!- in. in diameter, the 
width of firebox shell is 65~ in. outside, and the top plate 
of the latter is made sloping as shown ; making the water 
space near the barrel 81 \r in., and at the back end 5 in. 
The firebox extends for 26i in. below the barrel, making 
the total height of boiler 92i in. ; the water space between 
the shell and firebox is 4 in. back and front, and 4 in. at 
the bottom of the sides. The firebox is made with sloping 
sides (Fig. 66), the width at the bottom being 56~ in., and 
at the top 52~ in. at the rear end tapered out to 56~. in. at 
the tube plate end; the length of the firebox is 6 ft . The 
boiler is flanged throughout as shown in the section. 
The stays at the sides and ends are ~ in. in diameter, and 
are spaced 4! in. vertically, and about 4.3 in. apart hori
zontally. The roof stays are of the same diameter, and 
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are spaced at similar distances apart in each direction. 
The firebox is fitted with an anthracite water tube grate, 
although bituminous coal is also sometimes burned; the 
tubes are 1~ in. outside diameter, and are spaced 3-(6 in. 
apart. There are 18 in all of these tubes, and they are set 
at such an angle that at the rear end of the firebox they 
are 8! in. above the bottom of the box, and at the forward 
end 4! in. The dome is 21 in. in diameter, and 17 in. high ; 
the plate of the barrel where the dome is placed is flanged 
up to a height of 4 in., and the bottom of the dome is also 
flanged as shown. The top ring and valve seating are of 
cast iron, the ordinary Richardson valve, of the same type 
as that used on the standard locomotives being employed. 
The centre line of the pipe attached to the dome for 
leading off the steam is shown in the drawing. The 
smoke box, as stated above, is of iron i in. thick; on one 
side is a door for giving access to it, and in front is the 
mouthpiece 27 in. in diameter by 7! in. wide, by which 
the junction with the brickwork is made. 

There are 97 tubes, 13ft. 5£ in. long (the distance inside 
between the two tube sheets is 13 ft. 3£ in.) and 3! in. in 
diameter outside, the thickness being No. 10 gauge. These 
tubes are turned down slightly at the ends for a length of 
about 3 in., and copper ferrules are placed over them, of 
such a thickness as to bring the ends back to their original 
diameter; locomotive tubes are all prepared in the same 
way, with the object of making a better joint with the 
plate, when the tubes are expanded. The forward end of 
the boiler is supported by a foot composed of aT-iron at 
top and bottom (the upper one being curved to form a 
bearing for the smoke-box, and two -f6 -in. plates (see 
Fig. 65.) 

The following is a summary of the leading particulars of 
this boiler : 

Number of tubes 
Outside diameter 
Sectional area of tubes 
Length of tubes 
Firegrate area . 

Heating sU?jace: 

97 
3.5 in. 

5.5 sq. ft. 
13ft. 3f in. 
28.3 sq. ft. 

Firebox . . . . . . . 126 , 
Water grate (one half the area of these 

tubes is taken) . 27.5 , 
Tubes . 1178 , 

Total . . . . 1331.5 
Percentage of tubes to firegrate area . 19.4 
Square feet of heating surface per square 

foot of grate . . . . . 47.0 

Figs. 67, 68, 69, Plate XXVII., show the construction 
of the heating boilers for the new erecting shop at Altoona. 
These are also used for testing purposes, and may be taken 
as the second of the two standard types used in the shops 
on the Pennsylvania Railroad. It is constructed of steel, 
and has a total length of 20ft., with a diameter in the 

barrel of 50 in. The plates of the barrel and firebox sheet 
are i in. thick, and those of the firebox are -{6 in. The 
length of the latter is 72 in., its height 56 in., and its width . 
on the top of the tube sheet end is 42 in., and at the 
bottom 49i in. At the rear end the top width is reduced 
to 38 in. The top of the boiler is flush over the firebox, 
and the space between the crown of the latter and the 
shell is 18 in. The tube sheet of the firebox is made dif
ferently to the one already described. It is ! in. thick, and 
1s flanged around the edge and rivetted through these 

~ Fig. 7I. 
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flanges to the firebox plates. The length of the barrel is 
11 ft., and near the smoke box one of the sheets is flanged 
out with a hole 30 in. in diameter, to receive the steam · 
dome, which is also made of ~ in. plates. 

The smokebox is the only portion of the boiler made of 
iron. In this case, it is provided with a door in front, the 
connexion with the flue being at the bottom as shown. 
The front tube sheet and all the firebox joints are formed 
with flanges, and the fire door openings 16 in. in diameter 
are made by flanging both the box and shell plates, the 
latter being made small enough to allow it to slip within 
the former. The tubes are 3 in. in diameter outside, the 
thickness being No. 10 B.vV.G., and the length 11ft. The 
arrangement of staying is shown in the drawings. The 
firebox stays are ~in. in diameter spaced from 3£ in. to 

4! in. apart. There are 14 transverse roof stays, of the 
ordinary locomotive type, and shown in section in Fig. 67. 
Every alternate stay is connected to the crown of the 
by sling stays, one at each end, Fig. 68. In addition, 
horizontal round stay passes from side to side of the 
box shell between each of the roof stays, and is rivetted 
seen in Figs. 67, 68. Three long stays 1~ in. connect 
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back plate of the firebox shell with the boiler. At one 
end they are bolted to angle irons, rivetted to the back 
plate, and at the other are rivetted to the boiler as shown 
in Fig. 66. At the smokebox end there arc also three 
long stays, similarly fastened, and in addition beneath the 
hole cut for the dome, five horizontal flat transverse stays 
are introduced. At the firebox end the boiler rests on 
the brickwork around the ash-pit, and in front on a light 
girder. 

Figs. 71 to 77 show the details of grate, which, 

MISCELLANEous REPAIRING SnoPs.-(Plates XXVIII. and 
XXIX.) 

A brief notice of the various smaller repairing shops 
upon the P ennsylvania Railroad may now be given, 
some of which_have facilities for construction, but where 
in most cases only repairs of locomotives and cars are 
executed. 

I. Pittsbu1·,qh Repairing Shops. -These are located at 
Pittsburgh, facing on Liberty-street, with a frontage of 

t · ... o oooo oo o.- ooo.Oo. o o.oooooooo.ooo.ooo••oooOoooooo•""0ooooo•oOoo3~j •• •O OOoooo o .oo.ooooooo o o oo.oo.• ooooo • oooooooooo oooo.Ooooo.ooooo•~·2'•.J 

though quite different to the one already described, is also 
adapted for burning anthracite. The bars are placed 
transversely, and are cast in groups of three. Each group 
is 5~ in. wide, the outside bars being 1 k in. wide, and the 
middle 1~ in., the spaces being 1 in. wide. At each end 
of the bar is a trunnion 2 in. long by 1! in. in diameter, 
and at one end is an arm 1 0~ in. long. Castings of the 
form shown in Figs. 76 and 77, are bolted to the inside 
of the firebox, and the trunnion on the grate bars rests 
in the semicircular seats formed in. the castings. The 
arms at the ends of the bars are all connected by a link 
(Fig. 72), the latter being extended beyond the back of 
the firebox where it is attached to a lever. By this 
arrangement motion can be given to the whole of the 
grate. 

The following are the leading particulars of the boiler : 

Number of tubes 
Outside diameter 
Sectional area of tube 
Length of tubes 
Fire grate area 

H eating SU?jace: 
Firebox 
Tubes 

Total 

Percentage of tubes to firegrate area . 
Square feet of heating surface per square 

foot of grate . . . . . . 

74 
3 in. 

5.86 sq. in. inside 
11ft. 

22.2 sq. ft. 

96 sq. ft. 
638 " 

734 
" 

13.3 

33 

---P-

about 500ft., and occupy the space between the street and 
the railroad, about 275ft. in width. 

The shops comprise one circular locomotive house 
276ft. in diameter, with 44 tracks converging towards a 
central turntable 54 ft. in diameter. The covered portion 
of the house is 65 ft. 6 in. wide. A branch from the main 
line runs into the house. The machine shop, planing 
mill, blacksmith shop, and car repair shop, are all in one 
building, with two wings ; one wing is used for th~ car 
repair shop, and is 138ft. long by 66 ft. wide, and runs 
parallel with the tracks. There are three tracks running 
into this wing, the entire length of the shop, which affords 
standing room for nine freight cars. The other wing is 

STRE·ET 

~-
PLAN OF THl!1 PITTSBURGH SHOPS. 

121ft. long by 70ft. wide, with the end facing on Liberty
street. This wing is partitioned off into three compart
ments, comprising the machine shop, planing mill, and 
blacksmith shop. 

Near the south-east corner of the car shop, and facing 
0 
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the tracks, is a two-story building used for offices and 
stores, and farther east between tracks and round houses 
is located a shed containing two water tanks with capacity 
of about 35,000 gallons each, and a sand storehouse, while 
on the opposite side of Twenty-eighth-street, near the 
track leading from the round house to the main tracks, as 
shown on plan, is an oil house. 

All slight and running repairs, both to engines and cars 
belonging to this end of the road, are executed here. The 
full staff of men employed is 304. 

II. The Harrisburg Slwps.-These are situated 132 miles 
from Altoona, at the junction of the Philadelphia with the 

80ft. by 25ft., an oil house, 30ft. by 24ft., a paint shop, 
54 ft. by 30ft., a running shed for cars, 265ft. 7 in. long, 
an ice house 100ft. by 25ft., a wood store and a coal. 
platform, 4 7 5 ft. long by 50 ft. wide. There are generally 
about four locomotives in these shops for general repairs, 
and all the running repairs belonging to the Middle 
Division are also executed here. About 100 men are 
employed. 

III. _lf.eadows Shops.- N ext to Altoona these are the 
most important shops upon the P ennsylvania system. 
They belong to the United Railroads of New J ersey 
Division, and with trifling exception they execute all the 

PLAN OF HARRISBURG SHOPS. 

Middle Division of the railroad. The shops all lie on the 
south side of the line, except that on the north side there 
is an engine house, 298ft. in diameter, with a central turn
table 54 ft. in diameter, and a covered annular portion 
65 ft. 7 in. wide. It contains 42 converging tracks, with 
one connecting line to the main track, and a second running 
out to a coal platform 626 ft. distant. On the south side 

general and running repairs upon the whole of the division. 
They have only been built a few years, and are for that 
reason more complete than any of the other shops be
longing to the company. The plan annexed shows the 
general arrangement. The shops occupy the space between 
the New Jersey and Morris and Essex Railroad, and are 
about 1500 ft. in length. They are connected with the 

PLAN OF THE MEADOWS SHOPS. 

is a second round house, 281ft. in diameter with 44 tracks, 
one of which runs through the erecting and car shops. 
These are placed parallel to each other and 70ft. apart. 
Each is 190ft. long and 70ft. wide, and they are connected 
at the bottom of the machine shop, 213ft. by 70ft. A 
transfer pit occupies the space between the two buildings. 
The remaining buildings in the yard are, a smiths' shop, 

New J ersey tracks by a branch running into a siding 
parallel with the main line, and 250 ft. from it. At each 
end of the yard is an engine house, one circular and 
300 ft . in diameter, with a 60 ft. turntable in the centre, 
and 44 converging tracks, and the other segmental, 216 ft. 
radius, with 19 tracks, and a turntable in the centre. In 
front of the latter is a large rectangular building 402 ft. 1 in. 
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long and 135 ft. wide, containing a paint shop, a passenger 
car shop, and the upholstering, varnishing, and cabinet 
work department. Between this building and the engine 
house is a paint and varnish house 70 ft. by 60 ft. The 
painting and car shops contain 20 parallel lines of rail, 
which extend to the edge of the transfer pit, 480 ft. long 
by 60 ft. wide. On the other side is the erecting shop with 
seven lines of rails, 140ft. by 70ft. , a machine shop parallel 
to it, of the same size, and connecting them is a boiler 
shop with three lines of rails, 175ft. by 62ft. Near the 
machine shop is a planing mill, 135 ft. by 70 ft., and 
between it and the former is the boiler and engine house. 
The remaining buildings include a smiths' shop, 156 ft. by 
120ft., an iron store, lumber shed, and oil and waste house. 
These works give employment to 1000 men. 

On Plate XXVIII. are detailed drawings of the transfer 
table at work in this shop; it is somewhat similar to that 
in use at Altoona, but contains several improvements and 
modifications, which render it the best type in use on the 
railroad. Figs. 1, 2, and 3 are respectively a longitudinal 
section, a sectional plan, and a transverse section showing 
the actuating machinery, and Figs. 4 and 5 are a side view 
and plan of one-half of the framing of the table to a 
smaller scale. From the latter it will be seen that eight 
lines of rails, resting upon longitudinal sleepers, are laid in 
the bottom of the pit, the spaces between being filled in 
with concrete and suitably drained. The table is carried on 
eight pairs of 33 in. cast-iron chilled wheels, mounted on 
axles 4~ in. in diameter, and running in axle-boxes bolted 
to the top of the transverse beams of the frame (Fig. 1). 
This consists of rolled joists 12 in. deep, and top and 
bottom flanges 6 in. wide. These joists are 15 ft. in length, 
and they are spaced in two groups of four each, about 
7ft. 6 in. apart, leaving a central space 13 ft. 1~ in. wide 
between the groups, and making the total length of the 
table 59 ft. 11 in. Longitudinal beams, 4 ft. 9 in. apart 
from centre to centre, connect the tranverse j oists, as 
shown in Fig. 5, and these are braced at the angles with 
light angle ties and cross ties in the middle bay. The rails 
on the table are laid on the longitudinal beams. On one 
side of the middle bay a suitable framing is introduced to 
carry the engine and boiler driving the table, and between 
the frames a water tank is introduced, as shown in Fig. 1. 
The boiler is vertical, 3 ft. 7 ~ in. in diameter, with a firebox 
3 ft. 3 in. in diameter and 13~ in. high above grate bars. 
The boiler contains 172 vertical tubes 1~ in. in diameter, 
and 4 ft. 6 in. long. The general arrangement of boiler 
and fittings is clearly shown in the engravings. The small 
horizontal engine (Figs. 1, 2, and 3) drives a shaft running 
the whole length of the table, and having fastened upon 
it pinions which gear into spur wheels, one of which is 
mom'ltec.l on the axles carrying the driving wheels of the 

table. The machinery is enclosed in a house as shown in 
the drawings. 

IV. Jersey City Shops.-These shops, which are situated 
at the Jersey City terminus, are very insignificant, nothing 
but ordinary round house repairs being executed there. 
The arrangement is shown in the accompanying plan. The 

PLAN OF JERSEY CITY SHOPS. 

engine house is 200 ft. square instead of circular as is 
usually the case. It is furniShed with 24 converging tracks, 
with a 54 ft. turntable in the centre. Three corners of the 
house are used for vice rooms, waste, and sand stores, 
while at the fourth is a sand house and main entrance to 
the building. Two tracks from the main line run into the 
house, and a third passes to a 45 ft. table at the side of 
the house. A small machine shop, 125 ft. x 23 ft., a smiths' 
shop, engine and boiler house, and store rooms, complete 
the works. The Mantua shops, also on the same division, 
have about the same capacity as those just mentioned. 

V. The Conemaugh Shops.-These are situated at the 
foot of the western slope of the Allegheny Mountains, 
36 miles west of Altoona, the terminal point for the freight 
engines of the division, working between Conemaugh and 
Altoona, and Conemaugh and Pittsburgh. The arrange-

PLAN OF CONEMAUGH SHOPS. 

ment is shown in the diagram. They include a semicircular 
engine-house 234ft. in diameter, a width of 64ft. 6 in. 
being covered in. The diameter of the central turntable 
is 50 ft. , and there is accommodation for sixteen stalls. 
Access to the house is gained by a branch from the main 
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tracks, and on the other side five sidings are laid down. 
Between the engine house and the railway is a coal siding 
and dock, the latter 204ft. and 251ft. long. A machine 
shop, smiths' shop, and stores comprise the whole of the 
works. In the sand store is a conveniently arranged 
drying apparatus, illustrated by Figs. 1 to 9, Plate XXIX. 
It consists of a wrought-iron cylinder 2ft. in diameter and 
10 ft. 9~ in. long. For a length of 8 ft. 8~ in. it is covered 
with No. 9 sheet iron, and the remainder with wire netting 
of three meshes to the inch. This cylinder is mounted on 
a shaft 2 in. square, and is framed with four arms, placed 
3 ft. 8:!- in. apart, and four longitudinal angle irons (Figs. 5, 
6, and 7). The cylinder is set over a fmnace at an angle 
as shown in Fig. 1. At the upper end the shaft revolves 
in an ordinary bearing, and at the lower end in a bearing 
shown in Figs. ~ and 9. This consists of a wrought-iron 
bracket, carrying two cast-iron anti-friction rollers on which 
the shaft rests, and is kept steady by a steel set screw. The 
cylinder is enclosed in brickwork as shown in Figs. 1 and 
2, and the hot gases circulate around the cylinder, drying 
the sand which is fed in from the front end, and is kept 
slowly revolving by an attendant. By the time the sand 
has travelled forward to the grated portion of the cylinder 
it is dried and is discharged down the inclined shoot 
shown in Fig. 2. There are 67 men of all grades employed 
at the Conemaugh shops. 

VI. The Lambertville Shops. -In these shops all the 
general and running repairs for the Belvidere Division 
are executed, giving employment to about 200 men. The 
works are very straggling and ill arranged. The engine
house is a quadrant with nine stalls accommodated with a 
turntable, to which five other tracks run, two from the 
main line, two from the repair shop, and one from the 
boiler shop. The repair and machine shop is in the form 
of a l. 120ft. 6 in. by 101ft. and 35ft. wide, the boiler 

square, and a small wheel shop. The freight car repair 
shop is 93ft. by 80ft., and has six parallel tracks divided 
in two groups of three tracks each. At the end of each 
group and on the shop siding is a 25 ft. turntable as shown 
in plan to move cars in and out of shop. The car-painting 
shops are 160 ft. long by 34 ft. wide. 

VII. The Tyrone Shops.-These are located at the junc
tion of the Tyrone Division with the main line, at Tyrone, 
14 miles east of Altoona. All of the running repairs of 
locomotives and cars on the division are done here, giving 
employment to 73 men of all grades. The arrangement is 

PLAN OF TYRONE SHOPS. 

clearly shown on the accompanying plan, upon which is a 
list of the dimensions of the principal buildings. 

VIII. The South Amboy Shops.-At the South Amboy 
shops are executed all the general repairs of the Amboy 
Division, finding employment for 150 men. The arrange
ment is shown in the plan on the next page. The engine 
house differs from the general form, it being rectangular, 
259ft. 6 in. long by 71ft. 6 in. wide, and contains five 
tracks, the two outer pairs of which run together beyond 
the house. 

The principal buildings are all parallel to the main 
siding, and include machine, repair, and wheel shops, the 
former 147ft. by 37ft., and the latter 75ft. 6 in. by 20ft. 
The smiths' shop, boiler and engine house, lie beyond and 
occupy a length of 102 ft., 4 in.; adjoining is the wood: 

PLAN OF THE LAMBERTVILLE SHOPS. 

shop close 'by is 36ft. by 52 ft. The smiths' shop, 105ft. 
by 35ft., and a few stores, complete this part of the works. 
The car shops are connected with the main line by separate 
sidings, and consist of freight and passenger car shops, 
paint, upholstery, and car-painting shops. The passenger 
car shop is 100ft. long by 32ft. wide, and adjoining it 
are two buildings, a wood-working machine room 30ft. 

working machine shop, 146 ft. long, the lumber and paint 
shops, 72 ft., and the passenger car-painting shop, 168 ft. 
long. A second set of sidings connect with the boiler 
and repair shops, 121 ft. long by 40 ft. The arrangement 
and sizes of the various small buildings are shown on the 
plan. The freight car repair shop is situated a quarter of 
a mile away from the main works, and is shown in the plan. 
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It is 187ft. long by 42ft. wide. Besides it is a small smiths' 
shop for car work, 40 ft. long and 20 ft. 6 in. wide. 

IX. The Camden Shops.-These are situated at Camden, 
opposite Philadelphia, and on the Delaware. All the 

The engine house is 61ft. square, and the repair shop 64ft. 
long. 

XI. The Mijflin Shops.-These shops, situated at Miffiin, 
are 154 miles west of Philadelphia. They are also of a 

PLAN OF SOUTH AMBOY SHPS. 

running repairs of the Amboy Division are executed here, 
but the means available are very limited. There are two 
engine houses, one belonging to the P ennsylvania Railroad, 
161 ft. by 52 ft., and the other to the Amboy Division, 
201ft. 6 in. by 47ft. 6 in., each containing four tracks. 
The arrangement of sidings, which are more numerous in 

PLAN OF CAMDEN SHOPS. 

these shops than usual, is shown on the plan. A small 
machine shop at the end of the Amboy engine house, and 
an engine and repair car shop and stores comprise the whole 
works. About 80 men are employed here. 

X. Lewistown Shops.-These shops are at the junction 
of the Lewistown Division with the main line, 71 miles 
east of Altoona. They are used to keep up the running 
repairs of engines and cars of the Lewistown Division. 

PLAN OF LEWISTOWN SHOPS. 

· As will be seen from the plan, they are of a very simple 
character, consisting simply of an engine house, repair 
shop, and smiths' shop placed around a 50 ft. turntable. 

very 1imited nature, and are used entirely for runnmg 
repairs on freight cars. They consist of various buildings, 

PLAN OF MIFFLIN SHOPS. 

and a 50 ft. turntable. The principal building is the repair 
shop, 120 ft. in length. 

XII. State Line Shops.-The State Line shops are at 
the terminus of the Bedford and Bridgeport Railroad and 
junction with the Cumberland and Pennsylvania Railroad 
running to Cumberland, where connexion is made with 
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PLAN OF STATE LINE SHOPS. 

the Baltimore and Ohio Railroad. They comprise a few 
sidings, a coal stage, curved engine house with four tracks, 
and a smiths' shop. No facilities exist here for any but 
the simplest repairs. 

XIII. The Huntingdon Shops.-These are situated on 
the Middle Division of the main line 34 miles east of 

HUNTINGDON SHOPS . 

.Seal.. 2/JO!i.- !W.. 
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PLAN OF HUNTINGDON SHOPS. 
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Altoona. They are very small, and are specially used for 
the running repairs of freight cars. There is in addition 
an engine house and coal wharf. 

XIV. The Blairsville""Shops.-These are located about 
three miles from the junction of the vVest Pennsylvania 

dimensions into existence. Accordingly in 1866 the line 
was leased to the Pennsylvania Railroad Company for 999 
years, they undertaking to complete unfinished works, and . 
to pay the lessors 30 per cent. of the gross earnings. It 
was soon found, however, that this arrangement entailed 

·-··-- ·- .. , .. . 
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BLAIRSVILLE SHOPS 

S<d.e. ZOOfi ~lin. 

PLAN OF BLAIRSVILLE SHOPS. 

Division with the main line. About 60 men are employed 
here upon locomotive and car running repairs. 

PHILADELPHIA AND ERIE DIVISION. 

The Philadelphia and Erie Division of the Pennsylvania 
Railroad has a length of 287 miles. Its eastern terminus 
is at Sunbury, 160 miles from Philadelphia, and which is 
situated on a plain immediately below the junction of the 
west and north branches of the Susquehanna. H ere the 
railroad forms a connexion with the Northern Central 

heavy and continuous loss, and in 1870 it was agreed that 
the line should be ·worked at actual cost, ancl all profits 
should be handed to the lessors. This arrangement is now 
in force. For a distance of 93 miles from Sunbury the 
line rises steadily with easy gradients, but at this point 
commences the mountain section that extends as far as 
\V arren ; 130 miles further on Renovo is situated in a 
narrow valley on the Susquehanna, and contains the 
principal shops of the line, occupying an area of ten 
acres. Locomotives and cars are built here from the 
designs furnished by the works at Altoona, the super-

R£NOVO S><OPS 
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PLAN OF REXOVO SHOPS • 

.Railway, also under the control of the P ennsylvania Rail
road, and by which an unbroken route is formed between 
Lake Erie and Baltimore. It was originally known as 
the Sunbury and Erie road, and was organized in 1837. 
Passing through a long series of vicissitudes, and after 
frequent recourse to the Legislature for powers to raise 
additional capital, the company found itself unable to 
complete sufficient works for dealing with the coal and oil 
traffic, the latter having sprung suddenly with immense 

intendent of motive power, Mr. Howard Fry, in this 
respect acting in connexion with Mr. Ely, superintendent 
of motive po-wer of the Pennsylvania Railroad. Large 
smns of money were spent upon the construction of 
these shops, which contain a school, reading rooms, and 
other advantages for the men. From Warren to Erie, a 
distance of 66 miles, the road is comparatively level, with 
the exception of a short steep grade to the Erie terminus. 
The shops at Erie, of which a plan is given above, are 
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very small, and only runnmg repairs to cars and loco
motives are executed. They comprise a semicircular round 
house with 12 tracks and a central turntable. The machine 
shop, 200ft. by 83ft. 4 in.~ has in front of it a transfer 
table 209 ft. long, serving nine tracks, one of which runs 
through to the turntable and round house, whence it is 
extended into a double siding with a coal wharf between. 
The smiths' shop is 114ft. 7 in. by 67ft. 2 in., and the 

PLAN OF ERIE SHOPS. 

remainder of the buildings consist of an engine and boiler 
house, water station, coal and iron sheds, and stores. The 
shops are situated close to the lake, and tracks are laid 
thence to the railroad company's docks. They fill the 
same position on the Philadelphia and Erie as the Altoona 
shops on the Pennsylvania Railroad. Their purpose is to 
keep the locomotives and caTs of that road in repair, but 
on account of the men employed it is necessary to have 
from three to four locomoti \'es under course of construc
tion all the time. The location and character of the work 
done in each shop is clearly shown in the plan. 

At Sunbury are also located some small shops, the 
purpose of which is the same as that of the Renovo 
shops; but the work is entirely confined to repairing. 

. r ··- · 
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PLAN OF SUNBURY SHOPS. 

In working the freight traffic upon the Philadelphia and 
Erie Railroad, the line is divided into three divisions, the 
Western, from Erie to Kane, 94 miles ; the Middle, from 
Kane to Renovo, 101 miles ; and the Eastern, from Renovo 
to Sunbury, 92 miles. Each of these divisions is considered 
a day's run for the engine drivers. The time usually 
occupied by freight trains is for the \V estern Division, 
10 hours ; Middle Division, 10 hours 15 minutes ; Eastern 
Division, 9 hours. The maximum load for an eastward 
bound train with a Class "D" engine is 30 loaded cars of 
10 tons each, and carrying 10 tons, leaving Erie; a push-

ing engine assists this train to Langdons, after which one 
engine takes on the train, and if there are cars to be 
forwarded at other stations, increases its load to 45 cars. 

A pushing engine is needed with this load from Otts to 
Pattoi1ia, and also from Sheffield to Kane. The pushing 
on the two last-mentioned grades is clone by consolidation 
engines, stationed at those points for the special purpose, 
but from Erie to Langdons the pushing is clone by the 
engines of westward-bound trains, which after arrival at 
Erie, are kept in steam to push the trains going east. 

The engine mileage made in taking a full eastward 
train over the 94 miles of the Western Division is : 

Train engine, Erie to Kane . . . 
Pushing engine, Erie to Langdons and return 

, Otts to Pattonia , 
, Sheffield to Kane , 

Total 

Miles. 
94 

. 18 

. 10 

. 32 

. 154 

The maximum train on the Middle Division is 40 cars 
from Kane to St. Mary's, and 60 cars from St. Mary's to 
Renovo. The engine mileage in taking a full eastward 
bound train over the 101 miles of the Middle Division is 
therefore: 

Miles. 
Train engine, Kane to Renovo . . . 101 
Pushing engine out of Kane yard and return . 2 

, , Ridgway to St. Mary's and return 20 

Total . . 123 

No pushing engines are required east of St. Mary's. The 
only points at which westward bound trains need a second 
engine are on the Middle Division, and the engine mileage 
for a west-bound train on this section is: 

Train engine, Renovo to Kane . . . 
Pushing engine, Rathbau to St. Mary's and return 

" " 
Wilcox to Kane and return . 

Total 

Miles. 
101 
18 
18 

137 

The maximum load for an eastward-bound train on the 
Eastern Division for a "D " engine is 45 cars from Renovo 
to Williamsport, and 60 cars from Williamsport to Sun
bury. For a Class "I" engine it is 80 cars from Renovo 
to ·williamsport, and 9 5 cars from Williamsport to 
Sunbury. 

For working the passenger traffic, the line is divided 
into two divisions, one being from Erie to Renovo, and the 
other being from Renovo to Harrisburg, 54 miles beyond the 
Sunbury terminus. The portion of the Northern Central 
Railway from Sunbury to Harrisburg being under the 
charge of the superintendent of the Eastern Division, the 
Philadelphia and Erie Company are able to run the pas
senger engines right through to Harrisburg. 
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By this arrangement they are enabled to get a duty of 
about 5000 miles a month from each of the passenger 
engines. The mileage of freight engines on the \Vestern 
Division is about 2800 miles a month, on the Middle Divi
sion about 3400 miles, and on the Eastern Division about 
2500 miles. 

Perhaps the most interesting feature in the working of 
the motive power on this division is the use of Class " I" 
engines on the level portion of the road. For the last 
twelve months trains of from 75 to 100 loaded cars have 

, 

been worked between Renovo and Sunbury with one of 
these engines. No difficulty has been experienced in 
handling these trains, although they are run in regular work 
with trains of only 40 cars. Quite frequently a speed of 
20 miles is made between stations with 80 cars in the 
train, and beside the great economy in train hands there 
is a considerable reduction in the consumption of fuel per 
car mile, and in all other motive power expenses. The 
engines working this traffic make about 4000 miles per 
month. 
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T HE CANTON ELEVATOR. 

(PLATES XXX., XXXI., XXXII., XXXIII.) 

T HE Canton elevator is owned by the Northern Central 
Railway and is located at Canton, adjoining the city of 

Baltimore, Maryland. This line is operated and controlled 
by the Pennsylvania Railway Company. A pier 100 ft:~ 

in width extends 500 ft . from low-water line into the 
bay; upon the outer end of this is located the elevator 
building. Ample facilities for discharging ballast are pro
vided. The depth of water at low tide is not less than 
22 ft ., and the extreme variation between high and low 
water is 2 ft. 6 in. Almost directly across the bay, at 
Locust Point, are the two elevators of the Baltimore 
and Ohio Railroad Company, and a short distance below 
this elevator are the extensive coal-shipping piers of 
this Northern Central Railway Company. The con
struction of the foundation was begun in November, 
1875, the contract for superstructure and machinery was 
made in December, 1875, and the elevator was in full 
operation about the middle of September, 1876. The 
foundation is of piling 60 ft. long, spaced about 2 ft. from 
centre to centre, and cut off 3ft. under extreme low water; 
around these piles were driven two rows of sheet piling 
and the whole space filled with oyster shells and small 
stones. Upon the tops of the piles was laid a platform 
151 ft. long and 85 ft. wide, formed of two thicknesses of 
12 in. by 12 in. Georgia pine. This was of sawed timber 
laid close and well secured by rag bolts and locust treenails. 
Under the elevating machines this platform was caulked 
with two threads of best oakum; it was built in place and 
secured to the piling after being well loaded with masonry. 
After the masonry was in place the pier was completed. 
It formed a very heavy fender 8 ft. wide at each side and 
15 ft. at the end of the elevator. Two large freight sheds 
are placed upon it about 100 ft. from the end of the ele
vator ; upon the south side of the pier, between the elevator 
and one freight shed, is situated the boiler house, the re
maining space being occupied by trucks for grain cars. 

The drilling yard is at the end of the pier upon the 
main land. Upon the foundation platform are laid the 
masonry wall and 56 piers for supporting the super
structure. The stonework is rock faced with cut beds and 

joints all laid in cement. The four piers surrounding each 
of the eight elevating machines are connected by a masonry 
wall, and the enclosed spaces fitted with plate-iron tanks, 
forming water-tight chambers; the depth of the masonry is 
11 ft. 6 in. A few inches below the top of masonry is the 
track floor, of heavy yellow pine, closely fitted, and under 
this are the track stringers and floor beams of wood sup
ported by heavy wought-iron beams resting upon the 
masonry. 

The dimensions of superstructure are as follows : 

Length from outside to outside of posts 
Width from outside to outside of posts at base 
Width from outside to outside of posts on 

weighing floor . . . . 
H eight from masonry to top of main rafters 

at centre . . . . . . . 
Height from masonry to underside of grain 

bins in clear . . . . . . . 
Thence to top of grain bins . . 

, underside of next floor beam 
, top of wall plate 
, , main rafter 

Ventilating top upon main roof 

ft . in. 
142 11 

81 0 

10 8 

139 6 

19 5 
62 4 
25 0 
21 8 
11 1 

6 0 

There are 144 rectangular grain bins for storage of grain ; 
one is used for piping and one for a hoisting pit, leaving 
142 for use. One-half of the number measure 7ft. 4! in. 
by 7 ft. 6 in. by 60 ft. inside, and the remainder 7 ft. 4! in. 
by 11 ft. 6 in. by 60 ft. inside, excepting where each ele
vating tube passes through the bins, in which case a partition 
is cut out, making a bin 15 ft. 3 in. by 7 ft. 6 in. by 60 ft. 
inside. The grain bins are supported by nine lines of 
oak posts, arranged as shown in the section on Plate 
XXX. Each grain bin is fitted with inclined bottom, 
a valve for drawing the grain, and a ladder for access to 
or from it. Six sets of bins (four in each set) are fitted 
with extra bottoms, and an iron shipping spout, so as to 
form shipping bins. Above the bins are laid gangways for 
convenience of attendants, beds for the shifting conveyors, 
and at the land end are situated the engines for driving the 
works. The boilers are placed in an enclosure upon the 
pier, and about 60 ft. from the elevator. 

The weighing floor carries sixteen hoppers for weighing 
p 
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the grain, two cleaners, the shafting, rooms for the weigh
master, oilers, &c. ·within one year following the comple
tion the tops of bins shrunk and settled about 1 ft. 8 in. It 
is the custom to support the weighing floor and roof from 
the tops of bins, but as that method gives much trouble, 
this roof and weighing floor is supported entirely from the 
foundation of building by posts, which are strapped, but not 
confined to the corners of the grain bins. 

The posts are attached to the beams at bottom of ·the 
grain bins, and have cast-iron caps, which act as bases for 
the posts that support the roof and weighing floor. As the 
bins settle, the straps slip down upon the posts without 
affecting the roof. All of the floors are well lighted and 
ventilated, and a ventilating top extends nearly the whole 
length of the building, and is fitted with adjustable 
windows. 

The supporting posts under the grain bins and the centre · 
line under the weighing floor are of oak. The track strin
gers, beams under grain bins, and the flooring~are of Georgia 
and the remainder are of Michigan white pine. The grain 
bins are of white pine 2 in. by 6 in., excepting outside 
walls, which are of 2 in. by 8 in. Every part of the wood 
in the whole building, where exposed to view, and the bin 
materials, are planed all over. On the outside of the 
building, gaivanised iron cornices are placed at the base of 
bins and at roof projections. The covering below the bases 
of bins is of corrugated iron; all of the remaining surface 
of building is covered with best quality of" Peach Bottom" 
slate. 

Eight large freight doors are placed in the sides of the 
building at the track floor. In the lower story all doors 
and window-shutters are of iron, and iron ventilating 
shutters are above the bins. Two sets of winding stairs 
of iron, enclosed in corrugated plates, give access from 
the pier to top of bins, and two similar stairways connect 
the top of Lins with weighing floor. A large fire pump 
connects with nozzles located on each floor, and all con
veniences for extinguishing fire are provided. Chemical 
fire-extinguishers, water-tanks, buckets, and fire-axes are 
also placed in racks especially provided and located at 
convenient points upon each floor; in fact, every precaution 
for protection against fire is taken, and in handling the 
grain it in no case comes in contact with anything but 
iron. The leading dimensions are shown in the sections. 

Upon the outside of the building at the water end are 
four shipping spouts; five upon each side, which commu
nicate directly or through conveyors with the elevators in 
the building, and three shipping spouts from the shipping 
bin upon each side, making a total of twenty spouts to be 
used as may be found most convenient. 

Under the grain bins in each of the side sections is 
fitted a bagging car so arranged as to make it possible to 

bag grain in wet weather. The bags being full, are dis
charged through the side freight doors upon covered skids 
on to the ship's deck. This car being on wheels it may 
be moved from bin to bin as required. 

The engines are located above the grain bins at the 
land end of the building. They are horizontal, with two 
cylinders 16 in. in diameter and 24 in. stroke. The motion 
of line shafts is reversed by being made to go in opposite 
directions by wood and iron gearing, as shown on the 
drawing. The boiler-house, ofiron and masonry, is princi
pally under the pier, about 60ft. from the elevator. The 
boilers are unusually heavy and are worked up to 100 lb. 
per square inch. The water for supplying the whole 
establishment is furnished by an artesian well 190ft. deep. 
The steam shovels are located about 12ft. above the track 
floor, but are not shown on the drawings. A piece of 4 in. 
gas-pipe, supported by bearings, extends through the 
centres of all elevator tubes in each line, and receives 
from the main engif1es a horizontal movement of 12 ft. 
and about 14 double strokes per minute. To this gas-pipe, 
at each elevating tube, two large scoops or shovels are 
attached by ropes passing through leaders properly ar
ranged. By means of these the cars are quickly unloaded. 
All of the elevating tubes in each line are connected with 
each other and the main gallows frame by two 8 in. deck 
beams heavily braced and stiffened by angle irons. These 
beams form seats for the journal box pedestals for shafting, 
and by securing all of the tubes together they are made 
independent with the shafting from the action of the build
ing. All of the shafting is of the very best material and 
workmanship. - It increases in diameter from the end 
elevator to the main driving pulley. 

All journal boxes are of the adjustable ball and socket 
type, and the couplings of Cresson's patent. The centre 
line of shafting passes through the centre of elevating 
tubes, and at each tube it has a paper friction pulley, 
1 ft. 6 in. in diameter, built up of discs of best quality of 
"Manilla" paper, under a pressure of 60 tons, and secured 
by heavy followers and bolts. Above each paper friction 
pulley is one of cast iron, double armed, very heavy, 
3ft. 9 in. in diameter, and 22 in. face; it has adjusting 
machinery attached to its short shaft. In the boot at the 
base of the elevator is a drum pulley 2 ft. 6 in. in diameter, 
22 in. face, fitted with stretching gear for the belt, and 
worked from the track floor. 

The grain belt is of rubber, 4-ply 20 in. wide, and con
nects these two last-mentioned pulleys, and is kept tight 
by the stretching gear just mentioned. 

The grain buckets, of heavy tin, are spaced 12 in. from 
centre to centre, and secured to the belt by six bolts in 
each bucket. They measure 18 in. long, 5i in. deep, 6i in. 
wide. The shafting being in motion the upper belt pulley 
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is lowered, and rests upon the paper friction pulley, thus 
causing the elevating belt to travel at about 450 ft. per 
minute. In front of each elevator tube are placed two 
sets of Fairbank's scales, each fitted with an iron tank, 
having cylindrical body, conical top and bottom, with 
capacity for 540 bushels of wheat, shoot spout and valve 
fitted to the bottom of weighing tank. Under each pair 
-of tanks is a conical collecting hopper having a crane 
spout leading from it to the storage bins, shifting con
veyor, or shipping spouts, as desired. The cleaning 
machinery is different from that shown upon the drawing, 
~nd will be explained presently. Two shifting conveyors 
are located, as shown in the section, above the grain bins, 
and extend the whole length of the building. They consist 
of 4-ply rubber belts, 30 in. wide, supported by wooden 
rollers, spaced 5 ft. apart under the loaded, and 10ft. 
apart under the unloaded belt. The are driven by bevel 
friction gear of paper, and are reversible. They move at 
~ speed of 550 ft. per minute, and are arranged to throw 
off the grain wherever desired. The belt is perfectly fiat, 
has no raised edges, and does not spill any grain when 
working under a capacity of 9000 bushels per hour. The 
arrangement of crane spouts is fully explained by the 
drawings. 

The working of each line of elevators is as follows : 
Four cars of grain having been passed by the inspector 
are pushed in upon one track, until stopped by the bumper 
at the end, which will leave the doors nearly opposite the 
elevators. The car doors having been opened, two atten
dants enter each car with the wooden shovels (before 
mentioned in describing the steam shovels) with which 
they quickly discharge the grain into the receiving hopper. 
'The ropes which work the scoops are attached so as to 
work alternately, this causing a continuous flow of grain 
through the door of the car, so long as any remains or the 
gas-pipe plunger is kept in motion. At the beginning of 
this operation the grain valve in the boot should be 
opened, so as to allow the grain to flow from the re
ceiving hopper into the ascending belt buckets (all of the 
machinery being in operation) just fast enough to fill them. 

The grain is discharged from the head of the elevator 
into one of the weighing tanks where the whole car-load 
is collected, weighed, and distributed. While this opera
tion is in progress four cars are pushed in on the other 
side of the same elevators, and discharged in the same 
manner, as soon as the valve at the elevator head is shifted 
to the other weighing tank, which is done after all of the 
first lot is raised. The first line of empty cars is now 
drawn out and full ones take their places, and this opera
tion is repeated as rapidly as circumstances will allow . . 

The weighing tank having been filled, the grain is 
weighed and discharged through the valve into the col-

lecting hopper and crane spout, to where it may be re
quired. The crane spout is made of sufficient size to 
deliver the grain much faster than the elevator can lift, 
so that one weighing tank may always be ready to receive 
grain. The crane spout can deliver the grain into each 
of many storage bins, shipping bins, shipping spouts, or 
shifting conveyors as may be desired or found necessary. 
Should all the elevators be working one kind or lot of 
grain to be stored in one part of the house, the crane 
spouts which can reach those bins may be used, and the 
balance of the grain be discharged upon the shifting 
conveyors, and by them placed in the bins. Similar use 
is often made of shipping conveyors when working the 
whole house upon one vessel, or a single elevator upon 
a large vessel which cannot be moved, the elevator being 
a long distance from the spout leading to vessel. 

Should a vessel be nearly ready for grain or be taking 
bagged grain, it is run into the shipping bins, mid from 
them drawn off as required. When the grain in the house 
or storage bins is to be shipped, spouts are attached to the 
bottom of bins, and the grain discharged into the receiving 
hopper in a continuous stream, elevated as before described, 
weighed at the top of the house, and discharged through 
crane and shipping spouts into the ship. 

When grain is ordered for clean delivery it is elevated 
in the regular way, weighed and discharged into the foot 
of the cleaning elevator, by which it is lifted to the top of 
the house and delivered into a feeder. 

From the feeder it flows on to a screen made of perfo
rated Russia iron, measuring 8ft. wide by 12ft. long, and 
is set at an angle of 25 deg. from horizontal; it is driven 
at a speed of 1100 vibrations per minute. As the grain 
falls upon it the cobs, sticks, straws, &c., are carried over 
the end ; the grain passes through and down an inclined 
plane to a wind spout 8ft. by 1ft., where it is met by a 
strong current of air. The unsound grain, dirt, and chaff 
are carried off, and the cleaned grain falls into a chamber, 
and is carried where desired by an iron pipe. The unsound 
grain is deposited in the dirt room, and the chaff and light 
dirt thrown into the water. 

The current of air is produced by a large exhaust fan. 
As only about 10 per cent. of the grain goes through 
the cleaner, it is claimed that this system of " cleaning" 
elevators for lifting the grain to be cleaned is a great 
improvement upon the custom of building the house high 
enough for the cleaner, and raising all of the grain to that 
height, whether it has to be cleaned or not. A saving of 
10 per cent. in fuel is claimed by this arrangement. 

Each of these machines will draw grain from four main 
elevators, and clean 8000 bushels per hour. 

Corn screens for the shipping spouts are to be fitted as 
the business requires. 
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The total storage capacity of this building is 500,000 
bushels, and the elevating capacity per hour is 32,000 
bushels. 

The elevating capacity is kept much below these figures 
by the impossibility of handling cars fast enough. The 
size of the grain bins depends upon the nature of the 
business, location, 'rules of produce, exchanges, and systems 
of grading. Small ones in larger numbers are the most 
convenient, as many prefer their grain separate; with heat
ing grain they save loss, and where there is no grading of 
grain they are necessary. 

The elevating machines, eight in number, are placed in 

from settling. In the base or " boot" casting a feeding 
valve is fitted so as to be worked from the track floor. 
Surrounding and attached to the boot, at the upper part, 
is the receiving hopper with conical hopper bottom and 
rectangular top projecting 3 in. above the track floor. (See 
Plate XXXII.) It is made of plate iron, stiffened by 
angle bars, supported by track floor and covered with 
wrought-iron grating, and holds about 450 bushels, or one 
car-load of grain. The length is such, that trains of 
four cars may vary 10ft. in total length, and be worked 
without being uncoupled. Two lines of tracks are laid 
for each line of elevators, making room for sixteen cars. 

GRAIN ELEVATOR AT CANTON, MARYLAND. 

two iipes of four in each. The distance of 31! ft. from 
centre to centre has been found the most convenient for 
the cars of the Pennsylvania Company. The distance 
between the centre of the two lines of elevators is 32ft., 
which gives room for two lines of rails between. In each 
uf the eight iron tanks set in the masonry is laid a bed of 
hydraulic cement, upon which stands the cast-iron base or 
" boot" of the elevating leg, supporting a wrought-iron 
tube formed of plates, angle bars, and stay bolts. The 
elevating tube extends to the top of the building and is 
fitted with a movable hood and a discharge pipe and 
valve. 

At each floor the tubes are secured by wedges so 
as to remain vertical, but not so as to prevent the floor 

Heavy oak bumpers are placed at the outer end of each 
line of tracks, for stopping cars in position when working 
the house. All of the improvements at Canton have been 
under the direct management of the officers of the Penn
sylvania Railway in Philadelphia. The parties daily con
nected with the construction of this elevator were as 
follows: Mr. Frank Thompson, General Manager of the 
Pennsylvania Railroad Company, and Mr. William H. 
Brown, Engineer Maintenance of Way, Pennsylvania 
Railroad Company, who had general management of the 
whole work. 

The building was designed and working drawings fur
nished by Mr. W. B. Reaney, engineeer and naval architect 
of Philadelphia, while the work was carried out under the 
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immediate inspection of Mr. 0. E. McClellan, Assistant 
Engineer to the Northern Central Railway. 

'l'he contractors were as follows :-Foundation and pier, 
Ross and Sandford, of Jersey City, New Jersey. 'l'he 
masonry contractor was too slow, and the work was finished 
by the railway company. For the superstructure and ma
chinery, Messrs. J. '1'. Moulton and Son, builders and 
millwrights, of Chicago, Illinois, were the contractors, 
but parts of the work were sublet as follows :-Engines, 
boilers, and fire apparatus to Messrs. Pusey, Jones, and 
Co., of Wilmington, Delaware ; machinery and ironwork 

to the Union Foundry Company, of Chicago, Illinois; 
timber and lumber to Messrs. Sondes and Adams, of 
Philadelphia ; rubber belting to the New York Belting 
and Packing Company, D. P. Dietrich, agent, of Phila
delphia. 'l'he arrangement of the boilers is shown on 
Plate XXXIII. 

Materials.-In the foundations and pier there were used 
about 5000 piles, 800,000 ft. B.M. of timber, and 1500 ft. 
of masonry. In the superstructure there were used about 
2,100,000 ft. B.M. of timber, 550 tons of iron, 3406 ft. of 
belting weighing 11,400 lb. 

shared on railsandtrails.com Digitized by Stephen Titchenal



110 THE PENNSYLVANIA RAILROAD. 

SECTION VI.-LOCOMOTIVES. 

(PLATES XXXIV. TO LV.) 

THE present locomotive stock on the ·Pennsylvania Rail-
road consists of 1082 engines, of which about 887 are 

in actual service, the remainder being in one or other of 
the shops for repairs. These engines are divided into ten 
classes, designated by the first nine letters of the alphabet. 

traffic except on the mountain and other heavy gra
dients. 

Class B, Fig. 2, are also 8-wheeled passenger locomo
tives, but have 18 in. by 24 in. cylinders and larger boilers, 
four driving wheels 62 in. in diameter, and 4-wheeled 

TRANSVERSE SECTION OF " CONSOLIDATION" ENGINE. 

Class A, Fig. 1, Plate XXXIV., comprises 8-wheeled 
passenger locomotives with 17 in. by 24 in. cylinders, four 
driving wheels 68 in. in diameter, and 4-wheeled trucks. 
The locomotives of this class run the regular passenger 

truck. These locomotives are employed chiefly as pas
senger train helpers on the mountain sections of the line. 

Class C, Fig. 3, anthracite. The machinery of this class 
is exactly like that named in the following paragraph; the 
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boiler is different to adapt it for the use of anthracite 
instead of bituminous coal. 

Class C, Fig. 4, are the most numerous in the passenger 
service, and are also employed for local and fast freight 
trains. The cylinders are 17 in. by 24 in., four driving 
wheels 62 in. in diameter, and 4-wheeled truck. 

Class D, Fig. 5. Ten-wheeled freight locomotives for 
service on the ordinary sections of the line. They have 
cylinders 18 in. by 22 in., six driving wheels 56 in. in 
diameter, and 4-wheeled truek. 

Class E, Fig. 6, are also freight locomotives, but for the 
mountain sections and other heavy gradients corresponding 
to Class B in the passenger service. The cylinders are 
18 in. by 22 in., six driving wheels 50 in. in diameter, and 
4-wheeled truck. 

Class F, Fig. 7, are the standard 6-wheeled shunting 
locomotives, with cylinders 15 in. by 18 in., driving wheels 
44 in. in diameter, and no truck ; they carry a saddle tank 
over the boiler. 

Class G, Fig. 8, standard 8-wheeled light ballast loco
motives, used also for passenger service on branch lines ; 
they have 15 in. by 22 in. cylinders, four driving wheels 
56 in. in diameter, and 4-wheeled truck. 

Class H, Fig. 9, very similar to Class F; they have 
15 in. by 22 in. cylinders, six driving wheels 44 in. in 
diameter, and no truck. They carry no tank on boiler, 
but have a separate tender. 

Class I , Fig. 10, comprises the heavy freight locomotives 
lately introduced on the road; they are used both on 
mountain divisions and on those of light grades. They 
have 20 in. by 24 in. cylinders, eight driving wheels 50 in. 
in diameter, and 2-wheeled truck. 

The diagrams, Plate XXXIV. show the general form 
and distribution of weights in the engines of their various 
types, a~d Table VIII. gives in considerable detail the 
dimensions, particulars of material employed, weights, and 
capacities of all the different classes. It will be observed 
that, with the exception of one of the "C" types, bituminous 
coal is employed. The engines are designed in conformity 
with the leading American practice- the light bar frame, 
truck at the forward end, outside cylinders, &c. Steel is 
the material employed always for boilers and fireboxes; 
all wheel tyres are of steel (except F and H, which are of 
chilled cast iron), but the truck wheels are of chilled cast 
iron. As all the constructive details of these engines will 
be fully illustrated, at present it is only necessary to 
refer to them in general terms. With reference to the 
Class C engine, shown in Plate XXXV., this engine 
has four coupled wheels 62 in. in diameter, the for
ward part being carried on a truck with four wheels 
28 in. in diameter. The distances bet-\-veen trailing and 
lea:iing wheels, between the latter and the centre of truck, 

and the distance apart of the truck wheels, are respectively 
102 in., 133~ in., and 68 in. The total length of the engine 
is 27ft. 7! in. The frames are of the usual type, consisting 
of bars 3 in. by 4 in., double and connected together, as 
far as the front of the leading axle-boxes, and single from 
this point to the end of the engine. The transverse frames, 
shown clearly in the drawing, extend between the main 
frames, one at the end of the guide bars, and a second 
38 in. further to the back. The cylinder castings extend 
each to the centre line of the boiler, and are bolted to
gether, the upper face forming a saddle, in which the 
smokebox rests. The lower part of these connected cast
ings takes a bearing upon the truck, as will be shown 
hereafter in detail. As will be seen by the plan, the fire
box is arranged for burning bituminous coal, having a far 
smaller grate area than is given to the anthracite coal
burning engines, which are provided with a water-tube 
grate, the arrangement of which is similar to that em
ployed in the stationary boilers at Altoona, and also cor
responds closely with the system shown in Plates XXXVI . 
and XXX VII., which, with the section on the opposite page, 
show the construction of a " Consolidation" locomotive, 
built by the Baldwin Locomotive Works for the Railway 
Compa~y. 

The Pennsylvania Railroad Company have carried out 
completely their system of interchangeability of parts, and 
very many of the details of one engine are applicable to 
others of a different type. Thus the maximum variation 
is only four different patterns of brass or iron castings for 
any given part, for the ten different classes of engines 
built; Class I, the heavy locomotives for freight and moun
tain service, possessing more distinctive features than any 
other. The following summarised Table will show the 
extent to which this interchangeability of parts is car
ried. 

TABLE No. VIL- SHOWING I NTERCHANGEABILITY OF CAsTINGs 
UPON THE VARIOUS ENGINES OF THE PENNSYLVANIA RAILROAD. 

- -0 al 0 0 al 
,.,b.O 

Common to s rD Common to 
,., bO 

"Ol <!) Ol Common to .D ·~ s·~ .D ·~ 
s tl Classes . Classes. S tl Classes. 

""' "00 " "' zo z.j zo 
-- -----------

26 A to I 1 <J, E 1 D, E, I 
15 A toE 1 G,F,H 1 I, C 
14 A to C 15 D,E 24 F,G,H 
16 A, C 7 B,D,E 4 G,H 
6 A,B,D,E,G 1 E,G 5 F,H 
6 A, B, C, D, E, I 2 D,E,F,H, I 1 F,G 
6 A,B,C,G 3 D, E,G 
6 A to H 1 E,H 
5 A,B,C,D,E,G 2 D,E,G,H,I 
3 A, B, C, D, E, G, I 
3 D,G, 
1 B,C,H 
1 A,D,F,G 

We shou.ld mention that there are about 150 different 
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2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 

17 
18 
19 
20 
21 
2:! 
23 
24 
25 
26 
27 
28 

TABLE No. VIII.-DIMENSIONS, "WEIGHTS, &c., OF LOCOMOTIVES ON THE PENNSYLVANIA 
RAILROAD.-(See Plate XXXIV.) 

DIMENSIONS, WEIGHTS, &c. 

I. 
CLASS A. 

Passenger 
Engine 
with 

Tender. 

IL 
CLASS B. 

Passenger 
Engine 

with 
Tender. 

III. 
CLASS C. 

Passenger 
Engine 

with 
Tender. 

IV. 
CLASS C. 

(Anthracite.) 
Pa.ssenger 

Engine 
with 

Tender. 

v. 
CLASS D. 

Freight 
Engine 

with 
Tender. 

VI. 
CLA.SS E. 

Freight 
Engine 

with 
Tender. 

VII. 
CLASS F. 

Shifting 
Engine 

with 
Saddle Tank. 

VIII. 
CLASS G. 

Passenger 
Engine 

with 
Tender. 

IX. 
_CLASS H. 

Shifting 
Engine 
with 

Tender. 

X. 
CLASS I, 

Freight 
Engine 

with 
T ender. 

:i 
~ z =---=--------- ----------------------------------------------

Vide Diagram 
Gauge ... 

WHEELS: 
Number of pairs of driving wheels 
Diameter of · ,, ,, 
Mttterial of wheel cantres ... 

,, tyres 
Total wheel base ... ... 
Length of ri~id wheel base ... 
Diameter of driving axle bearing 
Length , , ... 
Diameter of main crankpin bearing 
Length ,, ,, 
Number of wheels in front truck 
Diameter , 
Type of truck 

CYLINDERS AND VALVE GEAR: 

~fJ~~n f~·~cili~~~!i8de tO'" outside 
cylinders ... . .. 

Diameter of cylinder:. 
Length of stroke ... 
Position of valve gear 
Type of ,. 
Trl::!.vel of valve ••• 
Ou tside l<Lp of valve ... 
Inside , 
Lead of valve... . .. 
Throw of eccentrics ... 
Length of steam ports 
Width , 

e:<haust port 

FRAME; 

of 

Fig.l. 
4ft. 9 in. 

2 
68 in. 

Cast iron 
Steel 

22ft. 5i in, 
8ft. 
71n. 

7f in, 
3~in. 
3lin. 

4 
30 in. 

Swing centre 

Outside 

81 in. 
17 in. 
24 in. 

Bet. frames 
Shifting link 

5 in. 
~in. 

None 
tin. 
5in. 

161n. 

;t \~: 

Fig. 2. 
4ft. 9in. 

2 
62 in. 

Cast iron 
Steel 

22ft. 5t in. 
8ft. 6 in. 

7in. 
7! ~n. S: ~n. 
ai' m. 

4 
28 in. 

Swing centre 

Out•ide 

81 in. 
18 in. 
24 in. 

Bet. frames 
Shifting link 

5in. 
~in. 

None 
{in. 
5 in. 

l61n. 
1! in. 
2! ln. 

Fig. 3. 
4ft. 9 in. 

2 
62 in. 

Cast iron 
Steel 

22 ft. Dlin, 
8ft. 6 in. 

7 in·. 
7j!n. 3: ~n. 
ai" m. 

4 
28 in. 

Swing centre 

Ou~sido 

81 in. 
17 in. 
24 in. 

Bet. ft•ames. 
Shifting link 

5 in. 
~in. 

None 
tin. 
5 in. 

16 in. 
It in. 
2! in. 

Fig.4. 
4ft. 9in. 

2 
62 in. 

Cast iron 
Steel 

22 ft. 5~ in. 
8 ft. 6 in. 

7 in. 
7f in. 
3! !n. 
ai" m. 

4 
28in. 

Swing centre 

Outside 

81 in. 
17 in. 
24 in. 

Bet. frames 
Shifting link 

5 in. 
~in. 

None 
j in. 
6 in. 

16 in. 
It in. 
2t in. 

Fig. 5. 
4ft. 9in, 

3 
66in. 

Cast iron 
Steel 

23ft. Sin. 
12ft. 5in. 

6tin. 
7i in. 
4in. 
4 in. 

4 
28 in. 

Swing centre 

Outside 

Slin. 
18in. 
22in. 

Bet. frames 
Shifting link 

6in. 
fin. 

None 
~in. 
6in. 

16in. 
It in, 
21in. 

Fig. 6. 
4ft. 9 in. 

3 
50 in. 

Ca.st iron 
Steel. 

23 f~ 8 in. 
12ft. 8 in. 

6!in. 
7~ in. 
4 in. 
4 in. 

Fig. 7. 
4ft. 9 in. 

3 
44 in. 

Cast iron. 
Chilled C. I. 

9ft. 9 in. 
9ft. 9in. 

6 i ~n.J 
7 f ~n. 
3~ ~n. 
3ijlll. 

4 } 26 in. 
Swing centre 

No truck 

Outside 

81 in. 
18 in. 
22 in. 

Bet. frames 
Shifting link. 

5 in. 
~in. 

N one 
lin. 
6 in. 
16 in. 
lt in· 
2! in. 

Outside 

81 in. 
15 iu. 
18 iu. 

B et. frames 
Shifting link 

4in. 
i in. 
None 
tin. 
5 in. 

12 in. 
1 in. 
2in. 

Fig.8. 
4ft. 9 in. 

2 
66 in. 

Cast iron 
Steel 

19ft. 91 in. 
7ft. 

6i in. 
7} in. 
4 ;n. 
4 in. 

Fig. 9. 
4ft.9in. 

3 
Hin, 

Cast iron 
Cbilled c. I. 

9ft. lOin. 
9ft. lOin, 

6~in. 
7f in, 
3j in. 
3!in. 

No truck 4 } 26 in. 
Swing centre 

Outside 

81 in. 
10 in. 
22 in. 

Bet. frames 
Shifting link 

~ ~n. 
.-In. 
~one 
i in. 
5 in. 

12 in. 
1 in. 
2 in. 

Outside 

8lin. 
15 in. 
22in. 

Bet. frames 
Shifting link 

i~~: 
None 
ilin. 
5in. 

12 in. 
1 in. 
2in. 

Fig.lO. 
4ft. 9in. 

4 
50 in. 

Cast iron 
Steel 

21ft. 6 in. 
13ft. 8 in. 

66in, 

~i~~: 
5 
2 

2Sin. 
Half truck 

Outside 

8~in. 
20in. 
24in. 

Bet. frames 
Shifting link 

:; 
~in. 
None 
jin. 
Din. 

17lin. 

~:t:: 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 

17 
18 
19 
20 
21 
22 
23 
2~ 
2/j 
26 
27 
28 

29 Class and material of frame w. I. inside W. I. inside W . T. inside W. I. inside W. I. Inside W . I. inside W. 1. inside. W . I. inside W. I. inside W. I. inside 29 

30 
31 

32 
33 
34 
35 
36 

37 
38 
39 
-<o 
41 
42 

43 
44 
45 
46 
47 
48 
49 
50 

51 
[d 
63 
54 
[jfj 

56 

57 

LB 

59 

60 

61 
62 
63 
64 
65 
66 

67 
68 

69 

70 

71 
72 
73 

74 
15 
76 
77 
78 

BOILER: 
Boiler material •.• ••• • .. 
Thickness of boiler plates; barrel and 

dome ... ... ..• ... . .. 
Do. do. outside firebox slope 
Do. do. waist and smokebox 

Maximum internal diameter of boiler ... 
Minimum ,. , wagon top 
Height to centre of boiler from top of 

rail •.• . .. 
Number of tubes ..• H• 
Inside diameter of tubes ··~ 
Out9ide , 
Tube material ... ... • •• 
Length of tubes between sheets... . .. 
Number of internal diameters in length 

oftube ... ... ... ... . .. 
Length of firebox at bottom (inside) .. . 
Width ,. , , .. . 
Height of crown sheet above top of grate 
Inside firebox ma.terial .•• ..• . .. 
Thickness of inside firebox sheets, sides 

Do. do. front, back, and crown 
Thickness of tube sheets 
Tube sheet material. .. 

HEATING SURFACES: 
External heating surfa.ce of tubes 
Internal , , 
Fire area through tubes .•• 
Firegra.te area. ... ... 
Heating fl. urface of firebox ••• . .. 
Total heating surface, with external area 

of tubes ••• .•• .•• •.• • .. 
Total heating surface with internal area 

of tubes ... ... ... ... . .. 
External tube surface divided by firebox 

area ... ... ... ... ... . .. 
Tota.l heating surface divided by flre-

gra.te area ..• ... ... . .. 
Fit egra.te area. divided by tuba area 

MISC&LLAN.EOUS: 
Maxim am diameter of smoke-stack 
lvlinimum , ,. 
Height of stack from rail .•• 
Size of exhauit nozzle ... . .• 
Least sectional aria of chimney... • •. 
E'iregrate area divided by least sectional 

area. of chimney ... ... .. , 
Pressure of steam per square inch ... 
Effodive pressure per square inch esti

mated at four-fif<hs boiler pressure ... 
Tractive force per pound of effective 

pressure per squa.re inch of piston ... 
Total tractive force with effective pres

sure .•• 

Nature of fuel ... . .• 
Weight ot engine empty ... 

in servico 

TENDER: 
Capacity of tank ..• • .• 

" ooalta.nk ••• 
Number of wnl;)e!s of tender 
D:aweter ,, , ... ... 
Material of wheels in engine and tender 

t rucks 

Steel 

/;;;in. 
f ~n. 
s m. 

50 in. 
48f in. 

76 ln. 
142 

2in. 
2t in. 

Wrought iron 
131 1 .fl in. 

65.0 
66i in. 
3,) in. 

60i in. 
Steel 
tin. 

-,(6 in. 
tin. 
Steel 

920.52 sq. ft. 
815.4 •q. ft. 
3.16 sq. ft. 
16.1 sq. ft. 

131.72 sq. ft. 

1052.24 ft. 

947.12 sq. ft. 

6.98 

65.96 
5.09 

Steel 

1•6 in. 
'iin. 
1lin. 
51~ in. 
48iin. 

74 in. 
155 

2 in. 
2l io. 

Wrought iron 
127-l6 in. 

63.5 
72} in. 
35 in. 
60! in. 
Steel 
tin. 

''I::: 
Steel 

941.87 sq. ft. 
858.70 sq. ft. 

3.37 sq. ft. 
17.6 sqft. 

115.11 sq. ft. 

1056,98 sq. ft, 

973.51 sq. ft. 

8.18 

60.5 
6.22 

Steel 

Y'i in. 
i in. 
tin. 

5I f in. 
48-f in. 

74 in, 
156 

2 in. 
2t in. 

Wrought iron 
127-ll in, 

63.5 
72.f in. 
35 in. 
60~in. 
Steel 
:tin. 

~fii~~· 
Steel 

941.87 sq. ft. 
858.70 sq. ft. 
3.37 sq. ft. 
17.6 sq. ft. 

115.11 sq. ft. 

Steel 

\"_in. 
8 lll, 

fin. 
Dli in. 
48i in. 

74 in. 
183 

1~ in. 
2 in. 

Wrought iron 
125 196 in, 

71.7 
119t in. 
34! in. 
44 in. 
Steel 
-}in. 

1.~;; in. 
tin. 
Steel 

1002.60 sq. ft. 
878.45 sq. ft. 
3.05 sq. ft. 
29.13 sq. ft. 

158.55 sq. ft. 

1056.98 sq. ft. 1161,15 sq. ft. 

973,51 sq. ft . 1036.95 sq. ft . 

8.18 6,32 

60.5 39.86 
6.22 9.55 

Steel 

!}.in. 
sm. 
fin. 

5Vk in. 
4Sfin. 

73 iu, 
119 

Steel 

/sin. 
j in. 

oft~;,.. 
48} in. 

71 in. 
123 

2-!- iu. 2t in. 
24 in. 2! in. 

Wrought iron Wrought iron 
l52 lti in. 146}! in. 

67.5 
69j in. 
35 in. 

57i in. 
Steel 
-t io. 

~t l~: 
Steel 

997.25 sq. ft . 
886.5.; sq. ft . 

3.28 sq. ft. 
14,5 sq ft. 
95.97 sq. ft. 

64.9 
61i in. 
35 in. 
D7~ in. 
Steel 
tin. 

-ti in. 
tin. 
Steel 

984.83 sq. ft. 
885.6 sq. ft. 

~.39 sq. ft. 
16.3! sq. ft. 

111.27 sq. ft. 

1093.22 sq. ft. 1096.10 sq. ft. 

982.52 sq. ft. 996,87 sq. ft. 

10.39 8.85 

75.38 6718 
4,42 4.85 

18 in. 18 in. 18 in. 18 in. 36 in. 36 in. 
18 in. 

14ft. 8 in. 
18 in. 18 in. 18 in. 18 in. ltl in. 

14 ft. 8 in. 14ft. 8 in. 14ft. 8 in. 14 ft. 8 in. 14ft. 8 in, 
2j in. by 3t in. 2! in. by 3! in. 2! in. by 3! in. 2! in. by 3! in. 2! in. by 3t in. 

1.767 sq. ft. 1.767 sq. ft. 1.767 sq. ft. 1.767 sq. ft. 1.767 sq. ft. 

9.11 
125lb. 

100 lb. 

102 

10,196lb. 

Bit. coal 
65,200 lb. 
71,900 lb. 

2400 gals. 
8000 lb. 

8 
33 in. 

C. I. chilled 

9.96 
125 lb. 

100 lb. 

125.42 

12,5!2lb. 

•.Bit. coal 
"67,100 lb. 
76,360lb. 

2400 gals. 
8000 lb. 

8 
33 in. 

C. I. chilled 

9.96 
125lb. 

100lb. 

111.88 

11,188lb. 

Bit. coal 
66,800 lb. 
76,500 lb. 

2400 gals. 
8000lb. 

8 
33 in. 

C. I. chilled 

16.48 
125lb. 

100 lb. 

111.88 

11,1881b. 

Anthracite 
68.630 lb. 
78,750 lb.' 

2400 gals. 
8000 lb. 

8 
33 in. 

C. I. chilled 

8.20 
125lb. 

100 lb. 

127.29 

12, 729lb. 

Bit. coal 
68,500 lb. 
77,400 lb 

2400 gals. 
8000 lb. 

8 
30in. 

C. I. chilled 

24 in. by 3! in. 
1.767 sq. ft. 

9.24 
125lb. 

100 lb. 

142.56 

14,256lb. 

Bit. coal 
69.200 lb. 
75,600lb. 

2400 gals. 
8000 lb. 

8 
30in, 

C. I. chilled. 

Steel 

T!- in. 
l ~n. 
fin. 

43f in. 
42~ in. 

63! in. 
89 

2in. 
2tio. 

Wrought iron 
149¥6 in. 

74.5 
44t in. 
35 in. 
45 in. 
Steel 
tin. 
l.s in. 

i in, 
Steel 

651.22 sq. ft. 
578 .. ; sq. ft. 

1.93 sq. ft. 
10.7 sq. ft. 
61.29 sq. ft. 

712.51 sq. ft. 

639.79 sq. ft. 

lo.62 

66.69 
6.54 

30in. 
15 in. 

Hft. 
2! in. by 3 in. 
1,227 sq. ft. 

8.72 
125_lb. 

100 lb. 

92.4 

9204lb. 

Bit. coal 
52;500 lb. 
63,500 lb. 

820 gals. 
1500 lb. 

}No tender 

Steel 

1iii:: 
fin. 

4t;!in 
441 in. 

70in. 
130 

lf in. 
~in. 

Wrought iron 
115 in. 

65.7 
64* in. 
35 in. 
52j in. 
Steel 

-lin. 

lg t:: 
Steel 

652.31 sq. ft. 
574.0 sq. ft. 

2.17 sq. ft. 
13.3 sq. ft. 
69,04 sq. ft. 

721.35 sq. ft. 

6-10.04 sq. ft. 

9,44 

54.23 
6.13 

17 in. 
17 in. 

14ft. Sin. 
2t in. by 3 in. 
1.576 sq. ft. 

8.50 
125lb. 

100 lb. 

83.39 

8839lb. 

Bit. coal 
64,150 lb. 
60,000 lb. 

1600 gals. 
6500 lb. 

8 
30 in. 

C. I. chilled 

Steel 

!d ie. 
fin. 

4;:ti~~. 
4411 in, 

63! in. 
n 

2tin. 
2!in. 

Wrought iron 
1.56}in, 

69.5 
64! in. 
ao in. 
46!in. 
Steel 
;iin. 
! 6 in. 
i in. 

Steel 

776.13 sq. ft. 
699.79 sq. ft . 

2.51 sq. ft. 
13.2 sq. ft. 
79.llsq. ft. 

855,2! S!l.. ft. 

778.90 sq. ft. 

9,80 

64.79 
5.25 

30in. 
15in. 
14ft. 

2! in by 3 in. 
1.227 sq. ft. 

10.8 
125lb. 

100 lb. 

112.50 

11,250lb. 

Bit. coal 
:;a,ICO lb. 
60,450lb. 

2200 gals. 
5000 lb. 

8 
30in, 

C. I. chilled 

Steel 

~H.in. 
alD. 
{.,in. 
55~ in. 
UiJf in. 

77in. 

30 
31 

32 
33 
3'1 
35 
:OG 

138 37 
2i in. 33~ 
2~in. ., 

Wrought iron 40 
1osa in . !~ 

68.1 
96in. 

34! iu. 
43i in, 
Steel 
lin. 

-f8 in. 
! in. 
Steel 

43 
4i 
45 
46 
47 
43 
49 
50 
51 
5t 

1158.65 sq. ft. :;a 
1043.28 sq. ft. 

3.75 sq. ft. ,,. 
23 sq. ft. "l 

100,91 sq. ft. g~ 

1259.56 sq. ft. 67 

1144.19 sq. ft. 58 

11.48 
ii9 

5!.76 
6,16 60 

401n. 
20in. 

15ft. 11ft. 
3 in. by 4 in. 
2.181 sq. ft. 

10.54 
125lb. 

100 lb. 

192.00 

19,200 lb. 

Bit. coal 
82,130 lb. 
91,640 lb. 

8000 gals. 
8000 lb. 

8 
33in. 

C. I. chiliad 

61 
62 
63 
64 
65 
66 

67 
68 

69 

70 

71 
72 
78 

74 
75 
76 
71 
78 
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castings of iron and brass used upon each engme which 
may be summarised as follows : 

Castings Special to Different Classes. 
Number of Castiuge. 

2 
1 
9 
6 

46 
9 
9 
1 
1 

Class of Engine. 
B 
D 
c 
E 
I 
F 
H 
G 
D 

84 special castings for nine classes. 

Tables IX. and X. on the following pages give parti
culars of the various parts in full detail. 

From these Tables it will be seen that out of the 
1500 castings (in round numbers) . required for ten en
gines of the different types, 84 special patterns only are 
required among nine classes, of which 43 are used in 
Class I alone, while 178 patterns are distributed among 
the ten classes. In the same way the variations in forg
ings are reduced to the narrowest limits. The numuer of 
forgings in each engine averages 245, and with very few 
exceptions these are identical in Classes A, B, C, D. A 
greater variety exists in the remainder, especially in Class I, 
which, as will be seen, is of quite a special type. 

STANDARD ENGINE FRAME AND ATTACHMENTS.

(Plate XXXV.) 

The extreme lightness of the main frames which f01m so 
special a characteristic of American locomotive practice, 
:finds no exception in the standard designs of the Pennsyl
vania Railroad Company. No separate drawing is given 
of the main frame, as it is quite clearly shown in the 
general view of the engine (on Plate XXXV.) and in 
the details, Figs. 4 and 5. The typical frame consists of a 
wrought-iron bar, 3 in. by 4 in., extending from end to 
end of the engine, made double for a part of its length, 
and having pieces of different forms welded upon it at 
various points, to secure a means of connexion with other 
parts of the machine. For convenience of description the 
frame may be divided into the following parts : 

From the rear end to centre of trailing wheel . 
, centre of trailing to centre of leading wheel 
, , leading wheel to centre of cylinder 
, , cylinder to front end of engine 

Total length of frame 

Length. 
in. 

42! 
102 
133~ 

53 

331! 

The pedestal jaws for trailing and leading axles are 
forged on to the frame 17 ~in. apart (from the centre of 
axle 9 in. on one side and 8~ in. on the other) ; they are 
22 in. long measured from the upper side of frame; 2 in. 
wide at bottom, and on the taper faces have a slope of 

1 in. The bottom of each pair of pedestal j aws is con
nected by a wrought-iron bar 24 in. long, 2~ in. thick, and 
4 in. wide. This length is sufficient to embrace also the 
sole-plates of the second bars of the frame, which is double 
as far as the leading pedestal. The jaws of the latter, as 
well as the soleplates, are secured to a depth of 1 in. into 
the horizontal bar, which is fastened to the frame by 
T-headed bolts 1i in. in diameter, provided with lock nuts 
underneath. From the rear pedestal jaw of the trailing 
wheel to the back end of the frame is an inclined bar 
1i in. deep and 4 in. wide. It will be noticed that the 
end of the frame is curved down and somewhat deepened, 
and recessed to receive the soleplate at the end of this 
bar, which is secured by a bolt 1 in. in diameter. This 
bar is fastened to the pedestal j aw by a countersunk 
headed bolt 1! in. in diameter. Between the trailing and 
leading wheels the frame is doubled, the upper member 
forming a part of the continuous frame, the lower bolted 
to the pedestal. The upper member is however reclucerl 
in size~ being 2~ in. deep, while the lower one is 2! in. 
deep anrt. 84~ in. long, the width in both cases being 4 in. 
This lower portion is fastened to the pedestals by four 
1! in. countersunk headed bolts as shown. About 36 in. 
in advance of the leading axle the double frame is brought 
to a single bar 3 in. by 4 in., the level being also lowered 
by 9 in. As shown in the drawing, immediately in front 
of the forward pedestal the frame falls with an angle and 
terminates in a soleplate 12i in. long. The main bar of 
the frame is also angled and terminates against the pedestal 
j aw, to which it is fastened by countersunk bolts. The two 
parts of the frame are dowelled as shown and fastened by 
three bolts 1 in. in diameter. Forward to the front end of 
the cylinders the frame is continued as a plain rectangular 
bar 3 in. by 4 in., with the exception of two lugs welded 
upon it for holding the cylinders in place, but beyond it is 
reduced to 2! in. in depth as shown, as far as the vertical 
jaw 2 in. wide at the root and10 in. high, to which the 
bumper timber is attached. Twelve inches beyond this 
point the frame terminates. 

The transverse portions of the frame are as follows, com
mencing from the rear end : 1. A fiat bar 6 in. wide by 2 in. 
thick connecting the two frames 1iin. distant from the ex
treme end. This bar is marked A, Fig. 6, Plate XXXVIII., 
and is fastened to the frames by the same bolts that secure 
the raking bar running clown to the rear pedestal jaw. 
This bar is extended out 16 in. beyond the frame, and 
carries the footstep brackets, &c. 2. A transverse frame, 
marked B in the general side elevation and plan, and 
shown in front elevation, Fig. 4. It is placed in front of 
the leading pedestal jaw, where the two parts of the 
frame are bolted together. It is 1 kin. thick, and 3~ in. 
deep, being raised above the level of the frame 2! in., and 

Q 
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TABLE NO. IX.-SHOWING EXTENT TO WHICH THE SYSTEM OF INTER
CHANGEABILITY OF VARIOUS CASTINGS USED IN THE DIFFERENT STAN
DARD LOCOMOTIVES ON THE PENNSYLVANIA RAILROAD IS DEVELOPED. 

NAMES OF PARTS. CLASSES OF ENGINES. 

I.-BRASS CASTINGS. 
Oil cups for guides and rods 
Crosshead brass 
( onnecting rod brasses ... 
Coupling rod: back ... . .. 

, back and front ... 
main pin 

, front knuckle ... 
Driving box bearing for iron box 

brass box 
Gib fol:'truck b~~ ... 
I~ing for steam pipe 1k in. thick (bottom) 

1k in. 
1 in. '(top) 

, , 1ji in. (bottom) 
Ring for steam pipe joint (top) 

, , (bottom) 
Ball joint for boiler check 
Bushing for cylinder stuffing-box 

pump barrel 
, st eam chest stuffing-box ... 

V ah·e rod gland ... .. . 
Bushing for pump gland ... 

2!- in. piston gland 
, 2£ in. , 

Piston packing ring 15 in. 
17 in. 

, , 18 in. 
Ste<tm air gauge stand ... 
Stand for back end of bridge pipe 
Guard for safety v<tlve lever with rack 
Connexion for bridge pipe, inside dome 
Shml for bridge pipe 
Elbows inside dome for bridge pipe 
Support for cab lamp 
Fulcrum for relief lever ... 

Bridge pipe 
Whistle stem 

II. IRON CASTINGS. 
Cylinders 15in. by 22 in. 

, 15 in. by 18 in. 
18 in. by 22 in. 
17 in. by 24 in. 

... A, B, C, D, E, F, G, H, I 
A,B,C,D,E,G 

A,B,C 
A,B,C 

A,B,C 

... A, B, c, D, E, F, G, H, I 
A,C 

A, B,C, D,E, G 
A,B,C,D,E 
A, B, C,D, E 

A, B,C,D,E,F,G,H 
A,B,C, D,E,F,G,H 

... A, B, C, D, E, F, G, H, I 
(A, C, C anthracite 

A;B, C 
. .. A, B, C, D, E, F, G, H, I 
... A,B, C, D, F1, F, G, H, I 

A,B, C,H 
A,C,G 

A,C 
B , D,E 

A,B,C,D,E,F,G,H 

C, anthracite 
C,F,H 

A,B,C,D,E,G 

A, B, C, D, E, G, 
A,B,C,G 

A, C 
B , 18 in. by 24 in. 

, 20 in. by 24 in. ... .. . ... ... ... 
Cylinder head, back (there is a slight difference in the G 

pattern) 
Cy Iinder head, front 
Steam chest 
Steam chest lid 
Cylinder head casing, back (I differs slightly) 
Steam chest casing 
Fitting piece for casing ... 
Steam chest lid casing 
Piston gland, 2!- in. piston 

,, , 2~[in. 
Slide vah·e .. 
Spider and follower 
Crosshead .. . 

" gib 
Exhaust base 

nozzle, 2!- in. by 3! in. 
2i in. by 3! in. 
2! in. by 3~ in. 
24 in. by 3 in. 
2! in. by 3!- in. 
2! in. by 3 in. 

" 
round ... 

Ste::m pipe~' 
Tee pipes 

2 in. by 3! in. 

Smoke box front 
, door ... 

Head-light brackets ... 
Stack base and ring, 20 in. 

18 in. 

Stack top 
15 in. 

Spark deflector, 22 in. ... 
18 in. 
llO in. (standard) 

, , 16 in . .. . 
Dry pipe, front end 

back end 
30in. 

Uprlght pipe" 
Throttle chamber 
Upright pipe 
Throttle valve 
Sand-box lid 

39in. 

bottom 
, top ring 

Valve for sand-box 

A,C 
A, C 

A, B, C, D, E, I 
A, B, C, D, E, I 

A,C 
A, B, C, D, E , I 
A,B,C,D,E,I 
A, B, C, D, E, I 

A,C 

A,B,C,D,E 
A,C 

A,B,C,D,E,G 

A,B,C,D,E 
A,B, C,D, E 
A,B,C, D,E 
A,B,C,D,E 

A,B,C,D,E 

A,B,C,D,E 
A,B,C,D,E 

A, B, C,D, E,F,G,H 
A,B,C, D,E 

A, B, C,D, E , I 
A,B,C,D,E 

A,B,C,D,E 

A,B,C 

A,B, C, D, E,F,G,H 

A, D, F , G 
B,C, H 

A, B, C, D,E,G 
A,B,C, D, E,F, G,H 

C, anthracite 
A,B, C, D,E,F, G, H 

.. . A, B, C, D. E, F , G, H , I 

... A, B, C, D, E, G, I 
A, B, C, D, E , F, G, H, I 
A, B ; C , D, E, F, G, H, I 

F, H 
D,E,G 

D,E,G 
D,E 

B,D,E 
D,E, I 

D,E, I 

B,D,E 

HF 
D, E, F, H, I 

F 
D,E 

B,D,E 
B,D,E 

F,G,H 
B,D,E,G,H 

F,G,H 
F,G,H 
F,G,H 

B,D,E 

B,D,E 

F 

D,E 
D,E 

E 

F 

I 
F,H 

F,H 
F , H 

F,G,H 

F,G,H 

F,G, H 
G, H 

G 
F 

F,G,H 

H 

G,H 

F,H 
F,G,H 
F,G,II 

F,G, H 

F,G, H 
F , G, H 

F , H 
F , H 

F,G,H 

F,G,H 

F 
F,G 

F,G, H 

F , G, H 
F,G, H 
F,G,H 

F , H 
G 

F,H 

F , H 

H ( ~ outlet s) 

I 

I 

I 

I 
I 

I 

I 

I 
I 
I 

I 
I 
I 

r, c, 
ant:> 

I 

I 
I 

I 

I 
I 
I 

I 

I 
I 
I 

I 
I 

I 

I 
I 

I 
I 

I 
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TABLE NO. IX.-(continued.) 

NAMES OF PARTS. CLASSES OF ENGINES . 

Single gear for valve A, B, C, D, E, F, G, I 
Double A, B, C, D, E, F, G,J 
Four way ,, ... ••. . .. 
Dome casing rings, top... ... A, B, C, D, E, F, G, H, I 

centre ... A, B, C, D, E, F, G, H, I 
, ,, bottom ... A, B, C, D, E, F, G, H, I 

Inside dome ring ... .. . A, B, C, D, E, F, G, H, I 
Pump barrel ... ... A, B, C 

, chamber, bottom.. . A, B, C, D, E, G 
, , top A, B, C 
, gland . . A, B, C 

Driv;ng wheel centres (A, B, Care also all slightly different) D, G 
Drivin"·box (cast iron) ... A, B, C, D, E, F, G, H, I 

(brass) 7 in. axle ... ... A, C 
cellar (for iron box) ... A, B, C, D, E, F, G, H, I 

, (for brass box) ... A, C 
wedge ... A, B, C, D, E, F, G, H, I 

, shoe ... . .. A, B , C, D, E, F, G, H,I 
Spring stirrup (for iron box) ... A, B, C, D, E, F, G, H 

, (for brass box) ... A, C 
Eccentric for 7 in. axle ... A, B, D, E, F, G, H, I 

, strap ... ... A, B, C, D , E, F, G, H, I 
Lifting shaft bearings D 

, left A, B, C, G 
, right . . . . . . . .. ... A, B, C, G 

Rocker arm bearings (G diffet·s slightly) ... A, B, C 
Cab brackets (C anthracite and H differ slightly) A, B, C 
Friction wedge socket ... A, B, C, D, G 
Pump check body... ... A, B, C, D, E, F, G, H, I 

casing A, B, C, G 
flange ... A, B, C, D, E, F, G, H, I 

, nut ... .. . A, B, C, D, E, F, G, H, I 
Footplate .. . 

pattern, 1873 .. . 
" " 1872 ... 

Truck centre plate 
Centre pin ... 
Socket for centre pin 
Drop grate hanger ... 
Seat for rubber, spring bevelled 

, , lower ... 

A,C,G 
A,B,C,D,E,G 

A,B,C 

A,B,C,D,E,F,G,H 
A,B,C 

• .. A, B, C, D, E, F, G, H, I 

D,E,G 

D,E,G 
D, E,G, H,I 

F,H 

A,C 

E 

D,E 
D,E,G 

E 

D,E, F,H, J 

E 

E,G 

C, anthracite 
D,G 

Centre bearing for water bars 
Firedoor ... ... • •• 

C, anthracite 
... A, B, C, D, E, F, G, H, I 

Frame ring for firedoor 
Firedoor liner ... 
Ashpan drop (small) 

, , (large) ... 
Slide for small ashpan drop 

, large 
Truck box 

, cellar ... 
Eccentric strap liners ... 

... A, B, C, D, E, F, G, H, I 
• .. A, B, C, D, E, F, G, H, I 

A,B,C,D,E,G 
A,B,C,D,E,G 

A,B,C,D,E,F,G,H 

C, anthracite 
C, anthracite 
C, anthracite 
C, anthracite 

H 

H 
H 
H 

E 

F,H 

F, H 
F 

H 
H 
F 
D 

D 

E 

TABLE No. X.-FORGINGS USED ON THE VARIOUS CLASSES OF 
LOCOMOTIVES. 

I 
I 
I 
I 
I 

I 

I 
I 

H 
ll 
I 
I 
I 

I 

I 
I 

In the following Table corresponding numbers on the same horizontal lines are used to 
denote that the forgings are exactly similar; two or more numbers in one space indicate that 
more than one form of the same forging is used on the same engine ; blank spaces indicate that 
the forging is not used in that class of engine to which the blank refers. The average number 
of forgings for all classes is 245. 

CLASSES OF ENGINES. 

NA>!E OF FORGING; 

- -------------- _!:___ ~ __:::..._ C. an~~-~~ __ F_. ___ G_. _ ~--l __ I_. _ 

AIR BRAKE. 
Air Pump. 

Erackets... • •• 
Fastening angle brace 

, ,, plate 
Brace for three-way cock 
Air drum ... . .. 

side brace, left 

band,s 
right 

lh iver Brake. 
Arms, short .. . 

, long ... .. . 
Supporting stud for long arms 
Braces ... . . . 
Cam adjusting screw 
Cross rods ... ... 
Plates for air cylinder 
Pistons .• . 
Rubbers .. . 

1 
1 
1 
1 
1 
1 
1 
1 
1 

i" 
1 
1 
1 

2 
2 
1 
2 
2 
1 
1 
1 
2 

i' 
1 
1 
1 

2 
2 
1 
2 
2 
1 
1 
1 
2 

2" 
2 
2 
2 

2 
2 
1 
2 
2 
2 
1 
1 
2 

3 
1 
3 
~ 

3 
3 
1 
3 
3 
1 
1 
1 
3 

3 

4 
1 
4 
4 

4 
4 
1 
3 
4 
1 
1 
1 
4 

5 
1 
1 
5 
3 

i" 

5 
5 
3 
4 

3 
2 
2 
5 

5 
1 
1 
1 

6 
6 
1 
5 
5 
1 
1 
1 
3 

4 

G 
3 

7 
7 
4 
G 

4 
3 
2 
5 

(a). These brackets-vary according to each individual engine. 
(b). The air brake drum is placed longitudinally on (C) anthracite and crofHwise on <1ll other classes. F and H use bands instead of 

sUe braces. 
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TABLE No. X.-(continu ed. ) 

CLASSES OF ENGINES. 

NAME OF FOHGING. 

A. B. c. C antb. D. E. F . G. H. 
-------------1·-- ----------- -- ------ ----

BOILER . 
.Boiler Fitting3. 

Arched braces under barrel ... 
A>bpan ... . .• 

damper binges 
lugs... . .. 
front handle 
back 
rod... .. . 

,. , bellcrank .. . 
Rlow-off cock handle ... 
Drip funnel pipe 
Drop grate bars ••• 

hangers .. . 
brackets .. . 
h andles, short 

, long 
" lever rods 

Firebox frames 
}'lues ... ... 
Running board brackets, short 

Smokebox rings ... 
long 

lift pipe brace 
., door clamp 

Surface cock pipe 
V\Tn.tcr grate tubes ... 

ferrules 

Steam P ·ipe Fittings. 
Bridge pipe stand ... . .. 

11 upright dome pipe 
horizontal ... . .. 

Throttle lever .. :• ... •bart pipe ... 
cafcb rods 
link ... 

, horizontal rod 
, upright , 
, bell crank ... 
., ,, ja.ws .. . 

Upright pipe cross brace . . . 
D ry pipe ,galvanised iron) .. . 

strap... . .• 
.. keys ... 

btmds 
brace 

, clamps 
Deflector tubos ... 

nut8 .. 

CYLINDER. 
C osshead p:n ~ 

washers 
., kf'ys 

Cylinder cock shaft 
rods 

,, f;~m raii' to sba.ft 
Guides''... .. . 

blocks .. . 
yoke 

knee ... 

ris . .'on rods brackets 

stay pin .. . 
nuts 

, , shell ring 
,. springs 

ENGINE TRUCK. 
Truck axle ... 

collars 
Four IVheet Truck Fittings. 

Clevissc~ ..• 
C ra.dle frame ... . .. 

., brasses, lower 
Equalising beams 

pins 
Frames 
ILngbolts ... 

Liul;~ ... keys 
Pedestals 

11 braces ... 
Swinging centre pins 
Spring links . .. 

gibs 
Springs ... 
Top brac~ s 

Ttco IVlteel Truck Fitt ings. 
C cn~re pin bearing, lower half ,,, 

,, upper " 
hack braces .. . 
frame or binder .. . 

, cap ... 
Equa.lising long beam ... 

Kingb~lt ... 

Pht~ .. ~vash~~· 

large gib 
small,, 
r ocking pia te 

Hu.ii:ll fr<.~.me ... . .. 
braces, left .. . 

, right ... .. . 
bottom cross brace .. . 

R"d;~', pin top 

{c· 

(d) 

(e) 

(jj 

(g) 

1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1, 2 

I 
1 
I 
I 
I 
I 
1 
I 
1 

1 
I 

1 
I 
I 
I 
1 
1 
I 
I 
I 
1 
1 
1 
1 
I 
1 
1 

1 
2 
I 
1 
2 
2 
2 
1 
2 
I 
2 
1 

2 

2 
2 
1 
1 
I 
I 
I 
1 
2 
I 

I 
I 
I 
2 
I 
1 
1 
I 
2 
1 
I 
I 
I 
I 
2 

1, 2 

I 
1 
I 
1 
I 
1 
I 
I 
1 

2 
I 

2 
I 

1 
2 
1 
1 
2 
2 
2 
1 
2 
l 
2 
1 

2 
2 
1 
1 
1 
1 
1 
1 
2 
I 

1 
I 
I 
2 
1 
l 
1 
1 
2 
1 
I 
I 
1 
1 
2 

1, 2 

1 
1 
1 
1 
1 
1 
1 
1 
1 

I 
1 
1 
I 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 

1 
3 
2 
1 
1 
3 
1 
3 
3 
1 
1 
1 
1 
I 
1 
3 
1 

2 
4 

2 
2 
2 
3 
2 
1 
1 
l 
3 
1 
1 
I 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 

fj 

1 
3 
1 
4 
1 

4 

4' 
4 
2 
2 
1 
4 
1 
1 
4 
1 

1 
1 
3 

1 
1 
1 
4 
1 
1 
1 
1 
4 
1 
1 
1 
1 
1 

1 
1 
1 
1 
2 
2 
2 
2 
2 

1 
3 
1 

2 
2 

1 
1 
1 
1 
1 
I 
I 
I 
1 
1 
I 
1 
I 
I 
1 
I 

1 
6 
1 
1 
3 
3 
4 
1 
4 
1 
5 
1 

5 
5 
2 
2 
I 
4 
1 
l 
5 
1 

I 
I 
I 
fj 

1 
1 
1 
I 
4 
I 
1 
1 
1 
1 

1 
1 
1 
1 
2 
2 
2 
2 
2 

1 
3 
1 

2 
2 

1 
I 
I 
I 
I 
1 
I 
1 
1 
1 
1 
l 
I 
1 
1 
1 

2 
7 
1 
1 
4 
4 

I 
5 
I 
6 
1 

6 

6' 
6 
3 
3 
2 
2 
I 
I 
6 
1 

3 

2 
3 
2 
6 
3 
1 
1 
2 
6 
1 
1 
I 
3 
1 

2 
2 
2 
3 
3 
3 
3 
3 
3 
1 

4 
2 

3 
3 

2 
8 
1 
I 
5 
fj 

~ 
1 
3 
I 
7 
1 

4 

1" 
7 
3 
3 
2 

1 
1 
7 
I 

2 
I 
6 

i .. 
1 
I 
7 
I 
1 
1 
2 
6 
1 
1 
1 
4 
1 
3 
1, 2 

1 
1 
1 
1 
2 
3 
2 
1 
4 

5 
2 

2 
9 
1 
1 
4 
4 
5 
1 
5 
1 
8 
1 

6' 

8 
8 
3 
3 
2 
2 
1 
1 
7 
1 

2 
2 
2 
8 
4 
1 
1 
2 
7 
1 
1 
1 
5 
1 

2 
2 
2 
4 
2 
3 
3 
2 
5 
1 

G 
2 

3 
3 

I. 

3 
10 

2 
9 
a 
2 
1 
1 
1 
9 
9 
4 
4 
3 
:l 
1 
1 
8 
1 

4 
1 
1 
2 
2 
2 
9 
5 
1 
1 
3 
H 
2 
1 
2 
6 
2 

3 
fj 

1 
4 
4 
4 
G 

l 
4 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
1 

(c). C. anthracite and I. use two drop grate bars made of two pieces ea<.:h, the forging for both clJ.sses is nearly alike except in 
length. All other C'lasses are alike except in length. 

((l ). Footboard or running board brackets of all classes alike except in the curved encl. 
(e 1. Hodzo~Jtal throttle rods vary in length for each individual engine, but are otherwise alike for all classPs. 
(f). Cylinder cock shafts alike except in length. Class F uses another sb" pe. 
(1')· All classPs (except F, H, and I) use the same forgings for engine tr.JCks. Class A uses two pair of chilled ca~t-iron wheP!s 

30 in. in diameter, B, C, C anthracite, and D use same 28 in. in diu.meter, E an:l G same, 26 in. in diameter. Class I u~es a 
• pecial pony truck with one pair of wheels 28 in. in diameter. 
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TABLE No. X.-(continued.) 

NH!E OF FO; G:xc . 

r.P1c0 JVhetl 1'ruck F~ttings- continue([. 
Radius pin key 
~prings ... . .. 

links ... 
hangers 

beu.rings ..• 
pins ... 

ferrules 
Tr~'ck axle g;_mrd 

FRAMES. 

A. 13. C. 

Boiler b~ck braces ... 
stay 

Cla~~p 1ine;; ..• 

(II 1 2 
;) 4 

(i t, '2, 3 L 5, fi .), 6, 7 

Equ :lising bearers short 
long 

. , post3 ... 

U' 

links, flat , 1 wo keyways (l) 
with b .,ss, one kf:'yw.:ty ... 

,, ,. widened end 
teams (across) ... 

bra ~es 
Frame, main ... 

front end 
back braces 
cross ,, ... . .. 

Pads in.t.~rmeU i.:1te braces ... 

Pedestal raps . .. 
Pipe fen-ule s between frames, 
Tu.il-p~ecc. top ... 

bottom 

l\IISCELLANEOt"S. 

(m) 
( o) 

CA h step hangers (•1) 
Bell clappers ... 
Handr•il (pipe) 

pusto ... .. . ... (p) 
for car couvling - back elld . .. 

Richardson \' a.Ive stem 
spring ... 

, ,. ferrules . .. 
Safety valve levers 

ful crum ... 
, posts ... 

Spring balance rod ..• 
R elief hanJle 

, spring ... 
Sand-box rod ... 

, lever 
p'pe .. , ... 

, clamp .. . 
, valve... ... . . . 

Strap plates for floor boards 
Tail plate .,. ,., 

, angle iron·support 
Whistle l ever ,.. . .. 

" valve s·em ... ... 
F ire door :s liding damper plate 

Bullnose 

Ltcl.t ... 
hasp.,. 
post ... 

.• chain 
back post ... 
pin ..• 

., pins.. . ... .. . 
Smoke box centre brace 0 .. . 

siJe 

Iron Pilot. 
Ea~kbone 

braCes 
Ribs (five kinds) 

,. braces (threekinds) 
Bvttom cross brace ... 
Diagonal cross Lraces 
Bullno e centre , 

,. side , 
Centre liner plate, front 

,, back 
Side ,, front 
Outside ongle plates,,. 

Wooden Pilot. 
Bullnose sides ... 

n braces 
Cross braces ... . .. 
Centre ,. back .. . 

,. angle frame .. . 
Outside ,. , ... . .. 
Wooden pilot washer plates ... 
Angle hanger for front bumper stt~ps 
Brace for same ... ... . .. 
Step hangers of front board ofbnm1 er ste1 

, back , 
Angle , for , end 
Hanger ., 
Headlight step ... ... 
Iron, for side steps back end 

t, 2, 3 ! , 4, 5 1, 3, 

1 
1 
1 

J , 2 

1 
I 
1 
1 
1 
1 
I 
I 
1 
1 
I 
1 
1 
1 

1, 2 

2 
2 
2 
2 
2 
1 
1 

2 
1 
1 
1, 2 

1, 2 

2 
2 
2 
2 
3 
1 
1 

2 
1 
2 
3,4 

1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
2 
1 
1 

1 2 

C antb. 

4, 8, 9 

7, 8, 9, 10 

2 
2 
1 

2 

4 
2 
8 
2 
8 
1 
1 

3 
1 

8 
1 
8 

3,4 

1 
1 
1 
2 
1 
1 
1 
1 
1 
3 
1 
2 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
4 
4 

CLASS KS OF ENGINES. 

D. 

4 
7 

4, 5, 9 

{ 10, 14,} 
15, 16 

1 
3 

3, 4 
2 
1 
3 

6 
3 
4 

3,4 
4 5 
i 
1 

4 

4 
1 
4 

2, 5 

1 
1 
1 
3 
1 
1 
1 
1 
1 
4 
1 
4. 
1 
1 

3, 4 

2 
1 
1 
1 
1 
1 
1 
1 

2 
1 
5 
5 

E. 

5 
8 

5, 6, 4 

2, 4, 5 

2 
4 

2, 5 
1 
1 
3 

6 
4 
5 
3, 4 
6, 7 
1 
1 

5 
l 
4 
2, 5 

1 
1 
1 
4 
1 
1 
1 
1 
1 
4 
1 
8 
1 
1 

3, 4 

2' 
2 
1 
1 
1 
1 
1 
1 
1 

1 
1 

F. 

6 
1 

1, 12, 13 

11, 12, 13 

5 
1 
3 
1 
4 
1 
1 
7 
5 
6 
4 

8, 9 
2 
2 

ii' 

1' 
7 

1 
1 
1 
l 
5 
l 
l 
l 
I 
I 
5 
l 
6 
l 
I 

2 
2 
1 
1 
1 
I 
1 
1 
I 

2 
7 
7 

1, 2, 3, 4, 5 {!:253 } 
1, 2, 3 1, 2, 3 

1 1 
1 1 
1 1 
1 1 
1 1 
1 l 
1 1 
1 1 

1' 

1 
1 
l 
1 
l 
1 
1 
1 

(h). A, B, C, G, and F forgings are alike except in length, D and E tho same. 

G. 

7 
6 

7, 10, 11 

17, 18, 19 

G 
l 
4 

3 

8 
6 
7 
5 

10 
1 
2 

4' 

4 
1 
5 

2,6 

1 
1 
1 
5 
l 
1 
1 
1 
1 
6 
1 
7 
1 
1 

3,4 

i" 
I 
I 
1 
1 
1 
l 
1 
l 

1 
1 
8 
8 

2 
l 

1, 2, 3, 4, 5 

4, 5, 6 
2 
l 
l 
l 
1 
1 
1 
1 

H. 

8 
2 

7. 14, 15 

{ 11, 20, 
21, 22 

3 

4 
5 
1 
4 
1 
1 
9 
7 
8 
4 

11, 12 
2 
2 
1 
7 

1 
G 

4, 7 

1 
1 
1 
6 
1 
1 
1 
1 
1 
7 
2 
8 
1 
2 

2 
2 

2 
9 
9 

2 
1 
1 
2 

1 
2 

I. 

1 
I 
1 
1 
1 

1 2 
l 

4, G 
10. 23 
24, ~5 

4 
7 
5 

2 
5 
2 

10 
8 
\) 

6, 7 
13, 7 

1 
1 

8 
1 

6 
I 
3 
8, 9 

(; 

1 
1 
1 
2 
2 
8 
1 
9 
I 
I 

2 
2 
2 
2 
I 
1 
I 
1 
1 
1 
1 

2 
l 

10 
10 

(i). Clamp liners are made from flat plates and are usual1y alike except in length. 
{j). Classes D, E, and I use two kinds of equalising b~rs alike except in length. All other classes use only one kind which varies 

only in length. 
(k), All equalising beam posts (except Class I) a re a like except in h eight. 
(l). All of the four kinds of equalising links bre alike except in length. 
(m). Front braces of D and E alike, botb braces of F and H similar to back braces of D and E. 
(n). Classes of engines with two pair use one intermediate brace, with three pair, two braces, and with four pair, three braces. Front 

intermediate brace of Class G, is Jike back and front braces of Class I . 
(o) . C'ab step hangers alike except in length. 
(p). Handrail p osts alike except in length. 
(q ; . Pilot smoke box braces vary in length for each indiYidual engine, otherwise alike. 

1 I 7 
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TABLE No. X.-(continued.) 

NAME OF FORGING. 

A. 

Pump. 

J!eed pipe ha~ger (right and lerij' 
, ,. (plate) 
, , regulator r od 

crank .. . ... . .. 

1 
1, 2 

1 
l 
1 

P~t ;~ck, lo~g rod 
, connecting plates 

1 
1 
1 
1 

, sh ort " 
Primp plunger ... 

pipe 
arm 

R UNN!S G GEAR. 
Crank pins, main rod 

, parallel rod 
Driving axles, main ... 

back or front 
collars 

,, keys ... 
])riving wheel tyer s, fla.nge .. . 

,, plain . . . 
box stirrups 

" springs 
Itod main ... . .. 

,, strtlp, front end 
,, , bu.ck " .. . 
" key, front , .. . 

hack ., .. . 
., ,, holder, front end ... 

K ey holders for parallel rods 

1 
1 
l 
1 

(r) 1 

(S) 

(I) 

( ~j 

1 
1 

1 
1 
1 
1 

(!') 1 

ParaUel Rods for Passenger Engines. 
nod parallel ... . .. 

, strap front end ... 
,, , back 
1, key front 

,, back 

Pm·allel Rods of Freight and SMiling 
Eugines. 

Knuckle joint pins 
Front rod ( tc) 
Middle rod 
Back , ... (1c) 
Straps for back and front pini 
Knuckle joint strap main pin 

,, , second , ... 
Keys for back and front p:!l s traps 

k n uckle joint ID!l.m pin strop 
, secontl ,, 

TENDER. 
Apron from engine ... 

" h inge ... . .. 
Coupling bar from engine 

, , front pins 
, back ,, 

,, ., pin keyJ .. . 
Hook and chain from engine 
Tank hose spiral spring 

,, ,. goose neck 
., valve rod ... ... ... 

Wedge between engine a n d ten der 

~Pender Truclt. 
Axle ... . . . 

, guards ... . . . 
Brake beam s~fety ch~in 

, iron plate 
connecting jaw 
guide clevis 
h anger ... 

., knuckle 
jaw ... 

,. lever ... 
Safety iron, top 

bottom 
stay .. . 
chain front truck 

back 

Sides" ... ... 
hook 

Stay for journal box 
Spriu~s . .. .. . 
Truss plates . . . 

rod top bolster ... 
., , bottom bolster 

\:\' at.er scoop . .. 
Shaft 

collar .. . 
key . . . 
brackets ... 
centre arm with jaws 

, side n.rm 
Connecting rod 

Lever 

Jaws 
collar 
spiral spring 

1 
1 
1 
1 

c~·J 1 
1 
1 
1 
1 
1 
1 

·,:ack pi~tes ::: 
"fron t liner 

back 

1 
1 
l 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
1 
1 
1 
1 
1 
l 
1 
l 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
1 
1 
1 

B. 

2 
3, 4 
2 
I 
1 

2 
2 
1 
1 

1 
1 
1 
1 
1 
1 
2 

1 
1 
2 

1 
1 
1 
1 
1 

2 
1 
1 
1 
1 

1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
1 
1 
1 
l 
1 
1 
1 
1 

c. 

.• 4 
"2 
1 
1 

2 
2 
1 
1 

1 
1 
1 
1 
1 
1 
2 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Canth. 

3 
5, 6 

3 
1 
1 

~ 
2 
1 
1 

1 
1 
1 
1 
2 
1 
2 

i" 
1 
2 

1 
1 
1 
1 
1 

2 
1 
1 
1 
1 

2 
1 
3 
3 
2 
1 
1 
1 
1 
2 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

CLASSES 0>' ENGI~ES. 

D. 

4 
7 ~ 

4 
1 
1 

4 
3 
2 
2 
1 

2 
2 
2 
2 
8 
1 
3 
1 

1. 2 
3 

2 
2 
2 
1 
2 

1 
1 

1 
1 
4 
1 
1 
1 
1 
1 
1 
1 
1 

2 
1 
1 

2 
1 
1 
1 
2 
2 
1 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 

E. 

4 
9, 16 

5 

5 
5 
2 
2 
1 

2 
2 
2 
2 
3 
1 
4 

2 
2 
4 

2 
2 
2 
1 
2 

1 
2 

2 
1 
1 

i" 
1 

1 
1 
5 
l 
1 
1 
1 
1 
1 
1 
1 

2' 
1 
1 
1 
2 
2 
1 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 

F. 

~ 

3 
:l 
3 
4 
1 

5 
1 
3 
3 
3 

3 

2 

2 
2 

G. 

. 7, 8 
4 
1 
1 

6 
3 
3 
2 
I 

2 
2 
2 
3 
1 
3 

2 
2 
6 

4 
2 
1 
1 
1 

3 

1 
1 
1 
1 
1 
1 
1 
1 

3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
1 
1 
1 
1 

II. 

G 
11. 12 

ll 
l 
1 

7 
4 
4 
3 

3 
3 
3 
:J 
4 
1 

7 
J 
3 
3 

2 
4 

6 
G 
3 
1 
1 
1 
1 
4 
1 

2 
1 
1 
1 

2 
1 
1 
l 
1 
1 
1 
l 

r. 

7 
13. u 

7 

1 
8 
G 
5 

4 
4 
4 
4 

r,, 5 
1 
4 

J 
4 
4 

:? . 4 

;_} 

1 
1 
:J 
1 

2 
1 

7 
4 
1 
1 
1 
1 
0 

l 

2 
1 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 

(r). F ront and second axles of Class I have collars 10} in. in diameter and baok axle only 9: in. 
(s). A special shr.ped stirrup is used on back axle of Class C ILnthracite. 
( t) . All engines equipped with driver brakes use spring with eleven leaves, excep~ Class D, which uses this spring for two back pair of 

wheels, and the ten-leaf spring for front pair. All oth ers (except Class I) use ten-leaf spring. 
(u ). F, H, and I u~e front end straps, ail the other classes have front forged solid. 
<•l· Similar keyholders are used on all the parallel rods of same engine except Class I, which uses " larger on e on its main pin strap 

than on the rest of its parallel rod straps. 
(w). Front and back parallel rods of Class I, and owing to the taper of kn11ckle joint pin r ods are unlike on right and left sides 

of e,ngine, on Class I the right-hand front parallel rot! is interchangeable with the left-hand back parallel rod and vice 
versa. The only other rods which are not iulerchangeable for either side of engine are the back parallel rods of F, H, D, 
and E . 

(x). II uses same pin front and back. 
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TABLE No. X .-( concluded.) 

CLASSES OF ENGINES. 

NAME OF FORGING. 

A. B. 0. C antb. D. E. F. G. H. I. 
- - - - - -- - -- - - --- - --------

'J ·ender 'l'r-uck- COli t inued. 
Shoes or scoop brackets ... 
Centre brace ... 

, ,, , arms 
Upper tank pbte brace 
Lower , 
Pipe clamp 

VALVE MOTION, 
Eccentric, back half 

keys ..• 
jaw rods ... 

Links'' ... 
pins . .. 

Bridles... . .. 
,, washers 

Dles or blocks 
, plates 
,, pins .. . 

Hangers 
, pins 

Reverse lever ... 
rack 

Cat~h plates ... 
,. lifter .. . 

Lift shaft ... ... . .. 
Spiral counterbcdauce spring 
HtLlfplliptic n 

Counterb~lance rod 
jaws .. . 

Rock~;s 
!teach rod 
Valve yoke 

,, r ods 
,, nuts 
, Eleeves ... 
, pins 

pin .. . 

(y, 1 1 
1 1 

... (z) 1 2 
1 1 
1 2 
1 2 
1 1 
1 2 

.. . 1 2 
1 1 
1 1 
1 1 

... 1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

.. . 
1 1 

.. . 1 1 
1 1 
1 1 
1 1 
1 1 

.. . 1 1 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

1 1 
1 1 1 1 1 1 1 1 
2 2 4 5 6 7 s 9 
1 1 1 1 1 1 1 1 
2 2 4 4 5 6 7 s 
2 2 4 4 5 6 7 s 
1 1 1 1 1 1 1 1 
2 2 4 4 5 6 7 R 
2 2 4 4 5 6 7 8 
1 1 1 1 1 1 1 1 
1 1 2 2 2 2 ~ 3 
1 1 1 1 1 1 1 1 
1 2 3 4 5 6 7 8 
1 2 3 4 5 G 7 8 
1 2 2 2 2 1 2 ~ 
1 2 a 3 4 li G 7 
1 3 4 5 6 4 7 
1 

1' 
1 

1 1 1 1 
1 2 3 1 4 
1 1 1 1 1 
1 1 1 1 1 

1 1 
,, 

2 3 4 3 5 
1 2 3 4 5 6 7 
1 1 1 2 2 2 3 
1 1 2 3 2 4 r; 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 2 

- ------------ - - --- -------- - --- - - -- --------
Total number of differ ent forgings per 

engine .. . . .. 
1
261 261 261 253 2GO :?;iS 173 214 237 

(y). Rtck half of eccentric of Pngines using 7 -in. o..xle is made of wrought iron. All others use east iro::~. 
(z). Rods alike except in length. 

ending with a soleplate on each side. To this frame is 
bolted a ! in. plate 40 in. wide, with which the curved 
T iron 4 in. by 3k in., forms a cradle for the boiler. 
Below the centre of the boiler the plate is cut away, as 
shown, to allow of some elasticity. 3. The cross frame 
to which the end of motion guide bars, pump barrel, &c., 
are bolted. This frame is 3 7 t-%- in. from the previous one, 
and is shown in front elevation in Fig. 5. It consists of a 
plate 1 in. thick and 6 in. deep betvv·een the longitudinal 
frames to which it is secured through distance blocks as 
shown. Outside the longitudinal frame the plate is formed 
as shown in Fig. 5. Between the frames a ~in . plate 
is bolted to it, and forms with the T -iron seating a second 
cradle for the boiler. 4. The bumper timber, 10 in. by 
12 in., fastened to each frame by the horizontal and 
vertical bolts ~ in. in diameter. 

The attachments to the frames may be classified as 
follows : 

1. The footplate, Figs. 6 and 7, Plate XXXVIII. This is 
of cast iron lk in. thick, 51 in. wide (the distance apart of 
the frames), and 35 in. long. It is covered with a wooden 
flooring 1;);· in. thick, extending from the back end of plate 
to within ! in. of the back of firebox; this floor is held down 
by two iron plates 3k in. by k in. extending across the 
boards at each end and fastened by countersunk headed 
bolts passing through footplate and all. In the centre of 
its width, and 5k in. from the face, is the box for the pin 

holding the coupling link. This is the strongest portion of 
the footplate, as is shown in the figures. The depth 
is llt in., the width 10k in., and the length l Ok in. The 
bottom of this box is 3 in. in the thickest part, and the 
sides are 1 ~ in. From a point 5 in. from the centre of 
the pin two flanges 1 ~ in. thick, and diverging to a width 
of 14k in., rise from the bottom of the box to the under
side of the footplate at its rear end. The footplate is 
surrounded by a flange 4k in. deep running along both 
sides and at the rear end, the former being placed 4 in. 
from the edge, and the latter 6 in. In front this flange 
runs up from the bottom of the box to the underside 
of the side flanges. On the right-hand side of the foot
plate, and 5~ in. from its front edge, a recess is formed, as 
shown, to make space for the bottom of the reversing 
lever, which is held in position by an eyebolt passing 
through the frame on the one side, and a lug in the foot
plate on the other, a horizontal pin being passed through 
them and the bottom of the lever. Reference will be 
made again to this detail later on. The coupling arrange
ment between engine and tender will also be described 
in its proper place. 

2. A plate strut E is bolted to each of the frames, and 
is carried upwards to the firebox, to the back plate of 
which it is bolted. This strut is 3k in. by It in. Its con
nexion with the frame is by a 1 in. flat-headed bolt passing 
through an oval hole in the soleplate to allow of expan-
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sion. A horizontal stay plate E', 2! in. by! in., is bolted 
to the strut near the bottom and attached to the firebox. 
One of the links of the trailing wheel spring passes through 
the frame, and is held to the underside of it by a coiled 
spring surrounding a rubber block, as shown. The other 
link takes hold of the end of a compensating lever, which 
in its centre bears upon a steel pin passed through a bracket 
bolted to the frame. 

3. The firebox sliding attachments. There are four of 
these to each frame. Those on the top are 10! in. and 
7 in., and the bottom pair are each 7 in. long. The upper 
ones are 8! in., and the lower ones 8!- in. deep, and all are 
formed of -lcr in. plate. They are bolted, as shown, to the 
side of the firebox, and embrace the frame, leaving 
the former free movement for expansion and contrac
tion. In connexion with these are the two angle-iron 
brackets on each side of the firebox 12 in. long, 9 in. high, 
and 4 in. wide at their bearing on the frame. They are 
attached to the firebox plate by seven ~-in. bolts arranged 
in two rows, and are formed of plates 1!- in. thick bearing 
upon the frame and ! in. bearing against the boiler. 

4. On Plate XXXV. will be seen the attachment to 
the frame of the Westinghouse brake, which is employed 
on all the company's stock. 

5. The front link of the leading wheel spring is hung to 
a cast-iron block, a second block formed to fit the angle of 
the frame being introduced, and a elise of rubber interposed 
between the two. To the frame is also attached the 
wrought-iron sheathing which extends from the rear end 
of the footplate to the front of the leading wheels, and 
forms the lower part of the cab. 

6. The cylinder, and, 7, the trucks, will be described 
separately. 

8. The inclined struts from the bumper timber to the 
sides of the smokebox. These are 2!- in. in diameter, 
with a soleplate at the upper end, and a bar formed to 
embrace the timber and the frame, as shown. 

Lastly may be mentioned the pilot, not shown, how
ever, on the general view. 

STANDARD P rLOT.-(Plate XXXVIII.) 

The standard type of pilot, which forms so distinguishing 
a feature in American engines, is shown in detail, Figs. 8, 9, 
10, 11, Plate XXXVIII. It consists of a strong wooden 
framework fastened to the head beam of the engine, and 
securely braced. It thus forms a very efficient apparatus for 
removing from the track animals that may have strayed upon 
it, and which would probably throw the train from the rails 
unless some such means were provided. The pilot con
sists of a strong triangular bed frame built of timbers 
6~ in. by 3 in. and 5 ft. 5 in. long, measured from the 

base to the point, thus making the projection in front of 
the engine nearly 6 ft. The outer sides of this frame arc 
protected by sheet iron, and an angle-iron stiffening frame 
3 in. by 3 in. by ! in. is placed within it, as shown. Each 
corner is also strengthened by a triangular iron plate, 
attached to the underside of the frame, and running back 
for a distance of 18 in. from the point. Bolted to the 
front of the head beam is a timber 7 ft. 6 in. long, 10 in. 
deep, and 4 in. wide, into which are fastened the sloping 
beams forming the upper surface of the pilot. These 
beams are 5 in. by 1 H- in., and are arranged parallel in a 
horizontal plane, while they rise and converge to one point 
on the top frame, as shown in the section. The pilot is 
attached to the engine frame by two inclined stays l ! in. 
in diameter, crossing each other, and bolted at the bottom 
to the angle-iron stiffening frame by a soleplate and two 
bolts, and to the upper end by another soleplate, bearing 
against the underside of the head beam. A third stay 
2!- in. in diameter extends betvveen the rear timber of the 
bottom frame of the pilot and the front side of the cylinder 
casting, and provided with soleplates, the lower one 9! in. 
wide and the upper 12 in. wide. On the top there are 
also two other inclined stays 2!- in. in diameter and 4 7 in. 
apart, passing between the top of head beam of the engine 
and the smokebox. 

The two middle bars forming the inclined top of the 
pilot are larger than the others already described, being 
2-ti in. wide and 5 in. deep. Upon these rests the lower 
end of the draw bar 48! in. long, 2! in. in diameter, and 
of the form shown. The upper end terminates with an 
eye, through which a pin 1i in. in diameter passes, and 
attaches it to the cast-iron block bolted to the top of the 
head frame. Near the lower end of the draw bar, where 
it rests on the inclined timbers of the pilot, a plate is bolted 
to the latter. Figs. 10 and 11 show the arrangement for 
coupling link. This consists of a forged head and bar 
4! in. deep and 2 in. thick, formed with a soleplate 17 in. 
long by 6 in. wide, passing over the head beam and bolted 
to it with three 1 in. bolts. This bar is stiffened by two 
inclined braces 1! in. in diameter, also bolted to the head 
frame and 29 in. apart, and bolted, as shown, to the centre 
bar. A curved bar is also introduced, passing from the 
central pilot beam above the draw bar, and having a hole 
in the upper end through which a bolt passes, and connects 
with it a 1i in. inclined tie, taken back to the smokebox 
of the engine. 

STANDARD FouR--WHEELED ENGINE TRUCK.-(Plate 
XXXIX.) 

The standard four-wheeled engine truck shown on the 
general drawing of the " C" class engine is also given in 
detail in Figs. 12 to 17 of Plate XXXIX. The diameter of 
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the wheels for the "A" class is 30 in., for the "B," "C," and 
"D" classes 28 in., and for the "E" and "G" classes 26 in. 
The truck axles are shown in Figs. 12 and 14. In the 
rough they are 6 6!- in. long and 4k in. in diameter in the 
middle for a length of 31 in. The ends, each 17 ~ in. long, 
are 4tt in. in diameter. In the finished axle the centre is 
left' untouched, but the journal, and that portion of the 
axle on which the wheel is forced, are turned clown to 
4!- in., the length of the latter part being 7 in. and of 
the journal 7 ~ in. Collars 4~ in. in diameter and 3 in. 
wide are left at each end against the journal, and on 
these are placed discs, as shown, 3 7 in. apart from face 
to face. 

The truck frame is formed of bars 3~ in. wide by li in. 
thick placed on the flat, as shown, and arranged in a 
rectangle measuring 7 ft. 8 in. by 48 in. outside. In the 
centre of this frame are bolted two transverse bars 15 in. 
apart, 1 !- in. thick, and 5!- in. deep in the centre, and 
rounded off at the ends, as shown in Fig. 15. Two longi
tudinal bars 4 in. by 1 in. are bolted to each of the trans
verse bars and to the end bars of the main frame. These 
are placed 20 in. apart. The pedestals are bolted to the 
underside of the frame each by four bolts 1 in. in diameter; 
they are 68 in. apart from centre to centre, and each is 
composed of two bars 3~ in. wide andl~ in. thick, forged 
with an upper bearing plate against the frame 8 ~ in. long, 
and a soleplate 4!- in. long. They are placed 7 in. apart 
in the clear. A light bar 4 in. by ! in. connects them 
together in pairs, as shown, each pedestal being fastened 
to the bar by l-in. bolts. The two longitudinal bars before 
mentioned joining the transverse bars in the middle with 
the ends of the frames are connected each by a bent strap 
4 in. by 1 in., as shown in Fig. 12. On each side of the 
outer longitudinal frame, and with their ends resting on 
the axle-boxes, as shown, are two curved bars 4 in. deep, 
except at the ends, where they are reduced to 3 in. and 
1 in. thick. To each pair of these bars is slung the spring 
by a pair of links attached to the bars by pins 1 k in. in 
diameter and 36 in. apart. By this arrangement the spring 
is placed between the two curved bars and immediately 
below the frame of the truck. 

In the middle of the frame between the two central 
transverse bars are placed the cast-iron bearing plate and 
levers forming the swing portion of the truck. This por
tion is also shown separate in Fig. 17. It consists of a 
double frame of the form shown, with pinholes 1! in. in 
diameter placed 31 in. apart from centre to centre. The 
frame consists of two similar parts 11~ in. apart outside, 
8 in. high in the centre, I!- in. thick, and having each a 
horizontal strengthening flange li in. thick, and 2~ in. 
wide. The ends through which the pins pass are con
nected from end to end, and the holes are enlarged in the 

centre to 2~ in. in diameter, as shown. On the top of 
this frame is a rectangular base 14! in. by 14~ in., and 
li; in. high, and upon the top of this base is a circular 
socket 2 in. deep and 12k in. in diameter inside. The 
frame is suspended to the transverse bars of the main 
frmne by four links 6 in. long and 1! in. wide. These 
links are connected to the crossbars by two through pins 
li; in. in diameter, secured by a head at one end and a 
key at the other, and having a distance tube placed over 
each (see Figs. 14 and 15), and extending between the two 
links. At the lower end a pin 1! in. in diameter passes 
through the links and the cast-iron swing frame. In 
the bottom of the circular socket before mentioned is 
placed a wrought-iron plate ~ in. thick, and upon this the 
turning centre attached to the engine takes its bearing. A 
hole 4 in. in diameter is made in the bottom of this 
centre, through the wrought-iron plate and the bottom of 
the socket, and the centre pin 3! in. in diameter passes 
through, being secured by a key-(Figs. 12 and 15). 

STANDARD Two-vVHEELED TRucK.-(Plate XXXIX.) 

The standard two-wheeled truck for the Class " I" 
locomotives is shown in Figs. 18 to 24, Plate XXXIX. The 
wheels are 28 in. in diameter, and are mounted on an axle 
almost similar to that for the four-wheeled trucks; and 
described above. The distance from the centre of truck 
wheels to centre of leading wheels is 7 ft. lOin., and 
the distance from centre of truck wheels to the centre pin 
on which the truck turns is 5 ft. 6 in. The frame is not 
independent, as in thA case of the four-wheeled trucks, of 
the main frame, but is attached to it by the centre pin, 
which passes through a crossbar bolted to the engine frame. 
The truck frame consists of two horizontal diverging bars. 
3 in. by 1 in., united at the centre pin, and two inclined 
bars 1£- in. in diameter, bolted at their upper ends by means 
of a soleplate to the flat bars, and at the lower ends to the 
journal boxes. These latter are fastened each by four 
through bolts to the ends of a bar 6 in. by 2!- in., marked 
A, Fig. 21, enlarged at the ends B B into slabs 14 in. by 
19 ~ in. The diverging bars C C of the truck frame lie on 
the top of these enlarged ends and are bolted thereto. By, 
referring to Fig. 18, it will be seen that the thickness of 
the bar A is increased from 1!- in. to 2!- in. at the ends for 
a width of 6 in., and the top of the pedestal is recessed to 
fit. At D D, Figs. 20, 22, and 23, are bolted to the ends 
of the frame a, saddles D D, to which are suspended the 
spring links E. The saddles are of the form shown, 9 in. 
long and 3g in. wide, with a projection in the centre, 
against which the bolts carrying the spring links rest. 
These bolts, which are 1~ in. in diameter, are enclosed in 
hardened bushes to take the wear. The links E E are 

R 
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double, as shown, 3 in. wide by ~- in. thick and 11 i in. long. 
At the lower end is a through bolt 1 i in. in diameter, also 
enclosed in a hardened bush i in. thick. We may mention 
here that these bushes throughout are made of lengths of 
the water grate tubes casehardened. The arrangement of 
spring links is the same on each side of the truck, and the 
level of the centre of the bottom pin is 1! in. below the 
centre line of axle. The span of the spring is 40 in. In 
the centre it . is attached to the square socket F, Figs. 18 
and 19. The base of this socket is 12 in. by 12 in., and it 
is formed ·with projections on each side 4 in. wide and 
l i in. thick, through which a~ in. diameter bolt passes and 
secures the spring. On each side of this central attach
ment are two spring bands G G, fastened by bolts to the 
base of the socket and embracing the spring. The form 
of the socket is shown at F, Fig. 18. It rises above the 
transverse bar of the frame 2! in:, and is I! in. thick. On 
the top surface it is countersunk to receive the piece H, 
4~ in. deep and 10~ in. internal diameter, reduced at the 
top to 10! in. in diameter. Into this short cylinder :fits 
the bottom of a trunk or plunger of cast iron 8 ~ ~ in. in 
diameter, and formed with a shoulder that prevents its 
escaping out of the cylinder H. Beyond this shoulder the 
cylinder is extended 8-H-in. in diameter and 1 in. thick, 
and for a height of 18 in., an opening being cut out in one 
side 5! in. high by 4 in. wide, to receive the end of the 
compensating lever I. This trunk moves in an outer 
casing J, 12 in. long and 1! in. thick. By referring to Fig. 
18 it will be seen that this casing is made with two lugs 
J' J", which take a bearing against a wrought-iron bar 
1! in. thick by 5! in. deep, fastened at the ends to the 
main frame, and embracing the casing in the middle. 
Besides this, two round stays 1~ in. in diameter, with flat 
soleplates at each end, are bolted to the engine frame, and 
to the lugs on the casing, so that the whole is rigidly con
nected. The top of the box I is provided with a wrought
iron cover, the centre of which is dished and formed with 
a hole 2! in. in diameter. A stirrup rod 2 in. in diameter 
passes through this hole, being held up by two nuts bearing 
on a hardened steel washer, the underside of which is 
spherical. By this arrangement a certain amount of play 
is secured as well as a true bearing on the cover of the box 
I. The bottom of the stirrup rod is widened and pierced 
as shown, and a horizontal steel pin 1 ~in. in diameter is 
let i11to the bearing face of the stirrup, to carry the hardened 
steel bearing at the end of the compensating lever K. The 
compensating lever is 7 6 in. long, and the other end bears 
on a transverse lever L, 6 in. deep by 1! in. wide, attached 
at both ends to the forward leading spring links. In the 
centre of the compensating lever is a steel bearing block on 
which the cylinder castings rest, so that the weight due to 
that part of the engine forward of the leading wheels is 

equally divided between the axle of the latter and the 
truck. The pin attached to the radius frame is shown in 
Figs. 18 and 21. It is carried in the centre of a transverse 
bar frame MM', Fig. 21. 

This frame consists of a bar M, 1 in. thick by 6 in. wide, 
with the middle thickened and extended, and the ends 
turned over and bolted through with countersunk headed 
bolts to the main frame. The lower bar M1 is 1 in. thick 
by 6 in. wide, and is also enlarged in the centre, while the 
ends pass under the main frame, and are bolted thereto 
by vertical bolts. The clear space in the middle between 
the upper and lower bars is 5 in. The two plates of the 
radius frame, uniting at this point, form a block 1! in. 
thick and 6~ in. wide. A hole 4 in. in diameter is formed 
through it, and holes 2~ in. in diameter are also formed 
through the enlargements in the top and bottom members 
of the bar frame. The hole in the radius frame head is 
lined with a casehardened wrought-iron bushing, with a 
spherical inner face, and a set screw N is introduced to 
keep the bushing in its place. The relative positions of 
the radius frame head and the upper and lower bearings 
are such that a 1~ in. space is left between each; this is 
occupied with a rubber washer, as shown. A casehardened 
pin, 2 in. in diameter, is passed through the whole assem
blage, and fastened below with a split key. From the fore
going description and the drawings it will be seen that 
this truck, while substantially attached to the rigid frame 
of the engine, has by its construction and the mode in 
which the springs are attached, an ample range of motion. 
The drawings supply the dimensions not given m the 
description. 

DRIVING WHEELS.-(Plate XL.) 

Figs. 25 to 29, on Plate XL., and Fig. 30, show the 
standard form of driving wheel, the one selected for illus
tration being 62 in. in diameter. It consists of a cast-iron 
body and a steel tyre. The tyres used by the Pennsylvania 
Railroad were originally either of Krupp's or Vickers' make, 
but these are now entirely abandoned, tyres of American 
manufacture-chief! y those from the Standard vV orks at 
Lewistown, made from Otis steel-being employed. Fig. 30 
shows the standard section of tyre used. The thickness 
is 3 in. and the breadth 5! in. The form of the body of 
the wheel is shown clearly in the engravings. The mix
tures of irons for the latter employed are as follows : 

Anthracite pig ... 
Scrap of good quality 

. . . 66.6 per cent. 

. . . 33.3 " 

The wheel has 15 spokes, cast hollow, and in one piece 
with the rim and nave or hub. The latter is 12~ in. in 
diameter, and the diameter of the boss for the crank-pin 
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is 8! in. The spokes are oval in cross section, as will be 
seen in Figs. 28 and 29. They taper from 5~76 in. in the 
major axis and 2~ in. in the minor, at the nave, to 4-y\ in. 
and 2! in. respectively, the thickness decreasing from 
l-f6 in. and l ~ in. to 1 in. and ~in. respectively. By re
ference to Fig. 25 it will be seen that at a point 12 in. 

SECTION OF LOCOMOTIVE STEEL TYRE. 

from the centre of the wheel the inside of the spoke begins 
to taper, so that an increased thickness is given to the 
metal. This taper is such that the inner faces of the spokes 
meet within ~in. at a distance of 6:!- in. from the centre 
of the wheel, and corresponding to the radius of the boss. 
At this point the hollow portion of the spoke terminates, 
as shown. Outside, however, the spokes terminate on a 
circle of 9 in. radius from the centre of the wheel. Five 
of the spokes on the side opposite the crank-pin boss, have 
a receptacle formed between them to receive lead used 

Before having the tyres placed on them, the bodies of 
the wheels are turned down perfectly cylindrical, and the 
tyres are bored out somewhat smaller than the diameter 
to which the wheel centre is turned, the proportion of 
difference being -l0 th of an inch per foot of diameter of 
wheel centre. The tyres are then heated and shrunk 
upon the bodies. The tightness insured by the shrinkage 
is relied upon to keep the two parts together, and no 
fastenings are employed. In practice this method is found 
to answer perfectly, and tyres are never known to come 
loose. 

STANDARD CAB.-(Plates XL., XLI.). 

The standard cab for the "A," "B," and "C" classes of 
engines is shown in Figs. 31 to 43, Plates XL. and 
XLI. By referring to the views of the " C" engine 
(Plate XXXV.) the position occupied by the cab will be 
seen. It rests upon the timber base running along the 
side of the engine, and placed 3! in. below the centre of 
the boiler, as shown in the generalview. The total width 
is 8ft. 2 in., and the front end is made with a semicircular 
opening corresponding to the form of the firebox, on the 
top of which it rests. The front and sides are framed with 
1! in. timbers, and the roof is made double with two 
coverings t { in. thick, and placed 1! in. apart. The 
extreme length of the roof from front to back is 8ft. 8:!- in., 
the length of the sides is 5 ft. 6 in. , and of the ends 21! in., 
an opening being left in the centre about 50 in. wide for 
the men on the engine to pass to and fro upon the tender. 
The back, sides, and front are all glazed, and the back is 
carried upon a cast-iron bracket attached to the footplate 

MAIN ROOF TIMBERS OF LOCOMOTIVE CAB. 

for counterbalancing. Six distance pieces, lMn. in diameter 
and 6! in. apart, are cast in this receptacle, serving to 
prevent the lead from shaking loose. Three holes 2 in. 
in diameter are also left in the iron through which the lead 
is poured in. The depth of the rim is 3! in., and the 
section is shown in Fig. 26, where it will be seen that 
the outer faces, back and front, are I~ in. deep, while the 
inner part of the rim is curved with a radius of 2y6 in., 
the thickness of metal being 11 '6 in. The length of the 
axle seat is 6-H- in., and a line drawn through the centre 
of the tread, as in Fig. 27, passes within 21 36 in. of the 
inner face of the boss. 

of the engine, as shown. The construction of the roof is 
clearly shown in Figs. 31, 32, 36, and 37. It has a camber 
of 5 in., and is framed, as shown in the section, Fig. 31. 
The timber forming the double roof is all planed, tongued, 
and grooved, and is curved with a radius of 20 ft. 2! in. 
The roof is covered with tin. Fig. 32 shows the system 
of framing the roo£ The space between the outer timbers 
is occupied at intervals of 15ft in., with carlines, curved to 
suit the camber of the roof, and measuring 1! in. by 1! in. 
There are altogether eight of these joists. The ends of 
them are notched to fit into the main side timbers, which 
are shown separate in Figs. 36 and 37. These latter are 
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7 ft. 5! in. long and 10 in. maximum depth ; they are 
hollowed, as shown, to form the top of the two side 
windows, and are tenoned at the end to fit into the 
mortices of the front timber. The front and sides of 
the cab are formed of 1£- in. ·timber, the former fitted to 
the firebox shell, to which it is fastened by £-in. bolts and 
angle irons. There are four windows in the front, the 
outside windows being in the doors, which are 4 7! in. by 
13! in. (Fig. 32), and between the two middle lights is the 
opening to admit of the bridge pipe of the engine. Fig. 39 
is a section on the line C D (Fig. 32), from which it will 
be seen that the timber is here strengthened by iron plates 
-1 in. thick. Figs. 38 and 40 show details of the same 
part, the latter also giving the main front timber of the 
roof 7ft. 9 in. long, 1£- in. thick, and 10 in. maximum 
depth, hollowed to form the top of the four windows in 
the front of the cab. A second timber 12 in. below the 
upper beam, and 7 in. deep, is framed across the front into 
the vertical post of the structure. By reference to Fig. 31 
it will be seen that ! in. bolts pass at inte~vals through the 
front timber from immediately below the roof, to a point 
17! in. below, and are screwed up by nuts in recesses cut 
in the side of the framing. The top corners are stiffened 
with ! in. angle plates 6 in. deep by 12 in. long, fastened 
with eight ! in. bolts, and at the bottom similar but larger 
angle plates are introduced, as well as iron stanchions, 
extending from the running board level, to the sills of the 
side lights. The front corner posts are rounded, and the 
framing timbers are morticed into them, as well as held by 
embedded bolts, as shown in Figs. 41 and 42, where the 
angle brackets already mentioned are abo indicated. The 
sides terminate at the rear in a half-round moulding, but 
the ends are returned for a length of 21£- in., leaving a 
central entrance into the cab about 50 in. wide. One 
light is introduced in each of these returned ends. As 
seen in the view, Fig. 43, the sides of the cab are relieved 
with half-round mouldings. All the smaller details of 
construction are clearly shown in the drawings. It should 
be mentioned that the cab is finished almost as carefully as 
the carriage work on the line. The position and extent of 
the running board are shown on the general elevation of 
the engine (Plate XXXV.) 

BorLERs.-(Plates XLII., XLIII.) 

Figs. 44 to 51, Plate XLII., show clearly the construc
tion of the locomotives of the " I " class, the last new type, 
and employed on heavy freight service. The diameter of 
the barrel is 54~ in., and the thickness of the plates ~ in . . 
The total length of barrel is 191 in. The top of the fire
box is 9! in. below the top of the boiler. The firebox 
casing has a sloping crown, and is 8 ft. 9~ in. long from 

front to back. The fire box itself is 8 ft. long, 3 7 !in. wide 
at the tube-plate end, and 28! in. at the back end. The 
mode of staying the firebox crown is shown in the draw
ings. A water-tube grate is employed, and excepting as 
regards length, is similar to that described further on for 
the " C " engines. The form of the firebox is indicated in 
Fig. 49, where it will be seen that the sides change from 
being straight, and curve gradually towards the tube-plate 
as the width of the firebox increases. To the underside of 
the boiler are rivetted three T-iron stays (Figs. 46, 47, 
and 48), which are bolted to the transverse frames. Fig. 45 
is a plan of part of the bottom of the firebox. The number 
of tubes in this boiler is 138, their outside diameter 2~ in., 
and their lengths between tube-plates 153-H- in. All the 
plates of the boiler shell and firebox are of steel, similar to 
that employed for the " C " engines. Particulars of heat
ing surface, &c., have been already given in Table VIII., 
page 112. 

The details of the boiler for the Class " C " engine are 
shown in Figs. 52 to 58, Plate XLII. The material used 
for the boiler and firebox is steel, the ultimate standard 
test of which for tensile strength is thirty-one tons per 
square inch, a slight excess or diminution in this strength 
causing a rejection of the plate. A test strip is cut off by 
the maker from each plate, which is marked in such a 
position that a part of the mark remains on the plate and a 
part on the strip. Besides the test for tensile strength, the 
strip is also bent double while cold, untempered, and after
wards tempered. The barrel of the boiler is composed of 

1 56 in. plates, and is 49~ in. in diameter at the smaller end, 
increased to 50t in. at the tapering plate connecting it with 
the firebox shell. The smokebox plates, ~in. thick, form 
a continuation of the barrel of the boiler 33! in. long. The 
smokebox tube-plate of steel is ! in. thick, flanged round 
2~ in. deep, and rivetted to the barrel 2! in. from the edge 
of the last plate. The length of the parallel part of the 
boiler from centre to centre of end rows of rivets is 
8 ft. 7! in. The tapering plate ~ in. thick and 36~ in. long, 
raises the firebox shell 8 in. above the barrel, and increases 
the diameter from below by 1! in. The length of the fire
box shell is 82 in., and the width 42! in. ; all the plates 
are ~ in. thick. The top plate is flanged out as shown to 
receive the steam dome, 30 in. in diameter, the bottom of 
which is flanged to correspond, and rests outside the flange 
in the top plate. The dome is of -!6 in. plate, with a cast
iron top 9~ in. deep. The hole for the firebox door is 
flanged partly in the shell and partly in the firebox plates, 
the flange of the latter passing within that of the former as 
shown. 

The firebox is 7:.!t in. long inside, and 35 in. wide, and is 
formed of plates 1 56 in. thick, except the side sheets, which 
are ! in. thick. The water space, front and back, is 4 in. 
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wide, and at the sides 3 in. The thickness of the tube
plate is ! in., the crown plate is -?-6 in. The height from 
bottom of firebox to centre of door is 4 7 in. The total 
length of boiler from end to end is 20 ft. 3-§- in. The tubes 
forming the water grate are 1 ~· in. in diameter, and are 
placed 3.05 in. apart from centre to centre; there are eight 
of these in the width of the firebox, besides one central 
dummy bar in the middle. These tubes are inclined, being 
7! in. above the bottom of the firebox at the back, and 
3£ in. in the front. Another set of tubes traverse the 
firebox; these are shown in Fig. 52, and in more detail in 
Figs. 54 and 55, these latter views, however, showing a 
slightly different firebox. These tubes are 2 in. in diameter, 
and enter the front of the firebox 27£ in. from the bottom, 
and, passing upwards, come out through the crown sheet 
16:! in. from the back plate. There are four of these tubes 
in the width of the firebox, placed 4 in. and 11£ in. apart 
from centre to centre. They are attached to the firebox 
sheets by screwed ferrules, as shown. On the top of them 
are placed a number of :firebrick slabs 3 in. thick, and 
arranged as shown, extending to within 3 in. of the tube
plate, and 12£ in. of the crown plate. The firebox roof 
stays are shown in Figs. 52 and 53, and in detail in Figs. 
56, 57, and 58. They are spaced about 4:!- in. apart, and 
consist each of two bars 1 in. apart, i in. thick, and 4 in. 
deep, recessed slightly on the underside at the ends to 
receive the upper edge of the side plates of the firebox. 
The stay bolts are ~in. in diameter with round heads 
below of the form shown, so that they bear against the 
crown plate only at the edges. Between the top of the 
crown plate and the underside of the stay bar is i in., and 
this space is occupied by a brass distance piece at each 
bolt, as shown in the details. Wrought-iron washers are 
employed at the top of the bars. The oval portion of the 
boiler barrel is stayed with three bar stays 2 in. by i in., 
the first one 2! in. 'from the :firebox tube sheet, and the 
other two 6 in. apart from centre to centre. They 
are rivetted to the sides of the boiler through the sole
plates at the end of each stay as shown. Between each 
pair of roof stays a tie-rod ~in. in diameter passes across 
the boiler and is screwed into and rivetted to the shell, and 
every alternate roof stay is attached to the boiler by two 
braces, each consisting of a short link passing between each 
pair of roof stays, and pinned to the latter at the lower 
end, while the upper is connected to a pair of braces 2! in. 
by ~in. bolted to a double angle-iron bracket rivetted to 
the boiler shell. "'Vhere the steam dome comes, these 
braces are replaced by a single rod 1 i in. in diameter, 
forked at the lower end to receive the link, and rivetted to 
the dome at the top by means of a palm. 

There are 155 tubes in the boiler, 128T~6 in. in 
length, and 2:! in. in diameter outside, giving a total tube 

' 
heating surface of 941.87 square feet. Before being put 
in place, that end of the tubes which enters the :firebox 
tube-plate is swaged down for a short distance and a copper 
ferrule brazed on; the other end after being cut off to the 
right length is annealed and slightly enlarged. The holes 
in tube-plates are drilled T'tr in. larger than the tubes. 
With this arrangement the tubes are set much more easily 
and quickly. 

Figs. 59 to 62, Plate XLIII., show the construction of 
four classes of smokestack employed. That shown by 
Fig. 59 is known as the Smith stack, and consists of a 
cast-iron base and cap with a sheet-iron chimney 20 in. in 
diameter. This chimney terminates at the base of the 
cap, the top of which is lSi in. in diameter, and has 
rivetted to it the inner cylinder, so that an annular space is 
left as shown. Placed within this inner cylinder and 
extending about half-way up it, is an inverted cone 18 in. 
in diameter at the upper end, and 7! in. at the lower, the 
total length being 70 in. This cone is perforated from 
end to end with oval holes 1 in. long, and i in. wide, as 
indicated. The lower end is seated upon a coned cast-iron 
box, to which it is bolted, and it is surrounded nearly for 
the whole height of the smokebox with a sheet-iron casing 
15 in. in diameter, terminating in a coned envelope 14 in. 
deep. The relative positions of the steam ·pipes and 
exhaust are shown in this figure. Fig. 60 shows a stack 
for freight engines, while Fig. 61 is a section of the 
standard stack for engines of the class " I." The shaft con
sists only of one sheet of wrought-iron, No. 10 B. vV. G., 
extending from the cast-iron base to some distance within 
the cone at the top. This latter is 60 in. in its greatest 
diameter, reduced to 20 in. where it is rivetted to the shaft, 
and to 40 in. at the top, where it is strengthened by an 
internal ring, and by a half-round iron around the top 
edge. The height of this part of the stack from where it 
joins the shaft to its maximum diameter is 23i in., and 
thence to the top 22 in. Carried by three bolts attached 
to the top of the shaft is a cast·iron deflecting plate of the 
form shown, and 20 in. above the top of the shaft ; the 
depth of this deflector is 8~ in., and its diameter is 22 in. ; 
above it, and extending over the whole of the largest part 
of the stack is a domed spark arrester, consisting of wire 
netting with three meshes to the inch, and made of steel 
wire, No. 12, W. G. Fig. 62 shows the stack for engines 
of the "C" class burning anthracite. 

THROTTLE LEVER AND STUFFING-Box, CLASS " C " 
ENGINES.-(Plate XLIII.) 

The throttle lever of the Class " C " engine is placed 
at the back end of the boiler, to which it is attached by a 
link pinned at one end to the lever, and at the other to a 
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jaw screwed into the boiler plate. On the end of the rod 
which passes through the stuffing·box to the equilibrium 
throttle valve, a jaw is fastened having a toothed segment 
cast with it; this jaw has a pin passing through it and the 
lever. An oblong hole is cut in the lever near the toothed 
segment, and this hole acts as a guide for a toothed block 
forming the catch, which is disengaged from the teeth of 
the segment by the rod leading to the handle at the end of 
the lever. The short end of the lever is dropped below 
the valve rod, so as to bring the handle to a convenient 
height for the driver. The stuffing-box only requires 
notice from the fact that the joint between it and the 
boiler is a ground ball joint. It is fastened by four studs, 
two of which are prolonged through the flange of the 
gland for the purpose of screwing the latter up. 

BRIDGE PIPE AND RELIEF GEAR FOR "I" ENGINES.
(Plate XLIV.) 

The general arrangement of bridge pipe is very similar 
to that just described for the " C " engines, but on account 
of the peculiar form of the firebox shell it was necessary 
to carry the rod of the throttle lever through the pipe 
leading to the bridge casting, and through the latter also, 
to which the throttle lever is attached, instead of to the 
boiler (Figs. 63 to 67, Plate XLIV.) On account also of 
the long distance between the steam dome and the foot
plate, the relief gear is modified, and the rack for the 
catch on the lever is attached to the cab, instead of being 
placed on the steam gauge stand (Figs. 63, 65, and 66). 
On the bridge pipe are the usual fittings, and in addition 
there is a steam pipe leading from the end of the bridge 
pipe to the top of the gauge cock column. These details 
are shown clearly in Figs. 63 and 64. The pipe leading 
to the gauge cock is also used to drain the bridge pipe. 
Close to the back end of the boiler and on the top of the 
firebox-shell, the gauge cock column is bolted, with a com
munication through the plate into the water space. The 
gauge cocks are placed in this column, as well as the glass 
water gauge, while on one side is the drip pipe leading 
the water off from the gauge cocks. The upper end of 
the column is connected by a pipe with the steam spac·e 
of the boiler, so as to maintain the water in the column at 
its proper level. 

BRIDGE PIPE AND RELIEF GEAR FOR " C " ENGINES.
(Plate XLIV.) 

Inside the driver's cab is placed a box-shaped brass cast
ing called the bridge pipe, Figs. 68 and 69, Plate XLIV., 
the object of which is to avoid cutting a number 
of holes in the boiler for the various cocks -and 

fittings. The bridge pipe rece1ves dry steam from a 
wrought-iron tube, extending almost to the top of 
the steam dome, and on the sides of the bridge pipe the 
following cocks are placed: Two tallow cocks for lubri
cating the cylinders, the pipes from these cocks being laid 
under the boiler casing; one steam inj ector cock; one 
steam cock for the pump of the air brakes; one heater 
cock for the feed pump suction pipe and for the tank ; and 
one blower cock, the pipe for which is also laid under the 
boiler casing. A bracket carrying the cab lamp is bolted 
upon the bridge pipe as well as the stand carrying the 
steam gauge, while on the top is formed a recess to hold 
the tallow can. On the top of the steam dome are placed 
two safety valves, one a Richardson and the othel' a 
common valve, held down by a spring balance, the lower 
end of which is attached to a lever furnished with a catch, 
working into a ratchet on the steam gauge stand, and thus 
enabling the driver to ease the valves, and reduce the steam 
pressure whenever it is found necessary. The steam gauge 
stand also carries the pressure gauge for the Westinghouse 
air brake. 

THE RICHARDSON SAFETY VALVE.-(Plate XLIV.) 

The Richardson safety valve is shown in Figs. 83 and 
84, Plate XLIV. The two holding-down bolts are screwed 
into the top of the steam dome. They are i- in. in dia
meter and are placed 5! in. apart. A crosshead ~ in. 

thick, and 1! in. deep in the middle, is placed over the 
heads of the bolts, and rests on tubes 11\J in. in diameter, 
which are placed over the bolts. Nuts and lock nuts keep 
the crosshead in place. The valve case is of gun-metal 
3! in. outside diameter, and the top iFJ recessed all round 
with a groove 1 76 in. deep. The valve measures 2! in 
across the wings, and is extended above the seat by a 
lip 3i'6 in. outside diameter, the outer edge descending 
into the groove around the valve case already mentioned 
In the centre of the valve is a hollow stem ~in. outside 
and ! in. inside diameter, 3156 in. deep and 2-i'6 in. deep 
inside. The bottom of this hollow is coned, and the 
pointed end of the valve rod rests upon it. This rod 
is ~in. in diameter for a length of 2-l6 in., when it is 
enlarged by a collar and a disc 2~ in. in diameter. Above 
this disc the rod is extended for a distance of 2-!2 in. and 
a diameter of ~in., from which point it contracts to ~ in. 

and passes through the guide made in the centre of the 
crosshead. Between the disc on the spindle and the cross
head, where a corresponding disc is added, a spiral spring, 
2! in. in diameter and of square section ~ in. deep by -H· in. 
wide, is interposed. The tension of this spring can be 
adjusted by means of the nuts on the ends of the bolts 
passing through the crosshead. 
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STEAM PIPEs, ADMISSION VALVE, AND ExHAUST.-
(Plate XLV.) 

Figs. 70 to 82 are details of the steam pipes, admission 
valve, and exhaust. The former within the boiler is of 
wrought iron 6 in. in diameter, and, as shown in Fig. 52 on 
Plate XLII., is 110~ in. long. Above the firebox, and 
extending some distance beyond it, is a cast-iron pipe, over 
one end of which, the wrought-iron pipe is passed and 
secured by a sleeve 6 in. long, of copper, and two wrought
iron rings 2 in. wide and i in. thick. The other extremity 
of the pipe terminates in a partially spherical end with an 
opening 5 in. in diameter at the top, as shown in J?igs. 71 
and 72. In this opening the upright cast-iron pipe, 5 in. 
internal diameter, is fitted with a spherical ground joint. 
This pipe is shown in Figs. 70, 76, 77, and 78. It passes 
up into the steam dome, and is held in place by a stay 3 in. 
wide and ! in. thick, rivetted to the sides of the dome, and 
connected to the pipe by two pins 1! in. in diameter 
passing through lugs in the pipe, and held in place by 
keys. This pipe is kept in position by a strap bolt 
1! in. wide and i in. thick passing around the spherical 
part of the horizontal pipe, and through the flanges of the 
latter and the vertical pipe, and tightened by keys. The 
top of the upright pipe terminates in a fl ange, and to this 
is keyed (see Fig. 70) the top of the steam pipe, containing 
the seats for the admission valve. By reference to Fig. 70 
it will be seen that this pipe is curved, and terminates by a 
square neck (see section on C, D, Fig. 73) in a box 6i in. 
long and 4 in. deep, containing in its upper and lower faces 
the valve seats 5i in. and 5 in. in diameter respectively. 
The valve is shown in Fig. 70. From this figure it will 
be seen that the upper part is 5~ in., and the lower 5i in. 
in their largest diameters. The stem of the valve is 
2i in. in diameter, with a hole 1-.i in. in diameter passing 
through it. There are four wings to each valve measuring 
5i in. and 5 in. across respectively, and1i in. deep. The 
wings are notched under the lowest bearing surface of 
the valves, as shown. The rod passing through the valve 
stem is 1! in. in diameter, reduced to ~ in. at the top, 
through which a key is driven, while a shoulder is formed 
on the rod underneath the valve, as shown. It will be 
noticed that a clearance of ! in. below the valve and i in. 
above it is given. The lower part of the rod, which is 
I! in. in diameter, is 20i in. long. It terminates in a 
forked end, attached to a bell crank, the arms of which are 
respectively 3i in. ana 8i in. long ; this bell crank turns 
on a pin passing through a pair of lugs cast on the up
right portion of the steam pipe. In engines of the "F" class 
the arrangement is somewhat modified, the valve spindle 
being considerably shortened, and the bell crank attached 
to lugs cast on the pipe 6~ in. below the top flange, as 
shown in dotted lines. In Figs. 7 5 and 82 is shown the 

opposite end of the wrought-iron steam pipe, its connexion 
with the two branches passing through the smokebox to 
the valve chests of the cylinders, and these branches them
selves. The end of the wrought-iron pipe enters a castJiron 
nipple, passing through a countersunk hole in the smoke
box plate, and formed with a spherical seating at the outer 
encl. On the inner side of the smokebox plate is a cast
iron ring, 13£- in. in diameter and 1£- in. thick, to which 
the T-piece seat bearing on the spherical seating of the 
nipple is secured by stud bolts, as shown in Fig. 70. 
There are four of these stud bolts, 1! in. in diameter, 
passing through holes in a square flange of the T -piece as 
seen in Fig. 82, which shovvs the form and dimensions of 
the branches, and the position they occupy in the smoke
box. It will be noticed that both at their union with the 
T-piece and the valve chests of the cylinder, brass rings 
are introduced to make the joints. Figs. 79, 80, and 81 
are different views of the exhaust nozzle. It is a tapered 
casting 10 in. deep, and divided into two chambers by a 
central partition. These chambers are 7 in. wide at the 
base, and measure each 3~ in. by 2i in. at the top. The 
exhaust nozzle is formed in two parts, a cap 4 in. deep 
being bolted on to the base as shown. 

SAND Box AND DISTRIBUTOR.-(Plate XL VI.) 

The standard sand box and the arrangement for distri
buting the sand is shown in Figs. 85 to 88, Plate XL VI. 
It consists of a cylindrical sheet iron body i in. thick, 
2ft. 3 in. in diameter, and 19i in. high, with an orna
mented cap and base of cast iron as shown. In the middle 
of the cap is placed a loose cover 11! in. in diameter, and 
in the base, the lower side of which is curved to sit on the 
barrel of the boiler, are two openings, one on each side, 
and 1i in. in diameter, around which the end flanges of the
sand pipes are bolted. The bottom of the cast-iron base 
is formed with a cone rising 4! in. in the centre to faci
litate the falling of the sand to the openings. In the 
centre of this cone is a screwed pin 1 i in. in diameter, 
which forms the axis of a double toothed sector 6! in, 
radius to the face of the teeth. There are six teeth in 
each sector as shown. On one side is cast a socket bear
ing 3~ in. long and 1i in. wide, with two i-in. bolt holes, 
and to it is secured a lever 111 36 in. long, the outer end of 
which projects outside the sand box. The position of 
this sector is shown in Fig. 88, where it will be seen to be 
placed under the bottom, a slot being formed in the cast
iron base through which the lever projects. Motion is 
given to this latter, and through it to the sector, by a rod 
attached to its outer end, and carried back to the foot
plate. The range of its travel is indicated by dotted lines. 
Gearing into the double sector are two smaller sectors 
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turning on centres 9-f6 in. on each side of the centre of 
the sand box. Each of them is keyed to a pin lk in. in 
diameter, and 5-/6 in. long, placed in a hole in the bottom 
of the sand box. Upon the same pin, and so placed as to 
cover the sand exit, is a plate or slide 3 ~in. long, and the 
pin is extended upwards for 2! in. as shown. Through 
this extension two rods -(6 in. in diameter and 2! in. long 
are passed, one 1 in. above the other, and at right angles 
to one another. These rods act as stirrers and agitate the 
sand when the apparatus is in work. The operation will 
be at once understood from the foregoing description. By 
moving the double sector to and fro, the slides over the 
sand exit are caused to travel, exposing the openings, or 
closing them at will. 

STEA¥ WHISTLE.-(Plate XLVI.) 

The standard steam whistle for passenger engines on the 
Pennsylvania Railroad is shown in Figs. 89 and 90, Plate 
XL VI. As will be seen it is rather a formidable instru
ment, producing sounds of a very different character from 
those familiar in this country. It consists of a brass base 
21; in. in diameter and J i in. bore, with the lower end 
screwed for attachment to the boiler, and the bottom 
coned out to form a seat for the valve. The top of this 
base or stem is also screwed to receive the upper part. 
Upon a shoulder near the top rests the cup, 5~ in. in 
diameter outside at the top, and 3~2 in. thick on the upper 
Bdge. The height from the bottom of the stem to the top 
of the cup is 11! in., the height of the cup itself is 3 in. 
Screwed on to the top of the stem is a socket carrying four 
arms which support the disc covering the top of the cup. 
This disc is 5~ in. in diameter, so that a clear space 
of i 2 in. is left between the periphery of the disc and the 
inside of the cup. On the upper side of the disc com
mences the top stem of the instrument, formed at first 
hexagonally, 1£- in. wide and l;f in. deep. Above this the 

stem is round, 1-ft in. in diameter for a height of 2! in., 
11~ in. in diameter for 9~ in., and 1 kin. in diameter for 
the remainder of its length, 4! in., the latter section being 
screwed. This stem is hollow throughout, the internal 
diameter being 1 96 in. The bell is screwed on to the upper 
part, as shown. The cylindrical portion is 11 in. high, 
5;f in. inside diameter, and the thickness of the metal 
is -/2 in. The cap is also -{2 in. thick, except near the top, 
and it fits within the cylinder to which it is rivetted and 
brazed. The height of the cap is 2~ in. to the underside 
of the nut on top. Inside, the cap is 2k in. high. Above 
the cap is screwed a brass bracket 1! in. in diameter and 
1-! in. high, carrying on one side an arm, the centre of 
which is 1-& in. beyond the centre line of the whistle. A 
vertical spindle-! in. in diameter traverses the whole of the 
instrument, terminating at the bottom in the valve, which 
seats on the bottom of the stem as above mentioned, and 
at the top in a square block ! in. by i in. by 1-& in., and 
slotted through, as shown, to receive the end of the 
actuating lever. The valve at the bottom, shown also in 
section, is of brass 1 ~ in. in diameter and ! in. deep, 
attached to the end of the spindle, which is reduced 
to -h in. diameter for the depth of the valve, and kept in 
place by a nut. On the bracket before mentioned is hung 
a bent lever of the form shown, terminating in an open 
eye, the centre of which is 7:i; in. from the centre of the 
whistle. At the upper end the lever is prolonged to enter 
the slot in the square head of the spindle, the end of the 
lever being rounded off into a circle ~ in. in diameter. 

AxLEs.-(Plates XL VI., XL VII.) 

Fig. 91, Plate XLVI., and Figs. 96 to 100, Plate 
XLVII., show the various forms of standard steel axles 
employed on the different classes of locomotives, and 
Fig. 103 is the locomotive truck axle, also of steel, for 
engines of all classes. The main axles are in all cases 

TABLE No. XI.-DIMENSIONS OF AXLES FOR DIFFERENT CLASSES OF LOCOMOTIVES. 

"0" Anthracite. "A" and "C"with I 
Brass Boxes. "F" and "H." "D," "E," and" G." "A,"" B," and " C., 

--
Main Axle. Back Axle.lllfain Axle. Main Axle. Back Axle. Back Axle. Main Axle. Back Axle.1Main Axle. Back Axle. 

in. in. in. in. in. in. in. in. in. in. 
Total length of axle 68.!. 68.!. 68.!. 68t 67t 67i 68t 68t 68t 68t 
Diameter of body 72 72 72 7 6.!. 6.!. 6.!. 6.!. 6.!. 6.!. 4 4 4 4 2 2 

, journal 7 7 7 7 6.!. 6.!. 6.!. 6.!. 6.!. 6.!. 
7k 4 4 4 

71 
2 2 

Length of journal . 7k 7k 7k 7t 7t 7k 7k 7k 
78 78 78 78 8 8 8 8 

Diameter of wheel bearing 6.!. 6.!. 6.!. 6.!. 6.!. 6.!. 
Length 7 7 

4 4 74 4 2 2 
" " 7 7 6.!. 6.!. 7 7 7 2 2 

Width of collar on axle ... 1 .. . 1 . .. 1 ... 1 .. . 1 
Diameter of collar on axle ... 7'L .. . 7'L .. . 6'L ... 61. ... 7.!. 8 

1! 1! 1! 8 
Width of seating for wrought-iron collar ... 1.!. ... ... ... .. . 1.!. 2 2 2 2 2 
Diameter of seating for wrought-iron collar . ... 7k .. . 7k ... 6k .. . 6k ... 6'L 8 8 8 8 8 

" 
wrought-iron collar ... 9.!. ... 10 ... 9.!. ... 9.!. ... 10 4 4 4 

Width 
" 

... 1.!. ... F ... 1.!. 
I 

.. . F ... F 2 2 2 2 2 
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of uniform diameter throughout, excepting a slight rib 
coming against the inner face of the wheels and -/6 in.
wide. Excepting for locomotives of the " F " and " H" 
classes, the length of that part of the axle entering the 
wheels is 7 in., for these classes it is 6! in. On the back 
axle a similar rib is left to bear against the wheel face, 
and in addition a collar is formed 1~ in. from the axle-box 
and 1 in. wide. For this distance the axle is turned to a 
somewhat larger diameter than that of the journal, and a 
wrought-iron ring is shrunk in the seating thus formed 
fitting between the collar and the axle-box. The loco
motive truck axles for_ an classes (Fig. 103) are 5 ft. 6 in. 
in length over all, 4~ in. in diameter, and parallel through
out. The length of bearing in the wheel seating is 7 in., 
and the length of the journal is 7 ~in. A loose collar 
fastened with set screws is fixed to the axle so as to fit 
against the inner face of the axle-box. In Table No. XI. 
are given all the dimensions of the various axles for the 
different classes. 

AxLE-BoxEs, vVEDGES, AND SHoEs.-(Plates XLVI., 
XLVII.) 

The form of axle-boxes employed is shown in Figs. 91 to 
94, Plate XL VI. The box is of brass, 7 ~ in. long, and 
14. in. wide over all. The body of the box is 10± in. wide, 
the wings on each side having a width of 1 * in. There are 
two of these wings in each side, with a clear space of 5! in. 
between them to admit the wedge and shoe. The thickness 
of the box at the top is 1i in., and on the upper face 
suitable projections are formed to receive the base of the 
spring standard. The oil cellar is as usual of cast iron, 
and is held in place by two through bolts passing through 
the wings of the box, and supporting the cellar by the re
cessed bearings in the base of the latter. The standard forms 
of wedge and shoe are seen in Figs. 104 to 107, Plate XLVII. 
The former are 14 in. in depth, 5 in. wide in all, with 
flanges ~ in. thick on two sides. These latter are parallel, 
making the depth of the shoe 2~ in. The thickness of 
the wedge at top is ! in. and 1i in. at the bottom. The 
wedge is cast solid, and then recessed as shown, to 
admit the adjusting bolt, which passes through the 
crossbar at the bottom of the pedestals. This bolt 
is 1f. in. in diameter, with a round head 1~ in., and 
squared at the bottom below the thread. The position of 
the wedge is shown in the general view of the engine, 
where it will be seen that the inclined face takes its 
bearing against the inner side of the pedestal, which is 
4 in. wide, and therefore fits between the jaws of the 
wedge 

The shoe, Fig. 105, occupies a corresponding posi
tion in the other side of the axle-box~ It is a simple 

U -shaped casting 5 in. wide, 2~ in. deep, and 17 ~ in. high. 
The width between the jaw is 4 in., corresponding to the 
thickness of the pedestal. 

The spring standards are of wrought iron 9! in. high, 
9! in. wide at the base, and 5 in. wide at the top. The 
thickness of the sides is -H- in. This standard rests on the 
top of the axle-box between the projections on the latter, 
and for a length of 4~ in. the base of the standard is ex
tended to a width of 11 96 in. on each side, this extension 
fitting between the projections, Figs. 91, 92, 93, and 95. 
The top of the standard forms a table 5 in. by 6 in., in the 
centre of which is a circular recess 2k in. in diameter and 
~ in. deep. The clear width between the sides of the 
standard is 4~ in. and the engine frame passes between, 
as indicated in Fig. 91. 

EccENTRICS AND STRAPS.-(Plate XL VII.) 

Figs. 108 to 112, Plate XLVII., show the arrangement 
of eccentrics and straps for the Class " C" engines. The 
upper half is of cast iron and the lower of wrought iron ; 
the periphery of the latter is recessed with a number of 
holes ~ in. deep and i in. in diameter, and these holes are 
fitted with Babbit metal. The bolts connecting these 
halves together are placed 8k in. apart from centre to 
centre and are kin. in diameter. The width of the eccen
tric is 3 in., and it has a central projecting rib around it 
~in. high, and i- in. wide. The strap, Figs. 110 to 112, 
is also of cast iron, 2± in. total thickness, and 3 in. wide. 
The lugs by which the halves are bolted together are 2± in. 
wide, and are separated by a ~ in. packing strip of wrought 
iron. The forward half of the strap is formed with an 
oil cup top and bottom, and as only one pattern is used, 
either oil cup may be employed when the strap is reversed, 
the bottom cup is always plugged up. The attachment to 
the eccentric rod is shown in Figs. 110 to 112. It con
sists of a palm 7 kin. long, 5~ in. wide, and ~in. thick, 
recessed to the depth of 1 in. for a length of 7 kin., and 
a width of 3~ in. The rod is secured by three bolts i- in. 
in diameter, and placed in zig-zag ; the hole for the 
middle bolt is oval. 

SPRINGS.-(Plate XLVII.) 

A standard eleven-plate spring is illustrated in Figs. 113 
to 116, Plate XL VII. All the dimensions are marked in the 
drawings, from which it will be seen that the normal span 
without load is 2ft. 10* in., and the rise 6 in. ; when loaded 
the span is 3ft., and the rise 2~ in. The thickness of the 
plates is ~in. The band, which is ~in. thick, is shrunk 
on, and has a circular projection 2 in. in diameter and 

s 
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i in. deep on the underside. This fits into the recess I 
before mentioned in the top of the spring standard. 

CYLINDERS.-(Plate XL VIII.) 

Figs. 117 to 124, Plate XL VIII., are details of the cylin
ders for the Class " C" engines. Each cylinder, valve seat, 
exhaust and steam passages, smokebox and truck bear
ing, are cast in one piece. The leading dimensions are 
as follows : Diameter of cylinder, 17 in. ; stroke 24 in. ; 
distance from centre of cylinder to outer face of bearing 
on truck, coinciding with centre line of engine, 40! in. ; 
distance from centre of cylinder to centre of frame, 17 in. ; 
diameter of steam passage, 4! in. ; exhaust passage at base 
of blast nozzle 7 in. by 4! in. The dimensions of ports, 
valves, &c., are all contained in Table VIII., page 112. The 
arrangement of the steam and exhaust passages is clearly 
shown in the different figures, and Figs. 123 and 124 give 
sections of the valve and indicate the mode of attaching 
the steam chest. The latter ·measures 17! in. by 19! in. 
inside, and is 5& in. high. The sides of the chest are 1 in. 
thick and 6! in. high, and rest on a recess formed around 
the valve seat on the cylinder. The cover, 1l in. thick, 
is strengthened with flanges running around its upper and 
lower face, and projecting beyond the sides to receive the 
attachment bolts surrounding the chest. These latter are 
1 in. in diameter, a~e spaced 6 in. apart, and are secured 
into the flat surface formed on the cylinder casting around 
the valve seat. Around the valve chest is a light cast-iron 
casing i in. thick, arranged as shown in Figs. 122 and 123, 
the side pieces being flush with the projecting edge of 
the cover, and the top piece overlapping it to hold it in 
place. The top piece is secured by screws, as shown. The 
back cover of the cylinder carries the brackets to which 
the guides are bolted, and to it is also attached the light 
cast-iron casing enclosing the cover, and projecting beyond 
the flanges to hold the lagging of the cylinder in place. 
The back cover is also enveloped in a similar casing, held 
by a bolt fastened into the centre of thB cover, a distance 
piece being introduced between casing and the cover, as 
shown. 

Each cylinder casting is bolted to the frame by ten 1 in. 
bolts passing through the flange -fitting to the frame, and 
strengthened by two ribs extending to the cylinder, as 
shown. It is also bolted to the smokebox of the boiler 
by eight bolts 1 in. in diameter, and arranged as shown 
in Fig. 117. The two halves are bolted through two 
flanges, one of which is shown in dotted lines, and 
running outside the main rib of the casting. They are 
also bolted to the cast-iron box which receives the 
centre pin of the truck, as shown in the generai view of 
the engine. 

Figs. 125 to 132 show the cylinder castings for the Class 
"I" engines. These are 20 in. in diameter and 24 in. 
stroke. It will be noticed that in this engine the main 
frame of the engine is doubled, and formed of two bars 4 in. 
by 3! in., and placed 13 in. apart. The cylinder cast
ing passes between these frames, which rest in suitable 
recesses, and are fastened to it, as shown in Fig. 129. The 
principal difference in the arrangement of the steam and 
exhaust passage is due to the greater depth . of the casting, 
and the peculiar disposition of the · frames. It may be 
mentioned that the open space between the frame and the 
central web of the casting is enclosed with wood casing, 
while the openings in the web are also filled in with wood, 
Figs. 126 and 127. The area of the exhaust opening to 
the blast pipe is 7 in. by 4! in., and the steam openings are 
4£ in. in diameter . All the dimensions of steam passages 
and valves are given in Table VIII. The details of valve 
chest are similar to those described for the " C " engine. 
The castings are fastened to the frame by five bolts 1 ~ in. in 
diameter passing horizontally through the lower, and two 
others of the same diameter vertically through the upper 
frame. There is also the attachment shown in Fig. 129. 
Here it will be seen that four other bolts are used, two of 
them passing through both frames and casting outside the 
steam passages, and two shorter through the lower frames 
and the outside flanges of the casting. The smokebox con
nexions are shown in Fig. 130, and are like those for the 
" C " engine. The two castings are fastened together by 
bolts passing through the outer flanges. 

STANDARD PISTON.-(Plate XLVIII.) 

Fig. 13 3, Plate XL VIII., shows a standard type of piston 
used on the Pennsylvania Railroad. The one selected for 
illustration is for the 20 in. cylinder engines. The body of 
the piston is 4% in. deep, with a straight hole 2~ in. in dia
meter. The piston is made with six radial arms 1k in. thick, 
expanding at the outer ends, to admit six ~ in. bolts 2£ in. 
long, by which the piston cover is attached. The latter is 
19~ in. in diameter, and~ in. thick, with a slightly chamfered 
edge around it. It is formed with a cap in the middle to 
cover the nut, which attaches the rod to the piston. At the 
occurrence of each bolt the plate is slightly recessed with a 
circle 2! in. in diameter. Between the radiating arms, the 
spaces are occupied by springs 5£ in. long, -{6 in. thick in 
the centre, 2£ in. broad, and ~ ~ in. deep in the middle, 
where a hole -H-in. in diameter is formed, as shown, to 
receive the adjusting bolts, which, with the -, heads and 
locking nuts are shown in the section. The heads of these 
bolts fit in a recess formed in the body of the piston, as 
shown. The springs abut upon an iron ring 18! in. in 
diameter and i in. thick, and on this are the two brass 
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packing rings 1! in. wide and i in. thick, having an annular 
groove turned in their face ! in. by i in. ; this groove is 
filled with Babbit metal, and the rings are afterwards 
turned up and split diagonally. 

CROSSHEADs.-(Plate XLVIII.) 

Figs. 134 to 137, Plate XLVIII., show the construction 
of the standard crossheads for the Class "C" engine. They 
are of cast iron and of the section given in Fig. 136. The 
body of the crosshead is 4~ in. wide, with two wings 2~ in. 
wide, 16 in. long, and 1 i in. thick; these wings occupy the 
space between the guides, as shown in the general elevation 
of the engine. Fig. 134 is an end elevation of the crosshead 
showing the mode of attaching the piston rod. The latter 
is 2t in. in diameter, reduced when it enters the crosshead 
to 2-f6 in., the length thus reduced being 4* in. The 
hole receiving the piston rod end passes through the front 
end of the crosshead, a distance of 5 in. The rod is helcl in 
place by a taper key 9 in. long, 2k in. wide at one end, 
and 2 in. at the other, the thickness · of the key being 
~ in. It is held in place by a vertical split pin as shown. 
The rear part of the crosshead is forked, and the point 
of attachment to the connecting rod is below the guides 
(Fig. 135), where it is formed with two circular jaws 3! in. 
radius, 2 in. thick, and 3 in. apart.. Through them passes 
the pin upon which the connecting rod end is placed, and 
the centre of which is 8! in. from the front face of the 
crosshead. The pin is 2~ in. in diameter in its parallel 
part, that is between the jaws, the ends fitting in the holes 
in the jaw being tapered. The length of the pin is 7 in., of 
which 3 in. in the centre are parallel. The portions of the 
pin seated in the crosshead have a taper of 1 ;. in. in 6i in. 
The smaller end is terminated by a screwed portion 1! in. 
in diameter and 2i in. long, by which with two lock nuts 
the pin is held in place, a washer -f6 in. thick being inter
posed between the nuts and the face of the crosshead. A 
clearance of 1 \r in. is left for drawing up the pin, as shown. 
The straight pump arm, which carries the pump rod plunger 
on passenger locomotives, is shown in Fig. 137. It is a 
bracket cast with the crosshead, and the centre of it corre
sponds with the centre of the connecting rod pin ; it is 3 in. 
wide and slightly curved to meet the pump rod, with a 
hole 1! in. in diameter 11 in. from the centre of the 
crosshead. The pump arm shown in full lines is that for 
the Classes "D" and "E," and consists of a wrought-iron 
bracket fastened to the side of the crosshead by three 
partly countersunk screws placed 6! in. apart, and i in. in 
diameter. The miderside of this bracket is formed with a 
dovetail, which fits into a recess in the side of the crosshead 
1 in. wide and! in. deep (Fig. 136). 

The crosshead for the Class " I " engine is of quite a 

different arrangement, and is shown in Figs. 138 to 143· 
In these engines, the crosshead works between guides 
placed 13 in. apart, and consists of a cast-iron box 12 in. 
deep, 24 in. long, aud 6 in. wide. The top and bottom of 
the box are lined with brass 4! in. wide, and ! in. thick, 
turned over at each end as shown to keep them in place. 
From Fig. 140 it will be seen that on each side of the 
crosshead, at the top and bottom, are side pieces project
ing 1 in. beyond the brasses On one side these projections 
are cast on with the crosshead, on the other they are 
bolted on with four bolts 6t{in. apart (Figs.l39 and 143) . 
On one side of the crosshead a pump bracket is cast, pro
jecting 7! in. from centre to centre, and 3 in. wide. The 
forward part of the crosshead is formed with a block 
6-fr- in. high and 7 in. wide to receive the taper end of the 
piston rod, 3 in. in diameter at one end, 2~ in. at the other, 
and 8 in. long. The rod is fastened in with an inclined 
key ~ in. by 3 in. The centre of the connecting rod pin 
is 12 in. from the face of the crosshead. It is 3 in. in 
diameter, and 3k in. long in its parallel part, between the 
jaws of the crosshead. On one side it is formed with a 
head 4-[6 in. in diameter, and tapered, fitting into a hole 
in the side of the crosshead, and held in place by a 
key -f6 in. by -f'6 in. (Fig. 138). On the other side it is 
tapered down to 2~ in. in diameter, and kept in place by 
lock-nuts as shown, and as described in the Class "C" 
crosshead. 

GuiDE BARS.-(Plate XLIX.) 

The guide bars of Class " C " engine are shown in the 
general elevation of the engine, Plate XXXV. They are of 
steel, rectangular in section, 2* in. by 1i in. and 48 in. long. 
They are arranged in groups of four to each crosshead, 
and are placed 4~ in. apart horizontally, and 1! in. ver
tically. They are secured to the cylinder cover at one end 
as shown in Fig. 124, Plate XL VIII., and at the other to 
the transverse frame. The distance blocks are 3 in. long, 
and are forged with 1-} in. screwed stud ends, which pass 
through holes in the cylinder cover and frame respectively, 
being held in place by nuts as shown. Vertical bolts with 
round countersunk heads, and passing through the blockS', 
hold each pair of guide bars together. 

The guide bars of the " I " engine class are different and 
are shown in Figs. 144 and 145, Plate XLIX. They are also 
of steel 54 in. long, 4-fr- in. wide, 3 in. deep in the middle, 
and 2i in. near the ends, still further reduced at the points 
of attachment, as shown. There are only two of these 
bars to each cylinder, and the back ends are turned over 
so as to form a soleplate 5 in. deep, 1! in. thick, and the 
full width of the bar. Through this passes the q in. bolt 
securing the bar to the frame. The other end is made 
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fiat and is fastened to the bracket screwed to the cylinder 
' cover by a 1t in. countersunk headed bolt. The form of 

the bracket is shown in Fig. 144. It is 4 in. long, 2 in. 
thick, and the same width as the bar, with a screwed 
stud 1! in. in diameter forged on it for fastening it to the 

cylinder. 

CoNNECTING AND CouPLING RoDs.- (Plate XLIX.) 

The connecting and coupling rods of Class " C " engine 
are shown in Figs. 146 to 155, Plate XLIX. They are all 
of steel and of the sections shown. The former is 2~ in. by 
1! in. at the smaller end, and 3! in. by I! in. at the larger 
end, the length between centres being 88 in. The larger end 
terminates in a solid block 6~ in. by 4~ in. by 2! in. Around 
this passes the strap from I! in. to 1-f6 in. thick, 13~ in. 
long, and 2! in. wide. It is held on the connecting rod 
end by two 1 in. diameter bolts 2! in. apart, the inner 
bolt being formed with a projecting plate below, on which 
the adjusting nut of the gib takes its bearing. This gib 
is 1+t in. at the top, reduced to 1 kin. below, and *in. 
thick. The brasses are of the form shown, 4! in. deep, 
and 3! in. wide, projecting outside the face of the connect
ing rod end. The smaller end is solid, with the brasses 
arranged as shown, and the key, which is 1! in. wide at 
the top and 2 in. at the bottom, is adjusted by a nut 
bearing against a bracket bolted to the underside of the 
end 

The coupling rods are 102 in. between centres, and 
9 6! in. length of solid rod, the I section of which is shown 
in Fig. 155. It is parallel 3~ in. deep by 1 ~in. wide, 
the thickness of the flange at top and bottom being ! in. 
The ends are made rectangular for a length of 6! in., and 
at the smaller end the strap is 1! in. thick at the end, 
and 1 kin. and IT\; in. at top and bottom. The brasses 
project ! in. on each side, and are 6t in. long by 5! in. 
high ; the strap is held on by two ~in. bolts placed 2{ in. 
apart, and the two keys are 6 in. apart from centre to 
centre. These latter are 8y6 in. long, and lt in. wide at 
the top. They are adjusted by nuts bearing on the under
side of a double bracket bolted to the bottom of the strap. 
The larger end is arranged in the same way, except that 
it is provided with only one key and a single bracket. 
The whole length of the end is 13~ in. 

FEED PuMPS.-(Plates XLIX., L.) 

The standard feed pump, as well as the special pattern 
for the Class "C" engines, are shown in Figs. 156 to 163, 
Pla~e XLIX. The position of the former is indicated in the 
general view of the engine, and the pump arm from cross
head in Fig. 137, Plate XLVIII., that in full lines being for 

freight, and the one in dotted lines for passenger engines. 
The pump barrel is bolted to the transverse frame carrying 
one end of the guide bars, by a bolt ~ in. in diameter, and 
which also passes through the gland. At the other end 
the pump is secured by a bracket to the main engine frame 
with anothe1; ~ in. bolt. From the inner face of the flange 
at the end of the barrel to the centre line of air chambers 
is 26 in. The inner diameter of the barrel is 2! in. The 
plunger is 30 in. long, and consists of a wrought-iron tube 
plugged at the inner end, which is made solid with a I! in. 
diameter wrought-iron rod extending about 12 in. beyond 
the end of the tube, and enlarged 5 in. from the extremity 
to receive the driving arm from the crosshead. The pump 
plunger is made as shown to give it more flexibility, so 
that the wearing of the crosshead or guides may not cause 
any excessive wear of the pump gland. In freight loco
motives (Classes "D," "E," and "I") the pump ·arm 
comes so close np to the pump gland on the back stroke, 
that an arrangement of this kind was necessary for the 
reasons given above. The end of the rod is screwed and 
the connexion is made good with a nut, as shown. The 
lower air chamber is 13! in. long, and 4! in. inside 
diameter, terminating at the bottom with a 2 in. outlet, 
where the connexion with the supply pipe from the tender 
is made. Two inches above this air chamber is a trian
gular flange, corresponding with one on the bottom of the 
upper air chamber and separated from it by a distance of 
11 in. Midway between these two flanges comes the 
extension of the pump barrel, 4 in. wide, and the remain
ing 3! in. on each side is occupied by the valve boxes. 
The inner pipes in the air chamber are cast in one with 
the latter. The lower one is 14k in. deep and 2 in. internal 
diameter, as far as the neck of the chamber, where it is 
enlarged to 2! in., and afterwards tapered out to 3! in. 
The pipe in the upper chamber is 11 in. long, and 2 in. 
inside diameter. The neck of the chamber is screwed to 
make the union with the feed pipe leading to the check 
valve. The seats of the lower and upper valves rest 
respectively on the top of the bottom air chamber, and the 
extension of the pump barrel. Both are similar in form 
and are made with slight projections all round to fit over 
their bearings (Fig. 156) . The two valve boxes or cages 
are similar, 4! in. outside diameter and 3 in. high, with a 
central opening in the top +t in. in diameter. The internal 
diameter of the cages is 2-f6 in. The outside diameter of 
the valves is 2-H· in. and the inside diameter 2 in., their 
depth is 1~ in. The lift of the valves is ! in. Fig. 156 

shows the connecting bolts ! in. in diameter, fastening 
the whole structure of the pump together. It also shows 
the connexion at the bottom of the pump with the feed 
pipe from the tender. It consists of a brass union (see 
detail, Fig. 163), a brass elbow (Fig. 162), and a screwed 
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sleeve. The latter connects the elbow with the iron feed 
pipe, and is 3 in. long by 3~ in. in diameter. It is tapped 
with reverse threads. The elbow, Fig. 162, is screwed at 
one end, where it enters the sleeve just mentioned, and is 
formed with a flange ~ in. thick, and proj ecting ! in. all 
round. The inside diameter of the pipe is 2k in. and its 
thickness ! in. The connexion with the air chamber is 
shown in detail, Fig. 159. It consists of an ordinary brass 
union, with a loose ring having one plain and one spherical 
face, interposed between the fl ange on the elbow and the 
cast-iron seat. Fig. 158 is a detail of the connexion 
between the upper air chamber and the pipe leading to 
the check valve. It consists of a similar union to the one 
just described, excepting that it is bevelled out to a 
spherical bearing on its upper side, to fit the brass flange 
brazed to the 2 in. copper feed pipe. Between the face of 
this lflange and the cast-iron seat in the top of the air 
chamber a brass ring is interposed, with one face flat, and 
the other curved with a radius of 2k in. 

Figs. 164 to 166, Plate L., are details of the pump for 
Class "H" engines. The length of the pump barrel casting 
is 27 in., and at a distance of 8! in. from the end flange 
it is fastened by two bolts to the transverse frame of the 
engine carrying the guide bars. At this point a flange 
is cast all round the barrel, and a bracket on one side of 
it, to secure a bearing, and make the attachment. The 
centre line of the air chamber is 23~ in. from the end 
flange of the barrel, the latter at this place being enlarged, 
and pierced with four narrow openings 2~ in. long, and 
shown in cross section, Fig. 165. Beyond this the end of 
the barrel is closed with a brass screwed cap. The inner 
diameter of the barrel is 2 in. and the plunger is formed 
of a tube and solid rod exactly corresponding to that 
already described. It will be seen by reference to Figs. 
164 and 165 that the centre lines of the pump and the air 
chamber are L>! in. apart. Connexion between the two 
is made with a curved cast-iron pipe 2 in. in diameter, 
terminating below in a chamber that encloses the perfo
rated portion of the pump barrel, and above in a distance 
piece separating the two valve cages. Cast on to it is 
a bracket bolted on to the main engine frame. The centre 
line of this distance piece is 16 in. above that of the pump. 
The two air chambers are shown in section in Fig. 165. 
The lower one is 4! in. inside diameter, and 13! in. high. 

The nipple for making the connexion with the supply 
pipe is placed at an angle, as shown. The pipe within 
the air chamber is 2 in. in diameter inside, enlarged to 
2~ in. below the valve. The top of the chamber is 
furnished with a triangular flange, a similar one being at 
the bottom of the upper air chamber. The latter is 4! in. 
inside diameter, and 15~ in. high. The passage above the 
valve into the chamber is 2~ in. in diameter. The exit for 

the feed is 5k in. above the top of the valve cage, and the 
centre line coincides with that of the pet cock. The valve 
boxes occupy the spaces between the T-ended distance 
piece on the end of the cast-iron connecting pipe and the 
flanges of the top and bottom air chamber. They are of 
the same forin as those already described. The unions 
between the upper air chamber and the feed, and the 
lower chamber and supply pipe, are similar to those for 
the standard " C" engine, except that in the latter there is 
no connecting elbow, the wrought-iron pipe being joined 
up direct, with a brass flange secured to the end. The 
check valve and casing are of the standard pattern. The 
point of admission of the feed into the boiler is 12 in. from 
the front tube-plate. 

Figs. 167 and 168, Plate L., are sections of the stan
dard check valve and casing. The valve itself is the 
same in all respects as that used in the pumps. The seat 
varies somewhat, and the cage fits over it as shown. 
Fig. 167 shows the position of the openings in the latter. 
The flanges of valve seat and of cage are interposed 
between the flanges of the casing. The bottom portion 
terminates with a screwed thread and spherical seat, and 
a connexion with the feed pipes, similar to that already 
described is made. The upper portion is of the form 
shown, and carries the flange on it, by which it is bolted 
to the boiler. The distance from the centre line of valve 
to face of flange is 6 in. The top of this part of the 
casing terminates with a screwed projection 2! in. dia
meter, and over this is placed a light cast-iron shell held 
in place by a shallow nut and a pin, as shown. The lower 
edge of this shell is flush with the underside of the flange 
on the lower part of the casing, and encloses the connect
ing nuts as shown. 

LAzY CocK RIGGING. 

The general arrangement and details of rigging for cock 
on feed pipe from the tender may be explained without the 
help of illustration. A rod passes through a brass sleeve 
on a bracket bolted on the back plate of the firebox. The 
bottom of this rod rests in a bearing on a bracket bolted 
to the underside of the firebox, and has attached to it a 
short lever, connected with a bent rod coupled to the cock. 
The latter is operated through this rigging by a hand lever 
pinned to the top of the rod first mentioned. Through 
the lever passes a ~in. thumb-screw, engaging in a nut and 
sliding in the quadrant, cast on top of the sleeve. 

CYLINDER AND PET CocKs.-(Plates XLIII. and L.) 

Figs. 169 to 183, Plates XLIII. and L., show the ar
rangement and construction of the standard cylinder and 
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pet cocks. 'rhe former are operated from one of the 
handrails running along the side of the boiler, and car
rying just over the rear end of the cylinder a small 
arm, from which a vertical rod descends, and is linked 
to a bell-crank lever, that actuates a bent lever con. 
nected with the cylinder cock, Figs. 169 and 170. The 
bell-crank lever is keyed on to a horizontal shaft that 
runs betwee11 the two cylinders, as shown, so that the 
cocks on both are worked from the same main rod. Figs. 
171 to 17 6 show the construction of the cock. The seating 
is 3i'G in. long, 1-f6 in. in diameter at the larger, and i in 
at the smaller encl. The bore of the cock is -{6 in., and 
the outlet is at an angle in the seating and the plug. 

The pet cock is shown in Figs. 177 to 183. It has a 
!- in. discharge, and the seating is 2± in. long. 

CONSTRUCTION OF LOCOMOTIVES. 

The following Table gives in complete detail the number 
of hours labour in constructing one Class " C " bituminous 
locomotive, 17 in. by 24 in. cylinders, four coupled driving 
wheels 62 in. in diameter, and weighing 29.80 tons. The 
Table also includes the construction of tender . weighing : 
about 10 tons. The total cost of labour on this work 
being 2600.05 dols., or 4 73l. 8s. 6cl., by dividing this sum 
by the total number of hours, 16,273, the average rate of 
pay will be found at 15.96 cents, or 6.97cl. per hour. 

TA.BLE No. XII.-HOURS LA.BOUR ON ONE CLA.SS "C" BITUMINOUS LOCOMOTIVE, 1876. 

Main frames .•. 
Front ends 
Intermediate braces 
·Cross braces ... 
Fedestal caps 
Back pedestal braces 
Pads 

SMITH SHOP. 
Frames. 

hours. 
465.00 
125.00 

59.00 
38.00 
32.00 
19.00 

dols. 
74.15 
19.85 

s. 

Clamps and clamp liners 
23.00 
44.50 

9.41 
6.06 
5.11 
3.03 
3.56 
7.37 

270.09 
73.60 
34.27 
22.07 
18.59 
11.08 
13.86 
25.78 

Totals ... hours 805.50 $128.54 .£23 9 4 

Firebox frame 
Smokebox ring 
Tail piece 
Pulling bar .. . .. . 
Collars for driving axles 

81.00 12.93 48.05 
35.00 5.58 20.33 
5.00 0. 79 2.90 
9.00 1.44 5.22 

11.20 1. 75 6.50 

Totals hours 141.20 ~22.49 .£4 3 0 
Braces. 

For centre of smoke box and 
pilot ... ... 9.00 1.44 5.22 

Main brace for pilot 39.00 6.24 22.65 
Braces for smoke box 58.50 9.35 34.20 
Back boiler braces ... 62.00 9.89 36.51 
Cross braces for pilot 17.00 2. 71 9.87 
Heels for back boiler braces 8.00 1.28 4.65 
Braces for injector ... 2.00 .32 1.16 
Bracket for pilot and smoke-

box brace ... ... 7.00 1.12 4.06 
Long brackets for footboard 9.00 1.44 5.23 
Short , 16.00 2.55 9.29 
Dome braces ... 7.00 1.12 4.06 

Totals ... hours 234.50 $37.46 .£6 15 11 
Springs and Spring R1:gging. 

Driving springs 
Spring stirrups ... ... 
Posts for equalising beams 
Equalising beams 
Spring hangers 

, links ... 
Gibs ... 

59.00 
76.00 
12.00 
50.00 
33.00 
10.00 

5.50 

9.42 
12.13 
1.91 
7.98 
5.27 
1.59 
.87 

34.27 
44.14 
6.97 

29.04 
19.17 
5.80 
3.15 

Totals ... hours 245.50 $39.17 .£7 2 6 

Rods. 
Main rods 28.00 4.47 16.26 
Parallel rods... 20.00 3.19 11.61 
Rod straps ... 41.00 6.56 23.81 
Key, keyholders and bolts... 58.00 9.25 33.79 

Totals ••• hours 147.00 $23.47 .£4 5 5 
Link and Valve Rigging. 

Back halves of eccentrics ... 
Eccentric rods 
Links .. . 
Link blocks and pins 

,, hangers 
Rocker arms ... 
Lifting shafts 
Valve rods .. . 

, yokes .. . 
Reach rods .. . 
Reverse lever 

foot-step 

30.00 
38.00 
31.00 
3.00 

11.00 
106.00 

76.00 
6.00 

35 .00 
42.00 
19.00 

2.00 

4.78 
6.06 
4.95 
.48 

1.75 
16.91 
12.13 

.96 
5.58 
6.70 
3.03 

.32 

17.50 
22.07 
19.00 
1.75 
6.39 

61.57 
44.14 

3.48 
20.33 
24.39 
11.04 
1.16 

Totals ... hours 399.00 $63.65 .£1112 9 
Guide yoke 
Guides 

· Guide stem blocks 
Piston rods ... 

Totals 

56.00 8.93 
16.00 2.55 
21.00 . 3.35 
4.00 .61 

32.52 
9.30 

12.20 
2.32 

hours 97.00 $15.44 .£2 16 5 

Centre box 
Angle framing 
Side braces ... 
Bull nose 

braces 

Pilot. hours. 
9.00 

11.00 
4.00 

69.00 
20.00 

dols. 
1.43 
1. 76 

.64 
11.02 
3.19 

s. 
5.23 
6.38 
2.32 

40.82 
11.66 

Totals ... hours 113.00 $18.04 .£3 5 8 
Cab· step hanger 
Feed-pipe hanger 
Lift pipe braces 
Clamps for dry pipe 

hose 

Totals 

8.00 
7.00 
4.50 
4.00 
5.00 

1.28 
1.12 
.72 
.64 
.80 

hours 28.50 $4.56 

Setting Work on Engine. 

4.64 
4.06 
2.62 
2.32 
2.90 

s.16 6 

Footboard braces 14.50 2.23 8.12 
Front boiler braces... 31.00 4.95 18.00 
Back boiler braces ... 12.00 1.92 6.96 
Eccentric rods and sinks 23.00 3.67 13.36 
Frame pads ... 8.00 1.28 4.64 
Truck braces 8.00 1.28 4.64 

Totals 
All bolts 

hours 96.50 $15.33 .£2 15 9 
... 317.00$50.59 .£9 2 5 

Miscellaneous Forgings. 
Reverse, throttle, safety 

valve and cab-rigging .. . 
Damper and grate rigging .. . 
Miscellaneous small rods .. . 

clamps 
Pins:'keys, d~d gibs 
Studs ... 
Safety chains and hooks 
Handrail columns ... 
Small springs 
Centre for pump plungers ... 
Miscellaneous small forgings 

86.00 
24.00 
18.00 
12.00 
36.00 

9.00 
13.00 
17.00 
7.00 
6.00 

53.00 

13.73 
3.83 
2.87 
1.91 
5.75 
1.44 
2.07 
2.71 
1.12 

.96 
8.46 

49.95 
13.94 
10.40 

6.96 
20.91 

5.22 
7.54 
9.86 
4.06 
3.46 

30.78 

Tobls ... hours 281.00 $4.4.85 .£8 3 0 

Forgings for Truck. 
Bridge braces 
Braces 
Cradles 
Frames 
Pedestals 
Pedestal braces 
Equalising beams 
Pins 
Angle irons ... 
Links ... 
Centre pins ... 
Clevis... .. . 
Miscellaneous small pieces .. . 
Truck springs 

5.00 
10.00 
57.00 
66.00 
61.00 
20.00 
43.00 

8.00 
5.00 
4.00 
8.00 
5.00 
7.00 

31.00 

.80 
1.60 
9.09 

10.53 
9.72 
3.19 
6.86 
1.28 

.80 

.64 
1.27 

.80 
1.15 
4.97 

2.90 
5.80 

32.80 
38.34 
35.43 
11.61 
24.97 

4.64 
2.90 
2.32 
4.64 
2.90 
4.06 

18.07 

Totals hours 330.00 $52.80 .£9 12 2 

Forgings for Tender. 
Springs 66.50 10.61 
Other forgings 194.00 30.80 

38.66 
119.01 

Totals ... hours 260.50 $41.41 .£7 17 8 

Total labour in smith 
shop hours3495.20 $557.63.£101186 

Laying out sheets 
Rolling 
Punching 

BOILER SHOP. 

Boiler. 
120.00 
130.00 
160.00 
320.00 Flanging ... 

Machine rivetting (steam) ... 80.00 

19.15 
20.74 
25.53 
51.06 
12.76 

69.60 
75.40 
92.80 

185.60 
46.40 

Hand rintting 
Stay bolt rivetting .. . 
Caulking ... ... 
Fitting, scarfing, and round-

ing ... 
Drilling flue-sheet 

,. rings, dome top, 
braces, &c. 

Cutting crown and brace 
bolts 
., stay bolts ::: ... 

Tapping stay bolts and put
ting in same 

Putting on braces ... 
Making braces and crown 

bars ... 
Fitting and putting on crown 

bars ... 
Fitting and putting ou fire

door ... 
Fitting and putting on T -iron 
Handling materials, &c. ... 

hours. 
400.00 

90.00 
250.00 

260.00 
40.00 

50.00 

20.00 
60.00 

150.00 
80.00 

180.00 

50.00 

30.00 
40.00 
70.00 

dols. 
63.84 
14.36 
39.90 

41.48 
6.38 

7.98 

3.19 
9.57 

23.94 
12.76 

28.72 

7.98 

4.79 
6.38 

11.17 

s. 
232.00 

52.20 
155.20 

150.80 
23.20 

29.50 

11.60 
34.60 

87.00 
46.40 

104.00 

29.00 

17.40 
23.20 
40.60 

Totals ... hours 2580.00 $411.68 .£75 6 0 

Total hrs. on tank cistern 572.00 $91.29 .£16 13 0 

Total hrs. in boiler shop 3152.00 $502.97 .£9119 0 

LATHE SHOP. 

Bell, yoke, frame, and crank 
complete 

Boiler check, complete, with 
casing ... 

Bridge pipe complete 
Blow-off cock 
Blower valve ... 
Bull nose 
Bolt turning 

,, centering 
Cylinders 

Heads, front 
back ... 
casings, front 

back 
studs 

" " washer, and pins ... 
Cylinder cocks ... 

., cock rigging 
Crossheads .. . 
Crosshead pins 

,. washers ... 
,. keys 

Cab lamp, complete .. . 
., step hangers .. . 

Connexions 

nuts, 

Drilling (miscellaneous) 
Dome cap 

top ... 
top ring ... 

,. bottom ring ... 
Dry pipe, joints, elbow, &c. 
Driving boxes 

box cellars 
,. shoes ... 

, , wedges 
Drop grate rigging ... 
Draft iron ... 

, , pins 
Nuts for pipes in firebrick 

arch ... ... 
Smoke box front door 
Equalising posts ... 

,, beams 
Eccentric, wrought • iron 

halves 

hours. cents. 
10.25 163.59 

10.00 159.60 
11.00 175.56 
4.00 63.84 
7.00 111.72 
4.00 63.84 

224.00 3575.04 
27 .. 50 438.90 

160.50 2561.58 
8.00 127.68 

16.25 259.35 
12.50 209.50 
12.00 191.52 
4.25 67.83 

7.00 111.72 
8.00 127.68 
6.00 95.76 

76.00 1212.96 
9.00 143.64 
1.75 27.96 
6.25 99.75 
4.00 63.84 
2.50 39.90 

41.00 654.36 
28.75 458.85 
2.00 31.92 
2.75 43.89 
2.00 31.92 
2.00 31.92 
6.00 95.76 

53.00 845.88 
8.25 131.67 

10.00 159.60 
11.00 175.56 

3.00 47.88 
2.00 31.92 
5.00 79.80 

18.00 287.28 
7.00 111.12 
3.75 59.85 

11.00 175.56 

7.75 123.69 

s. 
5.95 

580 
6.38 
2.32 
4.06 
2.32 

129.92 
15.96 
93.10 
4.64 
9.43 
7.26 
6.96 
2.47 

4.06 
464 
3.46 

44.08 
5.22 
1.03 
3.61 
2.32 
1.40 

23.78 
16.67 
1.16 
1.61 
1.16 
1.16 
3.46 

30.74 
4.79 
5.80 
6.38 
1.74 
1.16 
2.90 

10.04 
4.06 
2.19 
6.38 

4.51 
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Cast-iron halves, includ
ing finishing complete 
eccentric 

Straps ... 
Keys 
Rods 
Rod bolts 

, jaws 
, pins ... 

Studs 
Set screws 
Oil cups ... 

Exhaust nozzle 
,, base .. . 

Footplate .. . 
Flag stands 
Frames, main 

Front ends 
, , cross brace 

Intermediate braces 
Back end ... 
Expansion braces 
Pads ... ... 
Clamps 

Foot-board brackets 
Feed regulator (complete) .. . 

, pipe cock .. . 
, , hangers and clamps 

Guides 
Yokes 
Blocks •.• .. . 
Block washers .. . 
Oil cups ... .. . 

H ead light brackets 
Cab brackets 
Handrail, column flange and 

catch •.. ..• ... 
Handrail, handle jaws, and 

acorns 
Handrail tees 
Acorns, t ees, and studs for 

head light board 
Hose nuts and sleeves 
Injectors, studs, and unions 
Links (for valve motion) 
Bridles (link) ... 
Washers , 
Link dies 

, , plates 
, pins 

Lifting shaft .. . 
Bearing .. . 
Link 

, pins ... 
Shaft spring drum 

M.udplugs 
Number plates 
Piston rods .•. 

Spiders 
Followers 
Follower bolts 
Spider pins 
Inside rings 
Gland~ 
Bushing rings 
Gland studs 
Piston packing rings ... 

Pttmp barrel. .. 
Top chamber 
Bottom chamber 
Plunger ... 
Gland 
Gland bushings and 

studs 
Valve, cage, and seat ... 
Studs, nuts, joints, &c. 

Pedestal caps 
Wedge bolts 

Port cocks (cylinder) 
Pet cock and rigging 
Reach rod, jaw, and bolts .. . 
R everse lever 

H andle, catches, &c .... 
Rack, studs, and fer

rules, &c. 
Rods, main 

, straps 
key, front 

, , back 
, brass, fran t 

, back 
, key bolts 
, liner front 
, key bridle 
, bridle studs 

Parallel .. . 
strap, front 

, back 
keys, front 

, back. 
, bolts 
, bridle, &c. 

brass, front ... 
, back ... 

six oil cups 
two oil cups ... 

hours. cents. 

47.75 762.09 
20.00 319.20 
3.75 59.85 
1.50 23.94 
5.00 79.80 

33.00 526.68 
4.25 67.83 
6.00 95.76 
8.00 127.68 
2.00 31.92 
1.50 23.94 
2.25 35.91 

15.25 243.39 
7.50 119.70 

51.00 813.96 
59.00 942.44 
10.50 167.58 
48.50 774.06 
18.50 295.26 
3.00 47 .88 

12.25 195.51 
4.00 63.84 
3.00 47.88 
5.50 87.78 

11.75 187.53 
1.75 27.96 

92.00 1468.32 
29.75 474.81 
32.50 518.70 

4.50 71.82 
6.00 95.76 
0.25 3.99 

14.00 223.44 

11.00 175.56 

3.25 51.87 
12.00 191.52 

7.50 119.70 
2.00 31.92 
1.50 23.94 

80.50 1284.78 
13.50 215.46 
1.50 23.94 

20.50 327.18 
4.75 75.81 
2.75 43.89 

12.00 191.52 
8.25 131.67 

19.25 307.23 
2.50 39.90 

10.75 171.57 
2.50 39.90 
1.00 15.96 

14.25 227.43 
16.00 255.36 
7.50 119.70 
4.50 71.82 
1.25 19.95 
2.00 31.92 
7.50 119.70 
2.50 39.90 
3.75 59.85 
6.0 

10.00 
2.25 
3.25 
7.25 
4.50 

1.50 
7.00 
3.50 

18.75 
6.50 
9.00 
3-50 

16.75 
10.00 
8.50 

159.60 
35.91 
51.87 

115.71 
71.82 

23.94 
111.72 

55.86 
299.25 
103.74 
143.64 
55.86 

267.33 
159.60 
135.66 

10.00 159.60 
67.00 1069.32 
21.50 343.13 
5.00 79.80 
4.50 71.82 
9.25 147.63 

20.00 319.20 
6.50 103.74 
5.25 83.79 
6.50 103.74 
1.00 15.96 

82.75 1320.69 
17.50 279.30 
23.75 379.05 
3.75 59.85 
7.00 111 .72 
5.50 87.78 
7.25 115.71 

16.75 267.73 
15.25 243.39 
10.50 167.58 
2.00 31.92 

B. 

27.70 
11.61 
2.19 

. 88 
2.90 

19.14 
2.47 
3.46 
4.64 
1.16 

.88 
1.31 
8.85 
4.36 

29.58 
34.22 
9.28 

28.14 
10.70 
1.16 
7.11 
2.32 
1.16 
3.20 
6.83 
1.03 

53.36 
16.82 
18.84 

2.62 
3.46 

.15 
8.12 

6.38 

1.89 
6.96 

4.36 
1.16 

.88 
46.70 

7.84. 
.88 

11.91 
2.77 
1.61 
6.96 
4.79 

11.17 
1.46 
6.25 
1.46 

.58 
8.27 
9.28 
4.36 
2.62 

.73 
1.16 
4.36 
1.46 
2.19 

5.80 
1.31 
1.89 
4.21 
2.62 

.88 
4.06 
2.04 

10.85 
3.76 
522 
2.04 
9.73 
5.80 
4.94 

5.80 
38.66 
12.48 
2.90 
2.62 
5.37 

11.61 
3.76 
3.05 
3.76 

.58 
48.01 
10.10 
13-79 
2.19 
4.06 
3.20 
4.21 
9.72 
8.85 
6.10 
1.16 

THE PENNSYLVANIA RAILROAD. 

TABLE No. XII.-(continued). 

Rocker arms 
Bearings 
Oil cup covers 

Relief valve and rigging 
Smokebox braces ... 

Rings 
Liners 

Sand-box and rigging com
plete 

Steam pipes 
, , joints 

Steam chests ... 
Lids 
Casings ••• 
Gland, bushings, and 

studs •.. 
Screw cutting 
Spring stirrups 

Bands and pockets 
Tail piece 
Tallow connexion (on steam 

chest) 
Tallow pipe unions ... 

, cups on bridge pipe 
, pipe joints 

Tee head ... 
Tank cock 
Truck boxes ... 

Frame 
Centre plate 
Swing centre 
P edestal jaws 

, caps 
Swing centre links 

, pins 
Spring hanger links 

,, ,, pins 
Equalising beam 
Cradle 

, brace 
Throttle gland 

Stuffing-box 
Studs ••• ... . .. 
Stand pipe and braces ... 
Valve 
Cage 
Uprrght rod and crank 
Straight rod and jaw ... 
Lever link, rack, and 

pins 
Gland bolts and studs ... 

Slide valves ... 
Rods 
Rod nuts (hexagonal) ... 

Rod'pins 
Yoke 

(round) 

Safety valve (Richardson) ••• 
Tank valves and seats com

plete 
Whistle complete ••• 

hours. cents. 
32.75 522.69 
34.50 550.62 
4.00 63.84 
3.00 47.88 
7.75 123.69 

11.00 175.56 
1.00 15.96 

22.00 
10.00 

5.00 
14.00 
6.00 
7.00 

7.00 
60.50 
18.25 

2.50 
12.25 

7.00 
2.00 

11.00 
1.00 
4.75 
1.50 

40.00 
7.00 
7.75 
3.50 

51.00 
2.25 
3.25 
5.00 
2.25 
3.50 
5.50 
5.25 
0.75 
4.50 
4.25 
2.00 
3.50 
3.25 
5.75 
2.25 
5.50 

8.00 
3.00 

12.00 
14.50 

7.75 
3.50 
4.75 
6.00 
5.50 

351.12 
159.60 
79.80 

223.44 
95.76 

111.72 

111.72 
965.58 
291.27 

39.90 
195.51 

111.72 
31.92 

175.56 
15.96 
75.81 
23.94 

638.40 
111.72 
123.69 

55.86 
813.96 
35.91 
51.87 
79.80 
35.91 
55.86 
87.78 
83.79 
11.97 
71.82 
67.83 
31.92 
55.86 
5l.S7 
91.77 
35.91 
87.78 

127.68 
47.88 

191.52 
231.42 
123.69 
55.86 
75.81 
95.76 
87.78 

4.50 71.82 
9.00 143.64 

s. 
19.01 
20.02 
2.32 
1.74 
4.51 
6.38 

.58 

12.76 
5.80 
2.90 
8.12 
3.46 
4.06 

4.06 
34.90 
10.55 
1.46 
7.11 

4.06 
1.16 
6.38 

.58 
2.77 

.88 
23.20 

4.06 
4.51 
2.04 

29.58 
1.31 
1.89 
2.90 
1.31 
2.04 
3.20 
3.05 

.45 
2.62 
2-47 
1.16 
2.04 
1.89 
3.35 
1.31 
3.20 

4.64 
1.74 
6.96 
8.42 
4.51 
2.04 
2.77 
3.46 
3.20 

2.62 
5.22 

Total hours in lathe shop 2695.10 $430.12 .£78 5 4 

VICE SHOP. 

Main rods 

Fitt-ing and Finishing. 
hours. dols. 
161.00 25.69 

Parallel rods ••• 
Crosshead and pistons 
Links (for valve motion) 
Rocker arms and bearings ... 
Reverse lever 
Guide yoke ..• 
Lifting shafts 
Valve rods 
Eccentric and straps 
Throttle lever 
Guides 
Pump ... 
Feed regulator 
Boiler check . .. .. . 
Steam gauge stand .. . 
Dome cap ... 
vVheel covers 
Whistle 
Marking and handling work 

208.00 33.20 
126.00 20.11 
U3.00 24.43 

50.00 8.14 
69.00 11.01 
26.00 4.15 
54.00 8.62 
18.00 2.81 
21.00 3.35 
39 .00 6.22 
17.00 2.71 
24.00 3.83 
24.00 3.83 
14.00 2.23 
16.00 2.55 
6.00 .96 

36.00 5. 74 
1.00 .16 

94.00 15.00 

s. 
93.51 

120.81 
73.17 
88.87 
29.62 
40.08 
15.10 
31.36 
10.40 
12.19 
22 .65 
9.86 

13.94 
13.94 
8.12 
9.28 
3.46 

20.07 
.58 

54.60 

Total hours in vice shop 1158.00 $184.74 .£33 118 
WHEEL SHOP. 

Driving Wheels and AxLes. 
Boring tyres ... 20.00 3.19 11.61 
Turning, boring, and facing 

driving centres 32.00 5.10 18.56 
Turning and fitting driving 

axles 20.00 3 .19 11.61 
Turning and fitting two main 

pins 22.00 3.50 12.76 
Turning and fitting two back 

pins .. . ... 11.00 1. 75 6.36 
P laning keyways in axles ... 4.00 .64 2.32 
Slotting keyways in wheels 2.00 .32 1.16 
Quartering driver centres... 4.00 .96 3.46 
Shrinking tyres 4 .00 1.27 4.64 

Mounting axles and putting 
in crank pir>s on hydraulic 
press ... .. . 

Leading counterbalances ... 

hours. 

4.00 
2.00 

dols. 

.64 
-32 

Engine Truck WheeLs and A~les. 

135 

s. 

2.32 
1.16 

Turning and fitting axles ... 6.00 .96 3.46 
Boring four wheels ... •.. 2.00 .32 1.16 
Boring, facing, and tapping 

axle collars ... ... 8.00 1.28 4.64 
Tender Wheels and AxLes. 

Turning and fitting four 
axles ... 5.00 .80 2.90 

Boring eight wheels ... 1.00 .16 .58 
Mounting engine and_tender 

truck axles... 2.00 .48 1. 74 

Total hours in wheel shop 149.00 $24.88 .£4 10 'I 

ERECTING SHOP. 

Fitting cylinders, heads, 
ports, frames, braces, 
pedestal, caps, wedges and 
shoes, cab brackets, tail 
piece, foot-plates, spring 
gear, footsteps and foot
board brackets, reaming 
and fitting bolts, all before 
erecting engine 

Fitting and erecting dry 
pipe, st eam pipes, upright 
pipe, throttle chamber, 
valve, &c., exhaust-box 
and nozzle, smokebox 
front and door stack base, 
headlight brackets, mud 
plugs, dome caps, spring 
balance, and relief lever 
blow -off cock .. . 

Sandbox and fittings com
plete, bell stand, yoke 
handle, handrail, all brass 
cab fixtures, cocks, pipe 
connexions, &c., injector 
rigging, copper pipes for 
pump, and injector, all 
fitted and erected ... 

Steam chests, lid joints, 
studs, glands, casings, 
slide valves, and valve 
yokes. All fitted . . . .. 

Fitting cylinders to smoke
box, hanging frames, 
erecting cross braces , 
expansion plates, pads, 
frame, clamps, fitting 
driving-boxes on journals, 
hanging guides and guide 
yoke, pump eccentric keyed 
on axles, engine put on 
wheels , reverse le•er rack 
and lift shaft spring gear, 
footboard brackets, back 
and front braces, dome 
case and base links and 
connexions, wedges and 
draft iron, rocker-boxes, 
counter spring, cylinder 
head casings, pilot and 
bumper, driving and truck 
wheel covers, valves set, 
and the general work of 
erecting the engine ... 

Flues fitted, water grate, 
and all wrought-iron pipe 
work 

Caulking flues 
Truck complete 

42~.00 67.99 

405.00 64.64 

:!06.00 48.83 

270.00 43.09 

1248.00 199.18 

178.00 
102.00 
126.00 

28.40 
16.28 
20.05 

247.44 

235.24 

177.73 

157.00 

724.28 

103.39 
59.24 
73.26 

Total hours in erecting shop 3061.00$488.46 .£8815 9 

TIN SHOP. 

Boiler jacket ... 
Cy Iinder jackets ... 
Wheel covers (drivers) 

Dome'top 
(truck) 

, base 
Sand box casing 
Stack ... 
Spark arrestors 
Lift pipe ... . .. 
Pump pipe (copper) ... 
Injector pipe (copper) 
Heater 
Cab roof 
Blower pipe •.• 

58.00 
5.00 

81.00 
6.00 

27.00 
10.00 
12.00 
30.00 
10.00 
19.00 
33.00 
25.00 
9.00 
9.00 
4.00 

9.26 
.80 

12.93 
.96 

4.31 
1.60 
1.91 
4.79 
1.60 
3.03 
5.27 
3.99 
1.44 
1.44 

.64 

33.64 
2.90 

46.98 
3.46 

15.68 
5.80 
6.96 

17.40 
5.80 

11.02 
19.14 
14.52 
5.22 
5.22 
2.32 

Total hours in tin shop 338.00 $53.97 .£9 16 0 

Cab 
Pilot (wood) 
Footboards 

CARPENTER SHOP. 

215.00 
70.00 
30.00 

34.60 
11.17 
4.79 

124.88 
40.60 
17 40 
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Lagging boiler cy Iinder and 
dome 

Bumper 
Tank frame .. . 

, t rucks .. . 

hours. 
20.00 
10.00 
65.00 
80.00 

dols. 
3.19 
1.59 

10.37 
12.77 

s. 
11.61 
5.80 

37.92 
46.40 

Total hours in carpenter shop 490.00 $78.48 £14 4 7 
EXTRA ATTACHMENTS. 

Water scoop complete 530.00 84.59 307.40 
Air brake 311.00 49.63 180.60 

THE PENNSYLVANIA RAILROAD. 

TABLE No. XII.-(concluded). 

Driver and brake 
Air r eservoir ... 

Total 

Total hours. 
Smith shop 
Boi.ler ,, 
Lathe , 

hours. dols. s I 
422.00 67.35 245:40 

60.00 9.57 3' .SO 

... 1323.oo $211.14 £a·s 8 o 1 

RECAPITULATION. 

£ s. d. 
3495.20 557.63 101 18 6 
3152.00 502.97 91 19 0 
2695.10 430.12 78 5 4 

Vice shop 
Wheel , 
Erecting shop ... 
Tin shop 
Carpenter shop .. . 
Paint shop 
Extra attachments 

Total hours labour on one 

hours. 
1158.00 
149.00 

3061.00 
338.00 
490.00 
412.00 

1323.00 

dols. 
184.74 
24.88 

488.46 
53.97 
78.48 
67 66 

211.14 

.£ s. d. 
33 11 8 
4 10 7 

88 15 9 
9 16 0 

14 4 7 
1119 1 
38 8 0 

engine and tender 16273.30 $2600.05 .£ 473 86 

CosT oF LocoMOTIVE CoNSTRUCTION. 

The cost of materials employed for three different 
types, the " C " bituminous, the " C " anthracite, and 
the " I" classes may now be considered. The two former 
are those generally employed for passenger and for fast 
freight service, the latter is the new type of heavy freight 
engme for mountain as well as for ordinary sections. In 

the T ables given, the materials and cost for tenders are 
included, but it is not possible to separate the latter from 
the engines. 

The bituminous engines of the "C " class have four 
coupled wheels 62 in. in diameter, cylinders 17 in. in 
diameter and 24: in. stroke, while the weight empty is 
29.80 tons. 

TABLE No. XIII.-COST OF ONE CLASS "C" BITUMINOUS LOCOMOTIVE. 

dols. 
Labour ... ... ... 2600.05 
Proportion of gaslight .. . 40.00 

, fuel and stores 138.92 
10,506 lb. Forgings . .. .. . .. . 332.93 
17,096lb. Castings ... ... .. . 389.58 
6,360 lb. , (driving wheel 

centres) 
8,196lb. Iron... ... ... .. . 

410 lb. Boiler iron... ... .. . 
226lb. Angleiron!... .. . .. . 
626 lb. Tank iron ... ... .. . 
650 lb. Stay bolts .. . ... . .. 
165 lb. Planished iron ... ... 

1,403 lb. Crown bar iron ... • .. 
130 lb. T-iron ... ... • .. 
223 lb. B.B. ;ron .. . ... ... 
665 lb. Sheet iron ... ... .. . 
15 lb. Russia iron... ... .. . 
44 lb. Boiler iron... ... .. . 

8,192 lb. Steel for boiler ... .. . 
296 lb. , boiler head plate .. . 
871 lb. Cast steel .. . .. . .. . 

1,208 lb. , spring st eel .. . .. . 
1,012 lb. Old steel ... .. . .. . 
1,129 lb. Bronze .. . .. . .. . 

517 lb. Brass .. . .. . .. . 
16 lb. Babbitt metal ... . .. 

1,349 lb. Lead ... ... . .. 
53 lb. Bar and sheet copper ... 

Rivets ... ... . .. 
Bolts ... ... .. . 
Nuts ... ... .. . 
Washers .. . ... .. . 

2 Driving axles (1780 lb.) .. . 
6 pairs Wheels and steel axles .. . 

4 Butcher steel tyres 
(3993 lb.) ... .. . 

144ft. Pipe .. .. . .. . 
4 Steel crankpins ( 414 lb ) .. . 

8! ft. Tube ends ... ... • .. 
1, 721 ft. Tubes ... .. . .. . 

jl31 lb. Copper pipe .. . ... 
, rivets .. . . .. 

Screws ... .. . . .. 
Nails ... .. . . .. 

12 Steel oet screws ... .. . 
17 lb. Lagging screws ... .. . 

6 lb. Black rubber ... .. . 
16 ft. Chain .. . .. . .. . 
11 lb. Sheet rubber ... .. . 

Split keys ... ... .. . 

143.10 
245.88 

24.60 
9.04 

37.56 
29.25 
22.91 
70.15 
6.50 

18.94 
26.60 

2.78 
4.07 

778.32 
39.96 

130.65 
110.73 
23.90 

34.0.07 
101.66 

3.23 
94.43 
16.68 
47.39 
31.19 
49.69 
4.40 

71 .20 
424.60 

439.23 
12.35 
12.42 

5.76 
395.83 
55.39 
1.20 
6.83 
2.24 
3.00 
1.00 
3.36 
1.25 
4.04 
1.36 

.£ s. d . 
473 8 6 

7 5 8 
25 5 10 
60 11 8 
70 18 8 

26 1 1 
44 15 3 
4 9 6 
1 12 11 
6 16 9 
5 6 6 
4 3 5 

12 15 5 
1 3 8 
3 8 11 
4 16 10 
0 10 1 
0 14 9 

141 14 11 
7 5 6 

23 16 9 
20 3 3 
4 7 0 

61 18 5 
18 10 2 

0 11 9 
17 3 10 
3 0 9 
8 12 7 
5 13 7 
9 0 11 
0 16 0 

12 19 6 
77 6 2 

79 19 8 
2 5 0 
2 5 3 
1 0 11 

72 1 3 
10 1 8 
0 4 5 
1 4 10 
0 8 2 
0 10 11 
0 3 8 
0 12 3 
0 4 7 
0 14 9 
0 5 0 

6 ft. Rubber hose .. . .. . 
Brass and copper wire ... 
Emery paper .. . .. . 

8llb. Packing ... ... .. . 
Tacks ... ... .. . 
Wick ... ... .. . 
Sponge ... ... .. . 

4 lb. Leather .. . .. . .. . 
Type metal ... .. . 
Glue .. . .. . .. . 

5 Firebricks at 90 .. . .. . 
3 Screw eyes... ... .. . 

2lb. Soap ... ... .. . 
Brushes ... . .. 

1 Tank cistern . .. ... 
1 Signal bell .. . .. . .. . 
1 Whistle ... ... . .. 
1 Steel counter spring .. . 
1 Water scoop hose .. . 
1 Counter balance spring .. . 
2 Unions ... ... .. . 
1 Richardson safety valve 
2 Swivels ... ... ... 
4 Hose nuts ... ... . .. 
4 Deflector nuts .. . . .. 
1 Goose neck .. . .. . 
1 Steam chest gland nut ... 
1 Boiler check .. . 
2 Tallow caps and joints .. . 
4 Eccentric straps .. . .. . 
8 Driving-box shoes ... 
4 , wedges ... 
4 Spiral springs . .. . .. 

1'0 Oil cups .. . ... . .. 
1 Steel plunger .. . . .. 
1 Steam gauge ... ... 
1 Injector ... ... . .. 
6 Handrail tees . .. .. . 
4 Acorns ... ... ... 
4 Tallow connexions ... 
1 H ose , ... 
1 Steam-chest ... . .. 
1 Blower ... ... .. . 
4 Packing rings . .. .. . 

10 Face plates ... ... 
1 Spring balance .. . . .. 
1 Set of copper joints ... 
2 Hose strainers ... . .. 
4 Truck oilers . .. .. . 
4 Brass oilers .. . .. . 

Elbow, hinges, door slides 

dols. 
3.00 
0.25 
0.06 
1.66 
0.03 
0.05 
0.03 
1.28 
0.25 
0.07 
4.50 
0.06 
0.22 
0.45 

425.00 
4.27 

13.00 
8.10 
2.25 
7.61 
2.05 

10.12 
1.28 
4.20 
4.00 
1.89 
0.60 

16.35 
7.31 

27.00 
14.00 
5.20 
7.87 
7.00 
5.13 

11.40 
87.00 

5.40 
3.12 
2.80 
2.10 
1..50 
0.43 

22.20 
2.88 

11.25 
5.04 
0.34 
0.48 
1.08 
3.44 

.£ s. d. 
0 10 11 
0 0 11 
0 0 3 
0 6 1 
0 0 1 
0 0 2 
0 0 1 
0 4 9 
0 0 11 
0 0 3 
0 16 5 
0 0 3 
0 0 9 
0 1 7 

77 7 9 
0 15 7 
2 7 4 
1 9 5 
0 8 2 
1 7 8 
0 7 5 
1 16 10 
0 4 8 
0 15 4 
0 14 6 
0 6 11 
0 2 2 
2 19 6 
1 6 7 
4 18 4 
2 11 0 
0 18 11 
1 8 8 
1 5 6 
0 18 8 
2 1 6 

15 16 10 
0 19 7 
0 11 4 
0 10 5 
0 7 7 
0 5 6 
0 1 7 
4 0 10 
0 10 5 
2 1 0 
0 19 2 
0 1 3 
0 1 9 
0 4 0 
0 12 6 

2 Cab-door catches and 
knobs ... .. . ... 

1 Tank cock ... . .. 
1 Blower cock . .. . .. 
1 Pet cock ... .. . 
1 Blow-off cock ... .. . 
2 Stop cocks... .. . .. . 
4 Cylinder cocks ... ... 
2 Heater cocks ... . .. 
4 Gange cocks .. . . .. 
2 Tallow cocks .. • .. . 
1 Scum cock .. . ... . .. 
2 Port cocks .. . .. . .. . 
1 Steam gauge cock .. . 
1 Feed-pipe cock ... .. . 

112 ft. Deflector pipe .. . .. . 
28 Sheets oftin .. . . .. 

370ft. Water grate ... .. . 
9 Bushings ... . .. .. . 

3 lb. Solder ... ... .. . 
9 Lugs ... .. . . .. 

250ft. Oak... ... .. . ... 
522 ft. Ash... . .. ... . .. 
509 ft. Pine . .. . .. . .. 
60 ft. Hickory . .. ... ... 

171 ft . Poplar .. . .. . . .. 
530 ft . Yellow pine ... .. . 
670 ft. Pine .. . .. . .. . 
36 ft. Cherry .. . .. . .. . 
24 ft. Weather strips ... ... 

15 Lights ... .. . . .. 
Sandpaper .. . .. . ... 

66 lb. Bone black... . .. . .. 
20 lb. Lead colour . .. .. . 
22 lb. Filling .. . .. . .. . 
20 lb. "Ironclad" paint... .. . 
7 lb . Swedish green ... .. . 
4 l b. Roofing brown ... .. . 

25 lb. Dark Brunswick green .. . 
2 gals. Black Japan varnish .. . 
2 gals. Rubbing varnish .•• .. . 
1 gal. Finishing varnish .. .. . 

27 Books of gold leaf .. . 

dols. £ s. d 

1.32 
2.00 
6.30 
1.00 
5.50 
3.83 
6.00 
4.50 
6.40 
6.50 
3.75 
2.40 
1.15 
2.80 

17.92 
6.14 

59.20 
1.31 
0.75 
0.59 

13.00 
20.50 
36.26 
3.00 
6.07 

15.90 
16.75 
1.44 
1.20 
4.35 
0.70 
2.64 
4.00 
3.88 
2.40 
1.75 
0.56 
9.60 
2.40 
7.76 
4.25 

11.34 

0 4 10 
0 7 4 
1 2 9 
0 3 8 
1 0 0 
0 13 10 
1 1 8 
0 16 3 
1 3 3 
1 3 8 
0 13 8 
0 8 9 
0 4 2 
0 10 3 
3 5 3 
1 2 4 

10 15 5 
0 4 9 
0 2 8 
0 2 2 
2 7 4 
3 14 8 
6 12 0 
0 10 11 
1 2 1 
2 17 10 
3 1 0 
0 5 3 
0 4 5 
0 15 10 
0 2 6 
0 9 8 
0 14 10 
0 14 1 
0 9 7 
0 6 5 
0 2 0 
1 13 11 
0 8 9 
1 8 3 
0 15 6 
2 1 4 

Total ... 8411.93 1531 13 6 
By brass and bronze turn-

ings ; turnings, borings, 
and cuttings ... ... 68.12 12 8 1 

Total ... 8343.81 1519 5 5 

Shop expenses other than those for gas, fuel, and stores 
are not included in the foregoing Table, and the total 
of 1519l. 5s. 5d. should therefore be increased to allow for 
this. Placing factory expenses at 50 per cent. of wages 
paid, we have 236!. 19s. 3d. to add, less the charge of 
321. 11 s. 6d. credited for gas and stores. The total cost 
of engine and tender would therefore be 1519!. 5s. 5d. + 

204l. 7s. 9d. = 1723l. 13s. 2d., and allowing 300!. for the 
cost of the tender, we should get the cost of engine alone 
at 1423!. 

Assuming the cost of material in tender to be equal ·to 
the amount of wages paid and factory expenses, we may 
thus summarise the whole expenditure : 
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Cost of material in engine 
, , tender 

Amount of wages on engine . 
, , ten~er 

Factory expenses for engme . 
, , tender 

Total 

£ 
863 
150 
373 
100 
187 
50 

. 1723 

'l'he weight of the bituminous "C" engme being 
39.80 tons, and that of the tender 10 tons, we have: 

Cost of material per ton in engine 
, , . te~der 

Cost of labour per ton m engme . 
, , t ender 

Fact~ry expenses per ton of engine 
, , te?der 

Total expenses per ton of engme . 
, , tender 

£ 
28.3 
15.0 
12.5 
10 

6.2 
5 

47 
30 

It will be interesting to compare these figures with 
similar ones obtained from_ European railways. Mr. 
McDonell in a paper read before the Institution of Civil 
Enaineers on the repairs and renewals of locomotives has 

b • 

given some statistics by which comparison can be made as 
to the cost per ton of finished engine. See 'l'able XIV. 

TABLE No. XI V.- CoMPARISON OF CosT OF AMERICAN AND 
EuROPEAN L ocoMOTIVES. 

Factory Total RAI LWAY. Wages. Material. 
Charges. per Ton. 

--
Paris and Orleans Railway: £ s. £ s. d. £ s. £ s. d. 

Six-wheeled coupled engines, 
67 13 weight 34 tons . 16 0 41 18 4 9 15 4 

Great Western Railway: 
Express coupled passenger en-

11 7 29 0 0 7 1 47 8 0 gine, weight 31 tons . . 
Goods engine, weight 30.5 tons 11 0 25 4 0 7 4 43 8 0 

Great Southern and Western 
Railway of Ireland: 

Passenger engine, weight 30 
tons 17 844 5 0 8 9 70 2 0 

Passenger engine, weight 27 
tons . 17 144 5 0 8 5 69 11 0 

Goods engine, weight 30 tons . 16 348 5 0 8 1 72 9 0 
Pennsylvania Railroad: 

Class " C " bituminous engine, 
weight 39.80 tons 12 10 28 6 0 6 4 47 0 0 

It will have been already observed that although the 
prices of materials are relatively high in the United States, 
there are several causes which combine to reduce the total 
costs of materials employed. A larger amount of cast iron 
finds a place in an American than in an English engine ; 
steel tubes and fireboxes are used to the exclusion of brass 
tubes and copper fireboxes. 'l'he driving wheel bodies are 
of cast iron, while the truck wheels are altogether of the 
same material. 'l'he perfection to which the system of 
working by templates has been carried still further tends to 
cheapen the work, though this shows itself in the value of 

labour. On the other hand a small increase in expen
diture as compared with English engines is incurred in the 
elaborate cab structure, pilot, &c. 

In the following 'l'able a comparison in prices of dif
ferent materials is made, the English prices being those 
of the Great Southern and Western Railway of Ireland, 
for engines built about the same time as those on the 
Pennsylvania Railroad to which we are referring. 

TABLE N o. XV.-CoMPARATIVE CosT OF MATERIALS. 

MATERIAL. 

Copper plates per ton 
Tubes per ton 
Steel axles per ton 

, tyres per ton . 
Cost of wheels per ton 
Forgings per ton 
Castings per ton 
Boiler plate per ton 

Pennsylvania 
Railroad. 

£ s. 

Steel 32 16 
36 12 
46 10 

9 12 
12 16 

9 6 
Steel 39 15 

d. 

0 
0 
0 
0 
0 
9 
0 

Great Southern 
and Western 

Railway. 

£ s. d. 
91 7 5 

Brass 70 0 0 
40 3 10 
38 0 0 
50 2 5 
19 3 0 
11 2 7 

I ron 34 16 0 

From the foregoing it will be observed that if copper 
had been employed instead of steel for the firebox, brass 
instead of steel for tubes, and wrought iron instead of cast 
iron for driving wheels, a considerable addition would 
have to be made, amounting to : 

Extra for firebox . 

" 
tubes 

" 
wheel centres 

Total 

£ 
64 
81 

140 

' ' 285 

On the other hand, the cost of forgings for the American 
engine is little more than one half, and the price of cast
ings is also considerably less. It should be borne in mind 
however that the above comparison with the engines of the 
Great Southern and Western of I reland, and Paris and 
Orleans Railways, are not the best that might be made; 
on the other hand, the cost of material and labour above 
quoted for the Great Western Railway, may be accepted 
as a fair example of cost on our main lines, and if the 
allowance was made for the more expensive materials 
employed here, the price per ton for engines on the Penn
sylvania Railroad would be still higher than that shown 
for the Great Western Railway. 

'l'able XVI. shows the detailed cost of a Class '' C " 
anthracite engine with four 62-in. coupled wheels 17-in. 
by 24-in. cylinders, and weighing 30.64 tons. Factory 
expenses have to be added to the total amount of 16077., 
and taking these as before at fifty per cent. of wages paid, 
we have 18467. as the total cost. Deducting 3007. as cost 
of tender, that of the engine remains at 15461., and the 
whole expenses may be summarised as follows: 

T 
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Cost of material in engine 
, , tender 

Amount of wages in engine 
, , tender 

THE PENNSYLVANIA RAILROAD. 

£ 
887 
150 
439 
100 

Factory expenses for engine . 

" " 
tender 

Total 

TABLE No. XVI.-COST OF ONE CLASS "C" ANTHRACITE LOCOMOTIVE. 

dols. .£ s. d. 
Labour ... 2960.84 539 2 5 
Proportion of gaslight 

fuel and 
" stores ... 

8,637 lb. Rolled iron ... 
10,493 lb. H ammered iron ... 
16,608 lb. Castings ,.. . .. 

119 lb. " Sligo" boiler iron ... 
6,040 lb. Cast driving wheel centres 

17 lb. Russia iron .. . .. . 
175 lb. Boiler iron .. . 
150 lb. T-iron .. . 
318 lb. B. B. iron .. . 

2,100 lb. Crown bar iron ... 
993 lb. Common sheet-iron 

1,693 lb . .Angle iron .. . 
4,687 lb. Tank iron .. . 

428 lb. Planished iron 
813 lb. Stay bolts •.. 

3lb. Galvanised iron ... .. . 
319 lb. Steel (boiler head sheet) .. . 
346 lb. Old steel.. . .. . .. . 

8,888 lb. Boiler steel .. . 
866 lb. Cast spring steel .. . 
44 lb. , steel .. . 

856lb. Steel forgings 
1,070 lb. Bronze .. . 

656 lb. Brass .. . 
7 lb. Sheet brass 

61 lb. Copper .. . 
10 lb. Babbitt metal 

1094 lb. Rivets 
Bolts 
Nuts 

17lb. Washers 
Nails 
Screws 

16 lb. Casing screws 
16 lb. Lagging screws 

3 lb. Copper rivets 
2 Sets of clogs and cams .. . 

Truck frames (material) .. . 
Pedestals 

441ft. Water grates 
Cradles ... . .. 

30.00 5 9 3 

141.66 
232.47 
314.79 
332.15 
10.69 

120.80 
2.80 

10.50 
7.50 

25.48 
105.00 
36.99 
59.28 

281.21 
55.70 
36.56 
0.28 

43.02 
6.91 

799.88 
73.59 
6.96 

77.04 
345.60 
131.20 

2.14 
19.33 

2-50 
62.14 
7.21 

60.08 
0.51 
1.89 
3.41 
0.52 
0.94 
1.48 

14.85 
5.66 
2.85 

70.56 
4.00 

522.92 
19.51 
34.50 

5.30 

25 15 10 
42 6 6 
57 6 3 
60 17 11 
1 18 11 

21 19 11 
0 10 2 
1 18 3 
1 7 4 
4 10 10 

19 2 4 
6 12 ~ 8 

10 15 10 
51 0 0 
10 2 10 
6 13 1 
0 1 0 
7 16 8 
1 5 2 

145 12 10 
13 8 0 
1 5 4 

14 0 7 
62 18 6 
23 17 9 
0 7 10 
3 10 4 
0 9 1 

11 6 3 
1 6 3 

10 18 10 
0 1 10 
0 6 11 
0 12 9 
0 1 10 
0 3 5 
0 5 5 
2 14 1 
1 0 6 
0 10 5 

12 16 11 
0 14 7 

95 4 3 
3 11 0 
6 5 7 
0 19 4 

2 Steel driving axles (1748-
pound) ... 

1362 lb. Lead ... . .. 
4 Standard steel tyres (3994-

pound) ... ... . .. 
10 ft. Steam pipe 

156 ft. Pipe ... 
176ft. Copper pipe 

1 Steam gauge cock 
1 Surface cock 
1 Tank cock .. . 
1 Pet cock .. . 
1 Blow-off cock 
4 Cy Iinder cocks 
1 Blower cock 
1 Feed-pipe cock 
4 Gauge cocks 
2 Heater cocks 
2 Port cocks ... 
2 Tallow cocks 
4 Driving box shoes 
4 Truck boxes 
4 Driving box wedges 
4Hose nuts ••• 
2 Swivels 
2 Pump cages 
2 Hose nut sleeves ... 

Mud plugs ... 
2 Main valves 
6 Handrail tees 

Casing nuts for cylinders 
2 Tank valves and seats 
1 Boiler check valve 
1 Injector 
1 Safety valve 
2 Cage plugs 
2 Spirals 
8 Face plates 
3 Unions 
4 Eccentric straps 
4 .Acorns 
4 Packing rings 

Pump joint rings .. . 
1 Spring balance .. . 
1 Richardson safety valve 
1 Signal bell ... 
1 Whistle 
1 Gooseneck ... 
3 Feed pipe nuts 

dols. 

144.19 
95.36 

379.43 
17.16 
17.13 
81.07 
1.15 
3.65 
2.04 
0.97 
4.27 
6.40 
6.30 
2.40 
6.30 
4.36 
2.56 
6.54 
4.80 

40.00 
4.80 
4.00 
1.00 
6.50 
1.00 
1.00 
4.75 
5.40 
0.52 
3.70 

15.35 
64.98 
1.37 
0.26 
1.20 
2.16 
2.32 

26.24 
3.34 

22.72 
0.34 

11.25 
8.60 
4.27 
3.23 
1.19 
2.25 

.£ s. d. 

26 4 10 
17 7 3 

69 11 9 
3 2 6 
3 2 5 

14 13 3 
0 4 2 
0 13 3 
0 .7 4 
0 3 6 
0 15 7 
1 3 3 
1 2 11 
0 8 9 
1 2 11 
0 15 11 
0 9 4 
1 3 0 
0 17 5 
7 5 8 
0 17 6 
0 14 7 
0 3 7 
1 3 8 
0 3 7 
0 3 7 
0 17 5 
0 19 8 
0 1 10 
0 13 5 
2 15 0 

6 Side rod oil cups .. . 
8 Steel guide bars .. . 
2 F eed pipe sleeves .. . 
2 Side rod oil cups .. . 
1 Boiler check valve joint ... 
4 Guide bar oil cups 
1 Injector joint 
7 Bushings ... 

Elbows 
1 Set copper pipe joints 
2 Tallow pipe connexions ... 

2 " " 1 Blower connexion .. . 
12 Steel set screws .. . 

1 Reversing spring .. . 
Piston-rods 

6ft. Rubber hose 
10 lb. Black rubber 

Split keys ... 
! lb. Brass wire ... 

17ft. Chain 
Packing, &c. 
Glue, tacks, &c. 
Block-tin, &c. 
Cab-door slides, &c. 
Hinges, catches, &c. 

509 ft. Michigan pine 
530 ft. Yell ow pine 
650 ft. Pine ... 
470ft. Oak .. . 
527ft . .Ash .. . 
60ft. Hickory 

170 ft. Poplar 
39 ft. Cherry 
24 ft. Weather strips 

14 Squares glass 
4lb. Leather 

20 lb. Lead colour 
25 lb. " Ironclad" paint ... 
22 lb. Filling 
7 lb. Swedish green 

25 lb. Dark Brunswick green ... 
4lb. Roofing brown 

H gal. Black Japan varnish 
2 gal. Rubbing varnish ... 
1 gal. Finishing varnish 

26 Books gold leaf ... 

£ 
220 

50 

1846 

dols. .£ s. d . 

4.92 
50.00 
0.72 
0.80 
0.25 
2.36 
0.11 
1.45 
0.53 
5.04 
1.00 
3.06 
0.60 
2.80 
7.56 

15.18 
2.72 
5.36 
1.06 
0.18 
1.42 
1.23 
0.90 
5.70 
7.88 
0.77 

36.25 
15.90 
14.62 
10.59 
21.33 
3.00 
7.15 
1.76 
1.20 
3.68 
1.16 
3.00 
3.00 
4.40 
1.54 

10.00 
0.56 
1.80 
7.70 
4.25 

10.80 

0 17 6 
9 2 1 
0 2 7 
0 2 10 
0 0 11 
0 8 7 
0 0 5 
0 5 0 
0 111 
0 18 1 
0 3 7 
0 11 1 
0 2 2 
0 10 2 
1 7 3 
2 15 3 
0 9 10 
0 19 6 
0 3 9 
0 0 8 
0 5 2 
0 4 5 
0 3 3 
1 0 9 
1 8 8 
0 2 9 
6 12 5 
2 17 11 
2 13 2 
1 18 7 
3 17 8 
0 10 11 
1 6 0 
0 6 5 
0 4 4 
0 13 5 
0 4 2 
0 10 11 
0 10 11 
0 16 0 
0 5 7 
1 16 5 
0 2 4 
0 6 6 
1 7 6 
0 15 6 
1 19 8 

1937 ft. Boiler tubes (2-in.) 
29 ft. Tube ends (2!-in.) 

230 lb. Bolts for crown bars 
20 lb. Steel pump plungers 

6 pairs Wheels and axlesJ 378.13 
31.68 

68 10 4 
5 15 5 

1 Bellfield steam gauge .. . 
3 Feed pipe joints ... 

11.33 
0.42 

11 16 7 
0 5 0 
0 1 0 
0 4 4 
0 7 10 
0 8 5 
4 15 7 
0 12 2 
4 1 4 
0 1 3 
2 1 0 
1 10 3 
0 15 7 
0 11 9 
0 4 4 
0 8 2 
2 1 3 
0 1 6 

Total .. . 8829.66 1607 14 2 
4 Steel crank pins ... 

The weight of this engine being 30.64 tons, and that of 
the tender, say, 10 tons, we have : 

Cost of material per ton of engine 
, , tender . 

Cost of labour per ton of engine 
, , tender . 

Factory expenses per ton of engine 
, , tender 

Total expenses per ton of engine 
, , tender 

£ 
28.9 
15.0 
14.3 
10.0 
6.1 
5.0 

49.3 
30. 

Table XVII. shows the detailed cost of one " I " class 
locomotive, a powerful engine for working heavy freight 
trains. This engine has four pairs of driving wheels 50 in. 
in diameter, cylinders 20 in. by 24 in., and weighs empty 
36.65 tons. The total cost is 1868l., of which 722l. are 
for labour. As in the other instance, only gas and stores 
are allowed for as factory expenses, and if the additional 

proportion be added, the total cost of engine and tender is 
raised to ~178l. In this case the 

Cost of material in engine is 
, , tender 

Amount of wages in engine 
, , tender 

Factory expenses in engine 

" " 
tender 

Total 

£ 
945 
150 
622 
100 
311 

50 

2178 

The weight of this engine being 36.65 tons, and that of 
the tender 10 tons we have : 

Cost of material per ton of engine 
, , tender. 

Cost of labour per ton of engine 
, , tender . 

Factory expenses per ton of engine 
, , tender 

Total expenses per ton of engine 
, , t ender 

£ 
25.7 
15.0 
16.9 
10.0 
. 8.6 

5. 
51.6 
30.0 
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TABLE No. XVII.-DETAILED COST OF ONE CLASS "I" LOCOMOTIVE. 

dols. .£ s. d . Screws, steel set screws, dols. .£ S· d. dols • .£ s. d. 
Labour 3968.03 722 10 3 casing screws . . . . .. 6.34 1 3 1 4 Steel ferrules 2.96 0 10 9 
Proportion ~f gas iighting, Lagging screws,split keys, 12 Oil cups 9.61 1 15 0 

&c. . .. 86.47 15 15 11 bushings 4.07 0 14 10 4 Guide oil cups . . . . .. 2.09 0 7 6 
Proportion of fuel and 4 Driving axles 100.80 18 16 1 2 Tallow pipe connexions ... 1.00 0 3 8 

stores 196.88 35 16 11 8 Axle boxes ... 173.06 31 10 3 1 Set coaper joints ... 5.04 0 18 4 
18,396 lb. Castings at 2 cents 367.92 66 19 10 8 Axle box shoes 9.42 1 12 3 1 Set ro s and rings 2.16 0 7 10 
8,079 lb. Forgings ... 231.29 42 2 2 8 , wedges::: 10.40 1 17 2 2 Hose strainers 0.33 0 1 2 
9,260 lb. Cast wheel centres at 2 5 pairs Wheels and axles 176.40 32 2 4 2 Tank strainers 3.48 0 12 8 

cents 185.20 33 14 4 8 Steel tyres. .. .. . 590.S3 107 11 7 36 ft . Steel netting 10.80 1 19 4 
35! lb. Boiler iron at 6 cents ... 21.09 3 16 9 8 S tee! crank pins ... 42.95 7 14 9 31 Sheets of tin 6.88 1 5 

17,003lb. Hammered iron at Scents 510.09 92 17 7 4 Eccentrics... . .. 24.00 4 7 0 3 lb. Solder, wire, face plates, 
1,525 lb. Angle iron at 4 cents 61.00 11 2 1 4 Eccentric straps .. . 26.24 4 14 7 &c. 3.40 0 12 7 
4,318 lb. Tank iron at 6 cents 259.08 47 3 5 Pipe metal ... 0.29 0 1 1 Brackets, l~gs, &c. 0.91 0 3 4 

850 lb. Stay bolts at 4! cents 38.25 6 19 5 6:1: ft. Hose 4.50 0 16 4 2 Tank valve seats ... 6.48 1 3 7 
505 lb. Planished iron at 13 cents 65.65 11 19 4 14 lb. Sheet rubber 5.14 0 18 9 Packing, &c. 1... ... 1.24 0 9 0 
280 lb. T -iron at 5 cents 14.00 2 10 11 8l lb. Block rubber 4.66 0 17 0 1 pair Cab door slides, two pairs 
591 lb. B. B. iron at 8 cents 61.28 11 3 8 1 Steam gauge cock 1.09 0 311 butt hinges 3.18 011 7 
525 lb. Sheet iron ... 20.93 3 16 2 1 Feed pipe cock 2.63 0 9 7 2 pair Door catches, &c. 1.46 0 5 3 
25 lb. Russia iron 4.08 0 14 10 1 Surface cock 3.75 0 13 8 4lb. Leather, &c. 1.96 0 7 2 

686 lb. Wrought iron 18.86 3 8 8 4 Cylinder cocks 6.00 1 1 10 575ft. Michigan pine 40.82 7 9 8 
136 lb. Iron at 9 cents 12.24 2 4 6 2 Blow-off cocks 9.50 1 14 7 400ft. Ash .. . 15.58 2 16 9 

10,136 lb. Boiler steel at 9 cents 912.24 166 2 2 2 Port cocks ... 2.40 0 8 9 190 ft. Poplar 6.74 1 4 6 
31 1 b. Cast steel . .. .. . 4.61 0 16 9 2Head cocks 2.02 0 7 4 40 ft. Cherry 1.60 0 5 10 

888 lb. Steel forgings at 9 cents 79.92 14 10 0 4 Gauge cocks 6.49 1 3 8 599ft. Oak ... 14.97 2 14 6 
383 lb. Boiler head steel at 13! 1 Heater cock 2.38 0 8 8 680 ft. Pine 17.00 3 111 

cents 51.70 9 611 1 Tank cock ... 2.21 0 8 1 60 ft. Hickory 3.00 0 10 11 
1,05llb. Cast spring steel ... 89.33 16 5 4 2 Tallow cocks 6.50 1 3 8 378 ft. Yellow pine 11.55 2 211 

1 Set of springs 40.00 7 5 8 1 Stop cock ... 2.49 0 9 1 111lb. Bone black ... 4.44 Q 16 2 
1808 ft. Tubes 566.27 102 19 2 1 Spring balance 11.2S 2 1 8 30 lb. Lead colour 6.00 1 1 10 
342 lb. Water grates at 16 cents 54.72 9 19 3 1 Richardson safety valve 8.60 111 8 20 lb. Filling : . .. .., 3.6(} 0 13 ~ 

149! ft . Copper pipe at 46 dols .... 68.65 12 10 0 4 Packing rings 24.21 4 8 2 32 lb. " Iron clad" paint 3.82 0 13 1l 
402 lb. Old steel ... 8.04 1 9 3 1 Injector 64.48 1114 9 9lb. Swedish green ... 2.29 0 8 4 
541 lb. Bronze 175.37 31 18 7 2 Steel pump plungers 11.61 2 2 3 261b. Dark Brunswick green 11.16 2 8 3 
590 lb. Brass 109.13 19 17 5 2 Boiler check valves 30.70 5 11 10 5lb. Roofing brown 0.70 0 2 7 
28 lb. Babbitt met;;,! 7-01 1 5 6 1 Steam pipe ... 29.90 5 811 2 gals. Varnish 7.70 1 8 6 

2,449 lb. Lead 171.42 31 311 1 Water gauge 13.50 2 9 2 2 gals. Black Japan varnish 2.40 0 8 9 
41:1: lb. Copper 13.41 2 8 10 2 Spiral springs 11.90 2 3 6 1 gals. Finishing varnish 3.75 0 13 8 

Rivets 62.39 11 7 2 1 Steam gauge 8.20 1 9 7 · Glass ... ... 4.08 0 14 10 
Bolts 12.64. 2 6 0 4 Cock cages 12.95 2 7 2 Sand paper 0.69 0 2 6 
Nuts 63.75 11 12 1 1 Whistle 10.00 1 16 5 ---------
Washers 0.81 0 211 4 Handrail tees 2.09 0 7 6 10,339.90 1882 14 5 
Nails and chains ... 3.64 0 13 3 2 Swivels 1.24 0 4 6 Less scrap ... 76.47 13 18 5 
Pipe ... 23.12 4 4 2 2 Spirals 1.13 0 4 1 -------
Copper rivets 1.79 0 6 6 4 Hose nuts .. . ... 4.38 0 15 11 Total ... 10,263.43 1868 16 0 
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TENDERS. 

(PLATES LI. TO LV.) 

THE arrangement and construction of the standard ten-
ders for passenger engines on the Pennsylvania Rail

road is illustrated in Plates LI. to LIV. All these ten
ders are fitted with the water-scoop arrangement for filling 
the tanks when running. The tank is 8ft. wide over all, 
39~ in. deep, and 17ft. 6 in. long from back to front. It 
is formed with two wings 26 in. wide, with semicircular 
ends, connected at the back by a body 7ft. 11 in. long at 
the bottom and sloping upwards, as shown in Fig. 1, Plate 
LI. The top of the tank is fiat, and a rim 8 in. long and 
splayed out 4 in. runs around it. The capacity of the 
tender is 2400 gals. of water and 8000 lb. of coal. On the 
top of the rear part is a raised portion 48 in. long, 10 in. 
high, and 19! in. wide inside. 

Figs. 44 to 58, Plate LUI., show the construction of the 
tank in full detail, although the sections refer to a tender 
not fitted with the water scoop. The following is a list of 
the plates employed in their construction : 

Two sheets for sides, ft. in. in. 
outside . 14 6x39x8 W.G. common iron 

Two sheets for sides, 
inside 10 5 x39 y8W.G. 

" One sheet for back, 
outside . 10 6 x39 x8W.G. 

" Two sheets for front. 4 6! X 39 x8W.G. 
" Two sheets for top 

back 6 1 x48£x7 W.G. 
" Two sheets for top 

front 116 x25ix7 W.G. 
" Two sheets for 

bottom, back . 90 x48£x7 W.G. 
" Two sheets for 

bottom, front 8 7 x25ix 7 W.G. 
" One sheet for slope 50 x54 x 7 W.G. best bloom 

Two sheets for collar 15 3 x10 x9 W.G. 
" One sheet for collar 

corner 34 x24 x9W.G. 
" One sheet for collar . 78 x10 x9W.G. 
" 

The angle irons running around the bottom of the tank 
are 2 in. by 2 in. by i in., and around the top they are 1 i in. 
by 1 i in. by i in. At 15 in. and 27! ·in. from the bottom 
two other angle irons run nearly round, as shown, being 
placed at the back, and extended from the front to within 
:20 in. of the back plate. On the inside, along the bottom 

sheet, two other angle irons 30~ in. apart extend as far as 
the foot of the slope, and two others in corresponding 
positions are in the top plate to the head of the slope. 
These are connected by vertical angle irons 33! in. apart. 
The inner and outer sheets of the back of the tank are held 
together by tie-rods i in. in diameter, spaced 29 in. apart, 
having the ends turned, and a slot formed in them to 
receive a key; the ends of these ties fall into holes in the 
angle iron, and are kept in place by the keys, as shown in 
Fig. 58. In the same way similar tie-rods are introduced 
transversely, two spaced 42 in. apart, immediately above 
the top row and transverse ties, and two the same distance 
apart above the bottom row of transverse ties. The side 
plates of each wing are tied together by four rods spaced, 
as shown in Figs. 48 and 49. The collar running around 
the top of the tank is rivetted up with the rest of the work, 
the lower edge of the plate being placed between the out
side sheets and the angle iron. A fillet iron runs around the 
top edge to stiffen it, and gives a finish, and it is further 
attached to the top sheets by brackets placed at intervals, 
and rivetted to the sheet and collar, as shown in Fig. 57. 

The tank, to which we have just referred, is not fitted 
with a water scoop, and is, therefore, provided with an 
opening 14! in. by 12 in. in the top plate for receiving 
water from an ordinary standard; this opening is sur
rounded by a ring 5~ in. high, and closed with a hinged 
cover. The under frame of the tender, which is clearly 
shown in Figs. 1, 2, and 3, is of timber. It consists of 
two outer longitudinal timbers 4! in. by 10 in. extending 
the whole length of the frame-20 ft.-and 6 ft. 7 in. 
apart in the clear. At the ends these are connected by 
beams 10 in. by 10 in., and secured by ribbed angle 
brackets 7! in. by 7! in., and from 1 in. bolts. Imme
diately over the truck centres, that is, at 5 ft. 3 in. and 
4 ft. 9 in. from the ends of the frame, is a pair of trans
verse timbers 5! in. by 10 in. spaced so as to have a clear 
distance of 3! in. between them. These are held together 
by through bolts, and on the outer side of each of them, 
anc11 Tin. apart from centre to centre, two transverse ties 
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1 in. in diameter pass between the longitudinal timbers, as 
shown. The space between the pair of transverse timbers 
is filled up in the middle for a distance of 38 in. with a pack
ing the same depth as the timber. Between the latter and 
the end beam three struts are placed, one on the centre 
line and the others 11~ in. on each side of it. These 
struts are each 3~ in. by 10 in., and are tenoned into the 
transverse beams, and similar timbers extend along 
the whole length of the frame, the centre one being 
omitted. Fig. 1 shows the positions of the trucks~ which 
will be described in detail further on. The distance be
tween centres of trucks is 10 ft. Figs. 1 and 2 show the 
mode in which the centre plate of the body is attached, as 
well as its form and the position it takes in relation to the 
trucks. Upon the top of the framing is laid a floor of 
planking 1! in. thick placed transversely, and over this is 
laid longitudinally a second flooring of 1 in. thick, which 
extends only as far as the point A, Fig. 1. Outside the 
tank, however, it is increased in thickness to 2:1- in., and 
runs around the whole frame. At the rear of the tank is 
a locker built of 1~-in. stuff at the back, and 1k in. top and 
front, with a sloping lid, as shown. This locker is 12 in. 
high at the rear. The form of the central couplings is 
shown in the drawings, the sockets are of different forms, 
and both are provided with a through hole 2 in. in dia
meter for dropping in the coupling pin. The jaw of the · 
socket to receive the coupling link is 3 in. by 7 in. These 
sockets are also shown in plan, where it will be seen that 
they are secured to the frame by four 1:1- in. bolts, while 
the rear one has also two ~ in. vertical bolts passing 
through the headstock Angle plates :l- in. thick protect 
each corner of the frame. The wooden footstep at each 
corner of the tender is 6 in. by 17 in., and is attached by 
two angled bars, as shown. 

The water-scoop apparatus is shown in its general appli
cation and various details in Figs. 1 to 43 (see Plate LII.) 
Referring first to Figs. 1, 2, 3, 4, 5, 6, it will be seen that 
the portion within the tender consists of a sheet-iron rect
angular trunk, rising at the angle shown from a cast-iron 
socket in the floor of the tank, to the raised portion in the 
top. For the first part, this trunk is 8 in. by 12 in., and 
is curved with a radius of 26~ in.; it is then straight for a 
length of 35 in., slightly tapering, until at the upper end 
it measures 9 in. by 12 in. The mouth is curved, the 
inner side with a radius of 5~ in., and the outer with a 
radius of 15! in. This trunk is fastened to the sloping 
plate of the tender by a flat bar 19 in. by ! in., bolted to 
the packing pieces at the end (Fig. 5), aml near the mouth 
by a wrought-iron ~-in . bracket, Fig. 6. To the underside 
of the tank, and forming a continuation of the trunk, is a 
cast-iron tube marked B, 33~ in. long to its lowest part. 
This tube is rectangular in form 12 in. by 8 in., and is 

shown in section in Fig. 4. The bottom face is formed 
with a curve 6 in. radius, and makes a tight joint with the 
upper surface of the movable part of the scoop. I t is 
shown in detail, Figs. 15 and Ui. From these figures it 
will be seen that the inner face is curved with a radius of 
4ft. 1! in., and the outer face with a radius of 3ft. 5~ in. 
The bottom surface is somewhat extended at a a to in
crease the contact surface with the movable length of the 
scoop, and near the bottom a flange b is cast on for 
the purpose of securing the bracket c. This bracket is 
also steadied by two lugs. The bracket itself is bolted 
to the casting B, by a bolt 1 in. in diameter through the 
flange b, and by two ~ in. bolts through the sides of 
the tube. This arrangement is repeated on the other side 
of the tube B. The brackets are of wrought iron, each 
formed with a bearing at the lower end d, to receive the 
trunnion of the scoop. The bracket is shown in detail 
Figs. 38, 39, 40. The scoop is illustrated by details Figs. 
9 to 13, Plate LI. Fig. 9 shows the curve to which it is 
formed, and by the same figure will be seen that the 
upper part of the scoop is formed of brass 156 in. 
thick. The trunnions are cast on to this portion, and 
are 3:1- in. long by 2 in. in diameter, formed with an 
enlarged bar against the side of the scoop and strength
ening feathers, as indicated in Figs. 9, 11, and 13. To 
the bottom of the brass portion is rivetted the mouthpiece 
made of copper, and terminating with an extended top 
lip, as shown in Fig. 9. · Within the mouth a stiffening 
diaphragm g, Figs. 9 and 14, is placed, and the upper lip 
is strengthened on each side by a brass bracket to which 
is rivetted a sheet-iron wing 4! in. deep, and 13~ in. long. 
The size of the mouth is 12 in. by 2~ in., and the distance 
between the wings is 15 in., leaving a clearance of 2 in. 
on each side between the walls of the trough where the 
scoop is lowered to take water. Fig. 12, a section on line 
E, F, Fig. 9, shows a lug cast on to the lower end of the 
brass portion of the scoop in which a hole 1! in. in dia
meter is made. 

The controlling mechanism of the scoop is shown in the 
general views, Figs. 1, 2, 3, and in detail, Figs. 32 to 43. 
In, the front of the tender is a lever h, Figs. 1, 2, 3, 32, 33, 
turning on a bearing bolted down to the main frame, and 
moving between guides h/ shown in detail, Figs. 41, 42, 43~ 
To the lower end of the lever h is connected a rod kr 
Fig. 35, 1 ~ in. in diameter, and 97~ in. long. Around 
this rod is a spring lc/, one end of which presses against 
the frame of the tender, and the other against an adjust
able stop l, set fast on the rod lc by a set screw. The end 
of this rod engages with a lever m, Fig. 27, 15 in. in 
length and mounted on a countershaft m/, that turns in the 
bracket bc;arings n n, bolted to the frame of the tender. 
On the cc;ntre of this countershaft, which coincides with 
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the centre of the scoop, is keyed the lever o, see detail, 
Figs. 25 and 26, 15 in. in length, which takes hold of the 
short link q, fastened to the lug on the ·brass portion 
of the scoop before mentioned by the pin q'. Figs. 1, 2, 
3, 4, 23, 24, show the strut which carries the trunnions of 
the scoop. It is composed of a bar p', 1:~ in. in diameter, 
with an inclined soleplate at one end, by which it is bolted 
to the transverse beam of the frame over the truck, Fig. 2, 
while the other end is flattened to receive the two bars 
p p, which are 2~ in. by! in., and are bolted top', by two 
~ in. bolts. The bars p p diverge, until at the ends they 
are 16~ in. apart in the clear, and carry the trunnion bear
ings as clearly shown in the drawings. At r in the general 
view is shown a steam pipe! in. in diameter, which is 
brought underneath the frame of the tender, until the end 
is within 5~ in. of the scoop trunnion on which it is 
directed; the other end is coupled by rubber hose to a 
steam pipe from the boiler. The object of this arrange
ment is to melt any ice that in winter forms around the 
trunnion and prevents it from turning. The way in which 
the water in the troughs is prevented }rom freezing has 
already been described. 

Figs. 19 and 20 show the details of the water discharge 
from the tender. It consists merely of a cast-iron box 
bolted to the bottom plate of the tender, and formed with 
a valve seat on its upper face. The lower end of this box 
is screwed and receives the union by which the rubber 
hose is coupled to it with a brass union. The valve is a 
simple wing valve, attached to the vertical spindle worked 
by a small handwheel from the top of the tender. Fig. 21 
sbows the arrangement for straining the water before it 
leaves the tender. It consists of a copper tube 2 in. in 
diameter surrounding the valve spindle, and bolted to the 
underside of the top plate of the tank by the flange shown 
in Figs. 19 and 20, and brazed on to the tube. The lower 
end of this tube is free to slide in a second tube, which 
forms the continuation to a cone enlarged from the diameter 
of the tube to ll::i; in. at the base, where it is secured to 
the bottom plate of the tank, enclosing the valve (see 
Fig. 20). This cone is perforated with holes ! in. in dia
meter and pitched i in. apart in both directions. The 
length of the cone is 12 in., and of the outer tube 
5 in., while immediately above the latter is a strap, Figs. 
21 and 22. 

The general view~:~, Figs. 1, 2, 3, show the arrangement 
of brake rigging, and the position of the Westinghouse 
air cylinder. The whole of the workmanship of these 
tenders leaves but little to be desired. It should be men
tioned, however, that tank work in the United States is as 
a rule inferior in finish to that in this country. 

Figs. 59 to 96, Plate LIV., and the engraving annexed, 
show in the fullest detail the construction of the trucks 

for tenders on the Pennsylvania Railroad both for pas
senger and freight service, the latter differing from the 
former only in a few trifling details. Figs. 59 to 64 are 
views showing the general arrangement, from which it 
will be seen that the trucks rest upon four wheels 30 in. 
in diameter for freight tenders, and 33 in. in diameter for 
passenger tenders. The frame is .. of iron with timber top 
and bottom bolsters for carrying the centre pin and turn
ing plate. A side elevation of the outer frame is shown 
in Fig. 59, where it will be seen to consist of two bars 
B B\ 3 in. by 1 in., and 5 ft. 7 i in. long ; these bars are 
bent into the form shown in Fig. 80 ; at the ends the 
plates come together for a length of 8~ in. and leave a 
clear distance between them of 16 in., and parallel for a 
length of 17 i in. Two bolt holes tt in. in diameter, and 
6 in. apart, are made through the ends of the plates, and 
two in the middle of the upper bar 1T~ in. in diameter 
and 13~ in. apart. In the bottom bar there are two similar 
holes, and two others +% in. in diameter, and 6 in. apart. 
These frames are placed 6 ft. 2! in. apart from centre to 
centre (see Fig. 64), and their length corresponds with 
the distance apart of the wheels, 4ft. 10 in., the axle-boxes 
of the latter being bolted to them, as shown in Fig. 59, 
by the bolts passing through the +tin. holes before men
tioned. Extending between the axle-boxes, and bolted 
to their underside, as well as to the centre of the frame, 
is a plate 4 in. wide and ~in. thick. Figs. 63 to 67 show 
the cast-iron pedestals I , placed between the frames in 
the centre; they are formed with jaws at the top and 
bottom to fit on the bars B Bt, and are of the transverse 
section, shown in Fig. 96 at I. As shown in Fig. 66, the 
bottom bolster is bolted to soleplates projecting from the 
pedestals, by four ~ in. bolts, and the upper by three of 
similar size to guide plates having jaws fitting the pedestals 
and allowing a vertical motion of the top bolster. These 
bolts pass right through the bolsters, as seen in Fig. 63. 
Bolts a a, Fig. 63, pass through the bar frame and pedestal, 
and are secured by lock-nuts underneath. The bottom 
bolster is moreover secured to the bottom bar of the 
frame by two ~-in. bolts, with countersunk heads and 
locking nuts. 

Figs. 62 and 65, and others, show the form of the inner 
frame running parallel to the one just described. It is 
shown separately in Figs. 78 and 79, and consists of a 
bar 1 in. thick by 3 in. wide, bent to the form indicated, 
and of a lighter bar ~in. by 3 in., bent to the form seen 
in Fig. 79. The ends of both plates where they come 
together are 12 in. long, and there is a horizontal portion 
above in the middle 12 in. in length, the dip of the plate 
in the centre being 3 in. The horizontal portion of the 
lower plate is also 12 in. long, and the dip is 9 in. These 
frames are placed 44 in. apart, and are connected together 
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by bars (K, Fig. 64) 2 in. wide by ~in. thick, and attached 
to the frames by ! in. bolts. 

The axle guards L, shown in various figures, and in 
detail, Fig. 82, are bolted to these inner frames. These 
guards ar~ 12 in. wide over all, 6 in. wide in the clear in 
the loop, 7! in. deep, and are made of ~in. plate, 3 in. 
wide ; they are bolted to the frames by £ in. bolts. By 
referring to Fig. 62, the connexion between the inner 
frames J J/ and the bottom bolster is shown. The dif
ference in the dip of the two bars forming the frame leaves, 
when they are put together, a clear space 6 in. deep, and 

pass the truss rods D', shown separately in Fig. 94. They 
are~ in. in diameter, with a camber in the centre of 10~ in., 
and are placed on each side of the top bolster, as shown 
in Fig. 64. Underneath the bolster, and in the centre, is 
placed a blocking-piece, 6 in. wide, 2! in. deep, and 13 in. 
long, and beneath is a casting shown at D~~~, Fig. 62, with 
semicircular recesses 12 in. apart, in which the truss rods 
take a bearing. A hole 2 in. in diameter is made in the 
centre of the bolster to receive the turning pin H', Fig. 64, 
and on the top is the cast-iron turning plate H, Figs. 64 
and 65, held down by two ! in. bolts placed 24! in. apart. 

DETAILS OF STANDARD TENDER TRUCK. 

through this space the bolster 12 in. by 6 in. passes, and is 
bolted to the frame by two ! in. bolts. The top and bottom 
bolsters are shown in Figs. 65, 68, 7 5, 96, &c. The latter 
is 7ft. 3 in. long by 8 in. by 12 in., the ends being cut 
down for a length of 1 0~ in. to a thickness of 5± in. by 
10! in. wide, where it passes under the top barB of the 
main frame. Against the shoulder formed in the top 
bolster where it is cut down, are two abutment plates Do, 
shown detached, Fig. 81, 16 in. long, 3 in. wide, and 1 in. 
thick, with two bolt holes 13 in. apart. Through these 

As will be seen in Figs. 65 and 7 5, the underside of the 
bolster at a point 24! in. on each side of the centre, is 
cut away to receive the springs. The bottom bolster is 
7ft. 3 in. long and 12 in. by 6 in. It is placed 5£ in. below 
the upper one, and is bolted near the ends to the inner 
frame, as already mentioned. This beam is strengthened 
by a truss rod E', ~in. in diameter, with a camber of 
8! in., and passing through the centre of the beam, 
Fig. 96. Underneath and in the middle is a · blocking
piece, 6 in. by 4 in. by 2! in., with a cast-iron saddle 
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beneath, F'. The rod takes its bearings at the ends on 
cast-iron blocks, as shown. On the top of the lower bolster 
are placed the bearing plates G, Figs. 60 and 96. The 
latter is a plan of the arrangement for the front truck, 
which has only four springs instead of six. The spring 
bearing-plates are here 4 in. square with studs beneath, 
which steady them in their place in the bolster. These 
plates are differently arranged for the rear truck, the 
three shoes being cast in one piece 11 i in. long, 4 in. 
wide, and ·divided into three compartments 3:l; in. wide. 
Two steadying studs, i in. in diameter and i in. long, are 
provided for on each plate, which moreover is recessed 
for half its depth in the bolster, as shown in Fig. 65. 
The springs are 34 in. long and 3 in. wide, with eight 
leaves. The brake beams are shown in Figs. 69 and 70. 
The former is the form adopted for passenger tender 
trucks, and is 68 in. long, 3:l; in. deep, and 6~ in. wide in 
the centre; the latter is for freight tenders, and is 68 in. 
by 3£ in. by 6 in. in the widest part. The brake-blocks are 
of the form shown in Figs. 59 and 84. The rigging con
sists of the levers N and P, the jaw 0, and the adjusting 
bar M. The general arrangement and connexions are 
shown on the detailed drawing of the tender. Fig. 83 is 
a detached view of the lever for the freight tenders, and 
Fig. 84 for the passenger tenders ; the form is the same, 
but the dimensions are slightly different. Figs. 76 and 77 
are the coupling levers for freight and passenger tenders, 
which connect the levers N N' at the lower end, as shown 
in Fig. 64. The ends of this lever are forked, and pro
vided with four -tt in. holes, 1£ in. apart, by which the 
position of the levers N N can be adjusted. The brake 
jaws 0, Figs. 64, 86, and 88, are pinned to the levers N N, 
as shown. One end of the jaw is forked, and the other 
is provided with a bolt ~in. in diameter, which passes 
through the brake beam, and is attached to it by a nut. 
The upper end of the lever N is placed between the jaws 
of the bar M, provided with holes for adjusting the brake. 
In Fig. 60 is shown the position of the brake beam A, 
and the several levers and javi's. The brake blocks are 
formed with holes through them, as shown in Fig. 64, 
through which passes the shackle Q, Figs. 59, 64, and 72. 
This shackle is 4~ in. wide inside, and is made of £-in. bar, 
with an eye forged at the upper end, through which a pin 
passes and connects the shackle to the bracket S, shown 
separately in Fig. 91, as well as on the general view. This 
bracket is simply a i -in. plate 4~ in. wide, turned over at 
the top, recessed into the upper end, and bent round 
at the bottom to form the eye for the pin, which passes 
through and secures the shackle. The brake beam is also 
held up by safety chains R, Fig. 62 and Fig. 90, the 
attachment being by means of an eye bolt, i in. in diameter, 
passing through the beam, and a hook T, Fig. 87, bolted 

to the side of the bolster, as shown in Fig. 7 5. The 
drawing shows the slight difference in the safety chain 
for the passenger and freight tenders. The outer of the 
two bolts fastening each axle-box to the frame B is of 
the form shown at U, Fig. 89, it having an eye at the top 
for the reception of the guard chains. Fig. 59 shows these 
bolts in position. 

STANDARD TENDER FOR CLASS " H " SHUNTING ENGINES.

(Plate LV.) 

This tender, which differs very materially from the type 
employed for the Class " C " engines, is shown in Figs. 
1 to 12, Plate LV. The tank, which holds 2200 gallons 
of water and 5000 lb. of coal, is of a peculiar form, sloping 
from the highest point where the wings join it, down to 
the level of the frame at the rear. The tank measures 
8ft. in width over all, and is 16ft. O! in. long. The wings 
are each 2 ft. wide, 6 ft. long, and 47 in. high. The upper 
outside angles are rounded with a curve 5 in. radius, which 
curve is continuei for the whole length of the tank, the 
body of which slopes downwards for a distance of 8ft. 
10:l; in., and terminates with a curve 16~ in. radius, and is 
joined to the b8ttom plates by an angle iron, as shown. 
On the top is a circular opening 15! in. in diameter for 
filling the tender, closed by a hinged cover. The tank 
rests upon a timber platform 8 ft. 5 in. wide, 16ft. 5~ in. 
long, and 1£ in. thick, and is surrounded by a wooden 
nosing 2 in. thick. The frame is composite, of wood and 
iron. The latter consists of four longitudinal channel 
irons, 6 in. deep, of the section shown in Fig. 3, and 16 ft. 
2i in. long. The inner pair of these frames are spaced 
33~ in. apart, and the outer ones are 20:l; in. from them on 
each side. They are each stiffened by timbers 4! in. by 
5 in. running along the whole length on their inner sides, 
and bolted to the channel iron by bolts placed at varying 
distances apart, as shown in Fig. 1. Over each truck, which 
are 8ft. 7 in. apart from centre to centre, the transverse 
frame shown in section, Fig. 3, is introduced. It is 16 in. 
wide, and consists of a bottom plate -/6 in. thick, rivetted 
to the bottom flange of the channel irons. Between the 
flange and the plate, however, the ends of a plate -!6 in. 
thick are introduced, one passing from the outer pair of 
irons and over the top of the inner pair, and the other 
from the undersides of the inner pair of irons, and over 
two cast-iron distance-pieces, placed 17 in. apart. There 
are thus, including the -f6 in. plating, on which the timber 
platform carrying the tank rests, three thicknesses of 
plates, while a central stay is placed in the space between 
the cast-iron distance-pieces, and is rivetted to the bottom 
plate of the transverse frame, which is agam stiffened by 
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a bottom plate extending as far as the inner pair of channel 
Irons. 

It is to this latter that the cast-iron turning-plate, which 
takes its bearing on the centre of the truck, is fastened. 

The buffer beam of the tender is 9 ft. 6 in. long over all, 
12 in. wide, and 12 in. deep. Its form is shown in Figs. 
1 and 2, from which it will be seen that the beams are 
furnished with cast-iron ends, from each of which a post 
42~ in. high, rises. The beam is fastened to the end plate 
of the frame by twelve bolts, three for each channel iron, 
while the central coupling head is also fastened to the same 
plate by four bolts. A deep step runs along the whole 
width of the tender, carried by two wrought-iron brackets 
bolted to the bottom of the beam, and two other brackets 
attached to its face, as shown by Figs. 1 and 2. At the 
other end of the tender will be seen in dotted lines 
the central frame, and pin by which the tender is coupled 
to the engine. 

Figs. 4, 5, and 6 are details showing the mode of 
holding the tank on the frame at one end. Two straps 
placed 4 ft. 5~ in. apart are bolted to the upper plate of 

the tender, and secured to the timber platform of the 
frame by a bolt passing through the latter, and also 
through a strap rivetted to the end plate of the frame. 
Figs. 7 and 8 are respectively a plan and section of the 
forward end of the iron frame. It is composed of a 
channel iron of similar section to the sides, with a plate 
21 in. wide rivetted to the bottom. The longitudinal 
channel irons running along the whole length of the 
tender, and shown in section in Fig. 3, abut upon the 
end channel iron and are rivetted to it. Fig. 8 shows 
also the hook to which the truck safety chains are 
attached. Fig. 9 is an enlarged view of one of the guides 
attached to the front end of the tender and shown in the 
plan and side elevation. Boards are shown extended 
across the front of the coal space in the tender, and rest 
in the grooves there formed. It will be seen from Fig. 1 
that these boards can be raised almost to the top of the 
tender, so that the whole of the limited coal space can be 
:filled. Figs. 10, 11, and 12 are details of the Westing
house brake gear with which the whole of the Pennsylvania 
stock is fitted. 

u 
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SECTION VII.-ROLLING STOCK. 

(PLATES LVL 'l'O LXXI.) 

AMERICAN railway rolling stock presents many broad 
and striking contrasts to that of European types. With 

only so many exceptions as to constitute the rule, all 
carriages and wagons are mounted on bogie trucks, four
wheeled for the most part, six-wheeled in a few instances, 
the latter for some of the larger and heavier passenger and 
sleeping cars. The general arrangement of the trucks is given 
in the various drawings. The frames are of timber, with 
outer side frames of iron, and the wheels are, without any 
exception, of chilled cast iron. The bodies of the passenger 
cars are longer and higher than in Europe ; a raised portion 
-a so-called deck-runs from end to end of the vehicle 
along the roof, which projects some feet from the body 
and shelters a platform placed at each end, by which 
ingress and egress are effected. The seats are so arranged 
on each side of the cars as to leave a passage down the 
centre, so that as the cars of a train are all close coupled, 
circulation throughout the whole length of the train is 
practicable, and is indeed one of the frequent duties of the 
train conductor. The only doors are at the ends, and the 
sides of the cars, as high as the under sills of the windows, 
are strongly framed, so as to give sufficient rigidity to the 
long structure supported on only two points near each end. 
Internally, the fittings of a first-class American car are 
good, but inexpensive. A large amount of admirably 
made cabinet work in choice wood is generally found, the 
roof and top side linings are of painted canvas stretched 
on frames ; mirrors are introduced, and at each end is a 
lavatory and stove. Filters with iced water form a car 
fitting in winter and summer. The seats are generally in 
velvet, and each holds two passengers. The backs are 
hung on centres, and they can be turned, so that the 
contents of the car can be divided into groups of four, 
sitting vis-a-vis, or all in one direction. A car holds seats 
for from 50 to 60 passengers. 

With the standard forms of sleeping cars the English 
public are beginning to become familiar by means of those 
naturalised in this country. By far the greater number 
are owned by the Pullman Palace Car Company. There 

is scarcely any limit to the extravagance with which some 
of the Pullman cars are fitted, and the weight of the 
vehicles appears also to be a matter of but little con
sideration. Some space will be devoted further on to 
the consideration of the Pullman cars, and the mode of 
working them; meanwhile it may be observed that they 
are supplied to the railway company by the builders, the 
former hauling them, and receiving the ordinary first-class 
fares from persons travelling in them, while the latter 
maintain them, and charge a fixed tariff for the extra 
accommodation they offer. 

Nominally there are only two classes on American lines 
-first-class passengers and emigrants; actually, however, 
there are four, as clearly or more alearly defined than here. 
Leaving the emigrants out of the question, they having, as 
as a rule, only just so much accommodation as will enable 
them to perform their journey, the so-called first-class 
passengers form the majority of the travelling population. 
The carriages allotted to these are or have been well
appointed, commodious vehicles ; an absence of good 
ventilation, however, and the presence of tobacco, combine 
after a time to produce an atmosphere peculiar to such 
cars. In the so-called ladies' cars, forming, practically, a 
separate class, which men unaccompanied by ladies do not 
enter, smoking is prohibited, but here, again-in winter
the want of proper ventilation is strikingly felt. There 
remains, then, the third class, consisting of the special 
vehicles either belonging to the company, or hauled by 
them, admission to which is gained by paying an extra fee. 
In these the accommodation leaves nothing to be desired, 
and while privacy-recognised in Europe as an advantage 
-does not exist, the traveller enjoys a lofty, roomy, and 
luxuriously fitted vehicle, which travels with the utmost 
smoothness, which is kept cool in summer, is well warmed 
and ventilated in winter, and in which a freedom of 
personal movement is practicable. 

The question of comparative superiority between such 
vehicles, and those in use here, is one to be measured 
chiefly by individual tastes and prejudices, but there is no 
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TABLES SHOWING ROLLING STOCK EQUIPMENT ON THE PENNSYLVANIA RAILROAD. 
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Gondola .. . . .. 2185 44 
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Four , , 
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Four , 

Total,1875 
" 1874 

3,259 
.. 1,912 

5,580 
... 1,633 
... 1,006 

3 
274 
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100 
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610 

1 
15 
74 
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205 

.. 13,697 2762 
. .. 13,363 2825 

930 
98 
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29 
37 
32 
31 
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2,272 
1,044 

50 
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3 
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Tool ... .. . 
Eight-wheel gravel 
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Dump ... .. . 
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Stone and wood 
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Hand ... .. . 

, truck ... 
Snow ploughs ... 
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18 
16 

... 126 
13 

23 
... 143 
... 
... 258 
... 328 

4 

... 929 
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6 
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28 
67 

2 
76 

83 
92 
5 

363 
297 

11 

'8 

61 
12 

96 
93 
93 

374 
374 

11 
24 
28 
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80 
61 
37 

219 
96 

434 
513 

9 

1666 
1515 
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!'ABLE No. XXVII.- Swmmary of Cars owned by TABLE No. XXVIII.· Eg)tra Coal Dumping Wagon be- TABLE No. XXIX. -Cars owned by Individuals ana 
the Pennsylvania Railroad Company, in 1876. longing to the Company, and employed at Coaling Incorporated Companies run regularly on Penn-

Stations, 4"c. sylvania Railroad. 

Division. 

Pennsylvania Railroad ... 454 13,697 929 15,080 
United Railroads, New Jersey 344 2,762 363 3,469 
Philadelphia and Erie Rail-
road ••• 65 3,298 374 3,737 

Total, 1875 
.. 1874 

... 863[19,757 1666 '22,286 
853 19,577 1515 121,945 

New York Division .. . 
Philadelphia 
Middle 
Pittsburgh 
Tyrone , 
WestPenn. , 

Total, 1875 
.. 1874 

wonder that the American, as a rule, gives the decided 
preference to the saloon or sleeping passenger car. 

As regards the freight stock, its leading characteristics, 
besides the bogie truck at each end, already mentioned, 
are its great size and weight as compared with that on 
English railways. Of this stock, however, there are so 
many varieties that it will be better to preface a detailed 
description by a brief notice of the diagrams on Plate 
LVI. 

Of these diagrams Figs. 1 and 2 show the outlines of a 
standard light passenger car, with a body 46ft. 6 in. long, 
9ft. 8 in. wide, and about 8ft. 6 in. in height in the centre. 
It weighs 39,300 lb. and carries 54 persons. Figs. 3 and 4 
are diagrams of a standard sleeping car with a capacity of 
24 double berths (a double berth is almost always allotted 
to each passenger). It is 64 ft. 8 in. long over all, 
9ft. 11 in. wide, and 9ft. 9 in. high in the centre. This 
vehicle runs on two six-wheeled trucks, and weighs from 
56,000 lb. to 58,000 lb., or nearly 2l:l tons. Figs. 5 and 6 
show the express car used by the Adams Express 
Company in passenger trains; it is 46ft. 6 in. long over all, 
weighing about 30,000 lb., and carrying from 10 tons to 
12 tons. Figs. 9 and 10 show the baggage or luggage car; 
it is used on passenger trains in transporting the luggage 
of passengers. Its dimensions are the same as those of 
the express car, from which it differs merely in having 
windows, and end doors. These are omitted in the express 
car, on account of the additional facilities such apertures 
furnish to train robberies, the goods carried being often 
very valuable. In Figs. 11 and 12 are shown the standard 
box car ; it is 31 ft. i in. long over all, 8 ft. 9 in. wide, by 
11ft. 10~ in. high. Its weight is 18,700 lb. and capacity 
28,000 lb. This car is the principal medium for the 
transportation of freight on American railroads. All 
grain and merchandise that would be damaged by the 
action of the weather is carried in it. 

Figs. 7 and 8 show a cattle car. It is of the same 
capacity and dimensions, with the exception of the width 
(9 ft. 6 in.), as the box car. It is used for the transportation 

35 
42 

101 
268 
10 
30 

••• 486 
•.. 483 

--------------------~--~-------

------------------ ------
R. H. Powel ..• 279 13 292 
Shafton Coal Company 125 125 
Moshannon Coal Company . .. 97 3 100 
Penn Gas Coal Company ... 1,205 .. . 1,205 
Pennsylvania Railroad and A. V. 

Railroad oil line .. • 800 800 
UnionLine ... 2,936 2,936 
National Line ... ... ... ... 1,000 1,000 
Westmoreland Coal Company ... 1,200 1,200 
The Railway Equipment Trust Com-

pany .. . .. . ... .. . 1,000 ... 1,000 
Car Trust Company ••• ... ... 1,000 ... 1,000 
Individuals and other companies 1,512 1,512 

Total ... ... 11,154 16 11,170 

of both horned cattle and hogs; when the latter are 
carried an extra floor is placed about half-way between the 
floor and the roof. The weight of car, with the floor, is 
20,295lb., without 18, 795 lb. Figs. 19 and 20 show a 
" gondola" or platform car 34 ft. 3 in. in length over all, 
by 8ft. 7-! in. wide; it is provided with sides 18 in. high, 
and standards or posts to retain and enclose all freight 
that may be placed upon the car. Its weight .is 17,820 lb. 
and capacity 28,000 lb. Timber, rails, and all kinds of 
merchandise too bulky to be placed in a box car, and 
which is not subject to the action of the weather, is tran
sported in this type of car. Figs. 21 and 22 show the 
hopper gondola car, 27ft. 2 in. long, by 8 ft. wide, 
with sides 2ft. 5 in. high. The weight 17,350 lb., and 
the capacity 37,000 lbs. This car is used exclusively in 
carrying coal, both bituminous and anthracite. 

Figs. 15 and 16 are diagrams of a coal car formerly a 
standard on the Pennsylvania Railroad, and still used by 
a few coal companies operating over that road. It is now 
being replaced by the hopper gondola. Figs. 17 and 18 
show a car specially designed for the anthracite coal trade. 
It is used where the run is not long, the traffic large, and 
the time of loading and unloading necessarily short. Its 
weight is 7635 lb. Figs. 23 and 24 show the gravel, or 
ballast car, used by the Maintenance of Way Department 
in repairing the track. It is made with a dumping arrange
ment which enables the operatives to unload the gravel, or 
other contents, on either side of the track as desired. In 
Figs. 13 and 14 is shown the caboose car; this car is run 
on the rear end of all freight trains ; it is fitted with 
culinary and sleeping arrangements to be used by the 
train men when off duty. 

The Tables on the preceding page give a clear idea of 
the number and classification of passenger and freight 
stock on the Pennsylvania Division, the United Railroads 
of New J ersey, and the Philadelphia and Erie Division. 
The Tables refer to the stock on the line in 1876, 
but do not include any special stock constructed for the 
Centennial traffic. 
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STANDARD FouR-WHEELED PAssENGER CAR TRUCK.

(Plates LVII., LVIII.) 

Figs. 1 to 66 show in the fullest detail the design and 
construction of the standard four-wheeled passenger car 
truck in use on the Pennsylvania Railroad. Figs. 1, 2, 3, 
and 4 are respectively side and end elevations, longitudinal 
section, and plan. It consists of a main timber frame, 10ft. 
long, and 7ft. I! in. wide outside. The side frames are 
9 in. deep in the middle by 7! in. at the ends and 4! in. 
thick. The end timbers are 4l in. by 5k in. The side 
timbers are 6ft. 7!in. apart outside, and the end timbers 
are secured into them for their full depth as shown, the 
underside being flush. Eleven inches within the side 
frames, inner timbers 3~ in. by 5k in. are stretched from 
the ends to the centre framing, which carries the truck 
bolster. This framing consists of two transverse beams, 
4~ in. by 9 in., mortised into the longitudinal timbers, and 
placed 12! in. apart in the clear. Between them is a 
central beam or bolster, 12 in. by 8 in., which stops short 
of the side timbers by 2! in. on each side (Figs. 4 and 5), 
and so placed that its upper surface rises above the level 
of the frame as shown. On each side of the timbers 
forming this central portion are placed two truss rods, 1 in. 
in diameter, passing through the side frames and secured 
by nuts, while in the middle they are strained under a 
saddle plate shown in Figs. 3 and 5, which passes beneath 
the central part of the framing, and is bolted to the timbers 
by two ! in. bolts. A couple of light straps, 2! in. wide, 
Figs. 3, 4, and 5, pass over the central transverse beam, 
and are bolted to the two timbers outside it. The central 
beam is carried by the arrangement of springs shown in 
the drawings, the centre beam being left with a lateral 
play of 2! in. on each side before touching the side frame. 
Fig. 10 is a section through one of the points of suspension. 
There are three pairs of elliptical supporting springs, built 
up of six leaves, 3 in. wide, and collectively 2 in. thick; the 
springs are 36 in. long, and 5 in. apart in the centre. The 
clips of the upper springs take their bearings on a cast-iron 
plate (Fig. 5) which is received into the underside of a 
packing strip, 12 in. long by 12! in. and 2 in. thick, bolted 
to the bottom of the central beam. Similarly the clips of 
the lower spring rest on a second cast-iron plate supported 
by the timber beam (Fig. 5), 65! in. by 12! in. by 2! in. 
Underneath this bar and 54! in. apart are placed two cast
iron brackets (Figs. 1 to 6) through which a bolt passes 
1! in. in diameter. The length of this bracket is 14! in., 
and the bolt projects at each end sufficiently to receive a 
link 2! in. wide and 7 in. long. A pin li- _in. in diameter 
passes through the upper end of this link, and through a 
strap slung over the transverse timber in the centre of the 
truck. These straps are bolted to the timbers each by two 

i in. diameter bolts. Two light wrought-iron arresting 
straps, Figs. 5 and 32, bolted to the underside of the frame, 
are placed to support the swing portion of the frame from 
falling in case of fracture. 

The form of the cast-iron pedestals is shown in Figs. 1 
and 2. They are placed 6 ft. apart from centre to centre, 
and a section of the axle-box is given in Fig. 22. Over 
the centre of the journal, which is 7 in. long, is a recess in 
the top of the axle-box 2i in. wide, which forms the 
bearing for the bent bar (Figs. 1 and 33) that carries the 
rubber side springs i z. These bars are 2 in. thick, and 
3! in. deep in the centre, and. the ends are curved upwards 
as shown, where they pass behind the pedestals to take 
their bearings. The springs are placed 2 ft. 8 in. apart 
from centre to centre ; they are formed of blocks of solid 
rubber 8 in. in diameter and 7 in. deep, placed in sockets 
top and bottom of the form shown in Figs. 1, 4, and 5, 
and in the details, Figs. 23 to 26. The side frames are 
strengthened by the addition of bars 1 in. square, as shown 
in Figs. 1 and 5, and in the details, the bottom inner 
corner of the frame being cut out to receive them. These 
bars are secured by nuts at the end of the frame, and are 
placed horizontally for a distance of 6 ft. corresponding to 
the distance apart of the pedestal casting. At each end of 
the bolster, and on the upper side, a casting is bolted as 
shown in the general view and in detail, Fig. 27. Thes~ 

castings form bearings for the body of the car. The cast
iron plate g is that upon which the truck turns when 
running. It is 29~ in. long, and is formed of a disc 17 in._ 
in diameter with annular channels and two projecting 
laps, with a ~ in. hole in each through which a bolt passes 
holding the plate upon the bolster. The plan Fig. 4 shows 
this. In the centre is a circular hole, and a corresponding 
opening is in the bolster through which the bolt passes 
connecting the plate on the carriage to the trunk. Detail 
Fig. 9 shows the upper plate and lower plate in position. 

A flat bar 3! in. by 1! in. extends from pedestal to 
pedestal, the ends being turned up as shown in detail, 
Figs. 61 and 62, to catch on the outer side of each pedestal, 
to which the bar is bolted, as shown in Fig. 1. At a 
distance of 22 in. from the centre of each axle, a trans
verse rod passes across the truck, connecting the bars 
before mentioned. This is shown in Figs. 1, 3, and 5, and 
in detail, Figs. 35 and 36. From these it will be seen that 
the bars are 1 in. in diameter, and are made with a palm 
at each end which embraces the flat tie-bar between the 
pedestals, the connexion being made with a bolt as shown. 

Figs. 28 and 29 represent an axle guard; shown in 
position on the general view. It is made of ~-in. plates 
3 in. wide, and is bolted to the frame timber by two !-in. 
bolts at the ends, and two inner bolts of the same diameter 
passing through distance-pieces made of gas-pipe, as shown. 
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One side of the lower part of each of these axle guards is 
turned over to form a bracket through which the rod, 
Fig. 15, passes; around this is coiled a spiral spring, 
which presses against the brake beam, Figs. 1, 6, and 65. 
The brake rigging is clearly shown in the drawings, but 
the blocks and some further details connected with them 
form the subject of another illustration. Two light plate
iron guards (detail Fig. 57) are bolted to the end timbers, 
and protect the floating bar or brake beam, Figs. 65 and 
66. To the latter are bolted the brake-blocks, as well as 
the forked bars, or brake jaws, Fig. 51, which are pinned 
to the levers, Fig. 48. These levers are different for the 
two ends of the truck, as will be seen by reference to the 
drawings. The upper end of the lever slides in a wrought
iron. guide, Fig. 50, bolted to the timber, and that of the 
opposite lever passes through the loop or take-up jaw, 
Fig. 19, which is drilled with a series of holes, through 
either of which a pin can be passed to regulate the position 
of the lever. Both levers are connected by a rod, Figs. 
41 and 42, so that the brake power delivered on one is 
transmitted to the other end of the truck. Fig. 6 shows 
the connexion of the spiral spring to the floating brake 
bar. The latter with the brake blocks is suspended to a 
rectangular link ! in. in diameter, Fig. 4 7, the lower side 
of which passes through the block attachment, and the 
upper part through a bracket which is bolted to the under
side of the end framing timber. Further description of 
the construction of this truck is rendered unnecessary by 
the completeness of the drawings, in which every part is 
fully shown and dimensioned, the various details being 
numbered to render their identification on the general view 
easy. 

STANDARD Srx-WHEELED PASSENGER CAR TRUCK.

(Plates LVIII., LIX.) 

The standard passenger six-wheeled car truck differs in 
its construction widely from that just described. It is 
shown in full detail in Figs. 1 to 28, Plates LVIII. and LIX. 
The total length of the truck is 13 ft., and its outside width 
7 ft. 1! in. The main side frames are 9! in. by 4~ in., 
and the end timbers are 4-k in. by 5~ in. The wheels are 
33 in. in diameter and 4ft. 6 in. apart from centre to 
centre. The pedestals are of the same pattern as those in 
the four-wheeled truck, and they are connected at the bot
tom by a flat horizontal bar (L) 3-k in. by i in. thick. These 
are tied together at the two points M M by round bars 
1 in. in diameter. From the outside pedestals to the end 
frame a strut K, 1! in. in diameter and with soleplates at 

· each end, complete the bracing of the frame. Iron beams 
2 in. thick and 3-k in. deep in the widest part take their 
hearings on the axle-boxes. They are of the forn1 shom1 

m Figs. 1 and 15, where they are marked 0. Between 
the upper edge of these and the underside of the side 
frame, rubber block springs U U are interposed, resting in 
sockets of the form shown. The arrangement of bolster 
frame will be understood from Figs. 2, 3, 5, and 6. Trans
verse timbers 4-k in. by 9! in., and 58 in. apart in the clear, 
span the distance between the main side timbers, and in the 
middle of their length, parallel to them and 10£ in. within, 
longitudinal timbers 3! in. by 5~ in. pass from the trans
verse beam D to the end timber B. Between D D the 
bolster frame is placed. It consists of two timbers E E, 
7! in. by 8 in., and two, F F, 6 in. by 7 in., connected 
together to form a rectangular frame, and measuring 50 in. 
by 57! in. On the top of this, timbers 3 in. thick (G) are 
placed, and in the centre two others, J J. The frame is 
tied in longitudinally by two i in. bolts, and trussed by 
rods z z of the same size, taking their centre bearing on a 
plate z', and bolted up against the plate Y on the top of 
the frame. Strengthening bars R R, Figs. 1 and 13, are 
recessed into the top sides of the frame and are bent to the 
form shown, as the centre of the bolster frame rises in 
the middle to receive the cast-iron centre plate. These bars 
carry the cast-iron side bearings. Two horizontal tie-rods 
running transversely are also introduced, T' T', Fig. 6. 
The centre plate is 16~ in. iu diameter, and corresponds 
with that described before. It is secured by the bolts 
which pass through the framing and the plate z' already 
mentioned. The bolster frame is carried upon four pairs 
of springs arranged in couples. They are marked V and 
are built up of seven plates each. The clips bear upon 
cast-iron plates at top and bottom, the former being bolted 
to the timber E and the latter to the beam I, Figs. 3 and 5. 
The same figures show the manner of suspension. On the 
one hand a bracket W" passes around the timber D, and 
is bolted thereto by two ! in. bolts, and on the other the 
bar vV' is bolted to the side timbers A, and stretches 
between them the whole width of the truck. The links 
vV vV, 8 in. between centres of pins, are attached respectively 
to the bracket and the bar and below to the casting W "', 
through which a 1 i in. pin passes and retains the whole 
in pos1t10n. The underside of these brackets is cut away 
to allow for clearing the tie M, which, as will be seen from 
Fig. 5, is placed close beneath it. The size of the timber I 
is 7! in. by 2i in. Guard brackets K', Figs. 3 and 5 and 
detail Fig. 9, are provided, as well as axle guards A ' and 
A". A bar B', formed as shown, passes transversely 
between each outside pair of axle guards. That on the 
right-hand end of the truck in the drawing has attached 
to it in the centre a spring plate C', which bears agaiilst 
rubbing plates in the floating brake beam D', and replaces 
the spiral springs employed in the four-wheeled truck. 
The eye bolt E' passes through the floating beam which is 
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strengthened by the iron plate D", and to it is attached 
the brake rod F', the forked end of which at the opposite 
extremity of the -truck is connected to the lever G' at
tached to the floating beam by the forked bar II' and 
moving at its upper end in the guide I'. As in the case of 
the four-wheeled truck the completeness of the drawings 
renders further description unnecessary. Similar parts are 
properly lettered throughout in the general view as well as 
in the details, and all dimensions are added. 

STANDARD FIRST-CLASS pASSENGER CARS.

(Plates LX., LXI.) 

Plates LX. and LXI. show a standard first-class pas
senger car. The total length of the frame is 46 ft. 6 in., 
and its width 9 ft. 4£- in. It is carried upon two four
wheeled trucks, already described, and placed 33 ft. 
apart from centre to centre. The framework of this 
car consists of a braced structure in which the sides form 
an important feature. The principal members consist 
of two sill timbers 8 in. by 5 in. running the whole length 
of the car, and placed 8ft. 6£- in. apart in the clear (see 
Fig. 2). The end timbers, the corners of which are 
bevelled, are of the same scantling. The principal trans
verse framing occurs at the points where the cast-i~·on 
turning plates are bolted, which take their bearing on the 
truck. It is formed of a beam 5 in. deep and 14 in. wide. 
The beam passes across between the outer sills, and a block 
7 in. deep by 20 in. long and 14 in. wide is placed over 
this beam between the two intermediate sills, and serves to 
keep them in position on the beam ; they are parallel with 
the outer one, and are 4i in. wide, and 7 in. deep. A pair 
of straps marked m m in the plan, Fig. 2, are stretched 
over the top of this middle transverse timber, and at the 
ends are attached to a couple of tie-rods which pass 
through the lower transverse beam, and are secured by 
nuts, the ends of the beam being chamfered so as to secure 
a fair bearing, and washer plates being introduced. The 
space between this transverse framing for the truck bearing 
is divided into three bays, two of 10ft. 4£- in., and one of 
10 ft. 7! in. Transverse timbers, 4 in. by 8 in., extend 
across and beneath the outer sills, while above these are 
lighter stretching pieces, placed between the four inner 
longitudinal timbers. Tie-rods, as shown, run close beside 
these cross beams and are secured to the outer sills. As 
will be seen from the plan a system of diagonal horizontal 
bracing is introduced, there being five panels of this in the 
whole length of the car. The section and plan, Figs. 1 and 
2, show the bearing casting for the truck bolted in place, 
and the hole through which the pin passes for securing the 
truck. 

In addition to the main frame, there is an auxiliary 

frame at either end for carrying the platform. This consists 
of four timbers 5 in. by 3i in. or 4 in., carried back to the 
beam or bolster, and projecting about 2 ft. beyond the 
main frame ; at their outer ends these timbers carry a 
beam shown in section in Fig. 1. The total width of these 
timbers apart is 4 ft. 11 in. outside, the middle pair being 
8 in. apart in the clear, and the outer ones 1 ft. 6 in. distant 
from the inner. Planking is laid as shown upon these 
timbers, from the outer pair of which the steps descend 
leading to and from the car. To the end beams are 
attached the rails forming the platform guard, and two 
standards from which rise to the projecting roof of the 
car. The hand brake gear is also placed here, as shown 
in the plan. The steps on each side are three in number, 
with 8 in. treads, and 10! in. risers; they decrease from 
2ft. 10 in. long at the bottom, to 2ft. 1 in. at the top, and 
rest upon wrought-iron brackets bolted on the inner side 
to the frame direct, and supported outside by a light 
bracketed standard, descending from the underside of the 
frame and passing through the bottom step. The coupling, 
not shown on the drawing, will be illustrated afterwards 
in detail. Bolts 1 in. in diameter, and marked a a on the 
drawing, pass from the end beam to the main timber of 
the frame, and the platform timbers are bolted through to 
this beam as indicated. Besides the railing constituting 
the platform guard, which is 2ft. 1 in. high, with an open 
space in the middle of the same width to allow of passing 
from one car to another, handrails are attached to the ends 
of the carriage, near each set of steps, to assist passengers 
in leaving or entering. 

The only other features worth noticing in reference to 
the bottom frame are the cast-iron brackets placed at each 
of the four inner corners of the frame, and by which the 
longitudinal and transverse sills are still further secured 
together. The sides of the car are so built as to add very 
largely to the strength of the structure. At a height of 
6ft. 10£- in. above the longitudinal sills, and 9ft. 3! in. 
apart outside, two timbers 7 in. by 1 ~in. run the whole 
length of the car. At intervals of 1ft. lli in. in the clear, 
groups of posts, two in each group, and 10 in. apart, are 
placed between the longitudinal sill and the upper timbers 
already mentioned. These posts, which are 1i in. by 3! in., 
are mortised into the sills, and attached to the upper 
timbers, which are placed outside them. The windows ot 
the car are introduced in the spaces of 1ft. 10! in. between 
the groups of posts, and each pair of the latter are con
nected and strengthened by light horizontal stretchers 
placed between, above the main horizontal rail, which is 
placed 2 ft. 1 i in. above the sill of the frame. This rail is 
3 in. by 4 in. and passes outside the groups of posts already 
described. The space between it and the sill of the frame 
is divided into three parts by two other horizontal rail~ 
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2 in. by I-! in., which pass inside the posts and are bolted 
to them. 

Between the frame sill and the main rail an intermediate 
post is introduced between each group of posts running up 
to the top timber, and diagonal bracing rods are employed 
between the rail and the sill to strengthen the structure. 
These rods are twelve in number on each side, and are 
divided into four groups; the end pairs forming two 
groups are placed so as to fall from the rail towards the 
end of the car, while the other four in each group are 
directed towards the centre of the car. Cast-iron bearing 
blocks are introduced both on the top of the rails and 
underneath the sills, for the adjusting nuts of these braces 
to take their bearing on: Posts 4 in. by l;J; in. are placed 
between the rail and the sill wherever these braces occur. 
In addition to the::;e, vertical rods pass from the sill to the 
upper timbers, to which they are fastened by means of a 
soleplate and two bolts. There are six of these rods on 
each side of the car. At a height of 2 ft. 9~ in. above the 
main rail, a moulded rail 3! in. deep runs horizontally 
from end to end, outside the groups of posts ; this forms 
the moulding above the windows to be referred to pre
sently. The clear space of IOk in. between this rail and 
the upper timber is filled in with a panel the whole length 
of the car. The end framing of the car is similar to that 
of the sides. 

The roof framing has now to be considered. In this 
car, as in all American rolling stock, the roof is made with 
a raised portion or "deck" along nearly the whole of its 
length. The width of this deck at the bottom is 4ft. IOL 
and its length is 41ft. 8! in., as it is stopped short of the 
ends of the car by about 2 ft. The sides of the deck slope 
in wards, so that its width at the top is 4 ft. 2 in. ; the ends 
are vertical. It is based upon a rectangular frame of 
moulded timber 4ft. 10~ in. wide by 41ft. 8! in. long, 
and the underside of this frame occupies a position 
7 ft. 9 in. above the floor of the car. It is supported 
by a series of half rafters curved to the form required for 
the roof, 2kin. by 1i in., and placed 1ft. 4i in. apart. 
At six points in the car, cross rafters of wrought iron of 
the shape of the deck are run from one top sill to the 
other across the car. One end is cut out so as to allow 
them to rest on the 7 in. by 1k in. timbers before men
tioned. The sides of the deck are 14i in. high, formed of 
two moulded timbers, the lower one 2 in. by 1 k in., and 
the upper 5! in. by lk in. These are placed 7;J; in. apart 
and are connected at intervals by vertical posts so as to 
leave rectangular openings 2 ft. 8 in. by 7 i in. down the 
whole length of the car. Into the timbers forming the 
upper part of the sides of the deck, the rafters of the latter 
are halved. They are of the same scantling as the half 
rafters below, and are spaced 1 ft. 4k in. apart, excepting 

that six pairs are placed close together with the iron rafters 
between them. The rectangular spaces in the sides of the 
deck are filled in with swinging sashes and glazed. Ventila
tion is secured by means of them. The roof at the ends 
of the car is finished as shown in Fig. 1, the roof being 
extended in length equal to that of the car, and brought 
forward to overhang the platform. 

The floor of the car is formed of close planking 1;J; in. 
thick, the ends being flush with the outside of the main 
longitudinal sills, and cut away where the side posts 
interfere. The outside appearance of the car is shown by 
one-half of Fig. 1. The sides, as high as the moulded rail 
running underneath the sashes, is close timbered with ~in. 
panelling, glued and screwed to the posts and rails or 
belting under the window rail. To close up the joists 
between these panels vertical strips are laid on, and in 
the centre of the car there is an oval enclosure for its 
number. The window sashes have elliptical heads, and 
are surrounded with moulded rails, the spaces between 
them, corresponding with the groups of posts in the frame, 
being filled in with sunk panelling. The roof covering 
from the sides of the car to the base of the deck is of 
tinned sheets, and timber ! in. thick tongued and grooved, 
and finished with a slightly projecting nosing, which con
stitutes the widest part of the car. The roof covering of 
the top of the deck is also ! in. thick, and is finished like 
the rest of the roof with tin sheets. It projects about 9 in. 
beyond the sides of the deck, and is also finished with a 
nosing. A close boarding runs underneath from this 
nosing to the side of the deck, for the whole length of 
the car. 

The internal finishing of the vehicle is shown by the 
longitudinal section, Fig. 1. From the floor level to a 
height of 11 in., a plinth of yellow pine 2;J; in. thick is 
employed, and above this a lining of ash is used, extending 
nearly to the level of the sashes. The bottom line of these 
is marked by a projecting moulding of cherry, and the 
mouldings around the window are of ash, with inter
mediate panels of maple. The whole of the lining up to 
the level of the roof is also of maple, the base of the deck 
being covered with a moulding of the same wood. Maple 
indeed, relieved with cherry and ash, forms the chief lining· 
material of the car. The head lining, however, is of painted 
canvas, stretched on suitable frames, and nailed up in place. 
As shown in the drawing, the sashes are glazed, and can 
be lifted up and down, a spring stop being employed to 
arrest the sash at any desired point. In addition to the 
glass there is a second sash filled with light louvre-boards 
for use in summer. At one end of the car a water-closet, 
arranged as shown in the plan, is introduc~d. The car is 
lighted by gas contained in reservoirs under the frame, 
two gas fixtures being hung from the roof, each having two 
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burners. The seats are arranged transversely on each side 
of the car, so as to leave a central passage down it for 
circulation. The frames of the seats are of wood and the 
backs swing upon centres, so that the seats can be arranged 
for passengers to sit in groups of four vis-a-vis, or all in 
the same direction. The covering material of the seats 
is red or green velvet. Fifty-four passengers can find ac
commodation in this car. 

The following Table gives in complete detail the cost of 
constructing one first-class standard passenger car and the 
amount of materials employed : 

on all sides. The trucks are of the ordinary character 
The car internally is divided into four compartments, the 
first of which is the main saloon 14ft. long ; the end of 
this compartment is bayed as shown, so as to give in
creased room. It is fitted up on each side with tables, 
desks, and schedule cases, and contains every accommo
dation for writing and transacting the business arising on 
the superintendent's special trips. The second room is 
12ft. o in. long and is used as a dining, bedroom, &c. 
At one end are two stationary chairs, and at the other two 

.movable ones. AttachmGmts are made in the floor for 

TABLE No. XXX.-COST OF CONSTRUCTING ONE FIRST CLASS PASSENGER CAR, AND AMOUNT OF MATERIALS EMPLOYED. 

Laboul' ... ... .•. • . . 
Proportion of fuel and stores 

,, superintendent, 
chief clerk, and store
keeper'~ time ... . •• 

2480 ft. Poplar at 36 do!s. per I 000 
3H4 ft. Ash ... ... 
ILOO ft. Pine at 19 dols." ... 
2350 ft. Yell ow pine a t 30 dols. 
600ft. Oak at 20 dols. .. . 
460 ft. Hickory at 30 dols. .. . 
700ft. Michigan pine at 70 do!s. 
400 ft. Cherry at 40 dols. 
439 ft. Maple veneer ... .. . 

4 pairs Wheels and axles .. . 
Two Passenger car trucks com-

plete ... ... 
87 lb. Colour at 16 cents 
Ia lb. Putty at 12 cents ... 
59 lb. Hunter's paint at 12 cents 
36 lb. Oil filling at 12 cents ... 
49 lb. Filling at 13 cents 
I6 lb. Tuscan red 
2! lb. Drop black .. . 

2 lb. Lamp black .. . 
2lb. Green ... .. . 

Gold bronze ... ... 
6 lb. Pulverised pumice stone 

1 quart Olive oil ... ... ... 
8 quarts Black varnish 
I quart Shellac . .. ... .. . 
a gals. Varnish at 4.6M do!s . . .. 

IO gals. , at 3.Sa dols .. .. 
I gal. Linseed oil 
46 lb. Glue 
23 lb. White lead 

2925!b. Iron ... 
Nails ... 

72 lb. Square nuts 
I .>8 lb. Nails ... ... ... ... 

Brass wire and small nuts 
and washers 

792 lb. Castings ... 
2 lb. Spring s tee! ... 
9 lb. Washers ... 
6 lb. Hexagonal nu ~s 

119 lb. Wagon box i ron 
Wood screws .•• 
Screws ... 

3llb. Carriage bolts 
1 set Gas pipes, &c .... 

, burners ..• 

dols. 
I263.94 

28.6I 

l a.sa 
86.80 

I27.08 
20.90 
70.60 
IO.OO 
I3.50 
49.00 
I6.00 
24.14 

a32.85 

533.62 
13.05 

1.56 
7.08 
4.08 
6.37 
3.75 
0.70 
0.34 
0.32 
2.76 
0.36 
0 58 
1.17 
0.66 

14.04 
38.30 
O.f.i9 

H 33 
2.59 

87.75 
2.25 
5.05 
5,52 

0.41 
16.99 
0.17 
0.63 
0.60 
5.59 
4,05 

61.88 
0.45 
7.19 
0.22 

£ s. d . 
230 2 10 

0 4 2 

2 9 3 
15 16 1 
23 2 11 
3 16 1 

12 16 9 
1 16 5 
2 9 2 
8 18 5 
2 18 3 
4 7 11 

60 12 1 

97 a 3 
2 7 6 
0 5 4 
1 6 11 
0 14 10 
1 3 2 
0 13 8 
0 2 6 
0 1 3 
0 1 2 
0 10 0 
0 1 4 
0 2 1 
0 4 3 
0 2 5 
2 11 3 
6 19 8 

~ 1~ : li 
15 19 7 
0 8 2 

~ 1g ~ ·i 
0 1 6 
8 1 10 
0 0 7 
0 2 3 
0 2 2 
1 0 4 
0 14 9 
9 8 11 
0 1 7 
1 6 7 
0 0 9 

I 

Brass connexions 
1 Gas regulator .. . 
1 n gauge ... • .• 
2 Two-light chandeliers 
1 Gas bracket ... ... 
2 ,, tanks complete ..• 
2 So~dered joints ... 
1 Air brake complete ..• 
1 Water cooler faucet ... 

8 lb. Lead pipe 
lib. Chain ... ... 

Screw eyes .•. 
57 S•sh balances... ... 

27 lb. Rubber draught packing 
81 Lights, white glass 
2 " plate , 

25 11 l'Uby u 
3 Extra lights ... 

Wood filling 
12 Vertical registers 

2 Rtoves ... 
50 Seat arms .. . .. . 

2 Bronzed sash fasteners 
2 " 

20 Brass alcoves ... • .. 
~ Sets of seat fixtures .. . 
2 Bronze notice plates ... .. . 
4 Notice frames and notices .. . 
a Bronze lamps ... ... .. . 
2 ,. door locks aad fittings 
1 Sal?on door lock ... ... 
3 Lamp'' canopies" •.• 

3 pairs Bronze butt hmges .. . 
1 pair 3 in. by 3 in. ditto ... •·· 

H in. by 1! in. bro.ss butts, .. . 
2! pair Iron butts ... ... .. . 

26 pairs Brass butts 
1 Drip pan 
1 Urinal ... 
1 W.O. tube ... 
8 7 in. ventilator rings .• 
2 Brass bushings •.• . •• 
6 Leather bell·cord hangers ... 
2 Bronze bush4Jgs ... . .. 
2 10 in. ventilator rings 
1 Sin. , , 
1 3in. ,, , 

13 Bracket raclrs ... 
12 Sash levers 

2 Door holders ... • .. 
61 Bronze window lifts ... 
61 fasteners 

dols. 
0.25, 

16.00 
I 0.25 
60.72 

a.o9 
84.00 

0.40 
131.79 

3.2/l 
0.80 
0.04 
0.05 

44.61 
12.65 
26.11 
10.56 
27.72 . 

1'.44 
0.13 
8.32 

77.56 
8.50 

-',4.84 
a.70 
3.77 

50.50 
4.00 
2.44 

13.5~ 
15.2~ 

6.26 
2.43 
5.41 
2.43 
0.24 
0.13 
7.37 
5.06 
4.25 
6.30 
2.43 
0.28 
6.50 
0.44 
2.44 
O.o2 
0.41 

77.35 
42.00 

3.00 
24.40 
I6.47 

£ S· d. 
0 0 11 
2 14 7 
1 I7 4 
9 4 8 
0 11 8 

15 5 8 
0 1 6 

23 19 IO 
0 11 10 
0 Ill 
0 0 2 
0 0 2 
8 2 0 
2 6 0 
4 1o 1 
1 18 5 
li 0 11 
0 5 3 
0 0 6 
1 10 3 

14 2 6 
1 10 11 
0 17 8 
0 13 0 
0 13 8 
9 3 11 
0 14 7 
0 8 6 
2 9 7 
2 15 4 
1 2 9 
0 8 10 
0 19 9 
0 8 10 
0 0 11 
0 0 6 
1 6 10 
0 18 5 
0 15 0 
1 2 11 
0 8 10 
0 1 0 
1 a 8 
0 1 7 
0 8 11 
0 1 10 
0 1 7 

14 1 0 
7 12 11 
0 11 11 
4 8 10 
2 19 11 

94 Broonze window stops 
2 Coat hooks ... 
8 Match lighters .. , 
1 Waste cock ... .. . 

172 Sheets tin 20 in. by 28 in. 
66 , 14 in. by 20 in. 

2731b. Ga!vanised iron ... 
141 b. Solder ... 
2lb. Rivets ... .. . 
6lb. Tinned nails .. . 

II sq. ft. Wire gauze .. . 
52 lb. No. 12 sheet iron 
4lb. Nails ... 

Pins, &c. 
2 yards Brown muslin 

34 yards Hat cord ... 
Burlap sacking 

96 yards ISco.rlet plush ... 
44 yards Plain green plush 
61 yards Sheeting ... 
15 yards Buckram ... 
52 yards Flax canvas .•• 
1 yard 8 oz. duck ... 

11 yards Cocoanut matting 
1 Bell rope 

llb, Thread ... ... 
Tinned tacks ..• 

1 lb. Brass washers 
12f yards 10 oz. duck . 

2 yards 6 oz. , 
It yards Ship canvas ... 

Seaming cord .:. 
5 gross Plush nails ... 
6 gross , buttons .•• 

1! lb. Tufting twine ... 
llb, Spring , , ••• 

243 lb. Hair .. . 
Tacks .. . 

12 Springs ... ... ... 
12 Spiral elliptic springs 
22 ,, springs ..• • •• 

2! lb. L ining nails ... 
1 Head lining .. , 

Flour ... . .. 
I gallon Sample varnish 

2 packets Gold leaf ... 
a gallons Alcohol 

Beeswax, &c. 
4 lb. Sole leather 

26 quires So.nd paper 

dols. 
8.14 
0.05 
1.17 
1.85 

84.17 
6.27 

26.31 
2.24 
0.32 
0.76 
0.30 
2.73 
0.24 
0.68 
0.98 
4.08 
0.09 

228.87 
109.99 

10.30 
2.79 
8.32 
0.18 
7.2~ 
1.44 
0.98 
0.14 
0.20 
3.66 
0.53 
0.16 
0.0{ 
3.33 
2.82 
0.78 
0.23 

72.95 
3.68 

22.96 
20.29 
0.92 
0.50 

80.68 
0.15 
2.37 

14.68 
7.81 
0.46 
1.28 
5.72 

4423.(5 

£ s. d. 
0 11 /j 
0 0 2 
0 4 3 
0 6 9 
6 4 4 
1 2 10 
4 12 3 
0 8 ! 
0 1 4 
0 2 9 
0 1 1 
0 10 0 
0 0 10 
0 2 6 
0 3 6 
0 14 10 
0 0 4 

41 13 /j 
20 0 6 
1 17 6 
0 10 2 
1 10 4 
0 0 8 
1 6 3 
0 5 3 
0 3 7 
0 0 6 
0 0 9 
0 12 11 
0 1 11 
0 0 1 
0 0 , 
0 12 1 
0 10 3 
0 2 10 
0 0 10 

13 5 7 
0 1a I) 
4 3 7 
3 13 10 
0 3 4 
0 1 10 

14 13 10 
0 0 7 
0 8 1 
2 13 1 
1 8 6 

· 0 1 8 
0 4 8 
1 0 9 

806 9 2 

On Plate LIII. is a plan of a special or directors' car, of 
which a few are built for the use of the President and 
Board, the General Manager, &c. The one illustrated is 
that belonging to Mr. Gardner,· General Superintendent. 
Externally the car resembles the ordinary type. The 
length of the body is 46ft. 7 in., and the width inside · 
8 ft. 6 in. It is provided with end platforms furnished 
with gates at the sides so that the platform can be guarded 

fixing a dining table, and at night two berths can be fitted 
up. The third compartment contains a state room con
taining two berths, one above the other, toilette accom
modation, water-closet, presses, &c. At the side of this 
is a passage, and a second closet and lavatory. The 
passage leads to the fourth compartment which contains · 
the kitchen, and is fitted with all the accommodation 
necessary for cooking and table service. 

X 
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ROLLING STOOl{: FREIGHT CARS. 

(PLATES LXII. TO LXVIII.) 

FouR-WHEELED CABOOSE CAR.-(Plate LXII.) 

THESE cars are only used on goods trains, and are 
intended for the accommodation of the train men (con

ductor and brakesmeil). The cars are small, being only 
15ft. long in the body, although a platform at each end 
brings up the total length to about 20ft. 11 in. The 
width inside is 7ft. 6_in., and the clear height from the 
:floor to the roof springing is 6 ft. 4 in. In the middle of 
the car is a raised portion or dome the full width, and 
4 ft. 8~ in. long, the height being 2ft. 4 in. above the 
roof. The wheel base is 9 ft. The main frame consists of 
six longitudinal timbers, the outer ones being 7 ft. 4 in. 
apart in the clear, and 4 in. by 8 in. The middle pair, 
placed only 6i in. apart in the clear, are 3i in. by 7 i in., 
and the two intermediate timbers of the same scantling 
are placed 17! in. from the inner pair. The transverse 
timbets of the frame consist of two end beams about 
8 ft. 6 in. long, 9 in. wide in the middle, and tapered off 
to 7 in. at the ends, and 8 in. deep. Besides these there 
are three cross timbers 3 in. by 8! in., and the whole 
frame is further strengthened by four 1 in. diameter bolts 
passing through the longitudinal timbers. The under 
frame shown in the cross section, Fig. 3, consists of four 
longitudinal timbers, the two outer ones placed 6ft. 2i in. 
apart from centre to centre, and the two middle ones 
immediately below the corresponding pair in the main 
frame; the sizes of these are respectively 8 in. by 4 in., 
and 7 in. by 3i in. These timbers are 15ft. long and are 
stopped at the ends of the body of the car. They are 
divided into three parts in their length by two transverse 
timbers 7 in. by 3 in., and two end ones 7! in. by 3 in. 
The pedestals for the axle-boxes are of the form shown 
in Fig. I, and they are bolted to the outer timbers of the 
under frame. Fig. 3 shows one of the pedestals in section, 
as well as the form of axle-box. The wheels are of chilled 
cast iron 33 in. in diameter. The pedestals are connected 
by a :fiat bar 3! in. by ! in., which fits into a recess on the 

underside of the pedestal (Fig. 3), and those on each side 
are connected by two transverse rods, shown in Fig. 1. 
They are further stiffened by being attached to the bottom 
of a bracket depending from the under frame. The sole
plate of this bracket is widened out sufficiently to give 
bearing to two rubber block springs placed 14 in. apart 
from centre to centre. The lower bearing of these springs 
is on a compensating beam, the centre pin of which moves 
in a slot formed in the bracket ; the ends of the beam are 
coupled by links to one end of the springs, which are 
3 ft. 4 in. span, and the other ends are attached to the 
under frame, as shown. The platforms at the ends of the 
car are boarded,~ as shown, and on each side are opE)n steps 
for ingress and egress. The attachments to each of the 
end beams are two cast-iron bumper blocks, placed 2ft. 
6 in. apart from centre to centre. They are curved in the 
face, are 12 in. by 5 ~ in. wide, and 7 i in. deep, and are of 
the form shown in the drawings. There is also a central 
buffer and draw link combined. The buffer draws on a 
volute spring placed behind it. On one buffer beam is 
placed a vertical brake spindle and wheel ; the arrange
ment of brake gear, which is of the simplest character, is 
clearly shown in the drawing. The :floor of the car is 
li in. thick, and the sides, which are :i; in. thick, are double, 
except where the windows and end doors occur. The con
struction of the roof is so clearly indicated as to need no 
description. On the top of the dome an enclosure is formed 
for a lamp, and recesses at the sides (Figs. 3 and 9) are 
also provided to receive coloured lamps. Inside, the car 
is fitted with sleeping berths, lockers, places for tools, 
stores, &c. Figs. 5, 6, 7, 8, and 9 are various details, and 
Fig. 4 is a plan of the roof framing. 

HoPPER-BOTTOM GoNDOLA CAR.--(Plate LXIII.) 

The co-called hopper-bottom gondola cars are employed 
for carrying coal or other freight which can be conve
niently discharged through an opening in the bottom of 
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TABLE Np. XXXI.-DETAILS OF MATERIAL EMPLOYED AND COST OF ONE STANDARD HOPPER-BOTTOM GONDOLA CAR. 

Labour... ••• ... ... 
Proportion of fuel and •tores 

" superintendent, 

dols. 
28.r.7 
0.91 

chief clerk, and t;tore~ 
keeper's time 0.30 

32.04 
... 110.39 

9.28 
12.72 
39.00 

0.48 
1.32 
7.42 

11102 lb. Castings •.• 
3Io4 lb. Wrought Iron 
ll6 lb. Malleable castings ••• 
636ft. Oak ... 

~500ft. Yellow pine ... 
,- 24 ft. Pine ••• 

46 ft. Hickory 
106 lb. Nuts ... 

£ B. d. 
6 4 4 
0 8 4 

0 1 1 
6 16 8 

20 2 0 
1 13 9 
2 6 . 3 
7 2 2 
0 1 10 
0 4 9 
1 7 0 

5 lb. Washers ... 
4 pairs Wheels and axles ... 

2 Volute springs ... 
8 Box lids ... 

lib. Split keys ... 
4 Union springs .•• 
4 Followerpla.tes 

4 lb. Leather .. . 
9 lb. Chain ... ... 

13 Jb, 11 i in. ooo 

~~ ~~: B~hnze b~~rlng~· 
18 lb. Nails ... 

the vehicle. Figs. 1 to 6, Plate LXIII., show the construc
tion of this class of vehicle. The body measures 7ft. 6! in. 
inside in width, and 23ft. 6! in. in length. The depth of 
the sides is 2 ft. 5 in. In the centre of it's length the bottom 
of the car is placed 2 ft. 1 in. below the floor level, and this 
hopper-shaped depression is closed by two doors, measur
ing together 2 ft. 10 in. by 4ft. 7 in. The floor of the car 
is connected with these doors by an incline on all four 
sides, the length of the opening on the floor level being 
12ft. and the width 7ft. 6! in. The sides of the car are 
built up of 2i in. timbers, two of them forming the depth, 
and the floor is 1i in. thick made of timbers grooved and 
tongued together, and projecting beyond the car body, so 
that the whole length of the vehicle is 26ft. The sides 
and ends of the body are strengthened and held together 
on the inside by iron straps running from the floor ver
tically to the top of the body, and 2 in. wide by ! in. 
thick. There are four of these straps on each side, and 
two at each end of the car. They are fastened to the 
timbers each by four i in. rivets placed 6 in. apart. Besides 
these straps there are three inner and outer corner straps 
at each angle of the car, also bolted through as shown. 
The top of the body is protected by a flat bar running all 
round and fastened to the timbers by coach screws. The 
inclined portion of the bottom is of 1i in. timbers, held 
together by two straps 3 in. by ! in. running along it on 
each side, in the middle of the length of the incline and at 
the bottom, as shown. At the bottom of each portion are 
bolted the hinges by which the doors are attached. These 
doors are each of them 1 ft. 5 in. wide, and when closed 
are held in a horizontal position by means of chains passing 
through staples in the doors. These chains pass around a 
shaft running across the car near the floor line, and having 
at one end a ratchet wheel which is moved by a lever 
from the outside of the car. A panel fastened on a plate 
attached to the side of the car body engages with the 
ratchet wheel, and prevents the shaft from turning when 
the doors are closed; as a further security against the pawl 
shaking out, an eccentric dog presses it down. Figs. 1, 2, 
and 3 show this arrangement. The framing of this car 
consists of six longitudinal timbers, the outer pair of which 
are 4 in. by 10 in., the middle pair being 4 in. by 8 in. 
The end beams are 9 in. deep and 8 in. wide in the middle, 
being tapered as shown. The cross framing over the truck 

dols. 
0.25 

... 149.00 
4.10 
2.1~ 
0.11 

29.62 
3.20 
1.04 
0.90 
1.30 
1.90 

26.24 
0.63 

£B. d. 
0 0 11 

27 ·2 7 
0 14 11 
0 7 8 
0 0 5 
5 7 6 
0 11 8 
o a 8 
0 8 8 
0 4 8 
0 6 11 
4 15 10 
0 2 3 

Wood screws ... 
80 lb. Rivets ... ... 
23 lb. Hunter's paint ... 

Varnish ... 

TrucTc: 
132 lh. Castings... • .. 
109 lb. Wrought Iron ... 

32 ft. O.ak ... 
7 ft. Hickory .. • .. . . .. 

Elliptic bolster springs 

dols. 
1.51 
3.18 
2.76 
0.33 

2.64 
8.82 
0.64 
0.21 
2.72 

480.69 

£ •· d. 
0 6 6 
0 11 7 
0 16 0 
0 1 2 

0 9 7 
0 13 10 
0 2 4 
0 0 9 
0 9 10 

87 7 5 

consists of a timber 12 in. by 6 in., extending between the 
outer frames. This is trussed in a manner similar to that 
in the passenger carriages already described, and is shown 
in Fig. 2. The longitudinal section shows the position of 
the turning plates on the car and truck, as well as the 
centre beam of the latter. A cross-beam 4 in. by 8 in. is 
also introduced immediately below the commencement of 
the inclined portion of the floor. 'l'he under frames at the 
ends of the car consist of two timbers placed underneath 
the central pair of main longitudinal timbers, and to them 
are attached the central buffer, which is also the draw 
bar; two bumpers of cast iron, 2ft. 6 in. apart, are placed 
on each beam, as shown. Two rods, 1 in. in diameter, are 
introduced at each end, extending from the buffer beam 
to the cross timber at the commencement of the incline, 
and the transverse rods are also introduced. Along the 
outside longitudinal timbers, cast-iron sockets are bolted 
at intervals of 4. ft. and 3ft. 6 in., to carry posts which 
extend to the top of the car, and to which the side timbers 
are bolted in the manner shown. These cars weigh 
17,350 lb., and carry 37,000 lbs. Table No. XXX. gives 
detailed particulars of their cost and the amount of rna· 
terials employed. 

STANDARD VV AGON TRUCK, AND 8PRINGS.

(Plate LXIII.) 

On Plate LXIII. are details of the standard wagon truck, 
and springs. The trucks have four 33-in. chilled cast-iron 
wheels mounted on wrought-iron axles 4k in. in diameter. 
The bearings in the wheel seats are 4 in. in diameter and 
6! in. long, the journals are 3! in. in diameter and 7 in. 
long. The form of axle·box is shown in the drawings. 
The wheels are placed 4ft. 10 in. apart and are. connected 
by the framing outside the wheels, as shown. It consists 
of a horizontal bar passing betwen the axle-boxes and 
fitting into recesses on their lower sides; on the top of the 
axle-boxes, and fastened by through bolts, are the ends of 
plates 1 in. thick which diverge towards the middle of the 
truck until they are 16 in. apart, when they again become 
horizontal, and rest, the lower member on the bar before 
mentioned and the upper on the end of the bolster; 
through bolts passing inside cast - iron distance pieces, 
secure the structure together. The upper bolster consists 
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of one timber 10 in. by 8 in., reduced at the ends for a 
distance of 10 in. to aliow the upper bar of the side frame 
to pass over -l.t. The beam is trussed as indicated, the 
truss-rods passing in the centre under a wooden packing 
and cast-iron saddle. The lower bolster is 6 in. by 10 in., 
and 7ft. 3 in. long, and is trussed similarly to the upper 
one, but with only one rod. To both bolsters the brake 
rigging is attached, and the floating beams are hung to 
the upper one, as shown. The springs are omitted from 
the drawing. The turning plate on the truck is of the 
form and dimensions indicated. 

On Plate LXIII. is also shown one of the forms of 
springs employed. They are 2 ft. 9 in. long, and are built 
up of seven plates g in. thick, and tapered off to 1\- in. at 
the ends ; the plates are parallel throughout, and 3 in. 
wide, the overlap of each leaf, except the top one, is 2!- in., 
that of the latter at each end is 1!- in. The section at A B 
shows the mode of fitting the leaves together; the stirrup 
is 3 / 6 in. deep, and 3 in. wide, and 116 in. thick. 

STANDARD EIGHT-WHEELED GRAVEL DUMP CAR.

(Plate LXIV.) 

The construction of the standard eight-wheeled gravel 
dump or ballast car, is shown by Figs. 1 to 10. The clear 
length of the car inside is 16ft. 5i in., and the inside width 
7ft. 4 in. The height of the sides is 1ft. 4! in. A special 
feature in this car is the mode by which it can be lowered 
at one side so as to discharge the ballast. The car is 
carried on two four-wheeled trucks shown by Figs. 7 to 10. 
The wheels of these trucks are 30 in. in diameter, mounted 
on axles 4k in. in diameter, the outside frames carrying 
the axle-boxes. These frames are similar to those already 
described, and they carry between them an upper and 
lower bolster, the former 9 in. by 4 in., and the latter 
12 in. by 5 in. ; the lower bolster is braced by two bars 
f j, strained on the wooden blocks placed 12 in. apart (see 
Fig.- 7). Rubber block springs 6 in. in diameter, and 
4ft. 9 in. apart, are introduced between the upper and 
lower bolsters, and on the top of the former are two 
curved rubbing castings to form a bearing for the under 
frame. The construction and size of the turning-plate is 
clearly shown in the drawings. The under frame of the 
car is shown in Figs. 1 to 5. It consists of two main longi
tudinal timbers 7 i in. by 6 in., placed 3 ft. 1 in. apart in 
the clear, and 20 ft. 9i in. long. Two transverse timbers 
12 in. wide, and respectively 6 in. and 7 in. thick, are 
introduced immediately above the trucks, and carry on 
their underside the upper turning-plate. These timbers 
are 10ft. 2! in. apart from centre to centre, and they are 
braced by the rods g g and h h between each other and 
back to the end transverse timbers. Besides these there 

are two other transverse timbers in the middle of the 
frame, and 4 ft. 6!- in. apart from centre to centre, and 
two end ones at each extremity; these are 6i in. and 6 in. 
wide respectively by 7 i in. deep, and placed 14 in. apart 
(see plan, Fig. 2). Transverse bolts i in. in diameter are 
introduced as indicated. Fig. 3 is a cross section through 
the end platform of the lower frame, and shows the ar
rangement of the buffer and coupling attachment. The 
brake gear is also clearly seen in Figs. 1 and 2 ; the wheel 
actuat_ing this gear is placed at one end of the car. The 
upper frame is shown in one-half of the plan, Fig. 2. It 
is placed 11 g in. in the clear above the top of the under 
frame, but the width is much greater. It is formed of five 
longitudinal timbers, the outer pair of which are 5 in. by 
7 in., and the others 3 in. by 6 in. The total width outside 
is 8ft., and the intermediate pair of timbers are placed 
1 ft. 8! in. from the central one. The total length of the 
upper frame is 18ft. 7! in., but only the outer longitudinals 
have this length, as the inner ones are bolted in a trans
verse beam 4 in. by 6 in., and placed 16kin. from the end. 
The main cross timbers, 5 in. by 7 in., are placed 2~ in. 
from those just named. The rest of the cross framing 
consists of two pairs of timbers 4 in. by 6 in., placed 
3ft. 7 in. apart in the clear in the middle, and with a space 
of 2t in. between them. Upon this framing the grooved 
and tongued floor 1~ in. thick is laid. The sides, which 
are, as already stated, 16k in. high, are formed with timber 
4 in. by 3 in. top and bottom, and 1 !- in. planking between; 
the ends also are of the same thickness. Through bolts 
i in. in diameter and about 3 ft. apart pass through the 
top and bottom timbers and hold the sides together; they 
are also further strengthened at intervals by straps bolted 
on as shown. The four corner posts 4 in. square, to which 
the sides are attached, are about 32!- in. high, and stay 
rods pass from them to the top rails, as shown. 

The arrangements for tipping the car are indicated in 
Figs. 1 to 5. Four pairs of crossed bars are placed at 
intervals under the body. The lower ends of these bars 
rest in cast-iron brackets bolted to cross timbers beneath 
the under frame at f j, Fig. 5. The upper ends turn on 
pins secured under the floor of the car. The bars are each 
3 in. by 1 in., and the diameter of the bolts in which they 
turn is ! in. Fig. 6 is a section through the timbers carrying 
the lower bracket. The distance between the centres of 
the bars is 3 ft. 2 in. At two points in the length of the 
car, that is over each truck, are two hinged blocks turning 
in a bracket bolted to the cross timbers carrying the 
upper turning plate, Fig. 4. When the floor of the car is 
horizontal, the bearing surface of these blocks receives the 
underside of the longitudinals of the upper frame, which is 
protected with iron plates to prevent wear. To each of 
the blocks is attached a lever, as shown, by . pulling on 
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which the block is thrown backwards, and the car body 
falls, the crossed bars permitting it to turn, but checking 
it after it has fallen a certain distance. In the sectional 
portion of Fig. 4, it will be noticed that on the underside 
there is a latch hinged, so that there is a considerable 
preponderance, tending to keep the catch against the side 
of the car at the point where an iron plate is bolted to the 
outside. When the car falls over, the bar of this latch is 
depressed, and the side is released, so that the contents of 
the car may fall out. 

STANDARD DRoP-BOTTOM GoNDOLA CAR.
(Plate LXV.) 

Figs. 1 to 8, Plate LXV., show the construction of 
the standard drop-bottom gondola car. It is a large car, 
30ft. 9~ in. long and 7 ft. 6~ in. wide inside. The total 
length of the frame is 33ft. 1 in., the outside width being 
8ft. The frame consists of five longitudinal timbers, the 
two outer ones being 4 in. 11by 10 in., the middle timber 
6 in. by 9 in., and the intermediate pair 3 in. by 9 in. These 
are connected by end sills, the extreme length of which is 
8 ft. 2£- in., and 8 in. by 9 in. in the middle, reduced towards 
the ends, as shown in the plan, Fig. 2. Over the trucks, 
5 ft. 3! in. from the outer face of the sills, is the cross 
framing carrying the upper turning plates. This consists 
of a sill 6 in. by 14 in. framed underneath the longitudinals, 
and bolted to them (Fig. 3). Side pieces 3! in. by 8 in. 
are bolted on each side of the central longitudinal, and 
extend for a distance of 2 ft. from the centre pin of the 
truck to the end of the frame ; outside these side pieces 
are two blocks 4 in. by 14 in. Passing over the central 
longitudinal side pieces and blocks are two straps 10 in. 
apart from centre to centre, and £3~ in. wide, bolted down 
as shown; the ends of these straps are attached to truss 
rods, which passing through holes made in the cross sill 
are secured by nuts at the outer ends (Fig. 3). The cross 
sill is bolted to the longitudinal by ! in. bolts. At a 
distance of 7ft. 11 in. from the cross sill just described 
are two other transverse timbers 4 in. by 6 in. bolted to 
the main sills, and passing underneath them. To these 
timbers are attached the drop doors on the bottom of the 
car. A tie-rod i in. in diameter passes transversely through 
the frame over these cross sills, and two longitudinal tie
rods 1 in. in diameter extend from end to end of the frame 
(Figs. 1 and 2). These rods, which are placed just out
side each of the intermediate longitudinal timbers, are 
bolted to the end sills, passing through them about the 
middle of their depth, then over blocks resting on the cross 
timbers carrying the turning-plate of the truck, and thence 
underneath the frame as shown in Fig. 1, where they bear 
in cast-iron sockets bolted to the middle cross sills (Fig. 4). 

Figs. 5 to 8 show the arrangement of the coupling and 
buffer head, as well as of the bumper blocks on the end 
sill. The various dimensions are marked on these figures. 
The brake wheel is placed on one end of the frame, and 
its attachments are indicated in Figs. 1 and 2. The trucks 
are not shown in the drawing, but they are of the type 
that has already been fully illustrated and described. 

The floor of the car is 1£- in. thick; it is tongued and 
grooved, and is laid on the main sills of the frame project
ing slightly beyond the outer timbers. To the face of 
the outer longitudinal timbers, at intervals varying from 
2 ft. 7 in. to 3 ft. 7 in., are secured sockets of the form 
shown in Fig. 3, by means of staple bolts passing around 
the middle of the socket, and held by nuts on the inner 
side of the sill. Vertical posts 3 in. by 3! in. are placed 
in these sockets, some of them extending only to the top 
of the sides of the car, and others about 3 ft. longer. The 
former are fastened to the sides by three rivets, as shown ; 
the latter are movable, so that the height can be adjusted 
to the load or removed altogether. They . are held 
in position by a cap and bolt passing through a slot. 
The sides of the car are 18 in. high and 2£- in. thick. 
Besides the connexions with the frame by means of the 
side posts, they are secured by straps 2 in. wide and ! in. 
thick on the inner face of the side. The lower part of this 
strap is formed with a i in. bolt which passes through the 
frame, as shown. The upper end is turned over and 
recessed into the top of the side. Eight bolts, i in. in 
diameter, also pass through each side and frame. The 
corners of the body are protected by angle plates, and the 
top by a flat plate secured by screws (Figs. 1, 2, ~nd 3). 
The drop bottom is placed in the middle of the car, a8 
seen in Figs. 1, 2, and 4. It is 5 ft. 6 in. long and 4 ft. in 
width. It forms a kind of well in the floor of the wagon, 
the level being 8 in. lower than the latter, the doors there
fore abut against the underside of the longitudinal sills, 
the central one of which runs through the well. The ends 
are formed of timbers 4 in. thick, tenoned into the longi
tudinals. The planking of the doors is 2 in. thick, and 
the hinges, which are bolted to the transverse sills, of the 
frame, extend to the end of the doors. The latter are 
raised and lowered by means of the shaft running across 
the car, and carrying a ratchet wheel at one end. The 
weight of this car is 17,280 lb., and its capacity 14 tons. 

STANDARD CoAL TRUCK.-(Plate LXVI.) 

Figs. 1 to 5, Plate LXVI., are drawings of the standard 
drop bottom coal car in use on the Pennsylvania Rail
road. These cars are used in the anthracite coal trade, 
and are made to conform with the type of car used in the 
Lehigh Valley region. This, like the caboose car, is one 
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of the few types of stock on rigid wheels ; as compared 
with other cars it is of very small dimensions. Fig. 1 is a 
side elevation, and Fig. 2 a longitudinal section ; from the 
latter it will be seen that the inside length of the body is 
10ft. 4 in., the depth in the centre is 4ft. 10 in., and the 
width is 5 ft. 10! in. The wheels, of which there are four, 
are 33 in. in diameter, and their axles run in boxes, which 
are bolted to a long spring beam placed on each side of 
the car. The centres of axles are 5 ft. apart, and the 
length of the spring beam is 8 ft. 4! in. . The extremities 
rest in cast-iron sockets bolted to the frame of the car, and 
are free to move. The beam is composed of two timbers, 
the lower one 4 in. by 6 in., and the upper one 3! in. by 
6 in. The depth of the lower timber is somewhat reduced 
towards the ends to give additional elasticity. In the centre 
of the beam a block 18 in. long, 6 in. wide at the bottom, 
and 4 in. at the top, and 5! in. deep, is interposed between 
it and the underside of the main timber of the frame, two 
through bolts fastening the whole together. By this arrange
ment the use of springs is avoided and sufficient elasticity 
obtained for the car. The frame consists of two outer 
longitudinals, 4 in. by 9 in., and end cross sills 9 in. by 
9 in. Between the longitudinals, and 3ft. 7 in. apart, are 
two other beams 3! in. by 1 ft. 2 in. deep, the ends of 
which are cut away, so that the main transverse sills rest 
upon and are bolted to them. The rest of the cross 
framing consists of a timber 4 in. by 8! in. stretched 
between the two inner longitudinal beams, and placed 
12 in. from the end transverse sills ; short longitudinal 
pieces connect these, as shown in the plan, Fig. 3. Other 
short lengths also connect the outer and inner longitudinal 
sills, and to the end transverse beams, timbers 4 in. by 9 in., 
are bolted; these, however, stop short of the centre to 
allow room for the draw hooks. An iron plate covers the 
angles, as shown in Figs. 1 and 5. In the plan are indi
cated the various bolts connecting and strengthening the 
structure. They consist principally of two through rods 
secured to the end transverse sills, and cross bolts between 
the outer and inner longitudinals. The body of the car is 
framed on to four corner posts 4 in. by 5 in., and four 
intermediate ones 3 in. by 3! in. Raking struts of the 
same dimensions extend from the foot of each intermediate 
to the top of the angle posts, and a rail 4 in. by 4! in. runs 
around the top of the body. Four bolts on each side, 1 in. 
in diameter, pass from the top rail through the outer longi
tudinal sills and are bolted to them. The planking of the 
sides of the body is 1 in. thick and that of the bottom is 
1 i- in. Figs. 2 and 4 show the form of the bottom. From 
these it will be seen that at a distance of 2 ft. 6 in. from 
the top of the body, the car is sloped inward; transversely 
so as to leave a clear space in the middle of the car of 
3 ft. 7 in., and longitudinally one of 2 ft. 8 in. The method 

of framing this lower part of the body is clearly shown in 
the drawings. In the centre of the length of the car a 
beam extends across it. It is 4 in. by 8 in., and is protected 
by an iron plate ; from the beam pass down two rods, 
which are bolted to the side of the hopper in the body 
(Fig. 4). Close to the drop doors are two straps 3 in. by 
! in., which are bolted at their ends to the inner Iongitu
dinals, and along their length to the hopper bottom 
(Fig. 2). The doors, which are hung in the usual manner, 
are suspended by -/6 in. chains to a bar running across the 
car, and actuated by a pawl and ratchet placed outside 

· (Fig. 1). Two bumpers are placed on each end sill 18! in. 
deep and 5t in. wide. The weight of the car is about 
4 tons. 

STANDARD Box CAR.-(Plate LXVII.) 

The form and construction of the standard box car is 
shown in Plate LXVII. The total length of the frame 
is 29ft. 10f- in., and that of the body 28ft., the width 
inside the latter being 7 ft. 5! in. It will be noticed that 
the arrangement of the frame closely resembles that of 
other stock already described. It consists of six longi
tudinal sills, the outer ones 4 in. by 8 in., and the inner 
ones 3 in. by 7! in. Cross timbers trussed in the ordinary 
way are placed over the trucks, and two intermediate cross 
sills, 3! in. by 6 in., are placed under the longitudinals 
(Fig. 1). The end sills are 8 in. by 9 in. Additional 
framing timbers are introduced between the end sills and 
the transverse framing over the trucks. To this frame the 
coupling and central buffer are attached. Two truss rods 
run from end to end of the frame, passing through the 
end sills, over the cross beams above the trucks, and 
beneath cast-iron bearings attached to the underside of the 
intermediate transverse sills. The flooring of the car is 
of 1f- in. planking tongued and grooved, and laid over the 
frame beyond the body at each end. The body is framed 
at the four corners by posts 3! in. by 4! in., 6ft. long, and 
at short intervals by intermediates 2~ in. by 3 in. (Figs. 
1 and 2). For a height of 2ft. 10! in. above the floor 
line, the sides of the car are lined, of ~in. planking, 
tongued and grooved. The outer planking on the sides of 
the body falls outside the main longitudinal sills (Fig. 9). 
At a height of 2 ft. 1 O! in. above the floor a moulding 
runs around the body of the car, as shown in the trans
verse section. Above this level the body is formed with 
a single lining, 

On the top of the posts a sill 2! in. by 5 in. is framed, 
and to this the side planking is secured. The longitudinal 
and transverse sections show the diagonal bracing between 
the posts of the body, and framed at the bottom into the 
longitudinal timbers, and at the top into the upper sill. 
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These braces are of the same size as the posts, 2~ in. by 
3 in. At the side of each vertical post a rod i in. in 
diameter passes from the roof sill to the longitudinal 
timbers, and horizontal rods tie the posts together at 

DETAILS OF STANDARD ' BOX CAR. 

intervals under the roof. The main roof timbers or car
lines are framed into the roof sill, one at each end and one 
in the middle. At intervals of about 1ft. 9 in., light rafters, 
2~ in. by 3 in., arc framed, and these carry two purlins and 
a ridge piece, upon which the roof planking ~in. thick, is 
laid. 

A weather-strip, 4~ iri. deep, runs along outside the 
roof sill framed on the posts (Figs. 1 and 9) As shown in 
the longitudinal and cross sections, an inside roof of gal
vanised iron is used, laid on in transverse sheets 19 in. wide, 
surmounted at the joints by capping 2~ in. wide of the 
same material. In each side of the body an opening 
5 ft. 4 in. long and 6 ft. high, is formed, closed by a 
sliding door, ~ in. thick, and running in guides bolted to 
the longitudinal timbers of the frame and to the roof sill. 
Figs. 1, 6, and 7 show the arrangement of this door and 
its attachments in full detail. Of the other details, 
Figs. 2, 4, and 5 show the central brake lever and friction 
wheels for carrying the brake chains; Figs. 10 andll are 
details of the supplementary end frames carrying the 
coupling; Figs. 12 and 13 are sections through the roof 
showing the end carlines; and Fig. 16 is a section giving 
the arrangement of the framing of the ends of the body. 

The cost of this car and the quantity of materials employed 
are given in the following Table : 

TABLE No. XXXII.-OosT OF ONE STANDARD Box OAR. ··· 

- Dols. £ s. d. 

Labour 47.06 811 6 
1733 lb. Castings at 2 cents 34.66 6 6 2 

122 lb. Malleable castings at 8 cents 9.76 1 15 6 
2569 lb. Wrought iron at 4 cents 102.76 18 14 " 1225 ft. Oak at 21 dols. 25.73 4 13 9 
1065 ft. Carolina pine at 30 dols. 31.95 5 16 4. 
1253 ft. Pine at 20 dols. 25.06 411 4 

53 ft. Hickory at 30 dols. 1.59 0 5 9 
70ft. Ash at 40 dols. 2.80 0 10 2 
No.8 Cast iron chilled wheels 33 in. Ill 

diameter at 12.50 dols. 100.00 18 14 4 
8 Box lids at 26~ cents. 2.12 0 7 8 
4 Iron axles at 10.50 dols. 42.00 7 12 11 
2 Locks at 1.40 dols. 2.80 0 10 2 
4 Union springs at 8.25 d)ls. 33.00 6 0 2 

82 lb. Phosphor-bronze at 32 cents. 26.24 4 15 6 
4lb. Sole leather at 32 cents. 1.28 0 4 8 

2 Volute springs at 2.14 dols. 4.28 0 15 7 
4 Follower plates at 80 cents 0 (){\ 011 8 u .... v 

89 lb. Square nuts at 7 cents 6.23 1 2 8 
75 lb. Nails at 3i cents. 2.63 0 9 7 
lib. Split keys at 11 cents. 0.11 0 0 f) 

5t lb. Washers at 7 cents 0.38 0 1 4 
7t gross 1 t in. screws 3.75 0 13 8 
t gross 3 in. screws at 1.54 dols. 0.52 0 111 
t gross 1!- in. screws at 44 cents 0.22 0 0 9t 
t gross 2t in. screws at 88 cents 0.22 0 0 9..!. 

2 

2t lb. Putty at .5 cents. 0.13 0 0 5 
2 2i in. by ~ in. wood screws 0.05 0 0 2 

5* lb. 5 in. by % in. wood screws 0.81 0 3 0 
2t lb. 3i in. by t in. wood screws 0.16 0 0 7 
1* lb. 3 in. by t in. wood screws 0.14 0 0 6 

sot lb. -('5 in. brake chain at 10 cents 3.05 011 1 
34lb. Paint at 12 cents . 4.08 0 14 10 

1 quart Black varnish 0.33 0 1 3 
Shellac 0.28 0 1 0 

2 gals. P aint at 1.58 dols. 3.16 011 6 
1 Roof 32.22 5 17 3 

Proportion of fuel and stores 1.37 0 5 0 
, superintendent motive 

power, and chief clerk's time 0.69 0 2 6 

Total 556.82 101 7 9 

HAND CAR.-(Plate LXIII.) 

Figs. 7 to 12, Plate LXIII., illustrate the type of hand
propelled car employed for permanent way gangs, &c. , on 
the Pennsylvania Railroad. Its construction is so clearly 
shown in the drawing that but little description is needed. 
It consists of a platform, carried by a light frame 8 ft. 2 in. 
long by 4ft. 3~ in. wide, and mounted on four wheels 
4ft. 3 in. apart. On the axle of one pair of these wheels 
is mounted a toothed wheel, driven by a large pinion that 
is actuated through two cranks and a connecting rod from 
a beam 3 ft. 8~ in. long, with cross handles at each end. 
This beam is worked by the men on the car, and sitting 
accommodation for whom is provided on each side, as 
shown in the plan, Fig. 9. The oscillating beam is sup
ported on a triangular frame straightened with vertical 
tie-rods passing down to the frame. One pair of wheels is 
fitted with a brake coiJ,trolled by a hand lever. 
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SrxTEEN-WHEEL GUN TRUCK.-(Plate LXVIII.) 

This car is shown in Plate LXVIII. It is in general 
appearance the same as the drop-bottom gondola, pr~viously 
described, the main points of difference being in the 
great size and strength given the parts. The length of the 
frame is 31ft. 10 in., and the width 9ft. Each truck 
consists of two ordinary trucks of the same pattern as 
heretofore explained, joined by an iron framework upon 
which rests the body of the car. The drawings show 
the construction so clearly that further description IS un
necessary. 

main frame. This. truck and its construction is altogether 
a special feature, as also is the use of cast-iron chilled 
wheels which are of a smaller diameter than is usual in 
this country. The use of the trucks also involves an 
entirely different arrangement of springs, axle-boxes, and 
framing. 

As has been just stated, the freight stock we have been 
considering is probably the best of the respective types 
in the United States, and it compares favourably for dead 
weight as compared with capacity. The trucks, which 
with their cast iron wheels add, it must be remembered, 
approximately four tons to the weight of the wagons, the 
average weight of the corresponding parts of an English 
four-wheeled wagon being 35 cwt., the capacities being 
about 13 tons and 8 tons respectively. 

The various standard types of rolling .stock in use on 
the Pennsylvania Railroad have now been . illustrated and 
described, and these may be taken as representing the best 
development of railway material in the United States. It 
may be interesting to make a few comparisons between it 
and examples of corresponding European stock, as regards 
general characteristics, weight, carrying capacity, &c. 

The most striking peculiarity of American rolling stock 
is, with some exception, its large size as compared with 
English wagons. As a rule each type is carried on two 
four-wheeled truck~, turning on centres attached to the 

Tables XXXIII. to XXXIX. contain data from which 
a comparison may be instituted between American and 
European freight stock. Table XXXIII. gives the leading 
dimensions with approximate weights, capacities, and ratio 
of dead weight to capacity of the various types of car in 
use on the Pennsylvania Railroad; Tables XXXIV. and 
XXXV. are corresponding ones referring to miscellaneous 
types of English, Continental, and other freight wagons. 

TABLE No. XXXIII.-WEIGHTS AND CAPACITIES OF PENNSYLVANIA RAILROAD ROLLING STOCK. 

Ratio of Dead Capacity per 
CLASS OF CAR. Length. Width. Height. Weight. Capacity. Capacity. to P aying ton of Dead Remarks. 

Weight. Weight. 

ft. in . ft. in. ft. in. tons. cubic ft. tons of 
Tons. Cwt. 2000 lb. 

First class passengers 45 9~ 8 6l 8 5 19.7 3185 3.78 .19 0 3.8 54. passengers, 140 lb. 4 4 
Baggage and express . 39 41. 8 7 7 2~ 15. 2313 14 .93 0 18.6 each. 4 4 
Box 27 51. 7 51. 6 8 9.35 1324 14 1.5 1 10 4 4 
Cattle-double deck 27 51. 8 51. 6 11! 9.4 1560 10 1.06 1 1.2 4 4 
Hopper-bottom gondola . 23 6 7 61. 2 5 8.7 ... 18.5 2.13 2 2.6 2 
Drop-bottom gondola. 30 9l 7 6l 1 6 8.6 ... 14 1.63 1 12.6 2 2 

The dimensions are all inside. The heights are a mean between the height of the frame and the extreme inside height of the roof. 
The capacities are a resultant of the three given dimensions, with allowances made for the curvilinear form of the ceiling. The 
capacity in cubic feet is not given with the gondolas as they have no roofs, and are always " heaped" when loaded. 

TABLE XXXIV -WEIGHTS AND CAPAC1l'Y OF VARIOUS TYPES OF EUROPEAN ROLLING STOCK. 

N.U!E OF RAILROAD. Gauge. Type. Class of Stock. Capacity. Tare. Ton of Dead ,Ratio. I I 
Capacity per I 

-------·----!------ Weight. '! 
-------~ ----~ tons. cwt. qrs. ! tons. cwt.qrs. tons.cwt,qrs. 1 to 

W. A. Adams (Birmingham) ... 4 8! ... I Coal wag >n ... ... ... 6 0 u 3 5 0 1 16 3 1.83 
London and North- Western 

Railway.. . ... ... ••. , 
London and North-Western 

Railway... .. . ... . . , 
London and North-Western 

Railway ... ... ... •.. , 
Great Northern Railway ... , 
Midland Railway ... ... , 

Norih."Easte~ Railwa;·· 
Great Western Railway 

Taft Val~ Railway' ... ::: 
~- J. C!aye... ... ... .. . 
Midl~nd Wagon Company .. . 
Birmingham Wagon Company 

,, " 
Metropolitan Wagon Company 
Gloucester Wagon Company 

Orlea,;~ Railway of ':France ... 

Wes'iern .. 
" 

" .. 

.. .. .. .. .. .. .. .. .. .. .. ,. ,, 
Soudan Railway ... 
Festlniog Railway 

.. .. ::: a "e 

.. .. .. .. 
... :1 0 .. 

" 

Old Platform goods wagon ..• 

New 

... Lo'vside ,. , ..• ... 1 

6 0 0 

7 0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

... Ooal and goods wagon . •• •. . 9 

.. • Lowside " " ... .. 6 

::: Coai'and :: : ::: :: · ~ 
•.• Lowside " " .. . ... 8 

::: Coai'wagon '' ... " ::: ::: : 
000 ,, " ••• ••• •• 8 

Standard I n ,, ... .. . ... 8 

·:.. Br~ughk;n Coal Co.'s w~gon ::: 1g 
Standard Co~~ wag~n ::: ::: ::: 1g 

::: Platrorm 'goods wagon.·:: :: · ~g 
... Coal wagon ... . .. ... 10 

Old Lowslde goods w•gon ... ... 6 
New Platrorm ,. ., .. , ... 10 
New Highside ,. ,. ... ... 10 

... Hinged side wagon ... .. . 6 

... Slate wagon .. • ... .. 4 
••• Coa.l " ••• ... ... 6 
... Bogie coal. .. ... • .. • .. 12 

3 16 1 

4 8 1 

4 12 1 
5 0 0 
4 14 2 
4 IS 1 
6 9 0 
4 17 0 
4 13 0 
3 15 0 
6 8 0 
4 9 1 
4 15 0 
4 12 0 
4 1 0 
4 19 3 
4 6 0 
6 0 0 
4 6 0 
4 0 0 
4 6 0 
8 9 0 
3 8 2 
1 0 0 
1 6 2 
a 1 o 

1 11 3 

1 11 3 

1 10 1 
1 16 0 
1 6 2 
1 9 2 
1 9 0 
l 13 0 
1 18 3 
2 2 3 
1 9 3 
1 16 3 
1 13 3 
2 3 2 
1 9 3 
2 0 0 
2 7 0 
ll 0 0 
2 4 2 
1 10 0 
2 3 2 
2 11 1 
1 16 0 
4o 0 0 
3 15 2 
a n 2 

1.58 

us 
151 
1.8 
1.27 
1.47 
1.45 
1.65 
1·93 
2.13 
1.48 
1.78 
1.68 
2.17 
1.48 
2.0 
2 3o 
2.0 
2.22 
1.6 
2.17 
2.56 
1.76 
4.0 
3.17 
3.67 
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TABLE XXXV.-STATEMEN'l' OF THE WEIGHT, CAPACITY, AND DIMENSIONS OF WAGONS. 

DESCRIPTION. -0 

" " 00 
sup~li cub~~~ ~l------~~--~~ ft. in. in. in. ~t~ 

2.,29 (ahuut) 
•.. 170,44 1 1189 116.6 151.6 1.3 119.1 8 by 3! 30 

PJ.\USS!AN STOCK. 
Covered ... 
Low sided, open 
High " 
Ballast ... 

~~~:~g m 1 99.0 163.0 1.64 116.0 8 by 3! 2 23 30 

NORTH-EASTERN. 
Double chaldron coal 
SingJe , 
Large hopper coal ... 
Coke wagons ... 

Very high sided~ opell' 
High sided , 
Low , 

GREAT NORTHERN. 
High sided, open 

MADRAS. 
High sided, open 

... 158.~7 212 

••. 100:7 
... 101.3 
... 102.0 

113.7 
•.. 108.7 
... 106.9 

92.1 

.. . 103.8 

... 127.9 

198 
100 
270 
425 

430 
256 
163 
107 
176 

315 

GREAT SOUTHERN OF INDIA. 
Covered .. . . .. 
High sided, open 
Low 11 

Ballast ... 
Salt 

106.0 
... 111.7 
... 111.7 
••. 100.0 
•.. 106.3 

618 
280 
140 
169 
497 

67.7.5 
34.00 
99.00 

110.uo 
118.00 
101.00 
100.00 

96.00 
97.50 
80.50 

95.0 

120.0 
53.0 

160.0 
160.0 
160.0 
140.0 
160.0 
160.0 
140.0 
160.0 

180.0 

103.7 126.0 

110.0 160.0 
100.0 160.0 
90.0 160.0 
92.0 160.0 

105.0 160.0 

The second and third Tables are taken from a paper on 
railway rolling stock, read by Messrs. Browne and Adams 
before the Institution of Civil Engineers. 

Summarising some of the data contained in the pre
ceding, and taking the American stock as unity, we have 
the results embodied in Table No. XXXVI. 

TABLE No. XXXVI.-CoMPARISON OF WEIGHTS AND CAPACITIES 

OF AMERICAN AND EuROPEAN RoLLING STocK. 

Ratio of Dead 
- Weight. Capacity. to Paying 

Load. 
-

Pennsylvania Rail1·oacl: 
1 Standard box car 1 1 1 
2 Drop-bottom gondola . 1 1 1 
3 Hopper-bottom gondola 1 1 1 
4 Gravel car . 1 1 1 
5 Coal truck 1 1 1 

London ancl North- Weste1·n Rail-
way: 

3 Low-sided goods wagon .57 .49 .89 

" 
compared with drop-

bottom gondola .57 .65 1.1 

North-Eastern Railway : 
3 Low-sided goods wagon .60 .56 .94 

, compared with drop-
bottom gondola .60 .75 1.25 

5 Hopper coal wagon . 1.41 1.33 .96 

Western Railway of France: 
3 Low-sided goods wagon .50 .42 .85 

" 
compared with drop-

bottom gondola .50 .56 1.1 

p russian Stock: 
1 Covered wagon .59 .71 1.16 
3 Low-sided wagon .62 .57 .92 

" 
compared with drop-

bottom gondola .62 .76 1.23 

Great Southern of Inclia: 
1 Covered wagon .61 .75 1.29 
3 Low-sided wagon .56 .56 1. 

" 
compared with drop-

bottom gondola .56 .76 1.30 
4 Ballast .79 1.13 1.40 

1.78 
1.55 
1.62 
1.33 
1.35 
1.35 
l.f;O 
1.66 
1.44 
1.98 

1.89 

1.11 

1.45 
1.60 
1.77 
1.73 
1.62 

79.87 
34.6 

115.5 
126.0 
1."5.0 
106.5 
116.0 
114.0 
104.7 
106.2 

123.5 8 by 3t 

97.8 9 by 3l 

118.0 
113.0 
108.0 
109.0 
115.5 

9 by 3t 

1.42 

2:os 
2.25 
2.23 
1.90 
2.07 
2.03 
1.87 
1.90 

2.38 

1.67 

2.01 
1.92 
1.84 
1.86 
1.97 

3 10 by'4 by 5~ 

3 6by3by5 ~ 

3 0 by 3 by4; 

.. , 
" 

28 
18 
28 

28 

34 

34 

From this Table, it will be seen that in the respective 
types which are strictly comparable, the proportion of 
dead weight is somewhat in favour of American stock; 
the hopper-bottom gondola car is an especially favour
able type, the proportion of dead to paying weight in 
this type being remarkably low. On the other hand the 
drop-bottom gondola is considerably heavier. But the 
former type is employed principally for carrying coal-ore, 
&c., and may therefore be also compared with the coal 
trucks mentioned in the Tables. 

A further inspection of Tables XXXV. to XXXIX. 
will show how closely the Pennsylvania Railroad freight 
cars approximate to the average proportions of dead 
weight to paying load of similar stock in this country 
than a preliminary investigation would suggest. The coal 
and ballast wagons are indeed considerably heavier, 
probably from the fact, that while the sizes and capacities 
are reduced, the weights of underframes and trucks 
(except in the case of the coal wagons) rerriain practically 
unaltered. To arrive at these results it is evident that 
lighter scantlings are employed in the construction of the 
wagon bodies, since a great part of the increased weight is 
due to the two trucks upon which the body is placed. 
Each freight truck weighs about 4600 lb., or, say, 82 cwt. 
for the two trucks. The wheels and axles of an average 
English covered wagon weigh 35 cwt., and with the horn
plates, springs, &c:, which in American practice are in
cluded in the trucks, say, 2 tons. The Pennsylvania box 
car is 27.5 ft. long, and weighs 178 cwt., or 96 cwt. 
deducting the weight of the trucks, this being equal to 
about 3.5 cwt. per foot run of the body. The English 
covered car about 13ft. long, and weighing 100 cwt., or 
60 cwt. for the body, is 4.6 cwt. per foot run, and a similar 
comparison with other classes of stock would show corre
sponding results. This increased lightness of framing does 
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TABLE No. XXXVII. -DIMENSIONS, WEIGHTS, AND CAPACITIES OF WAGONS ON DIFFERENT ENGLISH LINES. 

I DIMENSIONS OF BoDY. CAPACITY. WHEELS. JOURNALS . WEIGHT. AVERAGES. 
o! I 

~ 
-·------- ---- I 

~ .l I ~ ~.,:; ! ' 0 
0 Q) l r:::l· ..... ~ ... t4 ~ !'0 ~ ~ OBSERVATIONS. NAME OF RAILWAY. > 0 ~ 0.0 • O,.c,.,: 

w ..... ~--~ ~ ·- ~~ 0 ~ .. " e ;: jt.s~ ~ ..:l d ~ ~ - ~ ['30 ,.; .s ~ g~~ ~,.; 0 .d<i 
.£ ~~<ril fn~ j ... ~ < cam ::s t.c. S 

"' ~., o ce Q a£~ """' "' ""·- ~g. :ao~ b(l s "0 Q cl ·;;; s g :E~ j6 ~.j " 10 00 ~ ·zO,)~l·Q3:9 Q <il 0 Q) ...... 

5 " " __!___ ~0"' 1 ~<ll ~(/1 8~~ ~ iS p':;..:IA ~l'l fi: 8~ ~Hh -'I'"' ---- ---- -----------
ft. in. ft. in. ft . in. 1ft. in. ft. in. ft. in. tns. ct. tns. ct. ft. in. ft. in. 

London and North Western ... ... ... Low-sided, open 15 0 71!18 , 18 107 0 ... 4 6 3 18 4 0 4 Ot 107 6f 
548"io! 

18 Average of five sets of vehicles. ... .. . Covered ... 12 10 666256 1~~ g , ~~~ : 4 6 3 18 5 1 4 15~ 94 1 18 
" 

two 
" " London and South~ Western 

... 
15 9 7Jt61 156 4 8 3j 26~ 5 6 ... ... 

107 61456 10 ::~High-sided, open 15 0 725333 4 1 31 24 5 18 4 15! 94 1 548 10! 18 
" 

three 
" .. 

London, "Brighto~; a.nd South C'Oast Railway 15 6 75 42 23 115 0 373 9 4 8 3t 26 511 5 3 112 0 427 1 27 
" 

two 
" .. 

II It It I I 
Covered" ... 16 0 71511 1 58 113 4 661 1 4 8 3! 28 6 2 
Low-sided ... 13 6 611 1 919 93 4 .. . 4 6 3 18 4 0 4 9' 94 8 18 three 

" " " 
.. ... .. .. .. 

Midland" ... ... . .. ... .. . Covered 13 0 ~ 1i ~ ~ I g ~ ~~ ~ ~:~: i 4 6 3 18 4 18 .. ... ... . .. . .. .. . ::. High-sided, op~n 13 5 4 6 3 18 6 0 5 1 94 5! 349 O! 23 
" 

two 
" " 

" ... ... ... .. . ... ••• Low-sided, open 17 6 12 onjo11 125 5J ... 4 1 3~ 24! 5 6 5 1! 120 8 ... 24! " 
four 

" " - -
TABLE No. XXXVIII.-PROPORTION OF WEIGHTS AND CAPACITIES OF PENNSYLVANIA RAILROAD WAGONS. 

,.; 

~ 
" z 

1 Cattle car ... 
2 Standard box car 
f Coal truck 

CLASS OF WAGON. 

4 Drop-bottom gondola. ..• 
Hopper-bottom gondola. 
Eight-wheeled ballast car 

•q. ft. 
252. 
178.75 

61.9 

221.7 
176.25 
120.5 

cub. ft. 
1856 
1297 

263 

350 
528 
151 

22.75 
22.75 
22.75 

22.75 
22.75 
22.75 

1.60 
1.68 
1.16 

1.63 
1.63 
1.14 

2.49 
1.77 

2.19 
1.72 
1.20 

2.18 
2.2.! 
1.33 

1 
1.51 

.89 

.96 
.96 
.81 

. 92 

.92 

.79 

RE\iARKS. 

Compared with North-Eastern double 
coal , wagon • 

Compared with Great Southern of India 
ballast wagon. 

TABLE No. XXXIX ,.....PROPORTIONS OF WEIGHTS AND CAPACITIES OF ENGLISH AND INDIAN RAILWAY WAGONS. 

ABSTRACT OF GROSS A VERAGBS. 

~ J.o 

i £ 
J ~ 
p ~ ---------------------1----- -

4ft. 8~ in. 
gauge. 

G.I.P. 
~ft. 6 in. 

gauge. 

~ft. 6 in. 
gauge, 

e-xcepting 
the Li.l.P. 

r Low sided ... 
I 

1 Covered ... 

High sided 

I Low sided 

Covered ••• 

I High sided 

l Cotton ••• 

I Low sided 

Covered ... 
I 
l IIigh sided ... 

• .. Mean of 14 sets of vehicles on 1 rail ways 

17 

20 

... Mean of 3 sets of vehicles 

2 

2 

2 

13 

12 

••• Mean of 2 sets of vehicles on 2 railways ... 

9 6 

.. 4 

tus.ct. 

4 lOt 

4 18 

!j 12~ 

5 16 

5 11 

6 9! 

5 1 

6 lOj 

fr. in. 

104 9l0 

101 4 

102 9! 

145 0~ 

124 6 

127 9 

193 6 

123 4! 

124 9 

119 2~ 

not appear to be attended with extravagant results for 
maintenance, nor a reduced length of life of the cars. The 
larger dimensions of American rolling stock is one of 
the necessary results of the conditions which rule traffic 
management of American railways. When distances are 
great, and freight traffic neither overwhelmingly heavy 
nor transported at high speeds, and when, moreover, the 
greater proportion is through and not local traffic, it 

l 
0 

0 
-;; 
" :g 

0 

ft. in. 

582 5! 

348 1} 

736 7 

521 8 

1419 0 

850 6 

417 2 

J ournals. 

Area. 

24~ 

30 

30} 

30i 

2Sf 

tons. 

80.1>9 

91.56 

88.28 

100. 

100. 

100. 

S9.GS 

112.50 

93.46 

ft . ,. 

72.22 I 

81.39 

80.36 
i 

100. 

100. 

100. 

85.05 

100.20 

93.27 

ft. 

79.07 

66.74 

100. 

100. 

115.46 

79.96 

sq. in. 

72 21 

77.23 

81.74 

100. 

100. 

100. 

95.41 

95.06 

93.59 

1 
23.D7 

1 
19.08 

1 
2U.98 

1 
~75 

1 

:ll.-1.0 
I 

u:vr 
1 

20.90 
1 

2!.4S 
1 

19.12 
1 

22.97 

1 
i(;;:G8 

1 

71.04 

becomes more easily and economically managed in large 
than in small vehicles. On the other hand, the coal wagons, 
as will have been observed, are of small dimensions, since 
the class of freight is of more local character, and the small 
stock is more easily handled at the pit mouths and the 
coal breakers, than that of dimensions approximating to 
the more ordinary proportions of American rail way 
stock. 
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PULLJVIAN P AI.AOE OARS. 

(PLATES LXIX., LXX., LXXI.) 

IN the year 1859 Mr. Pullman constructed the first of 
the cars which have since made the name of Pullman 

world-famed, and this car was placed in service on the 
Chicago and Alton Railway, a line extending from Chicago 
to St. Louis, some 280 miles in length. Previous to this 
time sleeping cars had been in use, to a limited extent, 
upon several American railways, but they were for the 
most part crude in their arrangements, and ill-adapted for 
meeting the requirements of fatiguing journeys. The intro
duction of the new carriage, so superior in all its arrange
ments to anything previously in use, met with much favour 
from the railway public, and was followed almost imme
diately by the construction of others embodying still 
greater attractions, and in 1864 so general had be
come their popularity that the present "Pullman Palace 
Car Company" was organized. This company has since 
prosecuted the business of providing "sleeping," "drawing· 
room," and " dining " cars with such success that at this 
time their cars are in general use upon every important 
line in America, the company's contracts embracing over 
30,000 miles of railway, and necessitating the use of 
over 800 cars. 

The Pennsylvania Railroad runs a number of Pullman 
sleeping cars, which are not however confined to the main 
line proper, but are run on the leased and controlled 
lines to all the principal cities in the eastern, western, 
southern, and middle states. The conditions of travel 
rendered necessary some arrangement to be made between 
the various companies whose lines connected, and who 
made use of Pullman cars. Accordingly, some years ago, 
twelve of the leading connecting companies prepared an 
agreement, under which the joint action is as follows : 

A clearing clerk is located at Philadelphia, in the office 
of the Superintendent of the Central Transportation Di
vision of the Pullman Palace Car Company, whose duty 
it is to receive from the various companies over whose 
roads the sleeping cars run, a monthly statement of the 
expenses charged against each car, and from the Pullman 
Palace Car Company a statement of the mileage made by 

each car on the several roads. The clearing clerk keeps 
a record of each car, showing the mileage made by it on 
the different roads over which it has been run, and also 
exhibiting the expenses charged against it by each com
pany. 

Quarterly statements are prepared by the clearing clerk, 
showing the mileage made by each car, and the expenses 
charged against it by the several companies over whose 
roads it may have run, and settlements are made in 
accordance with these statements, each road being charged 
with the mileage expense of the car over its line, and 
credited with the amount of expense placed by it upon 
the car. Balances are settled quarterly. These quarterly 
settlements are considered as merely approximate ones: 
final settlements being made at the end of each year, in 
the same manner as the quarter I y settlements were made, 
viz., the total expense placed on each car during the year 
is divided by the mileage made by it ; the expense per 
mile run having then been ascertained, each company over 
whose road the cars may have run during the year is 
charged with its mileage expense, and credited with the 
expense that it has placed upon it. Balances are then 
settled and considered as final. 

The expenses which are charged against the cars include 
repairs, fuel for heating, gas, oil, or candles for lighting, 
and the expense of washing and cleaning the cars, and oil 
and waste for packing journals. Renewals of fiat or 
cracked wheels, or of worn-out journals, are considered as 
proper charges to the general repair account of the car, 
provided they have not resulted from accidents or im
proper usage ; but any repairs made necessary by acci
dents, whether the accidents occur from defects of the 
cars themselves or otherwise, are borne entirely by the 
company on whose road the accidents may occur; this. 
rule applies even when accidents occur from defects in the 
cars that could not have been discovered by inspection. 
The salary and expenses of the clearing clerk are borne 
by the several roads in proportion to the mileage made by 
the cars. 
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All sleeping cars, including those run exclusively in the 
local trade of any one of the roads, are reported to the 
clearing clerk, so that if the cars are temporarily trans
ferred to through runs, the roads over which they may run 
may be ch~rged with their proportion of the expenses for 
the service. 

The total average expense per mile run of all the sleep
ing cars is not taken as the basis of settlement, but the 
account of each car is kept separately and its expense 
divided in proportion to its mileage. This arrangement is 
renewed yearly, but it may be terminated by any one of 
the companies, upon notice being given thirty days before 
the close of the year. 

The drawing-room and sleeping cars illustrated in Plates 
LXIX. to LXXI., although differing in some minor details 
from those in use on the Pennsylvania Railroad, illus
trate clearly the construction and accommodation of these 
vehicles. 

The general arrangement of the body framing will be 
best understood by reference to the right-hand half of 
Fig. 1 on Plates LXIX. and LXX., and to Figs. 1, 2, 3, 
and 4, on Plate LXXI. From the latter views it will be 
seen that the floor framing consists of four longitudinal 
timbers besides the sole-bars; these longitudinals and the 
sole-bars being connected at short intervals by transverse 
timbers, and resistance to oblique strains being given by a 
double flooring, the planking of which is laid diagonally. 
The sole-bars are strengthened by truss-rods as shown; 
and at four points between the bogie centres there are 
also transverse bearers stiffened by double truss-rods as 
shown in the views just mentioned. 'J.lhe side framing of 
the bodies is shown by Fig. 1 of Plates LXIX. and LXX. 
From these it will be seen that between the bogie centres 
the sole-bars are strengthened not only by the truss-rods 
already mentioned, but also by diagonal timbers and 
straining beams, which form a regular truss beneath the 
windows. Besides this, a tie-rod or counter-brace ex
tends along each side under the windows, this tie-rod 
bearing upon cast-iron struts, fixed on the sole-bars in a 
line with the bogie centres, and then extending obliquely 
down through the soles so as to give support to the ends 
of the carriage, and keep all parts of the trussed framing 
well up to their work. 

The upper part of the body framing consists of vertical 
pillars of apparently light section, a number of these pillars 
being, however, strengthened by wrought-iron rods, ex
tending through them from top to bottom as shown by 
dotted lines in Fig. 1, Plate LXX. An appearance of 
great lightness is thus obtained without a sacrifice of 
strength. The roof is so formed, as shown in the trans
verse section, that the central portion of each car is 
considerably higher than the rest, and to avoid the neces-

sity of carrying roof sticks across this raised part, T iron 
is largely used in the roof framing, the T iron roof sticks 
following the contour of the roof. Altogether the detail of 
the framing of the Pullman cars affords abundant evidence 
of the care with which it has been worked out. The con
struction of such long vehicles so as to secure strength and 
rigidity without incurring excessive weight is by no means 
an easy task, and the successful issue now arrived at repre
sents the results of many years practical experience. 

The cars are fitted :with central buffers and couplings, the 
end platforms and the couplings being arranged on Miller's 
system, a system which is now in extended use in the 
United States. In the Miller arrangement the compressive 
strains are received by central buffers placed directly 
above the coupling hooks, these buffers transmitting the 
strain direct to the framing. The coupling hooks are 
formed on the ends of bars of cruciform section, connected 
to draw springs fixed to the two central longitudinal 
timbers of the floor framing, the connexion being such, 
that the outer end of the hook is free to move horizon
tally to a small extent, although its tendency is to remain 
in a central position. The ends of the hooks are so 
formed that when two cars are brought together the hooks 
at first push each aside, until the cars having come suffi
ciently close, the hooks engage each other, the operation 
of coupling being thus automatic. When the cars are 
coupled the buffers are somewhat compressed, so that 
there is no slack. To uncouple the cars one of the hooks 
is drawn aside by a hand lever provided for the purpose, 
and connected to the hook bar by a chain as shown by 
Fig. 4, Plates LXIX. and LXX. By pulling these levers 
over into a notch, the hooks can, if desired, be kept from 
engaging with each other when the cars are brought 
together. 

The construction of the trucks or bogies on which the 
cars are mounted is so clearly shown by the detail views 
on Plate LXXI., that but very little description will be 
necessary. These trucks are, as will be seen, four-wheeled, 
but it is generally preferred to use six-wheeled trucks on 
the Pullman .cars, and such trucks ride more easily than 
those with four wheels. 

As will be seen from Plate LXXI., the bolster body is 
connected to the truck by a centre pin, and takes its 
bearing partly on the plates surrounding this pin and 
partly on the side rubbing pieces J. The weight of the 
body is thus transferred to the beam D, between which 
and the swing beam M, are interposed the bearing springs 
L, l, there being three of these springs on each side. The 
beams D and M, together with the springs, are free · to 
swing laterally, the beam M taking its bearing on the pins 
V, which connect the lower ends of the links Ton each side. 
By the links T the swing beam is suspended from the side 
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frames E, and these, in their turn, bear upon spiral springs 
which are interposed between their undersides and the bent 
bars, the ends of which rest upon the axle-boxes. The 
load is thus transmitted to the axles through two series of 
sprmgs. 

Figs. 2 and 3, Plate LXIX., of the drawing-room car show 
that the body is divided into a main saloon 30 ft. long, 
two private compartments, each 6 ft. long, and some smaller 
compartments forming lavatories, &c. Commencing at 
one end, access to the interior of the car is afforded by a 
central door opening to a short passage provided with 
another door at its inner end. On one side of this pas
sage is the gentlemen's and on the other the ladies' lava
tory. From the passage access is gained to the main 
saloon, which in the car shown by the Plate contains 
nineteen chairs. The chairs are of very comfortable shape 
and are each mounted on a central standard so that they 
can be turned almost completely round, their motion being 
only limited in the direction of the central passage which 
it is desired to keep clear. By drawing a bolt also each 
chair is left free to be canted backwards into the position 
shown by one of the chairs in Fig. 2. 

From the end of the main saloon a passage leads along 
one side of the carriage past the two private compartments 
already mentioned, doors opening from the passage giving 
access to these compartments, each of which contains a 
seat or sofa and two chairs similar to those in the main 
saloon. Beyond the private compartment is a sort of 
lobby, having on one side a small compartment containing 
the heating apparatus and on the other a store closet. A 
door from this lobby opens to the end platform. In the 
internal fittings of these drawing-room cars no expense 
has been spared to add to the comfort of the passengers. 
The seats, which are very comfortable, are upholstered 
with Utrecht velvet, the floor is carpeted, and the car 
is well lighted by handsome lamps, arranged as shown 
in the Plates. The lining panels are of American 
walnut relieved by gilt chamfers, which contrast well with 
the colour of the wood. The windows are large and well 
fi~ted, and provided with blinds made of a peculiar mate
rial finished off with stamped leather. These blinds are 
mounted on rollers fitted with a very neat little con
trivance for holding them in any position, and which, 
unlike such contrivances in general, does not seem likely 
to get out of order. It consists simply of an elliptical 
cam fixed to the roller, and pressed upon by a spring, the 
result being that at two points in each revolution the roller 
tends to stick. The material of the blinds is sufficiently 
rigid to impart motion to the roller and move it past the 
sticking points when the blind is pushed up. 

vVarming the car is effected by hot-water pipes led off 
from one of Baker's patent warming apparatus contained 

in the small compartment already mentioned. This appa
ratus, which is shown more clearly in Fig. 2 of Plate LXX., 
consists of a small heating furnace or stove containing a 
coil of piping. The water heated in this coil passes up 
to a tank on the roof, and from this it is led off through 
the pipes which traverse the carriage, a return pipe 
bringing it baGk when cooled to the heating coil. The 
water thus circulates constantly, while the small tank on 
the roof serves to contain a reserve supply which will make 
up any slight losses due to evaporation or leakage. The 
heating pipes pass along the sides of the carriage below 
the windows. 

The ventilation is provided for by the windows, by 
openings at the sides of the raised portion of the roof, and 
by air inlets in the undersides of the hoods which protect 
the end platforms. These air inlets, as well as the other 
roof openings, are protected by fine wire gauze, so as to 
avoid severe draught and prevent the entrance of dust and 
cinders. 

With the exception of the lamps, and the hat rail 
brackets, which are bronzed, the metal work within the 
car, such as the door handles, &c., is nickel plated. 
The water for the lavatories is contained in tanks beneath 
the basins, a small pump beside each basin raising the 
water as required. This arrangement is adopted to avoid 
the employment of roof tanks, which are difficult to fill. 
Each lavatory also contains a special cistern containing a 
supply of drinking water. 

The internal arrangements of the sleeping car are shown 
in Plate LXX. Access is given by a central door open
ing to the end platform, to a passage 5 ft. long, a gentle
men's lavatory being situated on one side of this passage 
and a water-closet and linen closet on the other. At the 
inner end of the passage is another door opening to the 
main compartment, which is 25 ft. 9 in. long inside, and 
which is traversed by a central aisle from end to end. On 
each side of this aisle are, during the day, four pairs of 
seats with a table between the seats of each pair. For 
night service the tables are removed, and each pair of 
opposite seats converted into a bed, while a second bed is 
formed above them. In 'Fig. 2 three of the pairs of seats 
are shown as they appear during the day, while the other 
pair is represented arranged to afford sleeping accommo
dation. To form the bed the seats are drawn out, and the 
backs then fall down and fill up the spaces left by the 
withdrawal of the seats. A mattress is then placed over 
the seats, and in this way a very comfortable bed is 
obtained. The arrangement of the upper tier of beds 
will be understood on reference to Fig. 5. During the 
day the shelves containing these beds are folded up 
obliquely against the roof of the carriage, as shown on the 
right-hand side of the figure just mentioned, whilst, when 
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required for use, they are drawn down, as shown on the 
left-hand side. The beds are balanced by connecting the 
shelves by a chain to a coiled spring, the spring being 
coiled up as the bed is pulled down, and vice ve1·sa. They 
can thus be pulled down and pushed up very easily. 
When down they are at such a height above the floor that 
passengers can, if they desire it, still occupy the seats 
beneath them. These seats, it may be added, are each of 
:"u:fficient length to accommodate two passengers, and the 
beds are nominally double beds. They are, however, 
rarely occupied by more than one passenger each. The 
mattress and bed linen for the lower bed is, during the 
daytime, stowed away upon the upper one, while a box 
below the seats receives the pillows, as shown on the right
hand side of Fig. 5. 

At the end of the main compartment is another linen 
closet, while beyond are two private compartments entered 
from a passage which runs along one side of the car. 

Between these compartments is a third linen closet, as 
shown. Each of the private compartments just mentioned 
contains a couch-which can be drawn forward at night 
so as to form a comfortable double bed-an upper berth, 
and two seats, which are also convertible into a bed. 
Beyond the private compartment is a lobby having on one 
side a ladies' lavatory, and on the other a small compart
ment containing the heating apparatus. A door opening 
from this lobby gives access to the corresponding end 
platform. 

As in the drawing-room car, the seats, &c., are 
upholstered with Utrecht velvet, and all the internal 
woodwork is of American walnut relieved by gilt chamfers. 
The workmanship of all the internal fittings-and indeed 
of the carriages throughout-is excellent. The arrange
ments for lighting, warming, and ventilation, are similar 
to those provided in the case of the· drawing-room 
cars. 

• 
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CAST-IRON CHILLED WHEELS. 

THROUGHOUT the whole of the rolling stock on the 
Pennsylvania Railroad, as on other American lines, cast

iron chilled wheels are employed. On the locomotives, ex
cept for shunting engines, this material has given place to 
steel tyres, but cast-iron wheels are employed on all engine 
trucks, and chilled tyres are also used for yard engines. 
The enormous demand for wheels of this class is supplied 
by a considerable number of manufacturers, most of whom 
employ only mixtures of high class brands of charcoal 
iron of fine chilling qualities. Messrs. Whitney and Sons, 
of Philadelphia, take the first rank among the manufac
turers of chilled wheels, and they, until a foundry was 
established at Altoona, supplied the Pennsylvania Railroad 
to a very large extent. Amongst the other makers are the 
Lobdell Car Wheel Company, ofWilmington, Delaware; the 
Cayuta Wheel Foundry Company, Waverley, New York; 
and the Ramapo Foundry, New York. Detailed descrip
tions of the process of manufacturing these wheels have 
already been given, and it need therefore only be referred 
to briefly. The mixture-generally a number of cold 
blast charcoal irons, and some hot blast pig, together with a 
percentage of old wheels broken up-is melted in cupola 
furnaces, and is then run into chilled moulds, the castings 
being removed as quickly as possible, and placed in annealing 
pits, when they are allowed gradually to cool. In some 
cases the cooling is retarded by means of the hot gases 
from an adjoining furnace circulating around the pits, and 
i~ others the wheels are left to cool gradually by them
selves. When removed from the pits they are inspected, 
tested, and if passed, are placed on service, each wheel, in 
the case of the Pennsylvania Railroad, being numbered, 
so that its duration and a record of its performance is pre
served. During the year 1876, the production of cast-iron 
wheels was about 500,000, a number generally exceeded 
during periods of more activity than have characterised 
the past few years in the United States. This production 
represents a daily total demand of 1250 tons of iron, of 
which 300 tons would be supplied by old broken wheels, 

and the remainder from new material, the total for the year 
being 290,000 tons. According to Mr. Douglas Galton's 
report on this subject to the Philadelphia Exhibition Com· 
mission, the total annual yield of charcoal iron is about 
600,000 tons. In 1873 it was 574,720 tons, produced by 
various States as follows : 

Maine . 
Vermont . 
Massachusetts 
Connecticut 
New York 
Pennsylvania 
Alabama 
Texas . 
West Virginia 
Kentucky 
Tennessee 
Ohio . 
Maryland 
Virginia . 
North Carolina 
Georgia 
Michigan 
Wisconsin 
Missouri 

Tons. 
780 

3,100 
15,704 
26,977 
29,327 
45,854 
22,283 
' 280 
1,950 

42,219 
. 34,532 
. 100,498 
. 30,318 
. 20,075 

1,432 
. 7,591 
. 113,475 

38,880 
39,536 

The Salisbury iron, so called, comes from furnaces in 
Massachusetts, Connecticut, and New York, and during the 
same year was produced in the following quantities. 

Massachusetts 
Connecticut 
New York 

Total 

Tons. 
1,5,704 
26,977 

5,000 

4'7,681 

or about 16 per cent. of the total iron employed m the 
production of the wheels. 

The Lobdell Car Wheel Company turn up the wheels 
before they are put in service, as it happens that they are 
sometimes a little out of truth on leaving the annealing 
pits. The Pennsylvania Railroad Company, however, do 
not find this necessary. Ordinary cast chilled wheels may 
be relied on to give an average mileage of 50,000 or 
60,000, after which they are sometimes turned up, and 
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placed again in service; the steeled wheels of Mr. Ha
milton, however, give a far longer duration than that 
just mentioned. The causes of failure arise chiefly from 
the tread wearing hollow or flat, or from the metal at 
the tread breaking out so as to form small pits or 
honeycombs. 

All the wheels made and used on the Pennsylvania 
Railroad, contain a certain proportion of steel or wrought 
iron, the process being that of Mr. W. G. Hamilton, of 

FrG. 1. 

fore would not otherwise be complete. When charcoal 
irons are employed, which have chilling qualities, such as 
to make good chilled wheels, an addition of 5 per cent. of 
steel produces too hard a mixture, and in such cases 5 per 
cent. of soft chilling pig is added. As a result of prolonged 
practice, from 5 to 10 per cent. of wrought iron or steel is 
used in the mixtures, with about twice the amount of soft 
anthracite, which of itself chills to a depth of about y16 in. 
The advantages obtained by the Hamilton process are 

Fw. 3. 

F IG. 4. 

FIG. 2. 

CHILLED CAST-IRON WHEELS. • 

New York. A long experience has shown that the addi
tion greatly increases the strength of the wheels, and a far 
higher mileage is obtained with them. In manufacturing, 
the steel and wrought iron (pieces of rails) are broken up 
into lengths of 15 in. or 20 in., about the same length as 
the pieces of broken pig. With the exception of the last 
few charges put in the cupola, the steel or wrought iron is 
placed in with the pig, in a proportion so mew hat in excess 

· of that intended for the mixture, the top charges being 
entirely of cast iron. This is done because the steel does 
not melt so quickly as the cast iron, and the mixture there-

greatly increased strength and toughness, which give an 
increased life to the wheels, some of which have run no less 
than 160,000 miles. Annexed is an illustration, Fig. 1, show
ing a portion of the plate or body of a Hamilton wheel, 
broken through by a falling weight, and dished during the 
test to a depth of 3 in. The cracks on the convex side of 
the plate do not extend through the metal. Fig. 2 is a 
section showing the chill in a wheel made with 85 per 
cent. of charcoal iron, 7! per cent. of anthracite, and 7 ~· 
per cent. of steel ; the strength of this wheel is recorded in 
line 7 of Table No. XL. Fig. 3 is a mixture of 80 per cent. 

shared on railsandtrails.com Digitized by Stephen Titchenal



THE PENNSYLVANIA RAILROAD. 169 

of anthracite and 20 per cent. of wrought iron ; and Fig. 4 
is a mixture of 80 per cent. of charcoal iron, 1 0 per 
cent. of anthracite, 5 per cent. of steel, and 5 per cent. 
of wrought iron. In the following Tables, No. XL. gives 
the strengths of various mixtures, No. XLI. the results 
of some trials of mixtures of pig iron with Bessemer 

steel and wrought iron, and No. XLII. shows the strength 
of various wheel mixtures used in the Hamilton pro
cess. 

The last mixture of Table No. XLII. is that most com
monly used for wheels, corresponding to that in test 7 of 
Table No. XL. 

TABLE No. XL.-RESULTS OF TESTS OF DIFFERENT CLASSES OF IRON FOR CHILLED WHEEL~. 

I 
CLASSES OF IRON. Tensile Transverse 

Strengh in Extension in Strength Depth of 
Number of - P ounds Parts of an Inch in P ounds Deflection. Chill in 

Test. Per Cent. of P er Cent. of P er Cent of Per Cent. of per Square per 1000 lb. per Square Inches. 
Charcoal Iron. Anthracite Iron. Steel. Wrought Iron. Inch. of Load. Inch. · 

------ ------------
1 0 100 0 0 15,167 .00033 5075 .00391 T 1o to t 
2 0 90 10 0 15,267 .00033 5775 .00270 l a 

4 " 8 3 0 85 15 0 17,933 632.5 .00290 3 ll. ... 8 " 8 
4 0 80 20 0 20,783 .00012 6925 .00254 5 J!_ 

8 " 4 5 0 85 7i - n 19,833 5975 .00205 l r, . .. 2 " 8 
6 0 80 0 20 19,900 .OOOll 6038 .00207 J!_ 

4 
7 85 71. 71. 0 ~8,150 . .0007 9425 .00247 ll to t 2 2 8 
8 80 10 5 5 26,500 8200 .00204 5 J!_ ... 8 '~ 4 

TABLE No. XLI.-TESTS OF VARIOUS MIXTURES OF PIG IRON WITH STEEL AND WROUGHT IRON. 
- - · 

... 
' Tensile 

j\; JXTURE. Strength Extmsion. Transversi! Deflection. Depth of 
per Square Strength. Chill. 

Inch. 

-
lb. in. lb. 1n. in. 1n. 

Glendon, No. 1, anthracite 15,167 .00033 5075 .00391 
1

1
6 · " J. 

675 lb. Glendon, No. 1, anthracite, 75 lb. steel rail 15,267 .00023 5775 .00270 l a 
4 " 8 650 lb. Glendon, No.1, anthracite, 100 lb. wrought iron rail . 16,933 .OOOll 6400 .00284 i J!_ 

" 4 600 lb. Glendon, No. 1, anthacite, 150 lb. steel rail . . 17,933 none 6325 .. 00296 5 J!_ 
8 " 4 600 lb. Glendon, No. 1, anthracite, 150 lb. wrought iron rail . . . 19,867 none 5400 .00297 5 3 

8 " 4 600 lb. Glendon, No.1, anthracite, 75 lb. steel rail, 75 lb. wrought 
1 iron rail . 19,833 none 5975 .00205 2 

800 lb. Glendon, No. 1, anthracite, 200 lb. wrought iron rail . 19,900 .00011 6038 .00207 J!_ 
4 

800 lb. Glendon, No. 1, anthracite, 200 lb. steel rail 20,733 .00012 6925 .00254 ito! 
1000 lb. Cornwall, N o.l, anthracite 15,433 .00025 4088 .00358 no chill 
800 lb. Cornwall, No. 1, anthracite, 200 lb. steel rail . 17,533 .00013 5475 .00310 t 
800 lb. Cornwall, No. 1, anthracite, 200Jb, wrought iron rail. 18,300 none 5738 .00294 -.:L 

16 
1000 lb. Clove, No. 1, anthracite . 14,200 .00044 4812 .00601 no chill 
800 lb. Clove, No. 1, anthracite, 200 lb. steel rail 19,667 none 6362 .00367 about i in. 

TABLE No. XLII.-TESTS OF VARIOUS WHEEL MIXTURES. 

'fensile Strength 
Extension. 

Transverse 
Deflection. per Square Inch. Strength. 

lb. m. lb. 1ll. 
Charcoal iron with 2i per cent. steel. 22,467 .0000 7925 .00157 

" " 
31. 

" " 26,733 .00019 9538 .00185 4 

{ 61. 
" 

steel } 
24,400 .00024 7938 .00218 4 

" " 61. anthracite r 
7l " 

2 " 
steel } 28,150 .00007 9425 .00247 

" " 71. anthracite · 2 " 21. 
" 

steel l 2 

" " 
21. 

" 
wrought iron 25,550 .00009 8750 .00221 2 

61. 
" 

anthracite 

} 4 
5 " 

steel 
* 5 wrought iron .. 26,500 .0000 8200 .00284 

" " " '-10 " 
anthracite 

* The average tensile strength per square inch of charcoal irons used £or car wheels, is 22,000 lb. 

z 
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SECTION VIII.-CONTINUOUS BRAI\~ES. 

(PLATES LXXII. TO LXXX.) 

TO the Pennsylvania Railroad Company belongs the 
credit of having first adopted the system of con

tinuous brakes which-in its more developed form-has 
become, not only a standard brake on American railways 
generally, where its employment is regarded as a guarantee 
of safety by the travelling public, but in England and the 
Continent. In its latest form it is being widely adopted 
here, as it is the only system which complies with all the 
requirements recently laid down for fulfilment by the Board 
of Trade. 

Of less importance in the United States than in England, 
where higher train speeds, and more crowded lines prevail, 
the adoption of continuous brakes has been one of far 
more ease in America than Europe. That this has been 
so, is partly due to the fact that there exists in the former 
country a quicker perception of what is expedient, and a 
more practical instinct, as well as less prejudice and per
sonal feeling, which in England, at all events, are too 
often indulged, regardless of the requirements of railway 
traffic, and even of public safety. The adoption of the 
Westinghouse brake in England has been partially secured 
only after years of continued and strenuous opposition, 
which exists even to-day, although the enormous supe
riority of the system over every other at present known is 
undeniable, and although prolonged experience has tested 
to the utmost the reliability, efficiency, and durability of 
the system. 

Probably before long this opposition will have ceased to 
exist, but its story will form one of the most curious, but 
not the most creditable chapters in the history of English 
railways. 

So important is this question of continuous brakes, that 
it is intended to devote many pages to its consideration, 
and it will be necessary in order to do justice to the sub
ject, to go far beyond the limits of the Pennsylvania 
Railway, and to refer to the -experience gained in Europe, 
in order to form anything like a c_omplete and useful 
record. 

Passing quickly out of the experimental stage, about 
1869, the Westinghouse continuous brake became definitely 
adopted on the Pennsylvania Railroad, and this example 
was rapidly followed by upwards of one hundred railway 
companies in the United States, until to-day at least 3000 
engines and nearly 10,000 vehicles are fitted with it. 

The standard arrangement adopted on the Pennsylvania 
Railroad, and introduced in 1872 to the notice of railway 
companies in this country, may be described. Mr. Connor, 
locomotive superintendent of the Caledonian Railway, was 
the first engineer to adopt the Westinghouse air brake 
here, and· the system, as it then existed, is shown by Plates 
LXXII. and LXXIII, and the annexed engraving. 

The system consists of two distinct parts: the appliances 
for compressing and storing the air, and the means for 
distributing. it throughout the tral.n to perform its work. 

Commencing with the air-compressing arrangements, it 
will be seen, on reference to Figs. 1 and 2, Plate LXXII., 
that there is fixed to the side of the firebox of the loco
motive an air-compressing pump consisting of a steam 
cylinder A, and an air-cylinder B, this pump delivering 
the compr_essed air through a pipe e, to a reservoir E, 
situated beneath the footplate. The air compressing pump 
is shown to an enlarged scale in Figs. 8, 9, 10, 11, and 12, 
Plate LXXIII., to which figures reference will be made in 
explaining the details of its construction. The steam cylinder 
A (see Figs. 9 and 12) has ~aston one side of it a cylindrical 
valve chest containing the rotating conical valves a, these 
valves being connected by a stem, · cast in one piece with 
them, which passes out through a stuffing-box at th~ top of 
the cylinder, as shown. At its upper end this valve stem 
carries a short arm, having at its outer end a pin which enters 
a transverse slot formed in the end of the piston rod of a 
small cylinder C, shown in Figs. 8, 9, and 11. This small 
cylinder is fixed on the top cover of the steam cylinder A, 
and it is fitted with a rotating conical valve c, worked by a 
rod or spindled, which passes down through the top cover 
into the main cylinder A, and enters the piston rod con-
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necting the steam and air piston, as shown in the vertical 
section, Fig. 9. It will be noticed that the rod cl is reduced 
in diameter for the main part of its length, and thus there 
are formed at each end, collars against which a clip plate 
fixed on the top of the main piston strikes as that piston ap
proaches each end of the stroke. Thus on the main piston 
approaching the top of its stroke the clip plate strikes 
against the upper collar of the rod d, the supplementary 
conical slide c is thus turned, steam is admitted to one 
end of the supplementary cylinder C, and by the move
ment of the piston in that cylinder the main valves a are 
turned so as to admit steam to the upper end of the main 
cylinder. At the bottom of the stroke of the main piston 
similar movements take place, except that in this case the 
rod d is pulled downwards, and the piston in the sup
plementary cylinder C made to move so as to turn the 
main valve a, so as to admit steam to the bottom of its 
cylinder. 

It should be noticed that the exhaust ports of the small 
cylinder C, are so placed that a small quantity of steam is 

piston rod D, connecting the steam and air pistons, is of 
rectangular section, or rather of a section obtained by 
cutting down a circle on four sides. This section was 
originally adopted on account of an arrangement of valve 
gear being used which tended to turn the pistons, and it has 
since been retained because it has been found to answer 
satisfactorily, and to be readily kept tight by the arrange
ment of packing used between the two cylinders. This 
arrangement is shown by Figs. 8 and 11, from which it will 
be seen that the rod is packed with hemp held between 
blocks or glands, which can be drawn together by screws, 
as shown. The holes in the cylinder covers, through which 
the rod passes, are bored out cylindrical; but they contain 
recesses into which Babbitt metal is run, so as to fit the 
piston rod. 

The air pump B is double-acting, and is of the same 
diameter, and, of course, of the same stroke, as the steam 
cylinder A. The pump takes in its supply of air through 
a strainer b2, the pipe from the strainer communicating with 
a passage which leads upwards and downwards to the inlet 

F" I C . 3 . 

PLAN OF CARRIAGE FRAME SHOWING AlmANGE:IIENT OF CONTINUOUS BRAKE. 

shut into the cylinder at the end of each stroke, and this 
forms a cushion, and prevents noise. The main valves a 

are adjusted by means of set screws bearing against the 
upper and lower ends of the valve stem respectively, and 
by this means they can be set, so that, while steam-tight, 
they move practically without friction. The whole arrange
ment works very smoothly, and ans1vers its purpose very 
well. A pipe a1 (see Fig. 1, Plate LXXII.) supplies steam 
to the cylinder A, while a second pipe a2 leads the exhaust 
steam to the chimney. This last-mentioned pipe commu
nicates with a passage a2, shown on Figs. 9, 11, and 12, 
Plate LXXIII., this passage receiving the exhaust both from 
the main cylinder and the cylinder C. The supplementary 
cylinder C receives its steam through a passage communi
cating with the main valve chest. 

It will be seen, on reference to Figs. 9 and 13, that the 

valves b b. The delivery valves b1 b1 are placed directly 
over their respective inlet valves, and open into a passage 
which connects them, and conducts the air to the delivery 
pipe e, as shown in . Fig. 10. The pump valves are all 
ordinary conical metal valves, working on metal seats, and 
their arrangement, together with the provisions for getting 
access to them, will be clearly seen from Fig. 10. It will 
also be seen from the same figure that provision is made for 
drawing lubricating material into the pump with the ingoing 
air, and it may be mentioned here that it was found neces
sary to employ only mineral oils for this purpose, as the high 
temperature resulting from the c9mpression of the air causes 
vegetable or animal oils to be carbonised. With the mineral 
oils no difficulty is experienced in the efficient lubrication 
of the pump. 

The pump can be safely driven at 100 double strokes 
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per minute, if an extra supply of air should be rendered 
necessary by leakage, but under all ordinary circum
stances it furnishes an ample supply of air when worked 
at less than a third of that speed. In fact, in practice, 
the speed of the pump is self-adjusting. Steam is almost 
constantly admitted to the steam cylinder, the valve 
on the steam pipe being set so that the pump is just kept 
moving against the full pressure in the reservoir E. The 
pump, when thus running slowly, merely makes up any 
slight loss by leakage, and causes a very small escape of air 
to take place at the safety valve with which the reservoir 
is fitted. When the brake is applied, however, the pressure 
in the reservoir is reduced, and there thus being less resist
ance opposed to the pump piston, the pump starts off at a 
higher speed, gradually reducing this speed as the normal 
state of affairs is restored. 

The air compressed l>y means of the pump already de
scribed is made available for actuating the brakes by the 
apparatus about to be described. It has been already stated 
that the pump delivers the compressed air into the reservoir 
E , fixed beneath the footplate of the engine (see Figs. 1 ~nd 
2, Plate LXXII.), this reservoir having a capacity of about 
12 cubic feet. From this rese;rvoir the air is led by a pipe 
f to a three-way cock F, conveniently placed so as to be at 
the col'nmand of the engine driver, the two other branches 
of this coqk (which is shown in detail by Figs. 18 and 19, 
Plate LXXIII.) communicating the one with the atmo
sphere, and the other with a pipe J\ leading to another 
three-way cock G, situated beneath the footplate of the 
tender. By means of the cock F the pipes f andf1 can be 
placed in communication with, or shut off from, each other, 
or either of them can be placed in communication with the 
atmosphere, and thus the compressed air can, ifrequired, be 
discharged from the reservoir E, or from the line of pipes, 
with which the pipe f 1 communicates. The cock G is of 
similar construction to that at F, and by its means the pipe 
e can be placed in communication with either or both of 
the duplicate lines of pipe H or HI, by which the com
pressed air is led to the brake machinery. 

The duplicate lines of pipe, H H\ extend throughout 
under the tender and the train, the portion under each 
carriage consisting of ! in. iron gas tube, while the con
nexions between the vehicles are made by means of lengths 
of india-rubber tubing of 1 in. bore, these lengths being 
connected by means of an ingenious coupling, which 
will be described p:resently. Two principal objects are 
fulfilled by carrying two lines of air pipes through the train 
instead of employing one line of pipes only. In the first 
place, it provides double security, and besides this ad
vantage, provision is made for working the brakes by either 
of the lines of pipes, so that the failure in any way of one 
line does not interfere with the action of the brakEs. In 

the next place, by adopting two lines of pipes, the carriages 
are rendered capable of being turned end for end without 
interfering with the connexions. It would have been 
awkward, on account of the ordinary screw couplings, &c., 
to have placed a single line of pipes in the centre, and '"if 
placed on one side, the coupling up of the pipes would 
have been interfered with in the event of one of the car
riages being turned round. At present the ends of the 
two india-rubber pipes at each end of each carriage are 
fitted with male and female couplings respectively, the 
arrangement being such that whichever way the carriages 
are brought together, the opposed couplings fit each other. 

The construction of the coupling employed to connect 
the india-rubber pipes between the carriages is shown by 
Figs. 16 and 17, Plate LXXIII. From these figures it will 
be seen that one part, k, of the coupling is furnished with a 
nozzle which enters into the other part, F, the two por
tions being held together by the spring clips l, l, and it 
being merely necessary to partially turn one part of the 
coupling to bring the catches of the clips opposite slight 
notches, which enable the two halves to be readily drawn 
apart or forced together. When coupled the catches of 
the clips l, l, are kept clear of the notches just mentioned 
by the spring of the india-rubber pipes. To insure the 
tightness of the connexion, the nozzle of the portion k is 
encircled at n by an india-rubber band which is contained 
in a recess, from the bottom of which small passages extend 
to the bore of the coupling. The effect of this arrangement 
is that when· the compressed air is admitted it passes out 
through these channels and forces the india-rubber ring 
outwards into close contact with the bore of the female half 
of the coupling, and thus make8 a perfectly tight j oint. 
The advantage of this arrangement is, that while all leak
age is avoided, the two parts of the coupling may be made 
an easy fit, so as to be readily detached or connected. In 
fact, in practice the time occupied in making the con
nexions between each pair of carriages amounts to but a 
few seconds. 

It will be noticed that the coupling is fitted with two 
valves, of which the stems-when the coupling is together 
- abut against each other, the two valves being thus kept 
away from their seats, while shoulders formed on the 
feathers by which the valves are guided, prevent either 
valve from being pushed so far from its seat as to allow the 
other valve to close. When the two parts of the coupling 
are detached, however, either purposely or by accident, the 
valves are left free to close, and thus as soon as the com
pressed air is admitted to the pipes the valves are forced 
into contact with their seats and leakage is prevented. It 
will be noticed that the valve seats are of a V section, and 
that the valves have discs of india-rubber affixed to them. 
This construction of valve and seat gives a thoroughly air-
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tight joint, and is little liable to become deranged in use. 
In fact the coupling is admirably designed for its purpose, 
and forms an important feature in the whole arrangement. 

Under the tender, and under each carriage to which the 
brake is applied, is placed an air cylinder P, as shown 
in Figs. 1 and 2 of Plate LXXII. This cylinder, which 
is represented to a larger scale by Figs. 14 and 15 on 
Plate LXXIII., is 8 in. in diameter, and sufficiently long to 
accommodate a stroke of 12 in. The piston working in 
this cylinder is packed by a cupped leather, as shown, this 
leather being prevented from leaving the bore. of the 
cylinder when. th~ .:litir pressure is :not pn by means of a 
metal ring of ~circ11lar section interposed between the lip of 
the cupped leather, and the plate by which that leather is 
held in place, as .shown in Fig. 14. ']_'he compressed air 
enters the cylinder through the openip.g at h2, while 
another opening in. the front cover serves to allow of the 
escape of the :air in the cylinder during the forward stroke, 
and to adrhit air when the piston is moving back on the 
brakes being withdrawn. It will be noticed that the open
ing last mentioned is ·fitted with a short pipe curved down
wa~ds-a si,rnple addition which is found to prevent dust 
from being drawn into the cylinder. 

The piston rod passes through a long guide formed on 
the cover of the cylinder, and carries a conical cast-iron 
mouthpiece P\ into which the thrust rod p (Fig. 2, Plate 
LXXII.) enters. This thrust rod abuts against the end of 
the piston rod, and through it the pressure of the air upon 
the piston is applied to the brake gear. By the adoption 
of this mode of connexion the brakes are left quite free for 
application by the ordinary hand appliances, if necessary, 
the only effect being t~at when the brakes are applied by 
hand, the thrust rod p is partially withdrawn in the conical 
mouthpiece or sleeve P 1• 

Each cylinder is connected with the two lines of air 
pipes I-I I:P, by the branch pipes h h1 (Fig. 3, Plate LXXII.), 

' ' 
these two pipes communicating with the valve box M from 
which a pipe h2 is led off to the cylinde:r~ The valve box 
M is shown to an enlarged scale by Figs. 20, 21, and 22, 
Plate LXXIII., from which views it will be seen that it con
tains a double-headed valve, which is capable of closing the 
openings of the branch h, or that marked h\ according as 
it is moved in one direction or the oth~r . . Under ordinary 
circumstances the valve occupies a .middle position and 
interferes with the flow of air from neither branch; but in 
the event of one line of pipes failing from any cause, and 
the air to be shut off from that line by 1lleans of the three
way cock, G, on the tender, then the openings of all the 
branches of the line of pipes thus shut off would be 
closed by the valves of which we are speaking. Thus, 
if~ for instance, the line of pipes I-I has failed, and the 
cock G has been turned so as to shut off the air from 

them, then when the air is admitted to the line H 1 the 
valves in the valve boxes. M would all be forced over, 
so as to close the openings of the bran~hes h, and thus 
prevent leakage. To shut off the air from one line of 
pipes, therefore, it is merely necessary to turn the cock G, 
the valves in the valve boxes M then closing the requisite 
branches automatically. 

This was substantially the arrangement of brake .used on 
the Pennsylvania Railroad, but many modifications and 
improvements were successively introduced. Still the air
brake, though the most perfect of its kind, possesses several 
deficiencies--the most important of which is, that it is not 
automatic. Between 1873 and 1876 Mr. Westinghouse 
perfected his new form of brake, which was at once 
adopted by the Pennsylvania Railroad Company, and is 
now in use on seventy railroads in the United States. 

This brake fulfils completely all the conditions laid down 
by the Board of Trade in a circular addressed to the 
railway companies on the 30th August, 1877. These con
ditions are as follow : 

1. The brakes must be -efficient in stopping trains, instan
taneous in their action, ah{Lcapable of being applied with
out difficulty by engine-cihrivers or guards. 

2. In case of accidentspto be instantaneously self~acting. 
3. The brakes to be put. on and taken off with facility, on 

the engine and every vehicle:of the train. 
4. The brakes to be regula.rly used in daily working. 
5. The materials employed to be of a durable character, 

so as to be easily maintained and kept in order. 
In June, 1t:l7 5, some very valuable trials were conducted 

on the Midland Railway, by the Royal Commission on 
Railway Accidents, and :Mr. Woods and Colonel Inglis 
were appointed to report upon these trials. As a deduc
tion from the data they obtained, they recommended that 
no brake should be accepted as efficient, which is inca
pable of stopping a train on a level, within 27 5 yards from 
a speed of 50 miles per hour. As will be seen further on, 
the Westinghouse automatrc brake is capable of stopping a 
train with a speed of 50 ~iles an hour, within 200 
yards. 

To-day, therefore, this brake stands as regards efficiency 
far in advance of any so-called rival systems, the most 
conspicuous of which is the Smith's vacuum brake, to which 
we shall refer, only to form a co~parison with the auto- · 
matic. The construction of this latter system will be 
clearly understood by reference to Plates LXXIV., LXXV., 
and LXXVI., and the annexed engravings. The various 
parts forming the brake may be first described. 

The Air Pump.-This is here shown in elevation, and 
to a larger scale in section. It will be seen to differ in 
very many important details from the form previously 
described. It is fixed upon the footplate of the engine, 
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and steam from the boiler is admitted through the branch
pipe shown, into the valve chamber, and between the two 
pistons of the main valve, marked 14 on the section. 
Above the valve chamber is a small cylinder of larger 
diameter than the chamber, and communicating by two 
passages with the space A, which is in connexion with the 
valve chamber by the passage f. When this cylinder is 
filled with steam its larger diameter forces down the piston 
valves 14, with which it is connected by being on the same 
spindle, and permits the steam to pass from the lower part, 
through the passage at 18, to the underside of the piston 6 
of the steam cylinder. As this latter completes its upward 
stroke, the plate 10 strikes the bottom of the stem 12, on 
which the valve 13 is mounted, that controls the steam 
and exhaust passages a and b to the small cylinder, 

ENGINE AND AIR PUMP. 

and opening the exhaust, relieves the piston 21 of the 
pressure above it ; the latter is thus overbalanced by the 
steam pressure on the underside of the valve 14, in 
the valve chamb~r, the piston valves rise, opening the 
exhaust passage at the bottom, and the steam passage at 
the top of the cylinder ; the main piston then commences to 
descend, and on completing its stroke the plate 10 strikes 
the bottom of the rod 12, which throws down the valves in 
the chamber A, and steam is again admitted to the upper 
part of the small cylinder. 

The arrangement of the air pump will be easily under-

stood from the engraving. The valves are placed in two 
chambers connected by two straight pipes and aT-union 

SECTION OJ;' ENGINE AND AIR PUMP. 
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in the centre. Air is admitted through perforations in the 
.side of the chambers, and the compressed air is led off to the 

COMPRESSED AIR RESERVOIR. 

main reservoir from the branch in the middle. The lift of 
the valves should no.t exceed one-thirty second of an 
inch. 

The Main Reservoir.-The form of this reservoir to which 
the delivery pipe from the air-pump is connected is shown 
in the annexed drawing. It is about 12 in. in diameter 

sions, are placed underneath each vehicle to which the 
brake is attached. 

The Triple Valve.-The triple valve, one of the most 
ingenious details in the whole of the brake mechanism, as 
well as one of the most important, is shown in the accom
panying figures. The casing is of brass, and in three 
parts, the cap being held to the body by two bolts. The 
section shows the whole of the arrangement. The bottom 
of the valve forms a cylindrical chamber, in one side of 
which is an opening to form a connexion through the pipe 
nipple 11, and the union nut 12; with the main brake pipe 
running through the train. The bottom of the chamber is 
closed with a screwed cap 4, which extends within the 
chamber, and forms a guide for the rod 7, and higher up 
for the spiral spring 8. There is a collar formed on the rod, 
underneath which the spring presses, and which bears on 
the top of the chamber, the rod 7 extending throu~h the 
chamber, and terminating in a spindle of smaller diameter. 
Above the chamber a cylinder IS formed in the body of 

ELEY AT ION AND SECTION OF TRIPLE VALVE. 

and 33 in. long, made of boiler plate, with the ends dished 
and flanged up round the edges, and rivetted to the drum 
of the reservoir. Similar chambers, but of smaller dimen-

the valve, and in this is placed a piston, 5, o± the form 
shown. It will be observed that this cylinder is in the 
middle portion of the valve, and that it is placed within 
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the lower case 2, making a tight joint around its lower 
edge with a rubber packing ring 10. The upper part of 
the piston 5 extends through the cylindrical passage B, 
forming a rod With two collars upon it, an:d a transverse 
passage at the lower end. The upper 'end fits in a guide 
formed in the top part of the case 3. Two openings will 
be noticed in the portion of the case, . threaded to receive 
the pipe nipples and union for making connexions to the 
small reservoir under the carriage .on the one hand, and to 
the brake cylinder on the other. In -the lower part of the 
middle case 1 is also a small opening for exhausting. A 
passage a connects the pipe to the brake cylinder with 
the chamber B, the entrance being immediately over the 
exhaust, and on the other side a passage connects the 
chamber B with the opening to the small reservoir. Upon 
the rod formed in one with the piston 5, is placed a valve, 6, 
kept in place by a spring. The working of the valve is as 
follows : Air being admitted from the main reservoir to 
the lower chamber, and passing through the opening A, 
forces up the piston 5, until it is in the position shown. It 
will be observed that the upper end of the reduced spindle-· 
is cut away slightly so that the compressed air can flow ' 
through the passage in the centre of the piston, as indi~ 
cated by the arrow, and thence by the transverse opening 
in the rod into the c)lamber · B, and so on to the small 
reservoir which becomes charged. Raising the piston 5 
brings the valve 6 into the position shown, opening the 
brake cylinder to the exhaust, cutting it off from the 
chamber B. When this is done, the whole system is in 
equilibrium-main reservoir, brake pipe, triple valve, and 
small reservoir . . ! But if intentionally or by. .. accident, the 
pressure is reduced in the main pipe, which may be effected 
by the engine-driver orguard starting.the brake, or by the 
severance of the train; the superior .. pressure in the small 
cylinder of the upper portion of the triple valve forces down 
the piston 5, which . takes with it the valve .6, and opens 
the passage a to the chamber B. The:compressed air then 
flows into the brake cy@Q.er,_im,medi~t§1y: SE)~ting the l;>:ra,k~s, 
and the exhaust passage is closed. By readmitting air 
into the main brake pi'm¢, the equilibriUm is again restored,. 
the piston 5 rises, the ·· valve.; 6 opens communication be
tween the brake cylinder and the exhaust, and the brakes 
are thrown off. A very slight reduction of pressure on 
the underside of the piston, say of 5 lb., is sufficient to 
set the brakes. It is in1portant : to notice that so soon as 
the reduced pressures in the , reservoir and the brake pipe 
are equal, the spiral spring 8 forces up the piston 5 and 
the valve 6, just sufficiently to close the passage a but not 
to open the exhaust port. The brakes may thus be kept 
on as long as desired. 

It will be obvious from the foregoing description that any 
accidental severance pf the train must necessarily put on 
·the brakes. 

The Leakage Valve.-This is a valve placed on the pipe 
between the triple valve and the brake · cylinder. Its 
function is to prevent any application of the brake 
which·· might arise . from .an accicl:eritaJ 1el:1'kage; ,,:.@-f i:' IDir 
from the triple valve to the brake cylinder: ' It consists 
of a body with two branches having screwed ends.- Orre 
communicates with the pipe to the triple valve, the other 
with that going to the brake cylinder. The top is dos~d 

. ,_:. 

' LEAKAGE VALVE. 

with a cap, 2, having an opening in it of the form shown. 
A rubber seating, 4, is placed under the cap. Within the 
case is a solid loosely-fitting plug 3. Any gradual escape 
or leakage of air passes around this plug, and out through 
the hole in'.the casing; but if any sudden reduction takes 
place, thei':rtfrtg is forced upwards, and seating itself on the 
rubber ririg:4:; closes the passage in the cap, and the air has 
to pass onwaid to the brake cylinder. 

Bmke Cylinders.-. The standard form . of. double brake 
cylinder is shown in the engraving on the opposite page. It 
is 8lin. in diameter, and, lo11g enough for the travel of two 
pi~tons starting from a centr~l pgsition,~ required to put on 
the brakes. 

One side of the cylirider is .provided with a flat soi.e. 
plate for bolting · on to the carriage frame, and the ends 
are extended to receive the spiral springs employed 
to bring back the pistons to their normal position. The 
drawing is so clear that very little description is required. 
The compressed aj.r is admitted through the central opening. 
The pistons are shown at 4 ; they are provided with packing 
leathers and expanders 7. The spiral springs 8, surround
ing the rods, always tend to maintain the pistons in the 
position shown. ·wnen compressed air is admitted be
tweeen them the pistons separate, compressing the springs 
and actuating the brake rigging wbic.h is conn~cted to~ the 
forked ends of the rods. . · · : 

A single cylinder of larger diameter (10 in.) isshowh 
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below. The arrangement of the parts is similar to that just 
described. These cylinders are used for tenders or very 
heavy stock. 

The driving- wheel brake cylinder is employed for 
braking the driving wheels of locomotives, being applied 

6, placed in a recess in the cap 2. When the compressed 
air is passed through the pipes, the· valves ate lifted and 
the springs 6 are compressed, so that a free p~ssage for the 
air is obtained. The halves of the coupling are provided 
with projections and recesses which fit together, as shown, 

DOUBLE BRAKE CYLINDER. 
);-,)'·· 

as shown in the general view, Plate LXXIV. Air is 
admitted from the triple valve through the opening .. in 
the lower cylinder cover to the underside of the piston, 
which in rising takes with it the rod to which is attached 
the crosshead carrying the brake levers, 

Another form of engine or tender brake cylinder ~s 

so tpat the coupling can only b~ separated by one part 
being ·turned round at tight · 'angles to the other part. 
The rubber hose ·is attached 'to the coupling by an iron 
band 8. · 

The complete hose and coupling are shown in the figure 
on page 179. 

SINGLE BHAKE CYLINDER. 

shown on the next page, which is open at the top, and 
the piston of which is formed with a trunk. A very short 
connecting rodt,is employed pivotted to the piston. This 
form of cylinder 'is'-employed' when' the\·Brake is operated 
by a rocking shaft, and it can be very easily coupled to the 
hand brake. In this view, 1 is the cylinder, 2 the piston, 
3 the piston ring, 4 the packing leather, 5 packing ex
pander, 6, 7, 8 the gland and packing. 

Couplings.-The very ingenious arrangement for coupling 
the brake pipe between carriages, is shown on the next page. 
One part of the coupling on the enlarged view is shown in 
section, and the other in elevation in page 179. Both parts 
are exactly alike, and when they are · united, an air-tight 
joint is maintained by means of the rubber rings 3, 3, 
which are constantly forced together by the air pressure in 
the pipes. A valve 5 is placed in each half of the coup
ling, and held against the rubber seat by the spiral spring 

Engirie Driver's ~" B1'ake . ValVe. -' '·Tfi~ ari~~r's brake 
valve, for applying or releasing the 'brakes, is shown on 
page 179~ . Its operation is as follows: Air passes from 
the main reservoir into the lower part of the valve 5, in 
which is a valve 6 held against the rotating seat 4 by a 
spring 8. The discharge valve 3 is kept in place by the 
spring 7, against thej pressure of a~r in the chamber 
which is in communication with the brake pipe. The 
spring 7 is held down by the handle 2, the rotary motion 
of . which regulates the amount of pressure upon the spring 
by means of a coarse screw. The valve 3 and' rotating 
seat 4 turn with the handle 2. In the position shown 
there is a passage of k in. open between the main reservoir 
pipe and the brake pipe, which maintains the pressure in 
the latter, and the valve 3 is held to its seat by nearly the 
full power of the spring 7. On turning the handle 2 
slightly towards the right, the valve 4 turning with it, 

2A 
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closes the communication between the main reservoir and 
the brake pipe, and thus lessens the pressure upon the 
spring 7, permitting air to flow from the brake pipe to the 
atmosphere, and setting the brake. If fully opened to 

the reservoir and brake p1pe, except by the i in. hole 
before mentioned. 

General A rmngement of Brakes for Locomotive and Tender. 
-Plate LXXIV. shows the general arrangement of the 

DRIVING WHEEL BRAKE CYLINDER. 

the right, all air escapes from the brake pipe, and the 
brakes are at once applied with full force. To release 
the brakes, the handle 2 is thrown full over to the left, 

Westinghouse automatic brake as applied to a locomotive 
and tender. The air pump and engine A are fixed on the 
footplate, and the engine is driven by steam from the boiler. 

HOSE COUPLING. 

carrying with it the valves 3 and 4 ; in this position -the air 
beneath the piston 6 escapes to the atmosphere through 
the passage a, the piston 6 is forced down by the air 
pressure from the main reservoir, and a free passage is 
opened between the reservoir and the brake pipe. When 
the pressure in the brake pipe is fully restored, the handle 
2 is brought back to the position shown in the engraving, 
shutting off the air from beneath the piston 6, which resumes 
its former position and closes all communication between 

The compressed air is forced into a main reservoir C having 
about 10 cubic feet capacity, and fastened beneath the 
footplate; the pump lllJl,kes from 20 to 60 strokes per mile. 
A gauge d2 shows the pressure of air in · the brake pipe. A 
steam regulator a governs the flow of steam to the donkey 
engine, and regulates its speed, and the pressure of air in 
the main reservoir. The exhaust pipe a2 leads to the smoke
box. The driver's brake valveD has a connexion c to the 
main reservoir, and another, d, to the bra~e pipe E running 

shared on railsandtrails.com Digitized by Stephen Titchenal



THE PENNSYLVANIA RAILROAD. 179 

the entire length of the train. This brake valve regulates 
the flow of air, for applying and releasing the brakes. 
The driving-wheel brake blocks are operated by one, and 
sometimes two brake cylinders H H. From the brake 

of both pairs of wheels a triangular braced frame extends, 
at each extremity of which is hung a brake block. A rod 
from the middle of this frame takes hold on one side of 
the lower end of a central lever, and on the other it is 

HOSE AND COUPLING. 

pipe E are branches I to each triple valve F, which is in 
communication with a small reservoir G, and by the pipe 
11 with the brake cylinders H. Cocks h1 serve to close the 
branch pipes I if required. The brake pipe E has a stop
cock e at the end of the tender, and a hose e1 with a coupling 

TO MAIN RESERVOIR 

attached to the same lever at ~a point coinciding with the 
centre of the axle. To the upper end of the lever the rod 
connected with the piston of the air cylinder is attached. 
These connexions can be adjusted by means of the pins 
and holes shown in the drawing. The central lever is 

ENGINE DRIVER'S BRAKE VALVE. 

attached, which unites with a similar coupling and hose on 
the following vehicle. 

Standard Brake Rigging for Railway Carriages.-Plate 
LXXV. shows the Westinghouse automatic brake, as 
applied to an ordinary carriage. The arrangement of 
pipes, cylinder, and triple valve will be at once understood 
from the foregoing description and by reference to the 
drawing which also illustrates the latest form of brake 
rigging devised by Mr. Westinghouse for railway carriages. 
The whole arrangement may be briefly explained. The 
air cylinder in the centre of the frame contains two pistons, 
each of which is connected to the rod extending to the 
rigging. The compressed air is admitted to the centre of 
the cylinder from the reservoir, as shown. On each side 

hung on a pair of swinging and diverging links fastened to 
the carriage frame. In operation when the compressed air 
drives forward the piston in the cylinder, the rod con
nected with it is advanced, carrying forward the whole 
system till the inner brake block grips the wheel; the links 
and lever then have an abutment, and the piston still' 
advancing, the rod throws over the central lever, the lower 
end of which is attached to the frame carrying the outer 
blocks, and the latter are thrown on. It will be seen that 
the inner blocks thus grip slightly before the outer one, but 
only to an inappreciable extent. This form of rigging is 
now being attached to the London, Brighton, and South 
Coast Railway stock, where the automatic brake is 
definitely adopted. 
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The · Operarion 'of the 'Automatic Brake . ....:.c. Plate LXXVI. 
\shows the ~ arrangement· o! the reservoir; brake cylinder, 
'triple and lealtage valves,·· and the ' main· brake pipe and 
pipe con:ne~ions. 

'fhe operation of the various parts which will be under
stood ff$"m:;th~?:; ·plate, ·is as follows: Air from the main 
brake pf:ISg\~i~,;.,~ftfuitted ' into "tire ··lower part of the triple 
valve, forcli'i~ ' the-'piston B into the position shown. 'fhe 
air then passes through the centre of the piston into the re
servoir, and thus an equal pressure is maintained in the 
1att~r, 'in the 'triple valve and the main brake pipe, so long 
as· the brakes· are off. When the. pressure in the main 
·brake pipe is reduced by the driver or guard operating his 
·brake valve, or by the separation· of the train, or from any 
other· accidental severance of the brake pipe, the piston B 
is at once forced down upon the stem d, preventing the 
return of air to the brake pipe. The piston B carries with 
it the slide valve C, which uncovers the passage a, allowing 
the air from the reservoir to flow into the brake cylinder, 
and the two pistons forced outward, apply the brakes. 
To release these, air again is admitted from the main 
reservoir to the main brake pipe, which restores the piston 
to the position shown, re-charges the reservoir, and permits 
the air to exhaust from the brake cylinder into the atmo
sphere through the small opening in the triple valve. 'fo 
apply the brakes lightly, only a slight reduction of pres
sure in the brake pipe is necessary; about 5 lb. per square 
inch is sufficient. The piston B is forced · down as above 
described, causing the valve C partially to uncover the 
port a, when the air from the reservoir begins to flow into 
the brake cylinder. As· ·soon as the reduction in the 
reservoir equals the reduction made in the· brake · pipe, 
the piston B and slide valve C are forced, ·by the stem d 
and the spring around it, just high enough to close the 
passage a without opening it to the exhaust port. A further 
slight reduction of pressure in the brake pipe will produce 
the same operation, which permits a further supply of air 
to flow from the reservoir to the brake cylinder. 'fhe 
brakes are released as before, by restoring the pressure in 
the main brake pipe. 

Provision is made to prevent the application of the 
brake from leakage by the introduction of a leakage valve 
between the. triple yalve and the brake cylinder, as already 
described, and a stop-cock is placed in the brake pipe for 
the purpose of closing the connexion with the triple valve 
on any one . vehicle, without interfering with the operation 
of the brakes upon any other. A small cock E may be 
opened to release the air from the brake cylinder if 
necessary. 

'fhe reservoir capacity is about five times that of the 
brake cylinder, so that a reduction of twenty per cent. in 
the brake pipe pressure fully applies the brake, each pound 

reduction· of pressure in ·the 1brake pipe producing several 
pounds per square inch in the brake· cylinder. <By the 
action of the triple valve the brakes cannot· be released 
without re-charging the' small reservoirs, ·and by this 
arrangement there is no possibility, even when descending 
the longest and steepest gradients, . of needing more air 

. than the air ' pump can supply;:..: " . . 
Mr. Westinghouse's speed indicator is .. shown in Plate 

LXXVII. in two forms, that represented by Figs. 1, 2, and 
3 being intended for fixing in a carriage or van, and that 
shown by Fig. 4 being adapted for use on an engine ; 
the pumps for supplying water under pressure are in this 
latter case omitted, and water for actuating the apparatus is 
drawn from the boiler. In other respects, with the excep
tion of some minor details, the two forms are identical. 

'fhe principle upon which the apparatus acts is very 
ingenious and its application to a speed indicator is entirely 
novel. It consists in controlling the escape of water under 
pressure by means of a small valve loaded by the action 
of centrifugal force, the arrangement" being such that the 
higher the speed at which the apparatus is driven, the 
greater will be the pressure exerted by certain revolving 
weights upon the escape valve, and the higher therefore the 
pressure maintained within the chamber with which this 
valve communicates; the chamber constantly receives a 
supply of water either from pumps or from the engine 
boiler. A pressure gauge affixed to the chamber con
tains the water under pressure, and affords by its in
dications information as to the speed at which the appa
ratus is being driven. Although very simple in principle, 
much ingenuity has been required to bring the apparatus 
into such a form that its indications shall be trustworthy 
in practice, as will be seen from the following description 
of the details of the instrument. 

Referring to Figs. 1, 2, and 3, it will be seen that the 
apparatus consists of a base A, forming a small water tank, 
there being bolted down to this base a casting B carrying 
all the rest of the parts. 'fo one side of the casting B is 
fixed a tubular axis on which is mounted the pulley or 
casing C, which is driven by a belt from another pulley on 
any convenient axle, care being taken, howeve:v, that the 
wheels on this axle are not fitted with brake blocks. Fixed 
to the pulley Cis a pinion D, which gears into a small spur 
wheel E mounted on a spindle provided at its other end 
with a disc crank F. From this crank are led off two con
necting rods G G, which work small plunger pumps drawing 
water from the water chamber A . . The arrangement is 
clearly shown in Fig. 3, from which it will be seen that the 
pistons or short plungers of the pumps are forced outwards 
by springs, so that the connecting rods .work constantly in 
compression, and the pumps can thus be driven at a high 
speed without inconvenience. 
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··The two pumps deliver water through channels a a -into 
the channel b, which · is fitted• with : a . small spring loaded 
relief valve as shown in Fig. 2, . this valve ·when opeu 
allowing any excess of water to · escape through the hole c 
back into the water chamber A.· Communicating with the 
passages a a there is also another channel d, shown in . 
Fig. 3. This passage is fitted with a small check valve as 
shown, and through it the water delivered from the pumps 
can flow up to the socket e into which the spring' accumu- · 
lator H is screwed, as shown in Fig. 2. The construction 
of this accumulator will be readily understood; .. It consists 
of an india-rubber diaphragm · having. on its underside a 
small plunger against which the water acts, while on 
its upper side is another plunger or piston forced 
downwards by a spiral spring. The lower plunger has a 
small rod or needle projecting from it, this needle being 
very slightly tapered, and the water on leaving. the accumu
lator passing down around this needle to a channel f f 
leading to a second accumulator I. This second · accumu
lator is similar to the first, with the exception that it is 
disposed horizontally instead of vertically, and by the time 
the water reaches it the pulsations caused by the action of 
the pumps are entirely destroyed. In this s.econd accumu
lator the water may thus be considered to be contained at 
a steady pressure, the amount of this pressure depending 
upon the arrangements now to be described. 

When the instrument is fixed on an engine, and the 
supply of water required is drawn from the boiler instead 
of being supplied by pumps, the first accumulator is dis
pensed with, one only being employed, as shown in Fig. 4. 
In this case, the water instead of entering :~he accumulator 
near the periphery, and escaping at the :eentre . arqund a 
needle attached to the ram, follows the opposite course, it 
entering through the passage f 1 (Fig. 4), passing into the ac
cumulator around the needle g', and escaping th,rough the 
passage h' to the regulating escape valve. 

Returning to Fig. 2 it will be seen that the . water can 
escape from the second accumulator past the needle gin to the 
passage h, which is connected by small holes with a recess i 
covered by a thin india-rubber diaphragm attached to the 
relief valve k. The form of this latter valve is, as will be 
seen, such that when raised from its. seat .the water flows 
out through a central opening in the valve into a small 
chamber, from which it . can return through a passage 
shown in Fig. 2 into the water reservoir A. The regula
tion of the pressure upon the relief valve k is the next 
point for consideration. 

It will be seen from Figs. 2 and 4 that the relief valve k 
has attached to it a rod l, which takes a bearing against a 
small horizontal lever rn, as shown. This lever is also 
pressed against at another point by the rod or spindle o, 
a;.1d it will be seen from Fig. 4 that the lever is contained 

in a . .:reoesg: or mor-tice -cut·in a -bar n,>·so that : by-turning -the 
. .fl~Fewed. !Caps. with which· the ·- ends' of thiS ·bar. are . fitted, 
the lever' ·:can. he shifted longituQ.inallyj : and. the rati0 whic-h 
the pressure exerted: >by the Sl>indle .o shall bear to that 
transmitted to the rod l can thus be adjusted with great 
delicacy. . .. , 
:· As :will be--seen.fromtheillustration, the spindleO.extends 
through the tubular axis: on which the pulley C is mounted, 
and is provided -within that pulley with the grooved collar p, 
which takes hold of the shorter arms of the two bell-crank 
levers q q. . The ·other ; arms .of . these levers carry · small 
.weights r r,. and it will be seen that as the pulley C revolves, 
the :centrifugal force . developed tends to spread these 
weights, and thus through the intervention of the bell
cranks exerts a pressure longitudinally on the spindle 
o. But this spindle transmits its pressure through the 
lever m and rod l to the escape valve k, and thus the 
pressure with which this valve is loaded·depends upon the 
centrifugal action of the weights r. 

The whole action of the apparatus will now be clear. 
The centrifugal force exerted by the weights r will vary as 
the square of the velocity at which the pulley C is driven, 
and hence the pressure on the escape valve k will also vary 
as the square of the velocity of the pulley C, or what is the 
same thing, the square of the velocity atwhich the train is 
moving. But a constant supply of water is delivered to the 
accumulator I from the pumps (or from the engine boiler as 
the case may be) and the pressure maintained within this 
accumulator is controlled by the load on the escape valve k, 
hence a pressure gauge placed in communication with the 
accumulator I will indicate pressures which are proportional 
to the ,squares of the speeds of the train. To connect it 
with the accumulator I the pressure gauge is screwed into 
the .socket-s (see Fig. 4), and a gauge thus arranged _is 
shown in the perspective view Fig. 1. From the indica, 
tions of this gauge the ~peed of the train at any instant 
can be at once ascertained. 

But it was . desired by -Mr. Westinghouse not only to be 
able to ascertain the speeq of the train at any giveninstap,t, 
but to be able to take a diagram recording the decreas~: of 
speed after . the application of a b!ake, and for thi~ purpose 
the apparatus is fitted: wiph .attachmer;ts for connecting it 
to a suitable indicator. This indicator is connected at s 
(see Fig. 4) at the same point as the pressure gauge, and its 
drum is driven as follows : 

Referring to the perspective view, Fig. 1, and to Figs. 2 
and 3, it will be seen that the pulley C has fixed to it a 
short worm t, into gear with which, the small wormwheel 
u can be placed. Another worm v on the same axis as the 
worm wheel u drives another wormwheel w, . and a slow 
motion is thus given to the disc from which the cord for 
moving the paper drum of the indicator is driven. A slow 
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motion is thus obtained for the drum of the indicator. 
The indicator employed is not shown in the engraving, but 
it is similar to the ordinary steam-engine indicator, except 
that the paper drum is somewhat larger, its circumference 
being 12 in. 

If now the gear for giving motion to the paper drum be 
thrown into action at the same time as the brake is applied, 
the pencil of the indicator being at the same time in con
tact with the paper, it is evident that as the speed of the 
train becomes reduced the pencil of the indicator will 
fall, and this downward movement combined with the 
rotary motion of the drum will cause an inclined line 
to be traced on the paper, the height of this line above 
zero at any given point being a measure of the speed of 
the train at the corresponding point of its forward move
ment. 

Annexed are copies of some of the first diagrams taken 
with the apparatus on a train on the Pennsylvania Railroad, 
Pittsburgh Division. The train on which these experj-

. 
j 
)~~~--~~~~--~~. 

I 

I l 

service. The speed indicator during the trial received its 
motion from the front axle of the engine, and the case or 
pulley C containing the bell cranks with the weighted arms 
was driven so that it made one revolution for each 6 ft. 
of forward movement of the train. The paper drum of the 
indicator (which as above said is 12 in. in circumference) 
revolved once for every 1200 ft. of forward movement of 
the train. The instrument is, however, provided with 
spare gears so that a slower movement of the paper drum 
can be given if required. Of the diagrams annexed the 
three in the upper row correspond to stops made on 
28th of June, 1876, under the following conditions. 

Place where Stop was made. 

Turtle Creek (line level) 
Brintons 
Brushton " 

" 

Distance Run 
Speed in Miles after Application 

per Hour. of Brake. 

39 
34t 
31 

Feet. 

412 
352 
260 

i ,!'! I '! - ~ 
. I 

~.. ~~ 
l~------~----~--~----Li ______ _L· 

I I s~.rn-~ i ! j 

~--~------~~r~~~--~----------~ 
DIAGRAMS TAKEN WITH THE WESTINGHOUSE TRAIN SPEED INDICATOR. 

ments were made weighed about 170 tons, and consisted of 
an engine and tender and six double-bogie cars, the whole 
of the wheels on the train with the exception of those of 
the engine truck, being fitted with single brake-blocks 
actuated by the Westinghouse automatic brake. The air 
brakes had been in use on the train for six years and had 
been converted to the automatic system in 1873. In 
regular work the train made over 200 stops each day, and 
no special work was done to put the brakes in order for 
the trials. 

The latter thus show what the Westinghouse auto
matic brake can do in regular work, and after much 

The four other diagrams in the same row refer to ex
periments made July 3rd, 1876, the particulars being as 
follows: 

During these last trials the stop-watch was unfortunately 
lost off the engine, so that the time is not accurate to a 
fraction of a second. The performance of the brake 
during these trials was, as will be seen, admirable; but this 
is a matter which requires no comment, since the system is 
always completely reliable. As already explained, heights 
in these diagrams represent pressures in the accumulator of 
the speed indicator, and these pressures again are propor
tioned to the squares of the speeds. In the particular instru-

TABLE No. XLIII.-TRIALS OF THE WESTINGHOUSE BRAKE ON THE PENNSYLVANIA RAILROAD. 

Air Pressure, Speed in Distance Run Time 
Speed in Miles per Hour after Running the Subjoined Distances 

Place where Stop was made. Pounds per Mile after Applica- Making 
beyond Point of Application of the Brake. 

Square Inch. per Hour. tion of Brakes. Stop. 
100 ft. 200ft. 300ft. 400ft. 500ft. 

------ ----
lbs. miles. ft. sec. miles. miles. miles. miles. miles. 

Wilkins burgh 70 26t 205 not taken 22 
Hawkins 85 40t 484 14 39 34 29t 22 
Turtle Creek 90 37 364 13 34% 27% 19 
Walls 85 43! 550 15 42t 38 33 26% 17! 
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ment from which the perspective view Plate LXXVII. was 
prepared, the square of the speed in miles per hour multiplied 
by0.04 gives the corresponding pressure in pounds per square 
inch in the accumulator. It is thus easy to reduce the pres
sure curves drawn by the indicator to the equivalent speed 
curves, and this has been done for the several experiments 
above referred to, each pressure curve having the corre
sponding speed curve shown below it. 

It is evident that the curves drawn by the instrument 
described, afford the fullest possible information respect
ing the action of the brake with which the train is 
fitted. Thus not only do they show the distance run and 
the mean retarding force, but they also afford data for 
calculating the retarding force exerted at each part of the 
stop, and thus tell whether the brake power was applied 
promptly-as it should be to obtain the best results-or 
whether it only came into action gradually, and in
volved a loss of time at the commencement of the opera
tion when the train was moving most quickly. 

It is for want of accurate information on the points just 
referred to that erroneous estimates of the value of diffe
rent brakes have so frequently been made. At the cele
brated brake trials at Newark in 187 5 it was attempted 
to obtain trustworthy information respecting the rate of 
diminution of speed after the brakes had been applied, by 
means of an electric apparatus, this apparatus recording the 
times at which the experimental trains passed over contact 
pieces placed 200 ft. apart. The arrangement was well 
carried out, and every effort was made to secure accuracy, 
but nevertheless the system, as a whole, was vastly inferior 
to that of obtaining a continuous record of speeds, such as 
is afforded by this instrument. 

During the last few years various important and ex
haustive experiments with the Westinghouse automatic 
brake have carried out in Europe, serving at once to 
show the efficiency of the system, and its superiority over 
the other classes of brakes which competed with it. The 
principal of these trials have been selected, and their results 
given as follows. 

NoRTH BRITISH RAILWAY. 

In December, 1876, a series of trials were carried out 
between the automatic and the vacuum brakes. The 
latter, it may be remarked, is worked in Europe by an in
dependent company, although in the United States it is 
the property of the Westinghouse Company. The results 
of these very suggestive trials are so clearly shown in 
Plates LXXIX. and LXXX. that no special description is 
necessary here. The diagrams on Plate LXXIX. were taken 
with Mr. Westinghouse's speed indicator just described. 

Of course under the special conditions obtaining during 
these trials on theN orth British Railway, the distance in feet 

run after the application of the brakes-or, for shortness, 
it may be termed " the length of stop" as distinguished 
from "the time of stop"-was a tolerably fair index of the 
efficiency of the brakes. But under ordinary conditions, 
or in the comparison of trials conducted with other trains 
on other railways, the length of stop considered alone may 
lead to most fallacious conclusions. Thus, even the same 
train may pull up in 800 ft. one day and 1200 ft. the fol
lowing day, and the explanation will be, not that the 
brakes were less efficient, by which is meant less near to 
theoretical perfection, but that the rails were more greasy. 
Again, if two or three ordinary carriages be tacked ori 
to a continuous brake train the length of stop will be 
augmented though the " efficiency" of the brake will be as 
great as ever, and the same remark will apply if the stop be 
made on a descending gradient. It is obvious, therefore, that 
if any fair :comparison is to be made between the perfor
mances of brakes on different lines and under different 
conditions, something more than the maximum speed and 
the length of stop is absolutely necessary. 

It is clear, however, that a diagram of the stop, as re
corded by Mr. Westinghouse's ingenious apparatus, affords 
all the data necessary, provided it be intelligently inter
preted. With such diagrams it matters little whether the 
stop were made on a rising or falling grade, or whether 
the rails were in good order or greasy, neither is it neces
sary that the exact percentage of the total weight of the 
train resting upon the braked wheels should be known. 
All the data required are that the brake was in good 
working order, and that the power, whether manual, air, 
or vacuum, was sufficient to make the brake-blocks do 
their best during at least some portion of the stop. Before 
proo(lleding further it will be well to define what is meant 
by the term " efficiency of brakes." 

1. A "theoretically perfect" brake is one in which the 
retarding forces come instantaneously into action and 
remain of constant intensity for the whole length of stop. 

2. The " percentage of efficiency" of any brake should 
indicate the variance of the actual retarding force from the 
preceding theoretically constant force, and it may best be 
expressed, perhaps, by the equation: 

Efficiency=; 

in which M =the total momentum per ton of train at the 
maximum velocity v, and m the momentum actually 
destroyed by the brakes in the distance (s) which would 
suffice for a theoretically perfoct brake to destroy the whole 
of the momentum. 

3. The value of M will vary directly as the square of 
the speed. The value of s, or, in other words, the theo
retically possible "length of stop," will vary directly as M, 
and inversely as the total retarding forces in action per-
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ton of train. The latter are made up of the train resist
ances, effects of gradients, and the proper retarding force 
of the brake itself, which will again vary with the condi
tion of the surface of the rails, and the number of wheels 
braked. All these disturbing elements are eliminated if 
the following hypothesis hold good, as it should with every 
well-proportioned and well-made brake in ·a fair state of 
repair. 

- 4. At some portion of the stop every brake, whether a 
simple brake on a guard~s van .or a continuous Westing
house brake,. will be doing the b~st , ~ttainable under the 
then prevailing conditions as to state· of rails, gradients, 
number of wheels braked and otherwise; in other words, 
every brake for at least a brief interval of time will be to 
that extent a " theoretically perfect" brake. . 

5. The retarding forces in operation during any 100ft. 
of the stop will be proportional . to the differences of the 
squares of the velocities at the commencement and ter
mination of the said 100ft. 

With the preceding preliminary explanations and .defini
tions an "indicator card" from Mr. Westinghouse's in
strument may now be converted into a diagram of the 
efficiency of the brake, and a value obtained for the ex
pressiOn: 

Efficiency of brake=; 

The following stops as recorded in Plate LXXIX., 
may be taken as examples: 

Westinghouse air brake 
Smith's vacuum brake 

Reference 
Number. 

. 6 

. 9 

Speed. 

miles. 
49.75 
49.5 

Length 
of Stop. 

ft. 
798 

1195 

The first step is to tabulate the differences of the 
squares of the velocities. 

The second step is to set off to any convenient scale the
distances on a base line, and the differences of the squares 

TABLE No. XLIV.-RELATIVE EFFICIENCIES OF Am AND 

VACUUM BRAKES. 
-

WESTIN!JHOUSE. SMITH. 

' 
Velocity. Distance. Difference Velocity. Distance. Difference 

of Squares. of Squares. 

------------
ft. ft. 

49.75 0 49.5 0 
49.5 100 25 49.25 100 25 
47.5 200 194 48.75 200 49 
43.5 300 364 48. 300 72 
40. 400 292 46.75 400 119 
35. 500 375 44.25 500 228 
28.5 600 413 42.25 600 172 
21. 700 371 38.50 700 303 
0. 798 441 35. . 800 257 

31. 900 264 
49.75;=Total=2475 26. 1000 285 

20. 1100 276 
0. 1195 400 

49.5'=Total=2405 

as ordinates, when a diagram is obtained. representii;J.g the 
varying intensity of the retarding forces during each 
hundred feet of the stop. It is hardly necessary to observe 
that with a " theoretically perfect" brake, the retarding 
forces being constant, the diagram is a parallelogram, 
hence the deviation of the actual diagram from the latter 
form affords visil:>le evidence of the efficiency of a brake. 

The third step is to set off on the base line the theoreti
cal " length of stop," and 'construct the theoretical diagram. 
By the hypothesis·madein; paliagraph (4); it may be assumed 
that und-er<·the cbnditiop.s:of the experiments, the differences 

, of -squares~; ha.iLthg b;rak:¢.8 beell -" theoretically perfect," 
:would ·have -.i).ad- -the --constant value of Westinghouse's 
:maximum= 413 (the final 441 is rejected, because the form 
:of diagram indicates the probability of a slight error in 
·the observation of the velocity immediately preceding the 
stop). The retarding force per 100 ft. therefore will be 
proportional to 413, or per foot, to 4.13, hence the theo
retical distance . of stop ( s) with a perfect brake will be : 

v' s=--=600 ft. 
4.13 

m the Westinghouse trial, and for simplicity it :may be 
assumed to be the same in the Smith trial, though 
slightly disadvantageous to Westinghouse, as his speed 
was a quarter of a mile higher. Setting this distance off 
on the base line and the 413 on a perpendicular, the 
diagram of the performance of a " theoretically perfect" 
brake under the conditions of the experiment may be 
contrasted to compare with the actual performance of the 
brake and obtain an expression for its efficiency. In the 
annexed diagram the figure e m g h applies to Smith's 

P------------------1 
I 
I 
I 
I 

I 

DIAGRAM OF BRAKE EFFICIENCY. 

brake ; e d f k to Westinghouse's, and a b c d to the "theo
retically perfect" brake. The area of each figure is of 
course the same and proportional to the quantity M in 

our equation-Efficiency = m, whilst the value of m is pto-M . 
portional to . the shaded portion of each diagram, which 
can be obtain'ed at once from the tabulated "differences of 
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squares. " Thus it will be found that the sum of the 
differences between 0 and 600 in Westinghouse is 1663 
and in Smith 665. These therefore are the respec
tive values of m, and that of M is of course 4 9. 7 52 = 24 7 5 
for Westinghouse, and 49.52 = 2405 for Smith. Sub
stituting these values in our equation for efficiency the 
following results are obtained as the analysis of the two 
stops under consideration : 

P er cont. 
Efficiency of "theoretically perfect" brake= 100 

, W estinghouse air brake . = 67.2 

" 
Smith's vacuum brake . . = 27.6 

The preceding diagram and figures indicate as clearly 
and forcibly as possible the singular promptness of the 
Westinghouse automatic and the relative inefficiency of 
the vacuum brake-and indeed this difference is a neces
sary consequence of the construction, and no mere matter 
of detail. Theoretical perfection is the point to be aimed 
at, and railway companies will do well to bear this in 
mind, for the public will be satisfied with nothing less than 
the best brake procurable. A perfect brake-that is to 
say, one which could be brought into full action by a 
flash of electricity in an inappreciable fraction of a second, 
upon the first indication of danger-would destroy the 
whole of the momentum of a train in a distance x, varying 
with the state of the rails and otherwise. The W esting
house brake in the trial analysed by us destroyed 67.2 per 
cent. of the entire momentum in the same distance x, and 
the vacuum brake 27.6 per cent. In other words the 
automatic brake, though wonderfully quick, is not literally 
as quick as lightning, and, therefore, it fell about 32 per 
cent. short of perfection. The vacuum brake, though far 
in advance of the old system of hand brakes, fell no less 
than 72 per cent. short of the same standard, or, as it may 
be otherwise stated, the vacuum brake must be considerably 
more than doubled in efficiency before it can attain the prompt
ness of action belonging to the Westinghouse automatic 
brake as at present constructed. 

Below is appended in a tabular form the results of 
an analysis of the whole of the stops in the trials on 

TABLE No. XLV.-PERCENTAGE OF EFFICIENCY OF THE Am AND 

VACUUM: BRAKES. 

Reference "Theoretically I Westinghouse Auto- Smith's Vacuum 
Numbers. P erfect" Brake. matic Brake. Brake. 

s. w. per cent. per cent. per cent. 
2 3 100 76 34 
5 5 

" 
69 42 

6 4 
" 

52 16 
14 4 

" 
52 20 

15 6 
" 

67 18 
7 6 

" 
67 34 

9 7 
" 

66 37 
12 12 

" 
64 34 

11 10 
" 

69 30 
Mean 

" 
65 30 

the North British Railway. The percentage of wheels 

braked being the same in both trains, it is assumed 
that it would be theoretically possible to pull up either in 
the same length of run, and that length is determined from 
the performance of the Westinghouse brake, as in the ex-
ample already given in full detail. ' . 

The retarding force in pounds per ton is at once obtain
able by multiplying the " differences of squares" by .81, 
and the result so obtained will include the influence of the 
wheels of the rolling stock ordinarily used in this country. 
Thus, in the first example the maximum difference of squares 
was 413, hence 413 x .81 = 335lb. was the total retarding 
force per ton. Of this about 15lb. may be set down to 
train resistances, leaving 320 lb. for the brakes proper, 
and as 85 per cent. of the weight was braked, there 

is 320 = 376lb. per ton, or almost exactly one-sixth of the 
.85 

insistent weight as the matcimum retarding force of the 
brakes upon the wheels to which they were applied, and 
it is probable this could not have been exceeded without 
skidding. 

RAILWAY BRAKE TRIALS IN GERMANY. 

The most important brake trials conducted on the Con
tinent were carried out in Germany in August, 1877. It 
is perhaps needless to say that these trials were conducted 
with a remarkable amount of care and method, and that 
the printed report displays an equally remarkable amount 
of labour in its almost endless series of deduced diagrams 
and tables ; but the best use was scarcely made by the 
experimenters of the opportunity afforded, nor were the 
results obtained so- valuable as those resulting from less 
elaborate but more thoroughly practical trials. 

The experiments took place on the Main-Weser Rail
way between Guntershausen and Gensungen, upon two 
sections of line specially prepared for the purpose. 
Figs. 1, 2, and 3 show two plans and a profile of this line, 
and indicate the positions of the contact indicators on each 
section. It will be observed that the two sections are 
respectively marked A and B, and to these letters the 
various series of trials are referred. The total length of 
section A is 500 metres (1640 ft.), of which 1312 ft. are 
on a falling gradient of 1 in 125, and the remainder on a 
falling gradient of 1 in 200. It was considered that the 
greater incline of the last 100 metres would be of little 
consequence, as all the trains would probably be pulled up 
within the 1300 ft. At the foot of the short gradient of 
1 in 200, the line is horizontal for a distance of about 
1500 metres, when it begins to rise on a gradient of 1 in 
200. At the end of this horizontal length, 1640 ft. of 
trial line was prepared, and constituted section B. Each 
section was divided into fifteen lengths of 33t metres, by 
16 posts, opposite each of which a contact apparatus was 

:2B 
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placed on the rails. Close to the starting-point a second 
contact apparatus enabled the observer to note with more 
facility the starting-point of each diagram. Similar 
apparatus were also attached at intervals of 33-i- metres 
over a length of 100 metres on approaching the trial line, 
in order to ascertain the speed of the train before the 

cording apparatus. 2. To close the circuit both at high 
and low speeds for at least one-tenth of a second. 3. To 
be independent of the influence of weather. The contact 
apparatus is shown in Figs. 4, 5, and 6. When the first 
wheel of the train comes in contact with the lever a the 
latter is depressed, turning the spindle b, and the motion is 

PLAN AND PROFILE OF THE EXPERIMENTAL LINE. 

diagram was taken. All the contact apparatus were con
nected by a wire leading to the recording apparatus at 
Guntershausen. Each trial line was marked off in lengths 
of 5 metres, so that the distance run could be read off 
with facility. 

FIG. 5. 

FIG. 6. 

CONTACT APPARATUS. 

The leading requirements of the contact apparatus were 
as follows : 1. During the period of contact with the 
front wheel of the engine to close connexion with the re-

transmitted through the levers c and d to the spindle e 
which carries the contact piece j, through which the circuit 
is closed through g. The wire h connects the apparatus 
with the main wire. A counterweight is connected with 
the spindle e, which causes the spindle, and with it the 
contact piece j, to oscillate for about .10 second, thus 
effecting a contact of greater duration than would be pos
sible by a simple depression and release of the lever a. 
Insulation of the wire h is effected by passing it through an 
ebonite disc, as shown. The spiral spring k draws back 
the lever f into position after contact. The whole 
apparatus is covered with a sheet-iron casing. 

Fw. 8. 

MEASURING APPARATUS AND ELECTRIC CLOCK. 

The :r;neasuring apparatus and electric clock placed at 
Guntershausen, and shown in Figs. 7 and 8, recorded the 
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various results obtained by the contact apparatus. It is so 
arranged that the clock marks seconds on the strip of 
paper, while the measuring apparatus records the contact 
marks. A current makes and breaks contact once every 
second, affecting a small armature carrying a pen, and 
bringing it into contact with the paper. A second arma
ture and pen is connected with the line to the contact 
pieces, and marks the paper at each close of the circuit. 
The paper band is driven by clockwork. In Figs. 7 and 8, 
a and b are respectively the seconds and contact magnets, 
c and cl the corresponding armatures, e and f the pens, and 
h and i the paper-feeding roller. 

As soon as an observation was completed, the strip of 

-~~~ Fi9 . 1o. 

~~ ~ ~ ~mOh• mmn-hn••mn ·@! 

APPARATUS FOR READING RESULTS. 

paper was removed from the recording apparatus and 
placed in the one designed for reading the results, 
and shown in Figs. 9, 10, and 11. In this apparatus two 
hair lines a and b are adjusted by means of micrometer 

FIG. 12. 

REFLECTING DISCS. 

screws, until they cover the seconds marks upon the paper, 
and the space between them indicates exactly two seconds. 

Then by adjusting a third hair line c by means of the 
micrometer screw g over one of the contact marks, 
the time between this latter and the second covered by one 
or other of the hair lines a and b, the time can be read off 
by the scale f to one-hundredth part of a second. Then 
by shifting the paper to the next seconds mark, and by 
placing the hair line c exactly over the adjacent contact 
mark, the time occupied by the train in passing between 
the two contact marks is ascertained, and the speed of 
train deduced. Fig. 12 shows two small reflecting discs 
for watching the wheels from within the carriage. They 
are fastened by screws to the frame of the vehicle, and are 
mounted on a ball-and-socket joint, so as to be adjusted to 
any desired angle. The observer in th( carriage could 
thus easily note whether the wheels were skidded by the 
brake blocks. 

According to the programme of the trials, each com
peting train was to have a total weight of 128,000 kilo
grammes, or, say, 126 tons made up as follows: 

One locomotive with two coupled wheels, to which brake 
blocks were applied, and tender with all wheels fitted, 
total weight . . . . . . . . 

Four carriages with all wheels braked, each weighing empty 
11.36 tons . . . . . . . 

Two carriages unbraked, each weighing 11.36 tons 
Load in each carriage .47 ton 

Tons. 

55.00 

45.44 
22.72 
2.84 

126.00 

The brake-blocks were to be either of cast-iron or steel. 
The greater number of the trials were to be made with 

a speed of 75 kilometres (46.6 miles) per hour. Some 
trials, however, were to be at 90 kilometres, while pressure 
of brake blocks for the pneumatic brakes was limited to 
50 per cent. of the weight of the vehicles. In the case of 
the other brakes, the brake pressure was to be deduced 
from the results obtained by theW estinghouse and vacuum 
brakes with given brake pressures. The programme in
cluded : 1. Trials with a higher brake pressure than 50 per 
cent. 2. Trials with lol!ger trains than those above 
indicated. 3. Breakaway trials. 4. Stops made from 
guard's van. 5. Stop with hand brakes. 

Thirteen trial trains were fitted up and brought on the 
ground. They were forwarded by various German railway 
companies who had purchased the apparatus from the 
different brake representatives, and fitted them up them
selves, employing the ordinary hand-brake rigging, which 
was much too weak to withstand the whole useful effect 
produced by the Westinghouse, and perhaps by some of 
the other brakes. Only two exceptions were found to this 
-two trains fitted with the Steel brake had special rigging. 
The following are the names of the railway companies 
furnishing trains, the different systems of brakes applied, 
and the approximate weights (1000 kilogrammes taken 
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as 1 ton) ofthe respective train as furnished in the official 
report: 

TABLE No. XLVL-THE GERMAN BRAKE TRIALS. 

RAILWAY. 
Approximate 

System of Brake. Weight of 
Train. 

--
Tons. 

1 Ostban ... ... . .. Steel 105 
2 Neiderschles. Mark. Bithn .. . H eberlein 136 
3 " " 

... Smith 149 
4 W estfallischen Bahn .. . 

" 
125 

5 " " 
.. . Steel 125 

6 Hannoverschen Staatsbahn ... H eberlein 138 
'l " " 

... Westinghouse 125 
8 Frankfurt-Bebraer Bahn ... Smith 12'7 
9 " " 

... Steel 125 
10 Bergisch Markischen Bahn ... Heberlein 125 
11 

" " 
... Smith 125 

12 Main W eser Bahn ... ... 
" 

128 
13 

" " ... Westinghouse 128 

In the official report occur the following remarks 
which are made for the guidance of the engineers employed 
in working out the results of the experiments. "In ascer
taining and calculating the results of the trials, the fol
lowing are the most important points to be decided. 

" 1. The distance run by train after the application 
of the brake, the moment for putting on brake being the 
explosion of a fog signal. 

" 2. The time occupied in making stop. 
" 3. The amount of reduction in energy due to the 

various brakes in running over equal distances. 
" 4. For obtaining a fair comparison it is necessary to 

. reduce this reduction in energy to a standard speed, and 
to the standard brake pressure of 50 per cent. 

" In calculating the results indicated in the two pre
ceding paragraphs the reduced energy is referred to dis
tance run, and not to time occupied, because, as is o"bvious 
in most cases of collision, distance is of far greater im
portance than time." 

With reference to the reduction of brake pressure, the 
report remarks that the absolute pressure as applied by 
the Smith and Westinghouse brakes to the wheels, can be 
ascertained by calculations from the vacuum and air 
pressures; in the Steel brake, however, with its bell-crank 
levers, calculation is difficult and uncertain, while in the 
H eberlein brake it was impossible to ascertain the amount 
developed, and although dynamometers were placed on 
the drawbar in the Heberlein train, no reliable data could 
be obtained. It would consequently be impossible to com
pare the result of the different brake systems fairly with 
each other, if the pressures could not · be ascertained. 
This has been done indirectly by comparison of the dia
grams made with the Westinghouse and Smith, and with 
the Heberlein and Steel brakes. It is clear that if the 
effect of different brakes on trains running under exactly 
the same conditions is alike, the loss of energy, when the 

brakes are in full operation, would be similar. If, there
fore, in trains of equal weight with the same number · of 
wheels, equally braked, an equal percentage of the weight 
is applied through the blocks (these latter being of similar 
material), it follows that as soon as each brake settles 
clown to its work, the loss of energy in each case laid 
clown in the same diagram would produce parallel lines. 
Experiment showed that the coefficient of friction remained 
almost the same throughout the trials, and to be, as ascer
tained from the Smith and Westinghouse trains 0.117. 
The pressure exerted by the Steel and Heberlein brakes 
was, therefore, computed by comparing the diagrams pro
duced by them with those of the Smith and Westinghouse 
trains, the pressures in which were known. 

The results of ninety-four experiments are recorded in 
the official reports made with the various trains under 
different conditions, and at speeds varying from 56 to 93 
kilometres per hour, and over the two sections A and B of 
the line. These experiments show a decided advantage 
of the Westinghouse over all other brakes ; in fact, much 
the same advantage as this system has always shown in 
previous trials. Before summarising the results of these 
trials, it will be convenient to give the summaries of 
the results deduced from the large number of runs, and 
which are collected and averaged in the report. (See 
Tables XLVII., XLVIII., and XLIX.) 

From these summaries it appears that the object of the 
German experimenters was to ascertain, not the behaviour 
and performance of the various brakes during a stop, 
carried to its conclusion, but their efficiency in reducing 
speed and abstracting energy during the first portion of 
the stop. That this information is most valuable, and that 
it has been carefully and thoroughly investigated, a glance 
at the report shows ; but it would have been more satis
factory to have embraced in a document, in compiling 
which neither labour nor space were considered, the per
formance of the different brakes until they had pulled up 
their respective trains. But another and more serious ob
jection lies in the fact that the experimenters did not elect 
to allow each brake to stand on its own merits. On the 
contrary, a standard of brake block pressure in percentage 
of weight of vehicle was fixed, and all the different per
formances reduced to this standard. Now this does not 
represent the actual performance of a brake in service, 
nor does it do justice to the brakes themselves, although 
perhaps as the brake rigging on most of the experimental 
trains was too weak to withstand the force the brakes 
could develop, such a reduction was necessary. On the 
contrary, the proportion of weight of train braked to the 
total weight of train having been fixed upon as a standard, 
each system should have been allowed to do its utmost, 
for that is what every brake has to do in practice. An
other essentially weak point in these trials lies in th . e 
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TABLE No. XLVII.-SHOWING WORK DONE BY BRAKES WITH A SPEED OF 46.6 MILES PER HOUR. 

C L ASS OF B RAKE. 

Heberlein (see diagram, t 5 
Fig. 13) ••• ... • •• } ( 

Smith ... 1 
Westinghouse 

Steel 

( 
I 

Heberlein (See diagram, l ~ 
Fig. 14) .•• ••• • •• S I 

Westinghouse 

Stool 

L 
r 
I 

... ~ 
I 
l 
r 

... ~ 
I 
I 

L 

r 
Westinghouse (See diagram,~ il 

Fig. 15) ••• ••• ••• 5 
L 

I 
Steel l 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

SERIES ON T RIAL LISE A. 

36.44 
72.88 

109.32 
145.76 

36.44 
72.88 

109.32 
145·76 

36.44 
72.88 

109.32 
145.76 

36.44 
72.88 

109.32 
145.76 

36.44 
72.88 

109.32 
145.76 
182.20 
218.64 

36.44 
72.88 

109.32 
145.76 
182.20 
218.64 

36.44 
72.88 

109.32 
145.76 
182.20 
218.64 

36.44 
72.88 

109.32 
145.76 
182.20 

36.44 
72.88 

109.32 
145.76 
182.20 

7.64 
350.00 
726.58 
549.64 

·-160.06 
203.84 
570.75 
445 .53 

- 70.40 
418.13 
706.13 
695.47 

- 96.00 
346.00 
540.00 
440.00 

- 92.80 
460.80 
665.60 
627.20 

1091.20 
1072.00 

- 9.60 
716.80 

1334.40 
1164.80 
1347.20 
1174.40 

-17.40 
426.30 
472.70 
598.86 

1744.33 
713.83 

308.86 
1517.96 
1759.03 
1713.83 
2018.93 

- 7.2 
704 
873.86 

1853.20 
1525.50 

7.64 
357.64 

1084.22 
1633.86 

-160.06 
43 .78 

614.53 
1060.06 

- 70.40 
347.73 

1053.86 
1749.33 

- 96.00 
250.00 
790.00 

1230.00 

- 92.80 
368.00 

1033.60 
1660.80 
2752.00 
3824.00 

- 9.60 
707.20 

2041.60 
3206.40 
4553.60 
5728.00 

-17.40 
408.90 
881.60 

1480.46 
3224.79 
3938.62 

308.86 
1826.82 
3585.85 
5299.68 
7318.61 

-7.2 
696.8 

1570.66 
3423.86 
4949.36 

0,07 
3.65 
4.21 
5.72 

-1.66 
2.11 
5.92 
4.63 

- .73 
4.01 
7.32 
7.22 

-1.00 
3.59 
5.61 
4.56 

- .90 
4.72 
6.90 
6.51 

11.32 
11.12 

- .10 
7.44 

13.84 
12.09 
13.97 
12.19 

- .18 
4.41 
4.91 
6.21 

18.08 
7.42 

3.20 
15.75 
18.25 
17.78 
20.95 

- .07 
7.30 
9.07 

19.22 
15.83 

om 
3.72 
7.93 

13.65 

- 1.66 
0.45 
6.37 

11.00 

- .73 
3.28 

10.60 
17.82 

- 1.00 
2.59 
8.20 

12.76 

- .90 
3.82 

10.72 
17.23 
28.55 
39.67 

-.10 
7.34 

21.18 
33.27 
47.24 
59.43 

-.18 
4.23 
9.14 

15.35 
33.43 
40.85 

3.20 
18.95 
37.20 
54.98 
75.93 

- .07 
7.23 

16.30 
35 .52 
51.35 

46.6 

43.26 

46.6 

43.96 

46.6 

42.19 

46.6 

43.53 

46.6 

37.76 

46.6 

28.68 

46.6 

32.54 

46.6 

22 .7 

46.6 

32 .4 

50 

50 

50 

50 

87 

87 

87 

87 

87 

87 

113 

113 

113 

113 

- 65.78 
288.00 
696.89 
782.30 

- 95.96 
127.95 
583.76 . 
829.00 

-19.2 
413.86 
800.00 
793 .60 

-100.05 
221.22 
711.31 
665.14 

-16.70 
359 .13 

1085 .56 
1283.00 
994.30 
503.36 

-153 
691.2 

1920.0 
1305.0 
1158.4 
1376.0 

-78.46 
88.58 

546.67 
1414.80 
1047.39 
1655.59 

-150 
847.20 

1607.40 
1451.44 
2051.05 

7.53 
634.41 
460.81 

2225.22 
949.20 

SERIES ON T RI AL LINE B. 

-65.78 
222.24 
919.13 

1701.43 

- 95.96 
31.99 

615.75 
1444.75 

- 19.2 
394.66 

1194.60 
1988.20 

-100.05 
121.17 
832.48 

1497.62 

- 16.70 
342.43 

1427.99 
2710.99 
3705.29 
5208.65 

- 153.00 
518.20 

2458.20 
3763.20 
4921.60 
6297.60 

-78.46 
10.12 

556.79 
1971.59 
3018.98 
4674.57 

-150 
697 

2304.40 
3755.84 
5806.89 

7.53 
641.94 

1102.75 
3327.97 
427i .17 

- 0.68 
2.99 
7.23 
8.11 

- 1.00 
1.33 
6.06 
8.60 

- .20 
4.29 
8.30 
8.24 

-1.04 
2.29 
7.38 
6.90 

- .17 
3.72 

11.27 
13.31 
10.31 
15.60 

-1.59 
7.50 

14.57 
13.55 
12.02 
14.27 

- .81 
.92 

5.67 
14.66 
10.86 
17.18 

-1.56 
8.79 

16.68 
15.05 
21.28 

.07 
6.58 
4.79 

23.08 
9.85 

-0.68 
2.31 
9.54 

17.65 

-1.00 
0.33 
6.39 

14.99 

- .20 
4.09 

12.39 
20.63 

-1.04 
1.25 
8.63 

15.53 

- .17 
3.55 

14.82 
28.13 
38.44 
54.04 

-1.59 
5.91 

20,48 
34.03 
46.05 
60.32 

-.81 
.11 

5.78 
20,46 
31.32 
48.50 

- 1.56 
7.23 

23.91 
38.96 
60.24 

.07 
6.65 

11.44 
34.52 
44.37 

46.6 

42 .26 

46.6 

42.9 

46.6 

40.82 

46.6 

42.83 

46.6 

31.6 

46.6 

29.3 

46.6 

33.4 

46.6 

29.32 

46.6 

34.6 
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50 

50 

50 

50 

50 

50 

50 

50 

87 

87 

87 

87 

87 

87 

113 

113 

113 

113 

TABLE No. XLVIII.-SHOWING WORK DONE BY BRAKES REDUCED TO A TRAIN SPEED OF 56.25 MILES PER HOUR, 
AND 50 PER CENT. BRAKE PRESSURE. TRIAL LINE B. 

HEBERLEIN BRAKE. SMITH BRAKE. WESTINGHOUSE BRAKE. STEEL BRAKE. 
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1 36.44 - 171.66 -171.06 -1.24 -1.24 56.25 50 - 431.62 -431.62 - 3.13 - 3.1 3 5~ . 25 50 - 299 .42 - 299.42 - 2.17 2.17 56.25 50 - 93.33 - 93.33 - .67 - .67 56.25 50 
2 72.88 618.79 447.23 4.48 3.24 "' ... 863.25 431.63 6.26 3.13 ... . .. 322.28 22.86 2.34 0.17 ... ... 168.88 71i.55 1.20 .53 
3 109.32 730.60 1177.83 5.30 8.54 ... ... 550.70 982.33 3.99 7.12 ... .. . 980.57 i 1003.43 7.10 7.27 ... ... 275.65 351.10 2.00 2.oa 
4 145.76 451.08 1628.91 3.27 11 .81 ... ... 5'o9.76 1492.09 3.70 10.82 . .. ... 957 71 1961.14 6.94 14.21 ... . .. 584.44 935 54 6.57 9.10 
5 182.20 524.34 2153.25 3.80 15.61 

6"0 
859.53 2351.62 6.23 17.05 ... 587 42 2548.56 4.29 18.50 ... ... 906.66 1842.20 6.58 15.68 

6 218.64 503.61 2762,86 4.35 19.96 50.'32 424.18 2775.80 3.09 20 14 50.27 50 1001.10 3549 66 7.24 25.74 48.4 50 864.45 2706.65 6,25 21 93 50.02 50 
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TABLE No. XLIX.-RELATIVE EFFICIENCY OF THE DIFFERENT BRAKES IN REDUCING THE SPEEDj OF COUPLED 
TRAINS OVER A DISTANCE OF 327.96 YARDS OF SECTION B OF TRIAL LINE. INITIAL SPEED OF EACH TRAIN 
46.6 MILES PER HOUR. BRAKE PRESSURE REDUCED TO 50 PER CENT. 

HEBERLEIN BRAKE. SMITH BRAKE. WESTINGHOUSE BRAKE. STEEL BRAKE. 

~al ~~= -o-g ~~ '0~ 8. ~;d 0 ~ ~~ i5£ ~ ~~. 'S~ ~~ ~~ l ~~g -o~ ~~ ~~ 
.g'E ~~~ ~~ P:~ ~" CtJ ~PS~ ~a5 ~~ ~ rn ~~g arg ~o g;, CtJ ~CQ.... ~-g £?; 0 ~ 

~ b.£)Q3 ~ g om .!11 • ..:3 ~ ~ Q o.a ~ ~ ~ ~ ~ :g o..a ] .5 <D Q,) ~ ~ of a.> .5 a:~ 
a5 §P.. -s~rn ~~ '0~§ ~§ ~ coE~ ~g o~§ a;o ~ c;Er8 E-t~ o~§ m§ ~ o~rJJ E-to o~g ~§ 
~ ~ ~.s tr.c=~"J 8 a) ~~·g ~-a _g ~-g~ g~ ~"·~~ ~'C .s ~-g~ g~ ~:.: ~'d .s ~rg-5 ~~ ~~~ ~'d 

.: !J~ U ~~:! :~~ ~~~ ~><_,..; ~.: ~"E~ ~~11 c3~~ ~~J.l ~ ~-e~ ~g"o.; ~~~ ~><_,..; Mll ~!;il.; §E&l ~><_,..; !.: J ~~ ~j H~ ~~.s ~~~ ~~~ 1 !~ H~ !]£ ~~~ &~~ ~~ ~~~ ~ll ~~~ ~~l ~~ ~~~ ~u ~u ~~l !~ 
-; Y:J.~:· 36.44 =-94.882 =-:::: -0.63 -=-0.63 ! 46.6 ~2G .. 566 ~26. 566 - 0.85 -=-0.85 46.6 ::.043 :-:::::-:-::: 46.6 - 102,000 ~~02.0: -0:-1-=-:::-:; 

2 36.44 72.88 + 301.177 206.298 +2.03 + 1.39 ... + 632.352 + 505.786 + 4.25 + 3.40 ... + 525.734 + 820.777 + 3.53 + 6.51 ... + 286,000 + 184.000 +1.92 + 1.23 
3 36.44 109.32 + 250.352 + 406.647 +1.68 + 3.07 ..• + 957.612 + 1463.395 ... 6 44 ... 9.84 ... +1026.496 +1847.273 +6 90 +12.41 ..• + 428,000 + 612.000 +2.86 + 4.09 
4 36.44 14.5.76 + 417.881 + 874.526 +2.81 + 5.88 ... + 126.566 +1589.951 + 0.85 +10.69 ... + 808.310 +2655.583 +5.43 +17.84 ... + 356,000 + 968.000 2.38 + 6.47 
5 36.44 182.20 + 715,296 +1589.R24 +4.81 +10.69 ... + 565.491 +2155.442 .;. 3.HO +14.49 ... + 964.156 +3619.739 +6.48 +24.32 ... + 558,000 +1526.000 + 3.74 +10.21 
6 36.44 218.64 +1050.342 +2640.1 66 +7.05 +17.74 ... + 977.000 +3132.442 + 6.56 +21.05 ... +11S0.649 +4810.388 +8.00 +32. 32 ... + 478,000 +2004.000 + 3.19 ... 13.40 
7 36.44 255.08 + 621.187 +3261.353 +4.18 +21.92 ... + 570.937 +3703.379 + 3.84 +24.89 .. . + 864.416 +5674.804 +5.81 + 38.13 .. . + 698,000 +2702.000 +4.67 +18.07 
8 36.44 291.52 +1027.763 +4289.116 + 9·05 +30.97 ... + 900.297 +4603 676 + 6.04 +30.93 ... + 1279.712 +7954.516 +8.59 +46.72 ... .,.1442,000 +4144.000 +9.64 +27.71 
9 36.44 327.96 +1214.184 + 5503.300 +8.16 t39.13 1 36.39 +1628.656 +6231.332 +10.96 +41.89 34.80 +1186.780 +8140.296 +7.98 +54.70 30.18 +1184,000 +5328.000 +7.92 +35.13 36.71 

shortness of the trains experimented with. It is true that 
a few runs were made with two trains coupled together, 
but the deductions are practically all based on the stops 

hour, at 50 per cent. brake pressure. These deductions 
extend only over a distance of 146 yards, and the results 
are calculated for each 36.44 yards. They show very 

FIG. 13. 

DIAGRAM SHOWING ACTION OF BRAKJiJS AT A SPEED OF 46.6 MILES PER 

HOUR, AND 50 l'ER CENT. BRAKE PRESSURE. 

made with the short trains, consisting of engine, tender, 
and six vehicles. 

The first portion of Table No. XL VII., illustrated by dia-

clearly the relative promptness of action of the different 
systems, and the percentages of reduction of energy for 
each system on the down grade, and on the level are 

FIG. 14. 

DIAGRAM SHOWING ACTION OF BRAKES AT A SPEED OF 46.6 MILES 

PER ROUR, AND 87 PER CENT. BRAKE PRESSURE. 

gram Fig. 13, shows the summarised results obtained from 
a number of experiments at different speeds and brake 
pressures, reduced to the uniform speed of 46.6 miles per 

remarkably uniform, the order of performance being, 
1 Westinghouse, 2 Heberlein, 3 Steel, 4 Smith. The 
second series, illustrated by diagram Fig. 14, are taken 

shared on railsandtrails.com Digitized by Stephen Titchenal



THE PENNSYLVANIA RAILROAD. Hll 

over the longer distance of 218 yards with higher brake 
pressure, and here the superiority of the Westinghouse 
becomes more clearly marked, though unfortunately all 
four brakes are not compared. It will be noticed that 

ference, that while over a shorter distance Westinghouse 
did as well, Steel did considerable worse, the percentage 
being 60.24 and 44.37 respectively. Table No. XLVIII. and 
diagram Fig. 16 show the performance of all four systems 

FIG. 15. 

DIAGRAM SHOWI:KG ACTION OF BRAKES AT A SPEED OF 46.6 MILES 

PJ£R HOUR, AND 113 PER CENT. BRAKE PRESSURE. 

FIG. lG. 

DIAGRAM SHOWING PERFORMANCE OF BRAKES AT 56.25 MILES 

PER HOUR, AND 50 PER CENT. BRAKE PRESSURE. 

FIG. 17 . ... 
,.., 

DIAGRAM SHOWING ACTION OF BRAKES WITH COUPLED TRAINS AT 

46.6 MILES PER HOUR, AND 50 PER CENT. BRAKE PRESSURE. 

while Steel only absorbed 48.50 per cent. of the total 
energy, Westinghouse had destroyed 60.32 per cent. The 
same remark appliea to the third series with still higher 
brake pressure (see diagram Fig. 15), only with this dif-

on the horizontal trial line, at a speed of 56.25 miles per 
hour, and 50 per cent. brake pressure. These trials ex
tended over a distance of 218 yards, with the ordinary 
result of "'.,. estinghouse showing by far the best results. 
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TABLE L.-WEIGHTS AND COST OF DIFFERENT SYSTEMS OF BRAKES. 

Weight and Cost of Brake Apparatus on different Systems fitted to Trains, each 
consisting of Locomotive and Tender, Four Carriages, and Two Vans. 

Name of 
Railway. 

VEHICLES FITTED. 

{ 
Locomotive and tender 
1 goods wagon... .. . 
3 passenger carriages .. . 
2 vans ... .. . .. . 

Locomotive and tender 
2 brake wagons ... 
1 goods wagon. . . . . . 
3 passenger carriages .. . 
2 vans ... ... .. . 

{ 
Locomotive and tender 
1 goods wagon... . .. 
3 passenger carriages .. . 
2 vans ... ... .. . 

Locomotive and tender 
2 brake wagons ... 
1 goods wagon... . . . 
3 passenger carriages .. . 
2 vans ... ... .. . 

Locomotive and tender 
l goods wagon . . . . . 
3 passenger carriages .. . 
2 vans ... ... .. . 

Locomotive and tender 
2 brake wagons ... 
1 goods wagon... . .. 
3 passenger carriages ... 
2 vans ... ... 

Locomotive and tender 
1 goods wagon. . . . .. 
3 passenger carriages . .. 
2 vans ... ... . .. 

Averages 

H eberlein. Smith. 

Weight in 
Tons. 

.590 
2.078 

Cost. 

£ s. 

55 0 
123 10 

Weight in 
Tons. 

1.379 

.286 

.815 

.159 

Cost. 

£ s. 

116 8 

25 14 
75 15 
16 2 

-----1---- ----1----1 

2.668 

.829 
1.976 

178 10 2.639 

78 1 
137 0 

1.241 
.268 
.805 
.162 

2.476 

-------
2.805 

.891 
1.255 

2.146 

215 1 

83 10 
80 7 

1.425 
.246 
.738 
.232 

2.641 

1.609 

.203 

.641 

.174 

163 17 2.627 

1.241 
.260 
.851 
.096 

233 19 

120 7 
26 4 
78 12 
16 4 

241 7 

114 6 
19 6 
57 18 
14 1 

205 11 

115 0 

18 14 
56 14 
13 10 

203 18 

115 18 
26 17 
75 3 
5 17 

Westinghouse. 

Weight in 
Tons. 

.768 

.221 

.665 

.062 

1.716 

1.491 
.266 
.820 
·062 

Cost. 

£ 8. 

96 1 

33 7 
100 3 

5 0 

234 11 

140 2 
34 4 

102 14 
5 0 

2.448 223 15 2.639 282 0 

2.539 185 16 2.567 221 15 2.178 258 6 

Average weight and cost of Steel brake (improved construction) as fitted on the 

Steel. 

Weight in 
Tons. 

2.041 
1.000 
3.000 

.182 

6.223 

2.420 
.422 

1.266 
.084 

4.192 

2.953 
1.044 
3.521 

.120 

7.638 

6.018 

Cost. 

£ s. 
148 6 

24 10 
73 10 
11 0 

257 6 

233 7 
63 2 

189 6 
12 19 

498 14 

199 6 
32 1 

106 19 
16 3 

354 9 

370 4 

W estfallischen Bahn and Frankfurt-Bebraer Bahn . .. .. . .. . •. . 5.916 426 12 

1.651 
Ratios of weight and costs of } 

different brakes, Westing- 1.12 
house being taken as 1 ... 

.738 1.178 .858 1 2.71 
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Table No. XLIX. and diagram Fig. 17 show the results 
obtained with the trial trains coupled together, so that a 
closer approximation to ordinary practice might be ob
tained. As in the other cases, the series were all reduced 
to a common speed (46.6 miles per hour) and the same 
brake pressure, 50 per cent. As might be expected the 
two better classes ·of brakes-Westinghouse and Smith
gave the best performances, while Steel fell behind the 
Heberlein train. It will be noticed that the Westinghouse 
brake performed 54.70 per cent. of the total work, Smith 
41.89 per cent., Heberlein 39.13 per cent., and Steel only 
to 35.13 per cent. 

Although the care with which the experiments were 
conducted leaves no doubt as to their accuracy, it is 
worthy of notice that the irregularity of the lines in the 
diagrams indicates that the apparatus employed left much 
to be desired. It seems incredible, for example, that the 
speeds of the trains over the first 3 6 yards after the brakes 
were applied could rise as shown on the diagrams and 
by the Tables. Some remarkable irregularities are also 
noticeable in the recorded performances of the brakes over 
different sections of the trial lines. That the general results 
are accurate is shown by the fact that the diagrams taken 
by the Westinghouse indicator are practically identical in 
their general features, but have none of the irregularities 
arising from the more complicated apparatus employed. 
The experimenters would have done better had they 
employed this instrument. 

Table No. L. shows the weight and cost of the four 
different systems of brakes experimented with. It is 
interesting as answering completely one of the arguments 
so long urged against the Westinghouse system, that of 
excessive cost. Throwing the Heberlein aside as ·not 
coming strictly within the category of continuous brakes 
properly so-called, it will be found that while the weight of 
the vacuum brake is actually greater than that of the auto
matic, the cost for fitting up the trial train was 221l. 15s. 
against 2581. 6s. for the Westinghouse train, a difference 
scarcely worth record. On the other hand the Steel brake, 
the relative performances of which are clearly shown in 
the preceding Tables, weighs 2. 71 times as much as the 
W estinghouse, while the cost is 1.651 times as great. 

The actual records of the stops made with the experi
mental trains remain to be considered. It will be 
remembered that there were thirteen of these, and that 
the brake appliances represented four different systems
"\iV estinghouse, Smith, H eberlein, and Steel. The report 
showed, as might have been expected, that a large balance 
of advantage lay with the automatic brake, when the 
conditions under which each system was tried were reduced 
to the same standards of brake-block pressure and train 
speed. Table No. LI. on the following pages gives the 

record of each trial and the conditions under which it 
was made, thus supplementing the information already 
given, and showing the actual times and distances which 
each brake required to bring its train to a stop under a 
large range of speed and brake pressure, and upon a falling 
as well as on a horizontal gradient. In regarding these 
results, the Heberlein brake need not be so carefully con
sidered, for though it made some remarkably quick stops, 
its principle does nc,t allow it to be included among con
tinuous brakes proper. There remain, therefore, the 
Westinghouse, Smith, and Steel, and with each of these a 
considerable number of stops were effected at - speeds 
ranging from 35 to 46 miles an hour. The various trials 
may be classified as follows: 1. Ordinary stops with 
brakes applied throughout. 2. Stops in which engine and 
tender alone were braked. 3. Stops where brakes were 
put on by guards and not from the engine. 4. Stops 
where brakes were first applied by guard and afterwards 
by driver. 5. Breakaway stops. 6. Stops made with 
two or more trains coupled, to represent more nearly 
than the short trains could do, the condition of actual 
practice. 7. Special experimental stops with the vacuum 
brake. The majority of the trials came under the first 
class, and none of them were remarkable either for the 
short distance or time in which the train was pulled up; 
in fact, the contrary was the case. This will be under
stood by observing the very low percentage of brake-block 
pressure to total weight of train (except on the Steel 
brake) in consequence, partly because of the weakness of 
the standard brake rigging, and partly because the 
German railway authorities established. a very low 
standard of brake-block pressure in relation to weight 
of vehicles. It will be remembered that the pressure of 
the Steel brake could not be calculated, as was possible 
with the automatic and the vacuum, and that two of the 
first-named trains had a stronger rigging, which was able 
to withstand increased pressure from the brake. In 
the summaries already referred to, the differences were, 
as was seen, reduced to a common standard, but these 
differences and their results are conspicuous in the accom
panying Table. Thus while the percentage of brake
block pressure to total weight of train for the Smith brake 
ranged from 27 to 46, and for the Westinghouse from 
30 to 58 (with one or two exceptions), the percentage i~ 
the Steel brake never fell below 52 and rose to 62, and 
in two instances considerably higher. Yet even under these 
disadvantageous conditions it will be seen that theW esting
house did far better work in the first class of stop (see 
Nos. 23 and 26), where the speed was 40.73 miles per hour 
with 52 per cent. of brake pressure to weight of train, 
stopping on the level in 537ft. and 15 seconds, while Steel 
at a slightly lower speed and 79 per cent. of brake pres-
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TABLE No. LI.-ACTUAL PERFORMANCES OF WESTINGHOUSE, SMITH, HEBERLEIN, AND STEEL BRAKES 
ON THE MAIN-WESER RAILWAY, DURING THE EXPERIMENTS OF AUGUST 1 TO 4, 1877. 

I. 2. 8. 4. 5. 6. 7. 8. 9. IO. I L I2. I 3. I 4. 15. 16. 17 

I 

2 

3 

4 

6 

6 

7 
8 

9 

I O 

11 

12 

13 
I 4 
I 5 
I 6 
i7 
I S 
I9 

20 

21 
22 
23 
24 

25 

26 

27 
28 
29 
30 

31 

32 
33 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 

44 

45 

46 

47 
48 
49 

50 
51 
62 
53 
54 

D6 

57 
58 

59 

60 

61 
62 

63 

64 

65 

66 

67 

68 

28 56 

72 57 

37 59 

56 59 
2 60 

34.77 Frankfurt-Bebraer Bahn ... 

35.4 Niederschles. Miirkische Bahn 

36.64 Bergisch Miirk ische Bahn ••. 

36.64 Ostbahn ... 
37.26 Niederschles. Miirkische Bahn 

I.5 60.6 37.63 Main Weser Bahn 

23 GL2 38 

50 6I .2 38 

83 GL2 38 

Hannover sche Staatsbahn 

Niederschles. Mii.rkische Bahn 

Nied.Miirk. and H annoversche 

11 61.5 38.I 9 Hannoversche Staatsbahn 

I7 63 39.I 2 " .. 

Smith 
Heberlein 

H and brake 

Steel 

H eberlein 

Smith 

H eberlein 

Smith 

H eberlein 

H and brake 

H eberlein 

Hand brake 62 63 

66 63 

26 63.5 
59 63.5 
82 64 

39.12 Bergisch Markische Bahn 

39.12 Hannoversche Staatsbahn ... Westinghouse 

6 64.8 
18 64.8 
39 64.8 

74 65 

8 
I 2 
33 
44 

65.2 
65.2 
65.2 
65.5 

48 65,2 

39.41 Frankfurt-Bebraer Bahn ... 
39.4I W estfdllisch e Bahn ... ... 
39.75 Nied. Mark. and H annoversche 
40.24 Main W eser Bahn ... 
40.24 Hannoversch e S taatsbahn .. . 
40.24 Bergisch Miir k ische Babn .. . 

40.36 Main W eserBahn ••• 

Hand brake 

Heb~~Iein 
Smith 

H eberlein 
Smith 

40.46 " ,, ••• 
40A6 Hannoversche Staatsbahn ::: Westinghouse 
40.46 W estfiUJische Bahn ••• ... Steel 
40 47 Main Weser Bahn ... ... Westinghouse 

40.46 

54 65.6 40-73 

Smith 52 67.0 41 GO Nieder schles. Miirk . Bahn 
53 67.0 4L60 Main Weser Ba.hn .. 
IO 67.8 42.10 Hannoversche Staatsbahn 
58 67.4 4L85 Westfallische Bahn ... 

... W estinghouse 
H and brake 

Smith 

87 67.8 42.10 

35 68.2 42.35 
13 68,5 42.53 
60 68,5 42.53 

" tl ... • •• 

Hannoversche Staatsbahn ... 
Westf;;Jiische Bahn and Berg. 

85 68.5 
91 68.5 
89 68.6 
76 68.9 

I 69.4 
16 69.4 
49 69.4 
24 69.8 
3I 69.8 

30 70 

Miirk. and Main W eser Bahn 
42.53 Frankfurt-Bebraer Bahn .. . 
42.53 Main W eser B ahn ... .. . 
42 54 Frank furt-Bebra.er Bahn . .. 
42.78 " " ... 
43.09 Niederschles. Mark. Bahn .. . 
43.09 Main W eser Bahn .. . 
43.09 Niederschles. Mii.rk. B ahn .. 
43.34 Hann . and Nieder . Mark. Bahn 
43.34 Frank.-Bebraer Bahn, Berg.-

Miirk., and Main W eser Bahn 
43.47 Frankfurt-Bebraer Bahn 

S teel 

.. 
W estinghouse 

Smith 

W est inghouse 
Smith 
Steel 

Heberlein 
Smith 

Heb~rlein 

Smith 

68 70 43.47 Hannoversche Staat sbahn ... W estinghouse 

78 70 43.47 Niederschles. Miirk. Bahn H eberlein 

43 70.6 43.84 Main Weser Bahn ... Westinghouse 
47 70.6 43.84 
57 70.6 43.84 Ostb~hn, Fr~'nkfurt-.Bebrae~· 

and Westf;;Jiiscl:ie Bahn ... 
93 70.6 
65 70.6 
25 71.4 
64 71.4 
67 71.4 

43.84 Ostbahn ... ... . .. .. . 
43.84 Hannoversche Staatsbahn .. . 
44.33 Frankfurt-Bebraer Bahn 
44.33 Bergisch Miirkiscbe Bahn ... 
44.33 Hannoversche Staatsbahn . .. 

73 7L4 44.33 Hann. and Main Weser Bahn 

78 71.4 44.33 Franltfurt-Bebraer Bahn 

36 71.8 44.58 Westfallische Bahn ... 
41 7L8 44.58 Berg isch Markisch e Bahn 

Steel 

W estinghouse 
Hand brake 

Smith 
Westinghouse 

S teel 

Smith 

79 72 44.71 Main Weser Bahn ... ... Westinghouse 

4 72.7 45.14 Niederschles. Markische Bahn 

71 72.7 45.14 , " 
51 73 45.33 " " 

69 73 4.5.33 " " 
5 73.6 45.70 Main Weser Bahn ... • .. 

86 73.6 45.70 Frank.-Bebr. Bn. and West. Bn. 
84 74 45.95 F rankfurt-Bebraer Bahn ••. 

40 74 45.95 Bergisch Markisckh e Bahn .. 

22 74.5 46.26 Hannoversche Staatsbahn 

Heberlein 

s~ith 
Heberlein 

Smith 
S teel 

Smith 

Heberlein 

6-5 
53 

76 

82 

50 

48 

54 

75 

72 

59 

75 

75 
97 
49 
82 
57 

54 
62 

los 
58 

58 

75 

48 
114 

62 

85 
64 

55 
58 
81 
45 
83 
70 
50 
49 
90 

61 
63 

78 

66 

59 
58 

85 
82 
71 

60 
90 

55 

100 

38 

62 

49 
47 

33 

51 

74 
50 

31 

50 

72 

72 

72 

72 

72 

72 

72 

72 

72 

72 

72 

72 
72 
72 
72 
72 

72 

72 
72 
72 
72 
72 

72 

72 
72 

72 

72 
72 

68 
72 
72 
72 
72 
72 
72 
72 
67 

70 
72 

72 

72 

72 
72 

66 
72 
72 

72 
72 

92 

72 

72 

72 

72 
72 
72 

72 

92 
72 

72 

72 

mtres. ft. 
46 23.4 225 738 B 

38 25.8 244 800 B 

... 46,2 469 1538 B 

55 21.0 224 734 B 

59 20.0 194 636 B . 

36 33.2 328 1076 A 

34 26 271 888 B 
39 26.3 270 885 B 

54 15.3 154 505 B 

40 415 1361 B 
50 24 271 888 A 
42 25.6 268 879 B 

54 I9.5 194 636 B 

44 
54 22.5 
82 18 
35 34 
61 I 9 
22 27 

39 30.6 
45 26 
79 18 
42 22 

42 25 

52 15 

35 34 
82 16 
... 52 
45 31 

... 16 

61 22 
46 23 

37 37 
42 27 
58 I 9 
32 82 
60 21 
50 25.4 
30 33 
35 34.8 
GO 26.6 

43 35.6 
43 28.8 

54 20 

47 27.8 

42 30.8 
42 ... 

61 35 
59 22 
51 25 
... 58 
43 29 
65 21 

51 21 

72 19 

35 

27 48.5 

45 30 

... 28 

35 40 
34 43.5 

34 49 

37 40 

52 27.9 
36 34 

32 62 

36 31.6 

457 
235 
223 
354 
202 
307 

1498 B 
770 B 
731 A 

1161 B 
662 B 

1006 B 

... A &B 

326 1068 B 
272 892 A 
207 678 B 
239 783 B 

234 767 B 

164 537 

366 1200 
181 593 
605 1987 
335 1098 

217 711 

267 875 
255 836 

427 1400 
299 981 
223 731 
85~ 1156 
243 797 
291 954 
366 1200 
395 1295 
311 1020 

421 1380 
334 1096 

229 75I 

313 1026 

377 1336 
416 1364 

467 1531 
272 892 
283 928 
700 2296 
330 I 082 
242 793 

249 817 

227 744 

545 1777 

344 1128 

423 1387 

484 1587 
536 1758 

690 2263 

465 1492 

353 1157 
410 I 345 

723 2371 

420 1377 

B 

B 
A 
A 
A 

A 

B 
B 

B 
B 
B 
B 
B 
A 
B 
A 
B 

B 
B 

B 

B 
A 
A 

B 
B 
A 
A 
B 
A 

B 

B 
A 
B 
A 

A 
A 
A 
A 
A 

B 
A 

A 

A 

f 4 on 1 car 
l 4 on 1 ,, 

{ 4 of 1 " 
2 of 1 , 
2 of 1 , 

f 4 of 2 car . 
l 4 of 1 , 

4 

4 

2 
4 

{ 
Cen tre pair } 

of tender 
wheels, 4 of 1 

car. 

4 

4 
2 

{ 
4 of 1 car 
4 of 1 , 
2 of 1 , 

2 

4 

2 

2 

REMARKS. 

I 

Engine an d tender only were braked. 2 
fAt the signal the driver whistled on the two guards" and tender) 3 
~ brakes, and shut off steam. J 

4 

6 n i Brakes put on by g uard s from signal, but were n ot applied from} 7 ••• ! the engme, 

2 

1 
2 

8 

{
Continuous brakes of both trains a pplied .. Unbrak ed carriages} 

removed. Train made up of eight car s with brakes, and 9 
engine an d tender of Nieder.-Miirk. train. R egula tor k ept open. 

fAt the signal the driver whistled on the guards' and tender} 10 
b rakes, and shut off steam. 11 

Same as Nos. 3an d 10. 

Same conditions as In No. 9, Brak e a-pplied too early. 

12 

13 
14 
16 
16 
17 
18 
19 

f No brakes applied. At the sign a.! steam was shut off nnd train} 20 
~ allowed to stop gradually. N o stop r ecorded. 

21 
22 
23 

{ At th e signal three carriages (two braked one unbraked) were t 
uncoupled, to represent breakaway of train. J 

24 
26 

2or 3 l 
sees. S 

26 

1 

2 
I 

r} 

E ngine brake d isconnected. 27 
28 

Same as Nos. 3, 10, an d 14. 29 
30 

{
Train taken up trial line A, and on signal was disconnected} 

between first and second cars, to imitate breakaway. See 31 
No. 25. 

All four trains coupled and braked. See Nos. 9 and 16. 

Vacuum reduced to one-third atmospheric pressure. 

Both trains coupled and braked. See Nos. 9, 16, an d 34. 

Three ditto, ditto. See Nos. V, 16, and 42. 

32 
33 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 

44 

45 

f Brake applied on signal from rear of t rain. S team regulator k ept} 46 
... ~ open. See No.7. 

2or 3 

3 

3 

Same conditions as in Nos. 25 and 31. 

Throe t rains coupled and braked. See N os. 9, 16, 42, an d 43. 

47 
48 
49 

50 
Same condition s as Nos. 3, 10, 14, and 29. 51 

52 
53 
54 

{
T he two unbraked cars thrown out. Train composed of Han-} 

noverschen Railway engine and tender, and eight cars all 55 
braked. See Nos. 9, I 6, 34, 42, 43, and 49. 

56 
f At the signal the coupling between tender and first car was} 
~ disconnected to im ita te breakaway. See Nos. 25, 3I, and 47. 57 

Both bose at end of last car were left open to admit air. 58 
f Brakes first applied by rear guard. Driver put on brakes as l w 
t SOOn aS h e felt influence Of brakeS, r t.IV 

{ At the signal the coupling between tender and first carriage was} 60 
disconnected to imitate breakaway. See Nos. 25,31 47, and 57. 

Engine and tender only were braked. See No.2. ' Gl 
Engine and brake disconnected. See Nos. 27 and 28. 62 

{ Brake applied by rear guard at signal. Steam r egula tor kept } 63 
open. See Nos . 7 and 46. 

64 
f Both trains coupled and braked. See Nos. 9, IG, 34, 42, 43, 4V, 1 65 
l ~K J 

66 
{ Both hose a tend of each car left open to allow a ir to enter. See ·l 67 

No. 58. 
{ Brake first applied by rear guard. Afterwards by driver so soon) 68 

a s latter felt effect of brake. See No. 59. ·. 5 

N OTE.-The r eference numbers in these r em arks r efer to 
Columns I and 17. 

- -------------- -- ·--- - - - --1------ 1-- - -----------------·- - -
1. 2. 3, 4. 5. 6, 7. 8. 9. 10. II. 12. I 3. 14. 15. 16. 17 
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TABLE No. ti.-( concluded). 

1. 2. 3. 4. 1). 6. 7. 8. 9. 10. 11. 12. 
- - - -- - - - - -- -

oi. 
,.; '" dJd E .;, .;, 
"' 

ll>rt.i 
d Q>•M "' 0 ""~ ""' ·a " ~ =·s -~ Po<~ "" ·a 

~ "" "" '" ,.; •M.Q Eo< ~'0 ;i '" "' '" s s 
"" 0 ~> 'S .£~ "' "' "' '" "' ~ =~ P<il, :>1 ·'" ~ ,.; .§ '" <aO 

" .s ~ i '" !l !1 NAME OF RAILWAY. ~~ "" ~·os ~ '" '" "" '4l i:i:i: "' "" a ,; ::..,M "' "' "' .. 
~ ~ 

... 
{1~ i3: ~- " § § z ~ " ~g g 

'S P'i .£~ 'S oo 
'" iii iii 

" .;~'-< "' "' .. .s .s 'S I=QO = " '" "' '" "'" 
co .s "' "' "' a "" '" 
.,~ 

~ "' .. "" "' ~3 0 ;)a> <0 g ~ '" '" a '" ~5 ~ "' "" " "' 
.. 

0. '" z "' "' z P< Po< ::.."' - - - ------------------ - - - -- -
mtres. ft. 

69 20 75.0 46.57 Hannoverschen Staatsbahn ... Heberlein 74 72 53 18 192 629 
70 90 75 46.57 Main WeserBahn ... Westinghouse 77 72 :;:; 25.7 309 1013 
71 19 75.5 46.88 Hannoverschen Staatsbahn ... Heberlein 81) 72 61 25 303 993 
72 27 75.5 46.88 Frankfurt-Bebraer Bahn ... Smith 52 72 37 37 474 1555 
73 61 75.5 46.88 Bergisch Markischen Bahn ... Smith 56 72 40 34 442 1450 
74 77 76 47,19 Frankfurt-Bebraer Bahn ... Steel 87 72 63 23 289 948 
75 38 76.5 47.50 Bergisch Markischen Bahn ... Smith 54 72 41 36.6 491 1610 
76 7 77 47.81 Main Weser .Bahn ... ... , 51 72 37 41 518 1699 

77 21 77 47.81 Hannoverschen Staatsbahn ... Heberlein ... ... ... ... .. . ... 
78 29 77 47.81 Frankfurt-Bebraer Bahn ... Smith 55 72 40 38 484 1587 
79 46 77 47.81 Main Weser Bahn ... Westinghouse 57 72 41 28 320 1049 
80 63 77 47.81 Bergisch Miirkischen B~im ... Smith 54 72 34 37.4 476 1561 
81 45 77 47 .. 81 Main Weser Bahn . .. ... Westinghouse 58 72 42 34 408 1338 
82 75 78.4 48.68 Frankfurt-Bebraer Bahn ... Steel 78 72 54 27 352 1154 
83 92 78.5 48.68 Ostbahn ... ... ... , so 72 58 26 361 1184 

84 80 79 49.05 Main Wese~ and Hann .. . ... Westinghouse 73 72 51 25 327 1072 

85 14 79.5 49.37 Hannoverschen Staatsbahn ... 
st~e~ 

68 72 49 28 3~3 1125 
86 34 79.5 49.37 Westfallischen Bahn ... ... 82 72 59 28 362 1187 

87 94 79.5 49.37 Frankfurt-Bebraer and West .. . 
" 

70 92 50 20 273 895 

88 88 80 49.68 Frankfurt-Bebraer ... ... Smith 40 72 29 48 569 1866 

89 55 80.5 49,99 Ostbahn ... ... ... 70 72 .. " 
50 31 433 1420 

90 3 81 50.30 Niederschles. Mark. Bahn ... H eberlein 62 72 45 25 337 1105 
91 32 83 51.52 WestliUiischen .Bahn ... . .. Steel 83 72 79 26 360 1191 
92 81 87.6 54.39 

Main 'Veser Bah~ 
... ... 72 92 50 27 392 1286 

93 9 93 57.75 ... . .. s~ith 43 72 59 47 694 2276 

- - - --------------- - - - - -- -
1. 2. 3. 4. 5. G. 7. 8. 9. 10. 11. 12. 

sure ran on 678 ft. and took 18 seconds. At about the 
same speed the vacuum brake was very sluggish in pulling 
up the train, always coming in well oyer the thousand feet, 
but having, however, a lower percentage of brake-block 
pressure. Only one stop stands out conspicuously in the 
long series, No. 28, in which the Westinghouse brake, on 
this occasion, only put out anything like its real strength, and 
reached 82 per cent. of brake pressure to weight of train. 
The speed in this case was 41.60 miles, and the stop was 
made on the down grade of the A section of line in 593ft. 
and 16 seconds. No. 23 forms a parallel contrast to this, 
when the Steel train at 40.46 miles an hour with 79 per 
cent. brake pressure, required 678 ft. and 18 seconds to 
stop on the level gradient. Only two stops of the second 
class were made, Nos. 2 and 62; these were with the 
Heberlein brake, and call for no comment. 

Trials Nos. 3, 10, 14, and 29 were those of the third 
class, in which the driver whistled the guards to put on 
the brakes, at the same time shutting off steam, and apply
ing the tender brakes, with tHe exception of No. 3, which 
was a Heberlein stop; all the others were made with the 
hand brakes, and are useful or interesting only for the sake 
of comparison. The fourth class, in which the driver 
applied the brakes as soon as he felt the effect of the 
guards' previous application, is illustrated only by Nos. 59 
and 68, the former a Westinghouse and the latter a H eber-

~ . ' ·~ 
; . _ .. _ ... , 

13. 14. 10. 16, 17 
-- ---_ _,;_._. · "· -

.!l 

"' od 
"' .§ • "' ~ "' 

'" 
;;a 
"' "' "' ,; 

;:l <il ~ '" "' "' "' 'd ,.;. 

"' ~ ~ i:i:£' i 
REMARKS. 

z 
~"' 'S o.., ,<; 8 .... i3: " "' ~~ ~ 0 

<0 

~ b .§ '" rll z Eo< iii 
-- ----·---· - --· -

B 4 2 69 
A 70 
A 4 2 71 
A ... ... 72 
A 73 
A 2 4 74 
A ... ... 75 
A ... ... 76 

A&B .. . .. . { At the signal steam was shut off and train allowed to stop.} 77 
No stop recorded. See No. 20 . 

A ... ... . 78 
B ... ... Sand applied to r ail during stop. 79 
A ... ... One of the hose was stopped up before this experiment took place. 80 
A ... .. . .. Sand applied to rails during stop. See No, 79. 81 
A ... .. . 82 
A ... ... 83 

B ... ... { Both trains coupl<id and braked. See Nos. 9, 16, 34, 42, 43, 49, } 84 
56, and 65 • 

B 8 2 85 
B .. . . .. 86 

{The two unbraked cars were thrown off. .·Train composed of} 
B ... ... Frankfurt-Bebraer railway engine and tender, and eight cars 87 

all braked. See Nos. 9, 16, 34, 42, 43, 49, 56, 65, and 84. 
A ... Vacuum reduced to· one-third ·atmospheric pressure. See No. 37. 88 
A [ 4 4 } 89 4 [j 

B 90 
A 4 2 91 
B 2 2or 3 92 
B ... ... 93 

NOTE.-The reference numbers in these remarks refer to 
Columns land 17. 

-- -----·- --
13. 14. 15. 16. 17 

-

lein train. Both made relatively . good stops, but these 
were, of course, affected by the delay occasioned. The 
breakaway experiments are interesting, as far as they go, 
and are shown in Nos. 25, 31, 47, 57, and 60. Westing
house, Steel, and Heberlein were subjected to · this test. 
With reference to No. 31, the shortness of the stop is 
accounted for by the fact that the train was taken up the 
A section and broken on the rising gradient. All three of 
the brakes tried, showed clearly their comparative effi
ciencies in pulling up a train in the event of a breakaway. 
The vacuum brake, being useless in such a contingency, 
could not be tested in this way. The most important 
experiments of the series were those made with two or 
more trains coupled, and ten such are recorded in the 
Tables. Of these Nos. 9, 16, and 42 were made each 
with two trains coupled, and at comparatively low speeds 
of 39 or 40 miles per hour. It will be noticed that the 
stops made are extremely good, No. 16 especiallJ, which 
was on the down grade of the A line. Nos. 34 and 43 
are trials with the vacuum brake, in each of which three 
trains were coupled. The runs were made on the level 
section, but the stops were not good ones, comparing very 
unfavourably with those made by the same brake and the 
shorter trains, and indicating the increased slowness of 
action with longer trains. No. 55 is the stop -made with 
the Westinghouse Main-Weser and Hannoversche trains. 
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This was a remarkably good one, pulling up the train 
from 44.3 miles per hour in 817ft. and 21 seconds, the 
percentage of brake pressure of 51. This may be compared 
with No. 65, a stop made by the Frankfurt-Bebraer and 
W estfallische trains coupled and fitted with Steel's brake7 

which stopped them from 45.7 miles in 1157 ft. and 27.9 
seconds. The speed is rather higher than the one just 
noticed, but so also was the percentage of brake pressure. 
In Nos. 84 and 8 7, on the other hand, the coupled West
inghouse train fell short of the Steel at a similar speed, 
and with a slightly higher brake pressure. Finally the 
experiments specially referring to the vacuum brake, 
Nos. 33, 59, 68, 80, and 88, speak for themselves; they 
are interesting chiefly in affording information as to the 
efficiency of this system if partially disabled. 

With the reservation previously made as to the mode of 
organizing these trials, there can be no doubt that, care
fully conducted and elucidated as they were, they will prove 
of considerable service in solving the brake problem, not 
only in Germany, but also in this country, and though it is 
evident that in the case of the Westinghouse, at all events, 
the best that system could do was not done, still in the 
deductions made, these disadvantages were partially though 
not wholly eliminated. One fact stands out clearly through
out the whole series-the promptness of action of the 
Westinghouse brake, especially at the higher speeds, and 
with the longer trains. 

With reference to the work itself, the highest praise is 
due to the German engineer who organised and carried 
out the experiments and prepared the report. As has been 
already said, the latter bears in all its pages the evidence 
of careful, judicious, and prolonged labour. It has been 
urged that the report is faulty in that it contains no recom
mendations as to the adoptiOI!; of any special system, and 
in fact no expression of opinioh as to the relative merits of 
the various brakes. But it was not within the province 
of the reporters to make any such recommendations, or 
to express any opmwn. Their duty began and ended in 
arranging, conducting, and recording the trials, but their 
report will serve as a reliable guide to those officers whose 
early duty it will be to decide upon the nature of the con
tinuous brakes which shall be adopted upon German 
railways. 

RAILWAY BRAKE TRIALS IN BELGIUM. 

Passing now to some other trials less elaborate and 
extended, but possessing extreme interest, the experiments 
conducted on the Belgian State Railways claim attention. 
The following is the substance of the official report pre
sented to the Belgian Government : 

In all countries possessing an extended railway system, 
public attention has been lately much occupied by the 

question of the best means to be adopted for diminish
ing the number of accidents due to collisions, these means 
having chiefly reference to the employment of an effective 
brake. This requirement is all the more important when 
a railway system, as that in Belgium, tends always to 
increase, by the opening of branch and secondary lines. 

For a long period, the Belgian Government, while 
following attentively what has been done in this direction 
in other countries, has fully realised the necessity of acting 
by itself under the special conditions peculiar to its railway 
traffic, and of testing the best known brakes which appa
rently present the greatest chances of success as regards 
efficiency, with ease and reliability in working. The action 
of the Government was naturally directed towards that 
class of powerful brakes called continuous, by which blocks 
can be applied to all the wheels of a train, which may be 
entirely in the control of one person, combines the two 
principal characteristics of power and rapidity of action, 
and which at the same time distributes in a regular and 
suitable manner, the wear to which both rolling stock and 
permanent way are subjected in stopping the trains. 

Among the brakes experimented upon may be mentioned 
the Achard electric brake, the Achard brake modified by 
M. Masin, the Heberlein brake, the two air brakes-the 
atmospheric and the automatic-of Mr. Westinghouse, and 
the vacuum brake of Mr. Smith. Without wishing at all 
to anticipate what the future results which these brakes 
may be, it should be mentioned, that, judging from the 
reports that have been published in other countries, and 
especially in the United States and in England, in the 
present condition of development in which these various 
brakes are now found, the Westinghouse air brake and 
the Smith vacuum are particularly prominent from their 
certainty and their power of action. 

A commission having been instructed by the Government 
to make comparative examinations and experiments with 
these last-named brakes, trials were made, and a report 
presented on the results obtained. Annexed to this report 
are the various drawings and explanations of the three 
brakes, together with various details which are so well 
known that it is superfluous to reproduce them here in 
extenso. The engineers at the commencement of their re
port give a brief notice of the various essential parts 
of the brakes, and . of the purposes they serve. They 
say: "We might have confined these remarks to the 
Westinghouse automatic and the Smith vacuum brakes, 
leaving aside the Westinghouse atmospheric, for which 
the inventor has rightly substituted the latter and more 
perfect apparatus; however, we have thought it advisable 
in regard to the comparative investigation of the first two 
brakes, to review here the chief peculiarities of the system 
experimentally tried in June, 1873, and known as the 
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Westinghouse Atmospheric Brake. This brake was 
applied to two locomotives, two tenders, eight carriages, 
and two vans, so that a complete train was equipped with a 
spare engine and tender ; this train, after a term of trial, 
went on regular service between Brussels and V erviers. 

"The atmospheric brake (of which a detailed description 
is appended) consists of: 1. The air compressing pump, 
the piston of which is actuated by another piston placed on 
the same rod, and working in a steam cylinder, supplied 
from the boiler ; this pump is placed on the locomotive. 
2. The compressed air reservoir, receiving the air from the 
pump at a pressure of from four to five atmospheres. This 
is placed under the tender. 3. A double pipe running the 
whole length of the train, and consisting for each carriage, 
of two parallel iron tubes placed under the carriage frame, 
and terminating at each end by a length of rubber pipe 
and a half sleeve coupling. A valve is placed in each half 
of the coupling, to prevent the escape of the compressed 
air in the event of a coupling becoming separated, but so 
arranged as not to interfere with the free circulation of the 
air in the ordinary condition of service. 4. A cylinder 
under the tender and under each of the vehicles, intended 
for receiving, on stopping the train, the compressed air 
from the double pipe running through the train. The 
piston in this cylinder directly controls the lever of the 
brake mechanism attached to the tender and to each 
carriage. 5. The pipes and cocks putting into commu
nication: (a) The pump with the compressed air reser
voir under the tender. (b) This reservoir with the two 
branches of the double pipes, or with one or other of their 
two branches. (c) Each of the cylinders placed under the 
vehicles with the two branches, or with one of the branches 
of the double pipe. 

" A later addition which was made by the inventor, but 
which was not applied to the brake tried in Belgium, 
consists in placing under the last carriage of the train a 
supplementary reservoir, in connexion with the double 
pipe, and containing a reserve supply of compressed a1r, 

1 'U2 1."1.!]5 
1."291 

JJi:lhdk. l 

these prices have to be added the cost of attachment, 
which may be taken at 27.61. for the engine and tender 
and 6.28l. per carriage or wagon. These amounts are 
divided as follows : 

For Engine and Tender: 
Material . 
Labour . 
General expenses 

Total . 
For each Vehicle: 

Material . 
Labour . 
General expenses 

Total 

.£ 
10.5 
10 

7.1 

27.6 

1.45 
2.80 
2.03 

6.28 

"The brake rigging with which the vehicles were fitted, 
and which was furnished by the Administration, cost 
about 5l., which brings the total expenditure on a train 
made up of two vans, eight carriages, and locomotive and 
tender to: 

Cost of apparatus for engine 
, , t ender . . . . 

Attachment of apparatus to engine and tender . 
Cost of apparatus for ten carriages 
Attachment , 

" Brake rigging 

Total 

.£ 
55 
17 
27.6 

170 
62.8 
50.0 

382.4 

"The brief description just given of the atmospheric 
brake will sufficiently describe its mode of operation. The 
air compressed by the pump is stored up in the reservoir 
and the auxiliary receiver at the end of the train. To 
stop the train, the driver admits the air from the reservoir 
into the cylinder under the carriage and tender, by means. 
of the double row of pipes, and the brakes are thrown on. 
To release it all that is necessary is to put the pipe in 
communication with the atmosphere, the air is discharged 
from the cylinders, and the springs throw off the brakes. 

"During the latter half of 1873, MM. Masin and Blanc
quaert conducted a series of trials, with the object of 
ascertaining the efficiency and regular working of the 
brake. The train compnsmg the engine, tender, eight 

J 
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PROFILE OF TRIAL LINE. 

with the object of stopping the rear carriages of the train in 
the event of a breakaway. The price paid in 1873 for the 
parts named above, with the exception of the supple
mentary reservoir above mentioned, was 551. for the 
engine, and 171. for each tender, carriage, and van. To 

carriages, and two vans, was tried between Brussels and 
Alost, and afterwards between Brussels and Antwerp, and 
stops were made sometimes by means of the atmospheric 
brake, sometimes by means of the hand brakes on the 
tender and the vans. The following are some of the results 
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obtained. Between Berehem, St. Agathe, and Dilbeck at 
the kilometre post No. 10, the train, having a speed of 
32 miles an hour, was -stopped in a distance of 400ft. 
with the atmospheric brake, and in 1722 ft. with the three 
hand brakes. Between Ternath and Eschene-Lombeck at 
post No. 21, the train was stopped in 784ft. and 2745ft. 
respectively, with a speed of 40 miles an hour at the 
moment of applying the brake. 

"After a sufficiently long period of trial, the results of 
which were consistently in favour of the air brake, the 
authorities proposed an extended application upon four 
trains. 'We have found,' they wrote, 'from investi
gations we have made during the three months that the 
brake has been in service, that it completely fulfils all the 
conditions promised by those who brought it under our 
notice. Under these circumstances, although we find in 
the Westinghouse brake the defect originally pointed out, 
that its action depends solely upon . the function of one 
organ, we do not hesitate to suggest, if not its universal 
adoption, at least an application extended to several trains. 
We are persuaded that. these powerful means of stopping 
would prevent many catastrophes, and that their applica
tion would not entail any new danger, if a rule be made 
not to employ it in entering stations, at the terminal points 
of lines, or in large depots, unless in the event of any 
obstruction being seen in front of the train. This rule is 
applied to the trains Nos. 101, 104,108, 109. The brakes 
controlled by the air pump can be equally worked by 
hand, so that it is easy to carry out the above rule.' 

" With reference to the only unfavourable comment on 
the system, it must be remembered that in the trial train 
the reserve reservoir at the rear did not exist, and the 
working of the brakes depended entirely on the three-way 
cock, commanding the double line of pipe along the train. 
Summarised, the advantages of the air brake are as follows: 
1. Its action is prompt. 2. It is in the hands of the driver, 
and can be operated gradually if desired. 3. It produces 
an elastic pressure distributed over all the wheels of the 
train. 4. It can be applied throughout the whole length 
of the train. 5. It is unaffected by dust, and atmospheric 
changes do not in any way affect it. 6. It is not liable to 
become deranged. 7. It acts independently of the move
ment of the train. 

"It was only at the end of 187 5 that the Administration 
found itself in a position (financially) to give effect to the 
proposition of MM. Masin and Blancquaert, to extend the 
application of this continuous brake to a larger number of 
trains. 

"We may note here in passing that it will be found from 
a report prepared by the directors of the way and works, 
of traffic, rolling stock, and working, that the collisions on 
the Belgian State Railways in which foreign trains were 

damaged, during eleven months in 1874 (collisions which 
would probably have. been avoided by the, aid 0£ efficient 
brakes), resulted in a loss of 18701. in damage to per
manent way and rolling stock, as well as to indemnities 
paid to sufferers. This expenditure represents an outlay 
for the year of 20001., and this fact demonstrates the 
advisability of the Administration taking steps for the 
application of powerful brakes on passenger trains. 

"When the question was recons~dered in 1875, it was 
under somewhat modified conditions; a new continuous 
brake-the Smith vacuum-recommended by the favour
able reception accorded to it in some other countries, 
appeared to possess real merit. On the . other hand, Mr. 
Westinghouse had considerably improved his compressed 
air brake, with a view to render its action not only more 
rapid, but, so to speak, instantaneous, and to secure, in 
case of a breakaway, an automatic arrest of the portion 
left behind. This new arrangement is known under the 
name of the Automatic Brake. The late experiments 
we have conducted, by order of the Administration, have 
been with the Smith vacuum and the Westinghouse auto
matic brakes. 

"We may give briefly a description of these apparatus, 
commencing with the automatic (the reporters here em
body the pamphlet of the Westinghouse Continuous Brake 
Company). The atmospheric brake requires an appre
ciable time to allow a sufficient quantity of air to pass 
through the double line of pipes in order to fill the brake 
cylinder under the carriages, and the time thus lost increases 
with the nUlllber of vehicles forming the train, not only 
because the length of pipe is greater, but also because the 
number of cylinders, and, therefore, the quantity of air is 
greater. In the automatic arrangement a general reservoir 
is placed under the foot plate of the engine, the chamber 
at the rear end of the train is done · away with, but a 
receiver is placed under each vehicle (tender, carriages, 
and vans) which is in direct communication with the 
general reservoir, and is kept always charged with air. 
The double pipe throughout the train is replaced by a 
single one, which places in connexion the air pump and 
each of the special reservoirs under the carriages, when 
the lengths forming this pipe are coupled ; there are no 
valves as in the atmospheric brake, because unlike the 
conditions ruling in the older form, the pipe is charged 
with compressed air at any time, and is discharged in 
stopping, whether this operation is brought about at will, 
or automatically as the result of accident. Finally, under 
each vehicle the cylinder which actuates the brake rigging 
with which the carriages are fitted, the special reservoir 
and the line of pipe, are controlled by a triple valve which 
permits of the following action: When the pipe is in con
nexion with the common reservoir, that is to say filled, 
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the special reservoir is in connexion with the pipe and also 
filled, while the brake cylinder is open to the atmosphere, 
and consequently the brake-blocks do not come in contact 
with the rails. If on the contrary, designedly or by acci
dent, the pipe is opened to the atmosphere, the special 
reservoir is no longer in connexion with the pipe but with 
the brake cylinder, and the blocks are thrown on. It will, 
therefore, be seen that the quantity of air for each vehicle, 
required to put on the brakes, has only to traverse the 
small distance between the reservoir and the cylinder, so 
that the rapidity of action is much greater than in the 
atmospheric brake, and this is independent of the number 
of carriages in the train. Moreover, in the event of a 
breakaway, the brake acts automatically, and, so to speak, 
instantaneously. 

"The Smith vacuum brake comprises: 1. Under each 
carriage two cylinders of india-rubber, which are free to 
contract upon themselves, and resembling the bellows of 
an accordion. If the air is exhausted from the interior 
of these cylinders, the outer atmospheric pressure tends 
to compress them. Iron wings fitted to the interior of 
these cylinders prevent lateral collapse, so that the atmo
spheric pressure actuates only on the ends of the cylinders; 
one of these heads is bolted to the carriage, and the other 
is attached to the levers of the brake rigging, in such a way 
that any exhaustion within the bags puts the brakes on. 
2. A double pipe, as in the atmospheric brake, but without 
valves at the couplings; this runs the whole length of the 
train, and forms a closed circuit which is in connexion with 
the cylinders, and by -which during a stop the vacuum is 
produced by means of a steam ejector placed on the engine. 
3. The ejector above mentioned receives steam from the 
boiler, which escapes ip.to the air, drawing with it the 
air in the pipes and cylinders. By thus exhausting them, 
or by readmitting air, the brakes are thrown on or re
leased. 

" The foregoing brief description and an examination of 
the drawings show two essential elements of inferiority 
of the Smith vacuum brake, which requires, as does the 
Westinghouse atmospheric, an apprec!able time for the ap
paratus to transmit its action to the last carriage, whilst 
the automatic brake acts much more rapidly. The 
promptness in action of the Smith also decreases as 
the length of the train increases, which is not the case 
with the automatic brake. This rapidity of action would 
be still to the advantage of the Westinghouse brake, even 
when the distance the air travels is identical in the two 
brakes ; because, on the one hand, the friction of the air 
in the pipes is unimportant on account of the small 
specific weight of the air (which at one atmosphere is 
only •do that of water); thus experience has confirmed 
at Mount Cenis the results, proved theoretically, that the 

seven atmospheres produced by the compressors were 
transmitted to the drilling machines through a conduit of 
7 -k miles without any appreciable loss from friction. On 
the other hand the velocity of the air in the pipes is in 
proportion to the square root of the difference of the 
pressures of the air at the two ends of the pipes, · as shown 
by the formula : 

.I p_pl 
V' = '\J2.9'--

71' 

in which P-P1 are the two end pressures, and 1r the 
specific weight corresponding to the pressure P. Now 
this difference of the pressure P and P 1 is much greater in 
the Westinghouse than in the Smith. 

" In the second place, in the event of a breakaway, 
nothing in the Smith brake provides for throwing on the 
blocks : the most that can be done is to preserve the hand 
brake in the last carriage, whilst the automatic brake 
continues its functions in such a case, and without the 
intervention of any one upon the train. 

" The Administration judged it expedient to place both 
these systems in competition, in order to be able to com
pare them, not only as regards rapidity of action and 
safety, but also with reference to all the other points 
which present themselves-simplicity of apparatus, ease ot 
maintenance and working, influence on the engine, and 
economy of application. 

" We will commence by considering these two systeme; in 
the point of view of power and of rapidity of action, 
leaving theory for fact. 

" The two trial trains were practically identical, namely, 
the Westinghouse consisted of the engine, tender, twelve 
carriages, and two vans ; the Smith one carriage less. In 
order to avoid admitting any extraneous circumstances 
into the trials, which might have affected the results, both 
trains were placed in the same condition. The trials took 
place on the line from Brussels to Denderleuw, at a mile 
and a quarter from the Ternath station. Fig. 1 (see page 
197) gives a profile of the road with the kilometre posts 
marked. In each of the trials, steam was shut off, and 
the brake put in action at the moment when the driver 
passed No. 15 post, and a signal bearing the number of 
the experiment was placed in the ground at the point 
where the train stopped. The distance between this 
signal and post No. 15 therefore represented the distance 
run during the time the brake was in action up to the . 
final stoppage of the train. The speed of the train at 
the moment when the brake was applied, that is to say, 
when post 15 was reached, was carefully observed by 
means of two speed indicators, and taken carefully from 
kilometre to kilometre. Experience showed us that the 
mean speeds between posts 13 and 14, and between 14 and 
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15, scarcely differed from the moment when we passed a 
point on the line situated a little in advance of the post 
No. 12. This mean speed gave with approximate accuracy 
the speed at post 15, when the brake was put on. The 
atmospheric conditions were practically the same during 
the experiments made with both systems, the weather was 
perhaps rather more foggy when the automatic was run-

TABLE No. LII.-PERFORMANcEs oF BRAKEs. 

A. Smith Brake. 

Number of Speed between Posts Speed bet ween Post s Distance run · 

Experiment. 13 and 14. 14 and 15. while Brake was in 
Operation. 

Miles per hour. Miles per hour. feet. 

1 45 45 1574 
2 26:!- 30t 885 
3 34!- 37!- 1102 
4 35t 40 1170 
5 35 37k 1033 

B. Westinghouse Brake. 

Number of Speed between Posts Speed between Posts Distance run 

Experiment. 13 and 14. 14 and 15. while Brake was in 
Operation. 

Miles per hour. Miles per hour. feet. 
1 40 40 949 
2 37t 42!- 875 
3 31 46 984 
4 35-§- 37 682 
5 28!- 32 416 

ning. We give above the results observed in these trials, 
namely, the speeds and the distance measured between 
post 15 and the signal (the lengths having been obtained 
by counting the number of rails). 

" The train with the Smith brake, it is true, had one car
riage less, but the difference in the two average curves is 
too great to be accounted for by this slight variation; 
moreover, in the calculation given below of the mean 
resistance of the two brakes, we have taken this difference 
between the trains into our calculation, and this diffe
rence is rather to the advantage of the Smith brake, since 
the mean resistance decreases when the train is increased 
in length, on account of the greater difficulty in exhausting 
the air from the pipes and cylinders. 

"The engine and tender weighed about 54 tons, the 
weight of each carriage averaged 8 tons, so that the 
total weight of the Smith train was 158 tons, and that 
of the Westinghouse 166 tons. Let-

rr=The weight of train in tons. 
V. The speed in kilometres per hour, acquired by the 

train at the moment when the brake is applied. 
P. The total resistance in kilogrammes (assumed to be 

constant) during the period of stopping. 
l. The distance in metres run from the time the brakes 

are applied to the stopping of the train. By 
the ordinary formula.* 

1000.;or ·-(1000 V)2 _ ---z:g X 3600 · - p lt 

Whence for the Smith brake, 

P=616.84 V2 

l 

and for the Westinghouse, 

p-648.07 V2 

l 

DIAGRAM SHOWING PERJWRMANCES OF BRAKES. 

"The diagram, the ordinates of which give the speeds 
observed at post 15, and the abscissre the distances run, 
between the application of the brake and the point of 
stoppipg of the train, shows very clearly the difference in 
rapidity of action and in the power of the two brakes. 
LineN o. 1 connects the points laid down from the trials with 
the automatic, and No. 2, those relating to the vacuum. 

Applying these formulre to the figures giVen by the ex
periments recorded above, 

" 1. For the Smith brake : 

* This formula and the following deductions are reproduced from 
the report, the final results only being translated. 

t This formula neglects the influence of rotation of the wheels; to 
bring them into account, it is sufficient to increase the weight of the 
trains by 7.5 per cent. 
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Whence, 

or, 

v/ =10.80 in the 1st trial 

= 8.89 , 2nd , 
= 10.62 , 3rd , 
=11.47 " 4th " 
=11.43 " 5th " 

V2 
Average of the five experimentsT =10.64. 

P=616.84 x 10.64=6563.17 kilos.=14,438.9lb. 

43 7.53 = 962.5lb. per carriage.* 

2. For the Westinghouse Automatic : 

Whence, 

or, 

i 2 =14.15 in the 1st trial 

=18.35 , 2nd , 
=18.01 , 3rd , 
=16.69 " 4th " 
= 20.40 " 5th " 

V2 
Average of the five experimentsT=17.52 

P=648.07 x 17.52=11,354.18 kilos.=24,979.2lb. 

728.76 kilos.=1603.3lb. per carriage. 

"If, taking into consideration the difference in composi
tion of the two trains, we assume the Westinghouse to have 
only thirteen carriages, or a total weight of 158 tons, like 
the Smith, and therefore running a greater distance before 
coming to a stop, it is sufficient to remark that the constant 
resistance 11,354 kilos. as given above, is reduced T~' so 
that 

P=H x 11,354.18= 10,644.55 kilos. 

'Whence the values of yz would have been 
l 

V2 _ P _10,644.55 
7 -616.84 616.84 17·25 

instead of 17.52, and the distance run before the complete 
stoppage of the train would have been increased only in the 
proportion of 17.52 : 17.25 or 6\, which is insignificant; 
thus with a speed of 46 miles an hour, the train would 
have run 997ft., instead of 984 ft., and so on. 

" All regards the superiority of theW estinghouse over the 
Smith brake in energy and rapidity of action, two remarks 
may be added: 1. The trials made in 1873 with the 
atmospheric, gave results closely approaching those 
actually made with the automatic ; therefore we con-

* Making allowance for the resistance due to the engine and in 
estimating the resistance of the tender as equal to twice that of a 
carriage for the Smith brake, and 1.58 times that of the carriages for 
the automatic. The former carries two bags under the t ender, and 
each carriage one only; in the latter the surfaces of the brake pistons 
are in the ratio of 1.58 to 1 for the tender and each of the carriages 
respectively. 

sider the Smith vacuum inferior to the atmospheric 
brake in energy and rapidity of action. 2. Appended to 
this report are the diagrams obtained in England during a 
series of comparative trials between the automatic and the 
vacuum brakes;* these diagrams were obtained with 
the speed indicator, a valuable instrument for these kind of 
trials, but which we had not at our disposal for experi
ments. These diagrams have brought English engineers to 
the same conclusions as ourselves, but in a clearer and 
more conclusive manner. 

"We may say a few words as to the cost of fitting the 
two brakes, as they have been applied on the two trial 
trains above referred to. 

"The application of the automatic brake cost, including 
fitting for the locomotive and tender, 62.51., plus the main 
reservoir and cost of mounting, valued at: 

Material 
Labour . . 
General Expenses 

Total 

For each carriage and van : 
Apparatus furnished by the inventor 
Brake rigging supplied by the State . 
Material 
Labour . . 
General expenses . 

Total 

Cost per carriage . 

For engine and tender 
For the 14 carriages 

Total per train 

£ 
16.6 
28.3 
25.5 

70.4 

. 1.14 
. 3.44 
. . 2.47 

£ 
21 

5 

7.05 7.05 

. 33.05 

. . 132.9 
. 462.7 

. 595.6 

The applications of the vacuum brake to the trial train 
cost as follows 

For the locomotive 
Plus the cost of fitting : 

Labour . 
Material . . 
General expenses . 

P er carriage 
Brake rigging 
Cost of fitting 

Total cost per carriage 

Total for locomotive and tender . 
For the 14 carriages 

Total . 

£ 
. 10 
. 10.10 

7.08 

27.18 

.£ 
40 

27.18 

67.18 

12 
5 
3 

20 

67.18 
280.0 

347.18 

"For a train often carriages fitted with the Westinghouse 

* The North British Railway Trials, see Plates LXXIX., LXXX. 
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atmospheric brake was paid (see the commencement of 
this report) the sum of 382.41. A similar train composed 
of 14 carriages would have cost 495.5l., and we have, 
therefore, the following comparative statement of first 
cost in the then system : 

.£ 
For a train of 14 carriages with vacuum brake 347.18 
For a train of 14 carriages with atmospheric brake 495.5 
For a train ·of 14 carriages with automatic brake 595.6 

"These figures show to the advantage of the Smith 
system, but they are more deceptive than real, if the 
following considerations are taken into account: 1. The 
cost of maintenance is higher for the Smith brake than for 
Westinghouse, either atmospheric or automatic. We add 
to this report notes upon this subject by the Chefs de 
Service de la Tmction of the second group, and of the 
transport department, notes which show that for the W est
inghouse brakes the cost of maintenance have amounted 
annually from 16s. to 28s. per engine and tender (the 
figure of 21s. being that for the first year when the drivers 
were not habituated to the new appliance). For carriages 
the cost was from 2s. to 2s. 9d. per vehicle, the higher 
amount referring to the atmospheric brake with double _ 
pipes, and the lower to the automatic with single pipes. 
We may remark . that the figure of 495.5l. and 2s. 9d. 
representing for the atmospheric brake the costs of first 
establishment and the cost of maintenance per carriage 
and per year, would be diminished by adopting the new 
arrangement now followed by the inventor, and consisting 
of placing for the atmospheric, as well as for the automatic, 
a single line of pipes under the carriages. 

"As regards the vacuum brake, the bills appended show 
that the cost of maintenance is considerably higher; it 
should be remarked, however, that several of the carriages 
were fitted with brake rigging furnished by the inventor in 
place of those supplied by the State on three of the 
carriages only of the Smith train, and for the two 
Westinghouse trains; the cost of repairs must be therefore 
reduced by the amount due to the replacing of the brake
blocks. It should also be remembered that the Smith 
brake had been in the hands of the servants of the Ad
ministration too short a time to obtain exact figures as to 
the cost of maintenance ; however, the bills of charges 
appended, even reduced in the way stated, prove sufficiently 
that the cost of maintenance is higher for the Smith than 
for either of the two Westinghouse brakes. It is easy 
to see, moreover, that the Smith brake, from the 
nature of the materials chiefly used in its construc
tion, will involve a greater cost in maintenance, if the 
rubber cylinders of this system are compared with the iron 
cylinders of. -the Westinghouse brakes, and it must be 
remembered that the former require a double line of pipes 

and therefore twice as many rubber couplings and joints as 
the automatic, or even the atmospheric, in its present 
form. 

"2. As to useful effect produced, it is evident that the 
work required to exhaust the air from the Smith apparatus 
by means of the ejector will take from the engine a larger 
amount of steam than that absorbed in compressing the 
air for the Westinghouse brake. 

"The employment of the Smith brake would therefore 
result in a greater cost for fuel than the Westinghouse. 
These current charges for maintenance and fuel, heavier 
for the vacuum than for the two others, would absorb the 
apparent economy in application, which we have mentioned 
above, for the Smith brake. 

"It may be added in conclusion, that the application of 
the Westinghouse automatic brake can be made-with a 
view to economy-gradually, by adopting atmospheric 
brakes with a single line of pipe under the train ; the coup
lings would be those of the automatic, with the addition of 
the two small retention valves, necessary in case of a 
breakaway. Later the atmospheric brake could be very 
easily transformed into the automatic by removing these 
valves, and placing under each carriage a special air 
reservoir and the triple valve. This could also be applied 
to the atmospheric brake, if-which is possible-it were 
made to work as a simple valve always open between the 
principal pipe and the cylinder of the carriage." 

THE NORTH EASTERN RAILWAY TRIALS. 

In the early part of 1877 some interesting comparative 
trials between the vV estinghouse automatic and the vacuum 
brakes were carried out by the North Eastern Railway 
Company. The results were extremely satisfactory as the 
following report of the trial will show, and prove con
clusively how much may be done-apart from the system 
of brake power employed-in properly fitting the brakes, 
applying two blocks to each wheel, and other details 
which apply not only to a period of experiment but to the 
working practice of every day. 

In order that the trial with the vacuum brake should be 
really a competitive one with that of the automatic which 
had been made previously, the train was taken, and the 
stops made, over the same piece of line between New
castle and Tweedmouth. Moreover, the train was made 
up to correspond exactly with the previous one, the engi,ne, 
number and weight of carriages, and proportion of weight 
braked, being precisely the same as it was for the Westing
house train. 

It should be remarked, too, that this trial was the first 
important one in which the vacuum brake was made to 
depend upon itself, without the assistance of pumps in the 
van. The use of these clumsy auxiliaries at brake trials 
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cannot be too much condemned, for as they are not used in 
practice, the results obtained with them and the vacuum 
brake are not representative of the actual capability of the 
latter, and give no reliable information as to what could 
be expected of it in daily working. 

The · experimental trains were made up as follows : 
Engine-one of the standard type of North-Eastern ex
press engines, with four-coupled wheels 7 ft. in diameter, 
and cylinders 17 in. in diameter, and 24 in. stroke, the 
weight with tender being 66 tons 6 cwt. Vehicles-nine 
carriages and three vans, being in all 103 tons 14 cwt., 

and making the total weight of train 170 tons. Brakes 
were applied to 152 tons, or 89.5 per cent. of the whole. 
In the vacuum brake, the power was produced by two 
ejectors on the engine, and, as already stated, no auxiliary 
means of pu.tting on the brakes were introduced. Two 
cast-iron brake-blocks were fitted to each wheel, and were 
thrown on by means of a vertical rubber bag beneath each 
carriage. Blocks were not applied to the leading wheels 
of the engine, nor to the wheels of the experimental van, 
but as during the Westinghouse trial, one pair of wheels of 
this vehicle were fitted, a hand brake actuating wooden 

TABLE No. LIII.-COMPARATIVE TRIALS ON THE NORTH-EASTERN RAILWAY BETWEEN THE SMITH 
VACUUM AND THE WESTINGHOUSE AUTOMATIC BRAKES. 

S!UTH V Acumr • WESTINGHOUSE AuTOMATIC.* 

... .8 ... "' ~~ a; 0 ... "' -:a~ "' "' "' ... "' "' p.. ;::: 1::: p.. 'la II= ·~if: 1'1 "' .,; 
1:::~ 1'1 

"' "' p.. "' "' .,; g. "' 1'1 "' "' 
~ 

~ .8 1'1 
~ ~ 1'1., 1'1 

"' "~ " 0 "~ 
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~ 
.s "" "- .s: ~]~ .s "" ~!Xl :E -+='"'d ~ 

How BRAKES 
-~ 

1'1 
" 0 

A How BRAKES 
-~ 

l=l 
,_ 

~ ~ g 
0 

WERE APPLIED. 
0 

""1'1 ~ """0 0 ""0 II= """~ 00 0 • ""~ WERE APPLIED. 0 • l=l ... ,.,. 
.s~ l=l 1'1 ., ... <I>P.. 1'1 0 1'1 1'1"" 

E-< "' 0 E-< "'0 - ... 0 Of""' J.-4 ~ 

.s 00 
•.-I~ 0 ·~ ~ fti 

0 

~~ ~i ... - l'lw ... " 
p.. - ... 

"' 
p.. 

0 • ·-"' l=l • 
0"""' 0 • § Q) § rg ~ "' ~ § " " rga " ..0 .,~ .,.,. ·-'Cf ~"'" .,~ ·-'Cf 

s s"' ... .,. """' ~~ s "' 
..,.,. """' ~ ~!";:1 

" 8.~ ·- s ~~ s s ~[/1~ 8.~ 8s ~~ ~a ~w;:;t z U1 E-< {.':) U1 {.':) 

-- --- --- --------- ---
{By d;iver ~ 44!. 17t 540 {1in246} 6S2t 

JBy driver} { 1 in 2S6 } 1 on signal 2 falling on signal 47! 15t 600 falling 665 
from van J l from van 

2 44~ 19t 741 { 1 ~- 754l 935t 47t 16 640 { 1 in 3S1 } 709 
" " nsmg t " " · rising 

1 in 754 { 1 to 754 } 3 " " 
46 17 S40 { falling 992 

" " 
50 15 610 down 610 

4 46~ 1St 827 { 1 in 381} 956 51~ 15 660 { 1 ~n. 300 } 
" " falling " " r1smg 622 

5 48t 21 947 1007t 52~ 16~ 665 { 1 in 246 } 603 
" " 

.. . 
" " falling 

6 49~ 17 S70 { 1 in 410} SS7 52~ 16t 690 { 1 in 264 } 626 
" " falling " " falling 

7 " " 
51 17 750 Level 721t 

" " 55! 17t 725 Level 5SS 

8 51 1St 930 { 1 in 264} S94 60t 19 8S5 { 1 in 2S6 } 
" " falling " " falling 605 

9 52t 1S 975 fin 4537} 8S4 60t 19t 965 Level 
" " . falling " " 656 

10 " " 
59 25t 1290 { 1 in 150} 

falling 927 
" " 60t 21t 1080 { 1 in 150 } 

falling 73S 

11 59 26 1320 Level 948§ 63 24 1300 { 1 in 170 } S191l " " " " falling 

12 61 25 1355 { 1 in 170} 910 64 20 1294 Level 789 " " falling " " 

Average distance in feet run after application 
brakes with speed reduced to 50 miles per hour 

of} 926~ 
Average distance in feet run after application of} 

brakes with speed reduced to 50 miles per hour 669 

Average excess of distance run by vacuum tram, 257ft. 

* On the occasion of the Westinghouse trial, other stops were made than those recorded above. They comprised 
stops made by the rear guard, and automatically, and may therefore be omitted from this comparative Table as the 
nature of the vacuum brake does not permit of similar stops being made with it. ' 

t The stops thus marked must be considered doubtful, owing to the fact that the counter was not started simulta-
neously with the application of the brakes. 

t This stop was made with steam kept full on. 
§ The counter was tested on this stop. 
II In this stop, the brakes were not applied until after the indicator was started, the result recorded being 100ft. in 

excess of the actual distance run after the brakes were on. 
, In obtaining this average those distances marked "doubtful" are omitted. 
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blocks was applied to the corresponding pair of wheels. 
The pressure exerted by the brake blocks on the wheels 
was in each case adjutsted to be about equal to that on 
the automatic train. In short, in every detail, it was 
arranged that the trials should be strictly competitive, by 
having the conditions exactly the same for each. Finally, 
it may be added, that the weather was extremely favour
able for making the trial. 

The experiments, which were conducted officially, were 
controlled from the experimental van, where the operator 
indicated, by an electric bell, the moment when the driver 
should shut off steam and apply the brakes, he at the 
same time signalling back to the van. The distances run 
in making the stops were recorded by means of a Schaffer 
and Budenberg counter, mounted on the unbraked axle 
of the experimental van, and set in motion simultaneously 
with the signal from the driver. The accuracy of the 
instrument had been carefully tested before the trial, but 
it was now again proved by moving the train forward over 
a given distance first at a very slow pace, when it was 
found to be exactly right; afterwards at a high speed, when 
an error of 2 per cent. declared itself, and, finally, it was 
tested with the brakes on, when the record was again 
good. 

It was evident, however, that while for efficiency and 
completeness it could not be compared with the speed indi
cator of Mr. Westinghouse, yet as a distance recorder it 
was accurate. 

The performance of the brake on twelve stops was 
noted during the experiments ; three of these however, 
are open to doubt owing to the counter not having been 
properly managed; they are marked "doubtful" in 
Table No. LIII. 

.. 

These trials are of especial interest and value as proving 
definitely the comparative efficiency of the two systems. 
They in fact leave nothing more to be said on the question 
in the way of discussion, and they demonstrate more clearly 
than any series of experiments had previously done, that 
the great defect of the vacuum brake in stopping a train 
lies in its comparative slowness of action. The average 
distance run by the vacuum train on this occasion with 
the speeds actually made, reel uced to 50 miles an hour, was 
257 ft. in excess of that shown by the automatic train, the 
doubtful stops of the former series being thrown out of 
consideration. The action of the two brakes when in full 
operation has been shown to be equal, and the 257ft. 
would thus be traversed by the train at the full speed of 
50 miles an hour. This is also proved by referring to the 
times taken in stopping. One of the stops made by 
the Westinghouse train from a speed of 50 miles an hour 
was 15 seconds, and the reliable stop made by the 
vacuum train from 51 miles was 18! seconds. At 50 
miles an hour a train runs 73.3 ft. per second, and 
73.3x3.5 =256.5 ft., corresponding exactly to the average 
excess deduced from ten runs at various speeds made by 
each of the two trains. It follows .from this that 3.5 
seconds are lost by the vacuum brake before it begins to 
come into operation, and this with a speed of 50 miles an 
hour, means that the train is entirely out of control while 
running over a distance in which it is in the power of the 
Westinghouse brake materially to diminish the speed, as 
was shown by the experiments on the North British Rail
way, and the evil effect of this delay is felt throughout 
the whole stop.* 

* See also Appendix B. "The Action of Brakes." 
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SECTION IX.-REVENUE AND EXPENDITURE. 

IN reviewing the earnings and expenditure of the Penn
sylvania Railroad system, it will be found most con

venient to revert to the year 187 5, the two following years 
being marked by circumstances especially affecting the 
normal condition of traffic. In 1876 the Centennial Ex
hibition resulted in the creation of a large increase in 
passenger as well as in freight traffic, and was attended 
with heavy special expenditure. Equally since that time 
each year has been characterised by an increased depres
sion in trade, while 1877 was also disturbed by the 
occurrence of one ~,-happily rare in the
United States; 15Ut which, when they do occur, are at
tended with more disastrous consequences than any similar 
disturbances elsewhere. Referenc8 is made to the strikes 
which spread so rapidly over the principal railway systems 
in America, and which carried with them an immense dec 
struction to property. Inconsidering, however, the finan
cial condition of the system for the year 1875, it must be 
borne in mind that this even was a time of depressed and 
stagnant trade, and that the period of reaction, which even 
now has not been reached, was at that time very far 
removed. 

branch and leased lines, and from Philadelphia to New 
York, including the Delaware and Raritan Canal and 
Belvidere Delaware Railroad and Flemington Branch, 
and of the Philadelphia and Erie Railroad, were as 
follows: 

TABLE No. LIV.-EARNINGs AND ExPENSEs. 

Gross Earnings. 

General freight . 
First-class passengers 
Emigrant . 
Express matter 

- · -~-- -: 

Miscellaneous . . . 
Canal earnings (Delaware 

Canal) 

Total . 

. .. 
and Raritan 

Working Expenses. 

Conducting transportation 
Motive power . 
Maintenance of cars 

, stock 
General expenses . . . 
(!a.nal expenses (Delaware 

Canal) 

. . 
and Raritan 

.£ 
4,561,532 
1,732,129 

39,394 
130,423 

58,334 
157,474 

213,532 

6,892,818; 

.£ 
1,499,732 
1,182,728 

384,252 
948,651 
95,200· 

108,207 

Total 
Net earnings 

. . • 4,218,77~ 
. .£2,674,048 

TABLE No. LVI.--SUMMARY OF EARNINGS AND EXPENDITURE ON TRE PENNS'iLVANIA RAILROAD DIVISION, 
FOR THE YEAR ENDING DECEMBER 31, 1875. 

No. REVENUE. 

1 Freight at stations and 
tolls on individual 
carR ... ... .. . 3,130,348 

2 Miscellaneous . .. . .. 54,506 
. - --- 3,184,854 

3 F1rst-class passengers 729,334 
4 Emigrant , 25,326 
5 Express ... ... 70,200 
6 Carryingmails... ... 36,550 
7 Miscellaneous ... . .. 16,818 

Rents ... 

Total ... 

878,258 
35,735 

4,098,849 

E XPENDITUR E, 

No.I-------;------;----
Passenger. Freight. Total. 

1 Conducting transporta-
tion ... 176,700 

2 Motive power .. . ... 133,316 
3 Maintenance of cars ... 89,203 
4 , way ... 116,755 
5 General expenses... ... 19,560 

--·--·1------1------

6 Rental paid branch roads 
7 Interest on equipment, 

&c. : Charged branch 
roads by Pennsylvania 
Railroad Company ... 

Amount of net proceeds 
to balance .. . . .. 

Total 

535,534 1,823,271 2,358,805 
... 97,834 

12,427 

1,629,783 

4,098,849 

In 187 5, then, the total earnings and expenses of the 
main line from Pittsburgh to Philadelphia, including 

From this net amount has to be deducted certain charges 
as follows : 
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DEDUCTIONS FROM NET EARNINGS. The cost of working this railroad and its branches was 
68.19 per cent. of the receipts. Rental and interest on equipment used by 

leased roads and branches : 
Philadelphia and Erie Railroad 
Belvidere Delaware . 
Branch roads 

Total 

£ 

227,482 
51,644 

110,362 

389,488 

3. The revenue and expenditure of the Belvidere Dela
ware, 68 miles long, and on the Flemington branch, 
12 miles long, were as given in Table LV. 

Making the actual profit for the year on the above men
tioned lines 2,284,5601. 

The cost of working these railways was 71.27 per cent. 
of gross earnings. 

4. The Delaware and Raritan Canal.-This canal, which 

TABLE No. LV.-REVENUE AND EXPENDITURE OF BELVIDERE, DELAWARE, AND FLEMINGTON RAILROAD. 

EXPENDITURE. 

No. 
REVENUE. 

No. 
Passenger. I Freight. Total. 

- -------·-------- ----------- ---------
£ 

1 Freight at station and 
tolls ... ..• ... 138,473 

2 Miscellaneous .. . •.. 110 

3 First-class passenger... 37,046 
4 Emigrant , ... 6 
5 Express... ... ... 814 
6 United States mails ... 1,218 
7 Miscellaneous .. • .. . 80 

Rents 

Total 

138,583 

39,164 
925 

178,672 

1 Conducting transporta-
tion ... ... • .. 

2 Motive power ... . •. 
3 Maintenance of cars ... 
4 ,, way ... 
5 General expenses .. . 

Interest on equipment 
Net proceeds to balance .. . 

Total ... 

£ 

12,719 
9,062 
:l,076 

11,657 

36,514 

£ 

27,462 
22,426 
14,135 
26,692 

90,715 

£ 

40,181 
31,488 
17,211 
38,349 

127,229 
5,636 

45,807 

178,672 

--~----------------~-----------------------~------------~----

TABLE No. LVII.-SUMMARY OF REVENUE AND EXPENDITURE ON THE UNITED RAILROADS OF NEW JERSEY • 

---

...EXP_J;JNDI~URE. -
No. REVENUE. No. -

- Passenger. Freight. J Total. , ____ 
-- . -----------

£ £ £ £ £ 
1 Freight at stations and 1 Conducting trans porta-

tolls on cars , .. ... 752,998 tion ... ... .. . 2ct2,134 265,712 507,846 
2 Miscellaneous ... ... 2,510 2 Motive power ... ... 157,544 162,332 319,876 ---- 755,508 3 Maintenance of cars ... 43,748 45,132 88,880 
3 First-class passengers 874,180 4 ,, way ... 122,432 122,302 244,734 
3 Emigrant passengers .. . 13,990 5 General expenses ... 11,122 64,484 75,606 
5 Express ... ... 51,870 ·-
6 ... 13,9,!8 
7 

Carrying mails 
Miscellaneous ... ... 5,864 

959,852 1 
By net proceeds to balance 

576,980 659,962 1,236,942 ... . .. 491,836 

Rents ... ... ... 13,418 ---
Total ... ... ... 1,728,778 I 1,728, 778 

TABLE No. LVJII.-REVENUE AND EXPENDITURE OF THE DELAWARE AND RARITAN CANAL. 

No. REVENUE. !No. EXPENDITURE. 

-
£ £ 

1 Tolls ... ... 132,123 
2 Steam towi~g ... . .. 79,524 
3 Miscellaneous ... ... 1,844 

----
I 

213,491 
I 

This total amount is made up as follows amongst the 
various sections of the system : 

1. Pennsylvania Division.-See Table LVI. 
The earnings per mile of main line (358 miles in length) 

was 10,2591., and the actual cost of operating the main 
line exclusive of branches was 55.87 per cent. of receipts, 
and inclusive of branches 57.55 per cent. 

2. The United Railroads of New Jersey.-The amount 
of earnings and expenditure for the year is shown in the 
Table LVII. 

-

1 
2 
3 

£ £ 
}!aintenance . .. ... . .. 26,124 
Canal operation ... . . 17,493 
Steam towing .. . ... ... 64,590 

108,207 
Net proceeds to balance ... 105,284 

Total ... ... ... . .. 213,~1 

is 68 miles in length, forms a distinct item in the annual 
accounts of the company. The statement of revenue and 
expenditure is shown in Table L VITI. 

The cost of operating this canal was 50.67 per cent. of 
the total receipts. 

5, The Philadelphia and Erie Railroad.-This line, which 
is 288 miles long, showed the returns in Table LIX. 

In Table LIX. is given a summary showing the total 
revenues of the system and their distribution during the 
year. 

shared on railsandtrails.com Digitized by Stephen Titchenal



THE PENNSYLVANIA RAILROAD. 207 

TABLE No. LIX.-SUMMARY OF REVENUE AND EXPENDITURE ON THE PHILADELPHIA AND E RI"E RAILROAD. 

No. REVENUE. !No.I 
EXPENDITURE. 

------.----- ~--- -- Passenger. Freight. Total. -----------------
.£ .£ .£ .£ .£ 

1 Freight at stations and 1 
tolls on cars ... 539,712 

2 Miscellaneous ... 25,684 2 
565,306 3 

3 First-class passengers 91,562 4 
4 Emigrant 

" 
272 5 

5 Express ... 7,540 
6 Carrying United States 

mails ... 6,616 6 
7 Miscellaneous .. . 718 ---- 106,708 

Rents 1,072 

Conducting transport:.-
tion ... ... .. . 31,466 102,738 184,204 

Motive power ... 17,972 112,864 130,836 
Maintenance of cars .. 10,792 24,800 35,592 

,, way ... 28,992 115,968 144,960 
General expen11e1 ... ----

89,222 356,370 445,592 
Interest on <quipment 
paid to Pe'lnsylvania 
Railroad ... ... ... ... ... 36,b60 

Net proceeds ... ... ... 191,024 

Total 673,17() 1 

--.-
Total ... ... .. . ... 673,176 

--·------- -·----··- ·-
TABLE No. LX.- THE REVENUE OF THE PENNSYLVANIA RAILROAD AND ITS DISTRIBUTION. 

REVENUE. 

Earnings of main lines and branches operated! .£ 
by the company, including the Delaware 
and Raritan Canal ... ... ... ... 2,619,206 

Interest and dividends received from invest-
ments owned by the Pennsylvania Railroad 
Company ... ... ... ... ... 629,447 

Interest from investments received with the 
lease of the United Railroads and Canal of 
New Jersey 39,516 

Total ... 

During the year under consideration the freight moved 
over the main line and branches between Philadelphia and 
Pittsburgh amounted to 9, 787,176 tons, nearly half of 
which, or 4, 7 31,436 tons, consisted of bituminous coal, 
anthracite, and coke. Ofpassengers 5,609,787 were trans
ported. On the United Railroads of New Jersey the 
traffic consisted of 3,469, 786 tons of freight, of which 
1,302,634 tons of coal were transported, 684,775 tons 
being bituminous and 617,859 tons anthracite ; the number 
of passengers carried was 7,R46,239. On the Belvidere 
Delaware Division the freight tonnage was 1,020,660, of 
which 884,2 7 5 tons were coal, and the number of passengers 
carried was 388,436. The tonnage on the Delaware and 
Raritan Canal was 1,958,004, of which 1,022,644 tons 
were anthracite, and 278,266 bituminous.~ The freight 
tonnage on the Philadelphia and Erie Railroad was 
2,523,486, including 890,626 tons of coal. The pas
sengers carried were 162,402. 

The following Table shows the average earnings of the 

DISTRIBUTION. 

Paid in dividends ... 
State taxes . .. ... .. . 
Interest on bonded and floating debt . .. .. . 
Rent of Harrisburg and Lancaster Railroad 
Paid ~ta~ of Pennsylvania for purchase of 

mam hne ... ... 
Rental of Philadelphia and Erie Railroad ... 

Belvidere Delaware .. . 
, branch railroads ... . . 

Dividends, r entals, &c., paid on lease of United 
Railroads and Canal of New Jersey 

Dal:mce 

1,101,898 
99,171 

602,491 
26,846 

92,000 
190,923 

45,808 
97,832 

824,210 
206,990 

Total ... ... 3,288,169 

different divisions, and the cost of transporting passenger 
and freight per mile. 

TABLE No. LXI.-AvERAGE EARNINGS AND CosT OF 

TRANSPORT PER MILE. 

~~ 't:! 
't:! -~ §..g § ol"' 

0"' iS o~ e 
"' ai ~~ :.a:-= 

- o:l"' "' p.. <'~ 
-~..1'1 ... ...:~ ...::1 " ~z "' o:l ~.~ ~ -~ 
o:l ~ ~0 :-;:~ '<OP=l . '<I"' P'! ~ p P=l 

Length of road . ·I 905 293 80 288 

cents. cents. cents. cents. 
Average earnings per passen-

ger mile . . . . 2.351 2.737 2.864 3.037 
Average cost for transporting 

passengers per mile 1.669 1.778 2.822 2.951 
Profit per passenger mile . .682 .959 .042 .086 
Average earnings per ton per 

mile from freight transpor-
tation 1.058 2.006 1.468 .865 

Average cost per ton per mile .616 1.604 .962 .571 
Profit per ton per mile . .442 .402 .506 .294 

shared on railsandtrails.com Digitized by Stephen Titchenal



208 THE PENNSYLVANIA RAILROAD. 

MAINTENANCE OF WAY. 

THE cost of maintenance of way during the year under 
consideration amounted to nearly 950,0001. over the 

four portions of the system-the Pennsylvania Division, the 
United Railroads of New Jersey, the Philadelphia and 
Erie, and the Belvidere Division. In the following detailed 
analysis of this expenditure may be omitted the last-named 
line, with the remark that the expenditure upon it under 
this head amounted to nearly 40,0001. or about 26 per 
cent. of the total expenses. Taking first the Pennsylvania 
Division and its branches, the cost of maintenance of way 

was 520,6051. This outlay was divided over the following 
mileage of single track : 

Main line, including sidings 
Branches owned, including sidings 

, leased , 
Private sidings 

Total 

Miles. 
998.2 
103.8 
412.6 

76.6 

1591.2 

Table LXII. shows the amount of new lines laid during 
the year: 

TABLE No. LXII.-NEW TRACK LAID ON THE PENNSYLVANIA DIVISION IN 1875. 

-- I Miles. Feet_. _I Miles. Feet. 
-------·-----·-·--------------- ----

Third and fourth tracks, Philadelphia Divi~ion ... . .. ... . .. 3 1610 

" " 
Middle 

" 
... . .. ... . .. 2 4339 

" " 
Pittsburgh 

" ... ... ... . . 5 3927 
------- 11 4596 

Sidings, Philadelphia Division ... ... . .. ... . .. . .. 10 2439 
, Middle , ... ... . .. ... . .. . .. 2 2110 

" 
Pittsburgh , ... ... ... ... ... ... 2 2271 

" 
West Pennsylvania Division ... ... ... ... ... ... 1332 

" 
Tyrone Division ... . .. ... ... ... . .. . . . .. 2069 

15 49U 
Extension of main track South-West Pennsylvania Railroad ... 4 1900 

R~hway " 
Moshannon Branch, Tyrone and Clearfield , 

... ... ... ... ... ... .. . .. . .. . 2 
6 1900 

------
34 877 

Less track removed {Sidings, Pittsburgh Division ... ... ... .. . 2648 
, Lewistown ,, ... ... ... . .. 418 

... 3066 

33 3091 
Private sidings ... ... ... ... ... ... .. . .. . 8 13til 

" " removed ... ... ... ... ... ... .. . ... 569 3 792 
--- ----

Total additional length of track, including private sidings ... ... .. . ... 36 3883 

TABLE No. LXIII.-·MATERIALS USED FOR RENEWALS ON THE PENNSYLVANIA DIVISION. 

LOCATION. Steel 
Rails. 

Iron 
R "ils. Spikes. Sleepers. Fishplates. 

- -------------------- ----- ----- ----- ----------
Philadelphia to Harrisburg .. . ... . .. 
H arrisburg to Altoona ... ... ... .. . 
Altoona to Pittsburgh ... ... ... .. . 
])elaware Extensior, .. . .. . . .. . .. 
East Brandywine and Waynesburg Railroatl 
York Branch ... .. . .. . . .. .. . 
Pennsylvania and Delaware Railroad... .. . 
Mifllin and Centre County Railro"d ... .. . 
Bedford and Bridgeport Railroad .. . • .. 
Tyrone Branch ... .. . ... ... .. . 
Tyrone and Clearfield Railroad ... ... .. . 
Bald Eagle Valley Railro:td .. . ... .. . 
Hollidaysburgh Branch .. . .. . ... • .. 
Newry Branch ... .. . ... .. . 
Ebensburg and Cresson Railroad ... .. . 
West Pennsylvania Railroad ... ... .. . 
Indiana Branch . .. .. . . .. ... . .. 
West Pennsylvania Railroad ... ... ... 

Totals 

... 1 ... 

... 1 

tons. 
2787 
1878 
1589 
121 

520 

tons. 

22 

150 
150 

7 
14 
9 

114 
412 
421 
49 

lb. 
188,798 
261,078 
347,0>8 

5,707 
3,325 
2,273 
8,275 
2,036 
1,406 
3,950 

154,004 
145,835 
194,723 

2,825 
67 

1,607 
1,197 
1,633 
1,331 

31,800 27,664 
10,455 12,161 
18,4.89 7,376 
1,229 1,122 
4,586 3,200 

pairs. 
30,954 
18,331 
22,140 

702 
585 
892 

47 
39 

147 
3,304 
1,747 

209 

... ... 240 6,177 203 484 

.. . .. . 18~ 14,526 13,648 685 

:: : 6~;5- ~:: ,-9-:~-:-::-:-l--5-:-:-::--::- -8-:·-.:-::-
------------------- ----------'----~-----"----'----------
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TABLE No. LXIV.-PERCENTAGE OF COST OF MAINTENANCE OF WAY. PASSENGER AND FREIGHT SERVICE. 

PENNSYLVANIA RAILROAD DIVISION. I UNITED RAILROADS (, .F NEW JERSEY 
DIVISION. 

I 
--------------..,.----

Passenger. Freight. 1J ~ Passenger. Freight. 1J ~ 
------- "~ ----- ~~ [i~ ----~--- ~ 

tV ~ ,.~ d> M M bn ° a:, M M c1 M M ~~ 
MAINTENANCE OF WAY. ";Jr.< ,...., ";Jr.< r.1 § ~ ""'r.< r.1 ";Jr.< r.1 § ~ 

~~ I ~ ~~ ~ £ h ~ ~ 3 -~ ~ ~ ~~ i ~ 
~~ 8 ~?' E-1 ~ a3 ~ ~ ~r:: ~ ,....."'E ~ 
o ct-1 o ~ i c.s·; ~ ~ ~o o co cs·; ~ 
.;~ ~ ~~ ~ '! ~~~ ~0 _.i~ -~~ 

~ § . ~ . 1=1 • ~ • =~ d = 0 ~ • = . ~ 0 ~:de! 
JS o ~ ~ , o ~ o 8 ~ o ~ 1 o:;~ I ~ ~ ~ c; ~ o ~ ~ o ~ Q) b.o~ :::: :... a & 1 ~ ffi ~a~ :... a1 : :... f 0 :... § § ~ § ~a§ ~ § ~-~~ 
~ ~="" P::"" p::s=t"" P::"" I p::~ ... p::s=t"" P=t"" p::="" P=t"" p::~ ... 
---------------------- - ·---- ---,----- ---- --

1 Ballast ... ... ... ... 8.73 .4277 9.12 1.6502 j 2.0779 1.16 .1206 1.16 .1194 .2400 
2 Bridges, repaira of ... ... •.. 5.85 .2866 4.31 .7814 : 1.0680 9.83 1.0223 9.23 .9506 1.9729 
3 Cars, repair> of ••• ••• ... .24 .0117 .27 .0489 j .0606 .17 .0176 .15 .0154 .0330 
4 Chairs.. . ... ... ... •• . 4.18 .2048 4.38 . 7340 I .9388 2.04 .2121 2.17 .2235 .4356 
5 Clerks ... •.. ... .. . ... .38 .0186 .38 I .0689 .0875 .72 .0748 .73 .0752 .1500 
6 Cross ties •.• ... ... ... 14.03 .6860 14.68 l 2.3614 

1

3.0474 10.10 1.0504 10.00 1.0300 2.0804 
7 Expenses on property ... ... . 75 .0367 .83 1 .1504 .1871 2.38 .2475 2.41 .3J82 .5957 
8 Foreman, and repairs of tools, &c. .33 .0162 .34 , .0678 .0840 2.35 .0360 .36 .0370 .0730 
9 Frogs .. . ... .. . ... ... 1.56 .0764 1.50 .2719 i .. 3483 .40 .2496 2.51 .2985 .5481 

10 Incidentals ... ... ... .57 .0279 .59 .1087 1 .1366 .32 .0332 .39 .0402 .0734 
11 Oil, tallow, waste, &c. ... .. . .05 .0024 .05 .0090 I .0114 .04 .0041 .05 .0051 .0092 
12 Rails, iron ... .. . •. • ••. 7.34 .3597 5.24 .9417 'I 1.3014 3.00 .3120 2.76 .2832 .5952 
13 , steel ... ... ... 12.02 .6281 14.89 2.4053 . 3.033>1. 22.00 2.2880 22.53 2.3206 4.6086 
14 -Road bed, repairs of ... .. 2.02 .4410 8.74 1.5805 I 2.0215 10.31 1.0732 9.99 1.0289 2.1021 
15 Snow and ice, removing of •.. 2.13 .1043 2.13 .3861 t' .4906 .83 .0863 .84 .0885 .1748 
16 Spikes .. •.. ... . .. .. . 1.09 .0490 1.13 .2048 .2538 .98 .1092 .94 .0958 .2050 

g ~~;~~~i~a~n~;rin.~~ng ::: ::: d~ :8~~~ 1:~~ :gg~g I :g§r~ 1:!~ :U~ 1:!~ :~m :~~~~ 
19 Switches ... ... ••• .. . 1.20 .0588 1.32 .2056 1 .2644 3.24 .3369 3.43 .3523 .6892 
20 Taxes on real estate ... ... 1.06 .0512 1.19 .207.5 I :2587 1.38 .1435 1.64 .1690 .3125 
21 Telegraph, repairs of .. . ... .56 .0284 .65 .1170 I .1454 1.31 .1430 1.32 .1360 .2790 
22 Tools and repairs ... ... ... 1.25 .0612 1.33 .2411 .3023 1.04 .1081 1.07 .1034 .2115 
23 Track, labour repairing ... ... 19.79 .9097 19.73 3.2805 ! 4.1902 15.64 1.6265 15.47 1.5934 3.2199 
24 Watchmen ... ... ... •.. 5.09 .2450 5.281 .9608 1 1.2058 9.23 .9599 9.33 .9507 1.9106 

100.00 4.8274 10o:OO 17.1295;ill.569 10o:OO,io.5i68 100.00 10.4283 20.9451 

--~----------·--------~--

PHILADELPHIA AND ERIE DIVISION. 

Passenger. Freight. '"d>. 
s:t~ 

- --··-- ----- "~ 

~ ~ ~~ c1 ~ r~ ~IJCS 
~~ 1""1 ~~ ,..... §~ 
·~ ·ca - oo ~ • 

~ ~ ~ ~ ~ ~ ~· m! 
..... ~ E-t ~ E-t = ~ 
~~ ~ cs ~ ~·; rt 

§0. ~ ~~ ~ - ~~~ 
o ~ * ~ ~ ~ ~ ~ o ~ o:;~ 
~§= ~§ ~§= ~& ~~ 
P::o:l~ P=t"" p::=~ P=t"" p::~ .S 
--------- ---

1.35 .0877 1.36 .3536 .4413 
6.62 .4303 6.62 1. 7212 2.1515 

.20 .0130 -20 .0520 .0650 
2.24 .1456 2.24 .5824 . 7280 

.69 .0448 .69 .1794 .2242 
8.21 .5336 8.22 2.1350 2.6686 

.35 

.59 

.61 

.18 
10.34 
27.39 
8.27 
1.80 

.65 

.11 
1.83 

.75 

.91 

.66 
1.11 

18.22 
6.92 

.0220 

.0380 

.0390 

.0170 

.6721 
1.7745 

.5375 

.1175 

.0420 

.0070 

.1800 

.0450 

.0590 

.0420 
;0720 

1.1892 
.4496 

.35 

.59 

.61 

.18 
10.34 
27.39 
8.23 
1.78 
.68 
.11 

1.84 
.77 
.91 
.66 

1.21 
18.10 
6.92 

.0850 

.1534 

.1606 

.Ot68 
2.6284 
7.1214 
2.1390 

.4608 

.1761 

.0286 

.4784 

.2002 

.2666 

.1716 

.3146 
4.7060 
1.7992 

.1070 

.1914 

.1996 

.0638 
3.3005 
8.8959 
2.6765 
.5783 
.2181 
.0356 
.6584 
.2452 
.3256 
.2136 
.3866 

5.8952 
2.2488 

100.00 6.5564 100.00 25.9623 32.5187 

TABLE No. LXV.- NUMBERS OF RAILS, ToNs, MILES, AND AvERAGE AGE OF WORN-OUT RAILS TAKEN UP ON 
EACH DIVISION DURING·1875. · 

-·· 
Iron Rails. Steel Rails. 

NAME OF DIVIS!Oll. 
~~Mile~ No. of Rails. Tons. ~e~~2"~ No. of Rails. Yes.rs. 

----- --- -----
.Philadelphia Division ... .. 12,047 291~.32 28.71 9.04 1200 302.63 3.13 6.79 .. , 
Middle Division ... ... . .. . .. 4,790 1207.34 11.56 6.79 1285 318.07 3.26 li.89 
Pittsburgh Division ... ... . .. 3,879 956.17 9.69 6.21 3899 1044.14 9.86 5.10 
Tyrone Division ... . .. . .. , 

3,117 749.28 8.91 3.19 24 7.18 .06 .68 
Lewistown Division 

. .. :::j 43 8.92 .10 3.54 
West Pennsylvania. niV' sion: :: 

... 
.30 1.10 ... ···1 7,142 1748.23 19.71 6.27 I ... 

Bedford Division ... ... .. ••. 22 4. 86 .06 3.00 

Is72 3zl16:3i--••• , ----al,o4oTn87.12 78.7417.o9T_64o9 __ --
Totals ... ... ... . .. 5.56 

TABLE No. LXVI.-BRANDS OF STEEL RAILS, AMOUNT, AVERAGE TIME OF SERVJCE, AND CHARACTER OF WEAR 
OF RAILS TAKEN UP DURING 1875 . 

... "' "' "' "' Ol'd . " ~ 

" ]~ "' ., 
~ ~ =a Oo! "" 0 

Po ·;;; 
" "-" " oo ~ IXl IXl IXl IXl ~~ 

.. ~ 
~ ...... 0 

~ 
:-;:::::0 ". ~ '::; "' &l§ ""' 0 s 

0 

~ - - ~a>~ "'" <-< s'S 2! 
LOC.A.LITY 01!' MANUFACTURE. ~ 0 0 o-s g ....... Sl5 '::; " <> ~ =a 0 """ o-1,; ,...; 0 .... z., .§ ~ "' ~'«" "" ~= " >-1 -.... 'd u.i ". ~ 

~rd c;t "'" "'" 2~Q) 
... ""' ""' "" .c" "'"" $"" -"' "'" ~~:S 

g .... 
"" 

.... s~ ~e s·- s a>~ 
~~ Sl5 e ~~ ~f ~" , .. """" =s" ~a ~"'~ " <·- z"' z" z "'" z 0 <-< p.. 

------------------- ---- --------
Pennsylvania Steel Company ... 67 47,726 5.61 73 12!;3 2 445 1773 475.12 37,315 .0128 

Cambria'' " ... 56 630 1.00 9 
ii" 

9 18 5.25 993 .0050 ... ... ... . .. 67 44,234 4.72 48 792 688 1536 440.96 33,519 .0131 
,. ... ... . .. . .. 60 60 .52 2 . .. ... . .. 2 .54 403 .0013 

0. C~mmell ~;;d Oo;,;pany. 
... 56 30 2.00 1 . .. 

i"" 
1 .25 993 .0003 ... 67 44146 7.77 76 738 928 1743 440.15 :5,752 .0766 

John Br;;wn and Company 
... 56 2,562 7.88 ... 103 ... 103 21.25 li03 .0417 
... 67 15,288 8.8! 29 191 ... 450 670 152.40 2,086 .0728 

Freedo~' " ... 66 402 7.60 i"s 15 . .. 15 3.35 367 .0082 ... ... ... . .. 67 4,358 5.67 163 . .. 1 182 42.96 1,168 .0369 
German ... ... ... .. 67 125 "5.80 . .. li . .. 5 1.24 116 .0107 
Barrow ... ... . .. ... 67 4,156 6.98 1 . .. 166 167 41.47 2,391 .0173 

Bolton 
... ... ... ... li6 393 6.82 12 "4 . .. . .. 16 3.33 929 .0032 ... ... . .. . .. 67 I 2,330 7.92 1 7 . .. 86 94 23.22 270 .0852 

EbbwVale ... ... ... . .. 67 I 1,277 5.98 I 2 •.. • •• 49 51 12.70 436 .0291 
Unknown ... ... . .. . .. 67 816 6.00 1 32 ••• 33 8.13 31 .2622 

• •. - •• -:-J168,533 
----------

Totals and averages 5.56 273 . 3soa I 11 2822 6409 1672.32 87,272 

In this new construction the following 
used: 

material was The materials employed in renewals over this part of 
the system are summarised in Table LXIII. 

Steel rails 
Iron , . 
Fish plates 
Spikes 
Sleepers 

877tons 
234 " 

4766 pairs 
170,856 lb. 

43,823 " 

Table No. LXIV. gives in detail the various items of 
expenditure under the head of Maintenance of Way. It 
deals with the three divisions of the system, and the ex
penditure is compared for each division under five heads. 
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210 THE PENNSYLVANIA RAILROAD. 

TABLE No. LXVIII.-BRANDS OF IRON RAILS, AMOUNT AND TIME OF SERVICE, AND CHARACTER OF WEAR, 
WHICH WERE TAKEN UP DURING THE YEAR 1875. 

L OCALITY OF M ANUFACTURE. -0 

·-· 

"' ~ 
~ 
~ 
0 -" . ""' !'<~ 
'<;iO 
<>8 
" " ~I-< 

~ 
~ -0 

~ 
...l.; ., ... ..... 
""' !;; P< ,. ~ 
< ·~ 

"' ~ :a 
~ 

-- 0 0 

,...,; 
~g "'" "'"" 

,Q-<1 
Eo Sgj 
".5 "" z Z" 

""" 
.... '0 "' a .,; 

Co! "'" " " ~" 
"-<1 0 " !; .,- ... z~ ~:<:: :=O .... a 
~a ""' ~ "'" " - .s-: ... 

~~ £ 0 8,. 0 

" _.., ,o "" o- o o- z~ .,; so .. 
... 0 "" ·~ ... " 1-o'O ai ;; ,8-g"; 

.,,. .. _ 
$<>" 

s~ 
,QO eo ~ e·~ a a~~ 88 "'" z~~ z=~ ~~ "" "'" !;; 
Z'" <"' p.. 

--- ------------------
Cambria. 

Loch'iel 

National Iro~'ComilRny ::: 
Wn.ter~a.n Beav~~ ... 

Ph~nixsville'' 

Colu~hia, . .. 

Safe11 Harbo;;· 
Trenton 
English 

unknown 

67 
64 
56 
52 
45 
61 
64 
56 
67 
66 
67 
64 
56 
67 
65 
64 
52 
64 
50 
64 
G4 
67 
56 
67 
64 
56 
45 

245,913 6.24 
76,179 9.52 

299,068 4.90 
342 2.93 

21,504 6.68 
11,412 6.78 

5H I2.00 
325 4.00 

7,260 lU)9 
345 2.90 
25 6.00 
25 12.00 

5,636 3.32 
5,155 7.00 
2,248 .99 
2,618 9.85 

100 6.00 
3,254 8.27 

12,730 13.31 
7,!l74 14.44 
1,180 8.00 

25 8.00 
8,069 4.92 

25 5.00 
7,538 8.86 
9,876 8.36 

883 9.57 

9 7,660 191 
... 2.470 
41 8,344 13 
... 13 ... 
15 853 5o 8 3453 

"9 22 ... 
4 "6 ... 261 ... 14 "i ... ... 

I ... 
5 I77 16 ... 69 ... ... 94 ... ... 108 ... ... 4 ... 

110 ... 
4 491 ... ... 294 ... ... 42 ... ... ... 

24 367 ... 
I ... 
2 209 ... 
I 252 ... ... I5 ... 

1501 9,361 2451.44 8,728 .2R08 
608 3,078 725.67 4,070 .1783 

1475 9,873 2492.23 23,566 .1057 
13 1.63 4,276 .0006 

143 1,011 143.80 6 268 .0030 
677 4,183 1113.84 I ,483 .7512 
... 22 5.01 29 .172-lo 
... 13 2.71 369 .0081 ... 267 72.36 145 .4966 
... 14 2.87 : 46 .0652 . .. I .25 

I 
108 .0023 ... I .24 I79 .0013 

2 200 46.96 746 .0630 
137 206 51.40 

I 
51 .1008 

. .. 94 21.73 77 .2822 ... l OS 25.02 31 .8071 

"i7 
4 .so 9 .0889 

127 3!.08 758 .0410 
268 763 87.98 1,007 .0873 
19 313 70.37 70 .1005 .. . 42 11.23 80 .1375 

I I .25 I71 .0014 
140 ~31 67.02 I,757 .0381 

I .25 376 .0007 
I OO 311 71.78 3,607 .0199 
214 467 82.28 3,090 .0265 
20 35 5.92 435 .0115 

--- - --- -----------------
Totals and averages 829,636 7.09 

The :first column contains the percentage of each item to 
the cost of maintenance of passenger traffic, and the 
second the percentage of each item to the total expendi
ture ; the two following columns contain similar per
centages for the freight traffic, while in the :fifth is the 
percentage of each item for passenger and freight traffic 
combined, to the total expenditure. The remammg 
columns are devoted to similar data for the other two 
divisions. 

It will be noticed from this Table that the :five largest 
items of expenditure under this head for the Pennsylvania 
Railroad Division are for labour in track repairing, which 
amounted to 102,1257.; for sleepers, 75,5497.; for steel 
and iron rails, 75,0007., and 45,9157. respectively; and 
ballast, 47,1327. The repairs of bridges amounted to 
24,4607., but this included the reconstruction of the 
Juniata Bridge, at Lewistown, swept away by a flood, 
and the rebuilding of three other bridges on the Tyrone 
Division. At the close of the year the Market-street 
Bridge, Philadelphia, was destroyed by fire, and a tem
porary interruption was caused to the freight traffic 
between the railway traffic and the freight depot in the 
city. A contract was made for its re-erection between 
the City of Philadelphia and the Pennsylvania Railroad; 
the work was commenced on the 3rd of December, 1875, 
and was finished in a more substantial manner than before, 
with increased width of roadway, by December 24th, in 
twenty-three days. Mr . . J . . M. Wilson was the engineer of 
the new bridge, and has the credit of effecting probably 
the most rapid example of permanent bridge construction 
on record. 

The following particulars conce~ing the wear of steel 

115 25,327 276 5322 3!,040 7587.12 ' 
I 

61,532 i 
t 

and iron rails on the Pennsylvania Railroad are of interest. 
Table LXV. on the previous 'page shows the number of 
rails, and their average age of worn-out rails taken up 
during 1875. 

TABLE No. LXVII.- Causes of Breakage of Rails. 

,.; 

"' Cause. Maker, .c 
Oil 8 

" ~ z 

Freight wrecks ... ... Cambria ... ... .. 1 1 
Worn out .. . ... { Cambria. ... ... ... n 3 ... Columbia ... 

... { Pennsylvani~· Steei'co . ... ln Flat wheels Camhria. ... . .. ... 21 ... John Brown and Co . ... 
Cammell ... ... ... 

r Cambria ... . .. ... 51 
I Gammell ... 61 

Broken wheel ... ... ~ Pennsylvani·~· Steei'co • ... H 13 
I 8heffield ... ... .. 
l Freedom ... IJ 
r PennsylvaniO.' Stcei'Co . ... I 51 

I Cambria ... 
32 1 John Brown.;;nd co: ... 11 

Cammell and Co .... ... 46 
Defective road bed 

"'\ 
Barrow ... ... .. 

i) 
138 

Freedom ... ... .. . 
Unknown ... . .. ... 
English ... ... ... 
Lochiel ... 

( 
John Erown-~d o;;: ... 

~n ... j 
Cam,..Jria ... .. . ... 

Defective tra.ck ... 
Wt:t..ermanBcaver ... ... 33 Lt'6lish ... . .. 

l" .ochiel , ,, ... 
... 81 

L ... ~J £bbwVale ... ... ... 
Falling in of track .. Cambria. ... 3 3 

. [ 

PennsylvaniO.'steeiOo . ... 171 
Cambria ... . .. ... 

H 
Freedom ... 
John Brown' an do;;: ... 

Defective ra.ils ... Lochial ... .. . ... 32 
Ca.mmell ... . .. ... 

~J . Columbia 
Ebbw Vale ::: 

... ... 
Unknown 

... ... 
Pennsylvani;; Sto~i OG • 

... 

···I 

... 321 
Cambria ... ... ... i~ i Gammell .. , .. . . .. 
Freedom ... . .. ... 14 

Unknown ... John Brown and Co. ... I 3 f 144 ... Barrow ... . .. ... il Unknown ... ... ... 
Lochiel ... . .. ... 
English ... ... ... ~J Bolton ... ... . .. -- -

Total ... ... 388 

Table LXVL gives the names of the various ·makers of 
steel rails furnished to the company, the total tonnage and 
the character of wear on rails taken up during the year. 
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From this Table it will be seen that American makers 
have supplied nearly the whole 'of the steel rails in use, the 
total quantity furnished from ·Europe being only about 
11,500 tons. The Pennsylvania Steel Company and the 
Cambria Works divide the remainder between them, the 
former company taking the precedence. A larger per
centage of the rails furnished by English makers was 
removed owing to their longer period of service. This 
is especially noticeable with the Cammell rails, of which 
1743 were taken up out of 5152 tons, while 1773 

Fig .1. 

by the Erie Railroad Company, the amount being divided 
amongst the following makers : 

Tons. 
Albany snd Rennselaer Iron and Steel Com-

pany, Troy, New York . . . . . 5,000 
Bethlehem Iron Company, Bethlehem, Penn-

sylvania . . . . . . . 7,500 
Pennsylvania Steel Company, Harrisburg, Penn-

sylvania 10,000 

Total 22,500 

These rails were to be delivered during the past year at 
the company's dep6ts, at a uniform price of 41.7 5 dols. per 

Fig. 2. 

-~------------------- ,.-··y 

~~ ~--i.Z::.=~+~~u®~~--=-j ~~;it !\ J ~;,:~~~~::~"~:~~ 
: ' ..... _ ... ' 

·~ 

PITCAIRN'S TRACK INDICATOR. 

rails · from the Pennsylvania Steel Company out of 
47,315 tons. 
· Table LXVII. gives the number of rails broken during 
the year, and the causes of breakage apart from those 
unknown; a defective road bed was most fertile of acci
dent, 138 arising from this. Twenty-one rails, all of them 
of steel, were broken by fiat wheels. 

The particulars concerning iron rails are given in 
Table LXVIII. 

A note here as to the prices at which steel rails 
have been furnished by American makers may not be 
out of place. Early last year 22,500 tons were purchased 

ton, or about 71. lOs. per ton, including the freight from 
the different works averaging about 1.50 dols. per ton. 
The Cambria Iron ' Company; and the Edgar Thomson 
Steel Company were invited to tender, but were too full 
of work to do so. The Pennsylvania Railroad Company 
had then purchased 50,000 tons of steel rails ·for delivery · 
during the year at various points along the line, the price 
being 42 dols. per tqn dE;)live:red ip Pittsburgh. The New 
York Central, the Lake Shore, ·and the Michigan Southern 
Railroads, had collectively . purchased 35;000 tons, at 
equally favourable prices. · These and a large number ot 
smaller orders filled the pr.incipal American works for 
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n:ian); months; and at prices, which though approach
ing so closely to European prices, were nevertheless 
profitable. 

Mr. Robert Pitcairn, locomotive superint<ilndent of the 
Pittsburgh Di.vision of the Pennsylvania Railroad, has 
devised a very effective apparatus for indicating the irregu
larities in the permanent way, low joints, &c. This appa
ratus is illustrated by the engraving on the previous page, 
and consists of a large frame, which can be attached to the 
footplate of an engine or to a car. To the soleplate of the 
frame and in the centre of its width are bolted two standards, 
between which stands a long flexible steel plate 1~ in. wide 
n,nd ~ in. thick in the middle. To the upper end of the 
plate is fixed a heavy hammer head. The flexibility of the 
strip can be adjusted by means of the four set screws passing 
through the standards. Near the upper part of the frame 
horizontal grooves are formed by strips bolted on, and in 
these grooves slide two plates carrying each a bell and an 
indicator. These plates are coupled to a system of arti
culated levers, by which their positions in relation to the 
hammer can be varied. Lower down, and on each side 
of the frame, are two swinging arms turning on pins, and 
so arranged that they can be locked in any desired posi
tion, as shown by the dotted lines. These arms carry 
each a hammer, bell, and indicator, similar to those already 
described, but smaller. The action of the apparatus is 
of course very simple. The hammers when in use are 
adjusted so as not to strike the bell when the train on 
which it is carried is passing over track in good order, but 
every bad joint, or sunken rail, is indicated by a stroke on 
the bell, and is at the same time recorded. The action of 
this apparatus is so successful that almost every imper
fection can be detected and repaired by running twice 
over the road. 

On the United Railroads of New J ersey the single track 
mileage open for the year under consideration was as 
follows: 

Main line, including sidings 
Branches owned 
Private sidings . 

Total . 

Miles. 
604.1 
124.3 

3.3 

731.7 

The length of line laid during the year is given 111 

Table LXIX. 

TABLE No. LXIX.-MILEAGE OF TRACK AND SIDINGS, LAID ON THE 
UNITED RAILROADS OF NEW JERSEY, 1875. 

Second, third, and fourth tracks : 
New York Division 
Amboy , . . . . 

, , main line e~tension . 
Sidings, New York Division 

, Amboy , 

Total . 

Miles, 
5 
0 
0 
2 
3 

11 

Feet. 
1588 

832 
. 2365 

2123 
112. 

1740 

Less tracks removed, New Miles Feet. 
York Division 3950ft. 

Less tra.cks removed, Am-
boy Division 6m. 5230 ft. 

7 3900 

Total second, third, and fourth tracks and 
company's sidings . . . 3 3120 

Private sidings, New York Division 0 871 

" Amboy 
" 

0 242 

Total 3 4233 

The following material was used 111 constructing new 
works: 

Steel rails 
Iron , 
Spikes 
Fish plates 
Sleepers 

219 tons 1329 lb. 
220 " 1265 " 

22,696 " 
1554 pairs. 

. 12,823 

The total amount of material . employed in the main
tenance of the United Railroads of New Jersey is given 
in Table LXX. : 

TABLE No. LXX.-ToTAL AMOUNT OF MATERIAL EMPLOYED. 

- New York Amboy Belvidere 
Division. Division. Division. 

Steel rails . tons 3,531 361 478 
Iron 

" " 
40 712 717 

Spikes lb. 220,827 72,555 50,843 
Fish plates pairs 30,500 3,276 2,802 
Sleepers 119,546 41,353 51,585 

The total length of the Philadelphia and Erie Railroad 
was: 

Length of main track including company's 
sidings . 

Miles. 
421.975 
14.852 Private sidings 

Total 436.827 

In works of construction the following material was 
employed: 

Iron rails 
Fish plates 
Crossings 
Sleepers 
Spikes . . 
Switch timbers 

93 tons 
682 pairs 

9 
3425 
2957 lb. 

5 sets 

And in maintenance of way as shown in Table LXXI.: 

TABLE No. LXXI.-MA.TERI.A.L usED IN MA-INTENANCE OF WAY, 
PHILADELPHIA AND ERIE RAILROAD. 

.; .; 

~ "' 
.., 

~ -~ "' - ~ ~ ....., "' ~ - '* 
"' g. . "' >=I ~ "' 0 "' .., ,_, 

if: fi.i w. ...... w --------------
W estern Division: tons. tons. lb. lb. 

Erie to Kane 998 637 
Middle Division : 

5,832 33,035 17,834 

Kane to Renovo 1375 667 
Eastern Division: 

8,079 41,980 56,859 

Renovo to Salisbury 1800 795 7,668 58,937 42,853 

417312099 21,579 
-------

Totals 133,952 117,546 
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The percentages of the different items in the mainte
nance of way, both for the United Railroads of New Jersey 
and the Philadelphia and Erie Railroad, are given in 
Table LXIV. (page 209 ante). 

tenance of cars to that contained in Table LXIV. for mai 
tenance of way. 

MAINTENANCE OF CARS. 

The total expenditure for the year under this head 
was approximately :-Pennsylvania Railroad Division, 
42,500l.; United Railroads of New Jersey, 89,000l.; 
Philadelphia and Erie, 35,600l.; and Belvidere Division, 
17,200l. Table No. LXXII. gives similar information as to mam-

TABLE No. LXXII.-PERCENTAGES OF COST OF MAINTENANCE OF PASSENGER AND FREIGHT CARS. 
--~------------------.--------------------------~------------------------~----------------------

PENNSYLVANIA RAILROAD DIVISION. DIVISION. PHILADELPHIA AND ERIE DIVISION. UNJTED RAILROADS OF NEW JERSEY I 

MAINTENANCE OF CARS. 

Passenger. Freight. ~ fo >4 Passenger. Freight. I ~ ~ >4 I Passenger. Freight. ~ ~ H --------- ------- ~~; -- ~~; I ~~; 
o'tl 0 o""o oro~ 

Percentage Percentage ..; ~ E-< Percentage Percentage ..; § ~ Percentage Percentage ';i ~., 
~ of Car - of Total of Car - of Total ,~ El .£ ~ of Car - of Totallof Car - of Total ~ EJ.., ~ I of CaEr - of Total of Car - of Total ~ 13 S :!i 
" Expenses. Expenses. ~ ~o ~ ~ Expenses. Expenses. . ~ ~ 13 xpenses. Expenses. ~ ~ "' 
~ ~ ~ c! ~ o-4 Cll ,..~ <l> 1-4 S) CIS ~ z ~we.:> Po ~ w~ P.1 ~ wU Po 

·------------- --------'-- -----,------·---·-------
1 Car shops and sheds, repairs of .. . .920 

.253 
.0350 
.0096 

2.141 .1342 
.484 .0303 

86.831:! 5.6553 

1 ' . 

. 1692 2.147 .0790 2.155 .0824 .1614 .220 .0052 .383 .0214 .0266 
2 Cars, repairs, ballast and wood .. . .0399 .683 .0217 .601 .0289 .0506 .531 .0127 1.100 .0616 .0743 
3 Cars, repairs of freight , .. 5.6553 ... ... 92.020 3.5188 3.5188 ... ... 90.146 5.0220 5.0220 
4 Cars, repairs of passenger and 

baggage ... .. , ... .. . 91.825 3.4810 3.4810 91.870 3.4135 ... ... 3.4135 , 95.076 2.2861 ... ... 
5 Fuel for stoves ... ... ... .037 .0014 .0861 .0154 .0168 .147 .0055 .019 .0007 .0062 1 .124 .0030 .220 .0223 
6 Incidentals ... ... ... .. .169 .0064 .393 .0346 .0410 .125 .0046 .012 .0004 .0050 .124 .0030 .219 .0220 
7 Labourers ... .. . ... ... 2.358 .0900 5.435 .3407 .4307 3.266 .1215 3.300 .1257 .2472 2.322 .0657 4.744 .3656 
8 Tools and repairs of tools ... .. 1.356 .0517 3.114 .1952 .2469 .925 .0344 .962 .0366 .0710 .752 .0273 1.483 .0834 
9 Watchmen ... ... ... .. .664 .0253 1.514 .0949 .1202 .837 .0311 .931 .0354 .06651 8.51 .0204 1.705 .0954 

10 Interest on value of passenger and 
baggage cars ... ... ... 2.418 .0921 _ .. _. ___ ._ .. __ .0921]--________ -------

Averages ... • .. 100.000 3.7925 100.000 6.5006 10.2031 100.00 3.7113 100.00 3.8289 7.5402 1100.000 ,2.4234 100.000 5.6937 

------------

2.2861 
~253 
.0250 
.4313 
.1107 
.1158 

8.1171 
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214 THE PENNSYLVANIA RAILROAD. 

MOTIVE 

THE control of the motive power on the Pennsylv~nia I 
system is divided among the heads of the vanous 

sections, subject, howevei·, to some supervision on the part 
of the chief office. Table LXXIII. gives an analysis of 
the expenses in percentages on the Pennsylvania Railroad, 
United Railroads of New Jersey, and Philadelphia and 
Erie. These expenses are divided into the freight and pas
senger services, and the Table shows the percentage due to 
the expenditure under this heading, as well as to the whole 

TABLE No. LXXIV.- Condition of Locomot?:ves. 

--------
In service in good working order 446 135 69 650 

, requiring rep""irs ... 97 63 43 203 
In shop under general , ~4 31 29 114 

, , slight , 29 36 5 70 
, rebuilding .. , 22 2 1 2.5 

for renewal 7 7 
Lea~~d Frederick DivisiOii "1 7 ------

Total number of engines 665 267 164 1076' 

TABLE No. LXXV.-Locomotive Repairs. 

~ ta a-d 
~· 2~ =e 
f:t g :;~ "':;:: u ~ ... ~~. 
~~ -cZ~ ~ -~ 
~"""' Q) . ... d <t>·- ....: 

~0 ·a-~:a~~ ~ 
-----------1 ~ ... '~- ::..___ -~-
Locomotives built entirely new 43 

" had general repairs ... 251 
b ad slight repairs ... 1996 
had new steel fireboxes 43 
had new steel fireboxes 

(renewals) ••. ... 23 
had half new steel fire

boxes (renewals) ... . .. 
had halt n ew iron fire-

boxes (renewals) .. . .. 
had new iron fireboxes 

(renewals) ... • •. 
had new steel boilers ... 43 
had new r:steel boilers 

(renewals) ... . .. 
had new iron boilers (re

newals) .. 

7'4 
1104 

4 47 
64 389 
27 3127 
4 47 

3 

4 

28 

3 
47 

expenditure of the line. The main items are drivers and 
firemen, coal and locomotives, these each ranging from 5 
to 7 per cent. of the whole outlay. The total numbers of 
locomotives in service during the year referred to, their 

POWER. 

condition, and the proportion under repa1r, IS shown m 
Table LXXIV. 

The nature of repairs performed is given in detail by 
Table LXXV., and in Table LXXVI. the numbers and 
classes of wheels, axles, and tyres employed. The number of 

TABLE No. LXXVI.-Wheels, A xles, and Ty1·es used. 
Wheels and .Axles. 

Divisions. 

Pennsylvania Railroad 
United R~ilroads of Ne.,.;·Jersey 
Philadelphia and Erie Railroad 

Totals, 18i 5 ... ... . .. 
Tot•ls, 1874 ... ... .. . 

Tyres . 
-------

bteel for new locomoti',es 
, renewal s . .. 

Chilled for n ew locomotives 
renewals 

... 

... ... 

. .. . .. 

Ax los. 

Iron. Steel. Total. 
----

3824 2164 6988 
353 623 976 
404 270 674 
------

4681 3067 7638 
6263 2612 887~ 

:a i ~ a·~ 
~ g ~~ =~ 
·~:~ aS ·- ~ 
~iS ~ ~ g :e.~§ 

'" 'ii 
"" 1::= --

26.210 
7,375 
3,234 
--
~6.819 
39,030 

~'d ~z :~ i ~ :~ ~ ~ ·a'looo·e: -:::;::.:: ~ 
~ ... p 0~ 1i!r.l~ .... 

•· · 296 22 76 39! 
••. ..• ... 6 6 
... 173 18 23 214 

... 294,·-... -la- 312-

-T·-o-tal-s-,-1-87·5--------•. . 763140 m- 926 
Totals, 1874 ... 486 26 62 673 

3127 locomotives brought into the shops for slight repairs, 
of course include the same engines brought in repeatedly. 

The expenses of running engines on the various divisions 
of the system are given in Table LXXVII., divided into 
the headings of fuel, repairs, and stores ; the amounts refer 
to average expenditure per 100 miles run, and will be seen 
to vary very considerably on the different sections. Those 
on the Pittsburgh Division will be noticed as rather high, 
partly owing to this division including the mountain 
section, and partly on a<?count of repairs. On the Phila
delphia Division, it will be seen that they fall down to 
16s. 4d. per 100 miles run. 

Table LXXVIII. shows the duties and cost of thirty-seven 
locomotives running one month on the Philadelphia Divi
sion. It will be noticed that these engines are by a variety 
of builders, the Baldwin Company being the most numerous. 

shared on railsandtrails.com Digitized by Stephen Titchenal



THE PENNSYLVANIA RAILROAD. 

--------------------- -

TABLE No. LXXIII.-PERCENTAGES OF COST OF MOTIVE POWER ON PASSENGER AND FREIGHT SERVICES. 

MOTIVE POWER. 

1 Co"'l •.. ... .. . 
2 Cotton waste... ..• .. . 
3 Engineers l1nd firemen ... 
4 Engine-houses l1nd machine shops, 

repairs of ... ... .. . 
5 Fuel for stoves ... .. . .. . 
6 Incidentals ... ... ... .. 
7 Labourers .. . .. . . 
8 Locomotive furniture and fi~ture~ .. 
9 Locomotives .. . ... .. . 

10 Oil ... ... ... 
11 Stationery and printing ... 
12 Tallow... ... ... ... 
13 Taxes on engine-houses and shops 
14 Tools and machinery, repairs of .. . 
15 Watchmen ... ... ... .. . 
16 Water stations and fixtures, re-

pairs of ', ... ... ... .. . 
17 Waterstations, expenses of .. . 
18 Wood, hauling and preparing ... 
19 Interest on value of iucomotives ... 

Averages 

I I UNITED RAILROADS 01' NEW JERSEY 
PENNSYLVANIA DIVISION. DIVISION. 

-~·..,..--- - - -;------:------· 

Passenger. 

Percentage of 
Motive Tot 1 
Power "' 

Expenses. 

14.46 
.68 

24.46 

2.29 
.46 

2.2'1 
8.35 
1.60 

31.55 
1.64 

.62 

.99 
1.00 
2.28 

.64 

.10 
3.18 
1.50 
1.96 

.817 

.038 
1.381 

.129 

.026 

.127 

.471 

.090 
1.782 

.093 

.035 

.056 

.057 

.129 

.036 

.005 

.180 

.085 

.111 

Freight. 

Percenbge of 
Motive Total 
Power 

Expenses. 

23.60 
.66 

25.60 

2.0t 
.40 

1.70 
7.25 
1.30 

24.50 
1.59 

.51 
1.20 
.9~ 

2.02 
.57 

.90 
2.51 
1.59 
1.12 

5.700 
.160 

6.160 

.475 

.090 

.306 
1.670 

.302 
5.908 

.514 
.152 
.279 
.219 
.470 
.167 

.246 
.584 
.370 
.261 

6.517 
.198 

7.541 

.604 

.116 

.423 
2.141 

.392 
' 7.690 

.607 

.187 

.335 

.276 

.599 

.203 

.251 

.76~ 

.455 

.372 

Passenger. 

Percentage of 
Motive Tot 1 
Power a 

Expenses. 

32.548 
.723 

18.322 

2.201 
.307 

1.130 
7.136 
1.529 

23.768 
1.553 

.325 

.8!!8 

.OM 
1.206 

.668 

1.569 
4.466 
1.607 

4.3510 
.0965 

2.4478 

.2951 

.0510 

.1509 

.9533 

.2062 
3.1754 

.1809 
.0434 
.1179 
.0058 
.1611 
.0892 

.2116 

.5966 

.2146 

Freight. 

Percentage of 
Motive T t 1 Power 0 a 

Expenses. 

39.701 
.681. 

20.185 

2.211 
.298 

1.307 
7.449 
1.56·~ 

14.479 
1.594 

.367 
1.023 

.032 
1.218 

.741 

1.484 
4.554 
1.109 

5.4696 
.094~ 

2.7785 

.3051 

.0~11 

.1823 
1.0279 

.2158 
1.9961 

.2195 

.0505 

.1312 

.0046 

.1680 

.1022 

.2047 

.6264 

.1530 

9.8206 
.1909 

5.2263 

.6002 

.0921 

.3332 
1.9812 

.4220 
5.1715 

.4004 

.0939 

.2491 

.0104 

.3291 

.1914 

.4163 
1.2230 

.3676 

PHILADELPHIA AND ERIE DIVISION, 

Passenger. 

Percentage of 
Motive T t 1 Power 0 a 

Expenses. 

16.729 
.585 

24.454, 

2.423 
.598 

3.323 
10.472 
1.532 

21.822 
1.274 

.624 

.416 
1.685 
3.950 
1.599 

2.361 
3.461 
2.692 

.685 

.024 
1.002 

.099 

.024 

.136 

.429 

.062 

.894 

.052 

.025 

.017 

.069 

.162 

.065 

.096 

.142 

.109 

Freight. 

Percentage of 
ll'l:otive Total 
Power 

Expenses. 

25.462 
.420 

23.610 

1.562 
.381 

2.117 
6.676 

.976 
26.436 
1.181 

.396 

.382 
1.074 
2.517 
1.018 

1.504 
2.205 
2.083 

6.4567 
.1062 

5.9738 

.3951 

.0963 

.5356 
1.6690 

.2069 
6.6583 

.3987 

.0998 

.0966 

.2757 

.6368 

.2575 

.3809 

.5578 

.5269 

7.1417 
.1302 

6.9758 

.4941 

.1203 

.6716 
2.0980 

.2689 
7.5523 

.4507 

.1248 

.1136 

.3447 

.7988 

.3225 

.4769 

.6998 

.6359 

--~--------------------------------------~----~· ----~------~----~----~-------------------~----------~------------~----

TABLE No. LXXVII.-EXPENSES OF ENGINES. AVERAGE COST PER 100 MILES. 
PENNSYLVANIA RAILROAD DIVISION. 

DIVISIONS, CLASS, I Repairs. Fuel. Stores. Total. 

-------------------l ----------------:· ~r~--:-~--- dols. j.e s. d. - dols. -:.-;,- dols. .£ s. d. 

{ 
Passenger engines ... ... ... 5.18 I 0 18 10 3.13 , 0 11 4.76 .72 2 7.4 9.03 1 12 10.16 

Philadelphia Division ... ... Distributing , ... ... ... 1.18 0 4 2.5 2.73 I 0 9 11.3 .66 2 4.8 4.59 0 16 6.6 
_F_r_e_ig_h_t ____ , _____ ._ .. ____ ... _____ ... ~~ ~6 __ 4 __ ~~~ 1 0 0.8 .89 3 2.9 ~~ __ 1_~:__ 

Middle Division ... Distributing , ... ... ... 1.64 0 5 11.5 3. 70 0 13 5. 7 .61 2 2.5 5.95 1 1 7. 7 { 
Passenger engines ... .. . ...1 4.35 I 0 15 10 2.80 I 0 10 2.3 .55 2 0 7.70 I 1 8 0.3 

... Freight , ... ... ... 5.16 I 0 18 9.5 5.66 1 0 7.3 .67 2 5.6 11.49 2 1 )0.4 

---------------- {Passenger engines ... ... ...12.o:;---o-73:753.26'Q111()' .55 2 0 5':88--1-11.75 
Lewistown Division .. . ... .. . Distributing , . .. ... ...1 . 74 

1 

0 2 8.4 4.48 0 16 3. 7 .87 3 2 6.09 1 2 2.1 
Freight , ... ... ... 2.15 0 7 10 3.17 0 11 6 .55 2 0 5.87 1 1 4 

------------- --------------- --------- ---- --------------
{ 

P~sse:nge': engines ... ... . .. I 2.~6 I 0 8 11.5 2.56 0 9 3.8 .37 1 3.5 5.39 0 19 6.8 
... D1stnbutmg , ... .. . ... . 19 0 2 10 4.46 0 16 2.8 .36 1 3 5.61 1 0 3.8 

Freight , ... ... ... 1 6.24 1 2 8 4.60 0 16 9 .52 1 10.75 11.36 2 1 3.75 
----------- ------ ----- -- -· ______ ,____ ----- ----- ----- --- -----

Bedford Division ... 

... ... ... ! 6.82 1 4 10 3.44 0 12 6 .43 1 8 10.69 1 19 0 

::: ::: :::1 ~:~g ~ 1~ ~.5 ~:~~ ~ 1~ 16.3 :g~ ~ 1~ 1~:~& ~ 1~ ~-8 Tyrone Division .. . { 
Passenger engines 

.. Distributing , 
Freight , 

---------------------- ---- ------- --------------------
West Pennsylvania Division ... { 

Passenger engines ... .. . ...
1
1 2.60 0 9 5.6 2.84 0 10 4 .35 1 4 5.79 1 1 1.6 

... Distributing , ... ... ... 1.35 0 4 11 4.17 0 15 2.25 .41 1 6 5.93 1 1 7.25 
Freight , ... ... .. . ! 6.30 1 2 11 4.93 0 17 11.5 .45 1 8 11.68 2 2 6.5 

- ·-------------I-{-P_a_s_:se-n-ge-r-en_g_i-ne_s __ .. -. --.-.. --...... 
1

! 101:3574 Tt~ ~:f g:~8- g if ~-5 I :~6 T~:~ 1~:~~ ~lf~-8 
Pittsburgh Division ... ... ... . ~:e;~tring ;; ::: ::: ... 7.86 1 8 7.5 5.96 1 1 8.5 .94 3 5 14.76 ! ' 2 13 9 

I 

--------------~------------------------------ ----~----------------

New York Division ... ... 

Eastern Division .. , 

Middle Divisio~ ... 

Western Division ... 

UNITED RAILROADS OF NEW JERSEY DIVISION. 

{ Passenger engines 
... Distributing , 

Freight , 

12.58 5 9.8 1.18 4 3.5 I 22.91 
; 

4 3 5.2 ... ... . .. 9.15 1 13 3.9 2 

I ... ... . .. 2.08 0 7 6 9.89 1 16 .2 1.11 4 1.8 I 13-11 2 7 8 
... . .. ... 5.51 1 0 0.80 16.90 3 1 0.5 1.::!0 4 8.7 

I 
23.71 

I 
4 5 10 

PHILADELPHIA AND ERIE RAILROAD. 

2.82 
6:43 
2.91 

0 10 3.3 
.1 3 5 
0 10 7 

3.60 
7.60 
5.67 

0 13 1.5 
1 7 8 
1 0 7.7 

.48 

.54 

.79 

1 9 
1 11.5 
2 10 

6.90 
14.57 
9.37 

1 5 1.8 
2 13 o:s 
1 14 0.7 

::: ~:~g j---gig ~.8 ~:g~ Tit g~ :tr- ~ 1r.: ~:gg T~~ ~-4 
8.97 I 1 12 8 8.81 1 12 o.9 .ss 2 1 18.34 3 6 9.9 
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TABLE No. LXXVIII. PENNSYLVANIA RAILROAD, MIDDLE DIVISION. MILEAGE AND COST OF RUNNING AND REPAIRS OF THIRTY-SEVEN ENGINES DURING ONE MONTH. 

.. 
~ 
~ 

I 

NAME OJ' BUILDER. 

---------
2. 

"' -a 
" 0 
0 -0, 

""' .,.,; 
.c, 
S-" 
i~ 
--

a. 
--

I ~ ... 
~ 
..... 
0 .. 
$ 
" a 
iS --
4. 
--

in. 

,.; 

" "' .s .,; ol . s -;;, ~ bQ 
0 " ..... 00 ~ 
0 

"0 .. "0 
$ 

~ 

.~ ~ :f 
" ~ 0 >-l -------

5. 6. 7. 
-------

in . in. lb. 

MILEAGE. 
<1> 
~ 

" .9 .. .: " " .. r"' .. " ~ " ~ .;; 'Oro 
~ ·l ~-a " 0 "' ... 8"-p.. rFl r.. E-< -- --------
8. 9. 10. 11. 12. -- --------

dole. 

., FUEL CONSUMED. 
~ 

" .,; .,; .9 - -.. 0 0 ';i ';; 0 0 

" 
0 0 

~ '0 ~ ~ 0 0 r"' 0 ~ 00 0 0 -. m.g - ..... ..... '0 0 .. o . Om 0 0 0 

~-~ 'tlo ~ ~ d'V ~(i) 

8~ 
00 00 ';< 00 "' ~= ~= 8"- 0 0 0 0 0 

~r.. ~f>< 0 0 0 0 0 -- -----------------
13. 14. 15. 16. 17.· 18. 19. 20. 21. 
------------------

£ cords. dols. £ tons. dnls. £ dols. £ 
Pennsylvania. Railroad Co. 4 66 17 24 71,200 3564 ... 

2091 
3564 75.41 15.08 3.4 12.68 2.53 ' 78 107 21.4 119.88 23.93 

Baldwin 6 44 15 18 65,400 2091 ... 4182 12.72 2.54 .2 .92 .18 
Pennsylva.ni&'Railroad Cci.' 4 66 17 24 71,200 4620 ... . .. 4620 44.27 8.85 3.0 11.04 2.20 
Baldwin ... ... ... 4 66 17 24 69.100 3960 ... I 3960 54.39 10.97 3.2 1196 2.39 

6 54 18 22 69,700 ... ... 1 zi'oo 2100 2.14 .43 .7 3.22 .64 I Pe,;;,sylvania 'R..nro~d a~:· 8 48 18 22 77,800 ... ... 3068 3068 36.01 7.20 3.1 11.50 2.30 
Baldwin ••• ••• . .. 4 36 11 16 36,400 ... 1836 1836 2.86 .57 .3 1.38 .27 ,. ... ... . .. 6 54 18 22 69,900 ... ao 2126 2156 43.36 8.67 3.5 13.34 2.67 

" ... ... . .. 6 64 18 2'2 69.900 "' ... 132 132 13 15 2.63 .1 .46 .09 

" ... ... ... 6 54 18 22 74.600 ... . .. 3528 3528 73.66 14.73 3.5 13.34 2.67 

" ... ... . .. 6 44 15 18 61,000 ... ... 1620 1620 20.28 4.05 ·4 1.84 .37 

" ... ... ... 4 60 17 24 72,000 ... 1982 1982 114.17 22.83 2.3 8.74 1.75 

" ... ... ... 4 66 17 24 71,000 3828 ... 3828 36.76 7.35 3.4 12.88 2.57 

" ... ... . .. 6 64 18 22 74,600 ... . .. 3584 3584 92.89 18.58 3.4 12.88 2.57 

Pe~~sylva.niB." Ra.nr·~~d co·: 6 44 15 18 62,500 ... ... 1860 1860 1.39 8.28 .2 .92 .18 
6 44 15 18 63.500 ... ... 3012 8012 4.6.5 .93 .3 1.38 .28 

!Baldwin ... ... ... 6 54 18 22 74,600 ... ... 3432 3432 51.23 10.25 3.4 12.88 2.57 ... ... ... 6 54 18 22 74,600 ... .. . 1970 1970 317.12 63.42 2.1 7.82 1.56 
I :: ... ... .. . 6 54 18 22 74600 ... ... 3960 3960 42.45 8.49 3.6 13.80 2,76 

" ... ... ... 6 54 18 22 74,600 ... ... 1970 1970 326.25 65 25 2.3 8.74 1.75 

Peti.;,sylvani&'Railro~d co:· 6 64 18 22 74,600 ... ... 2640 2640 240.55 48.11 3.4 12.88 2.57 
6 54 18 22 77,500 ... ... 3772 3772 47.87 9.57 3.7 14.26 2.85 

Baldwin ... ... ... 6 54 18 22 76,600 ... ... 3932 3932 104.23 20.84 3.6 13.80 2.76 .. ... ... ... 6 54 18 22 76,600 ... ... 660 660 144.88 28.97 .5 2.30 .46 .. ... ... ... 6 54 18 22 76,600 ... ... 4196 4196 70.03 14.00 3.5 13.34 2.67 

" ... ... ... 6 54 18 22 76,600 ... ... 2ll2 2!12 158.12 31.62 2.1 7.82 1.56 

Pe,;;,sylvania.Railrood co:· 6 54 18 22 76,600 ... 3536 3536 44.58 8.91 3.6 13,80 2.76 
4 60 17 24 74,300 4884 ... ... 4884 76.15 11i.23 4.7 17.94 3.59 

Baldwln " 
4 60 17 24 74,300 4092 ... 4092 77.68 15.53 3.5 13.34 2.67 ... ... ... 6 54 18 22 75,700 ... ... 3836 3836 54.56 10.91 3.5 13.34 2.67 

" ... ... ... 6 ,<;4 18 22 75,700 ... ... 3744 3744 79.19 15.83 3.4 12.88 2.57 .. ... ... ... 6 54 18 22 75,700 ... ... 1568 1568 66.67 13.33 2.1 7.82 1.56 

Pe,;;,sylvanu; · Railr~~d co:· 6 54 18 22 75,700 ... ... 3640 3640 48.1 9 9.63 3.6 13.80 2.76 
6 1>4 18 22 77,500 ... ... 3696 3696 54.17 10.83 3.5 13.34 2.67 Baldwin 6 54 18 22 75,700 ... ... 1924 1924 136.36 27.27 2.5 9.66 1.93 Pennsylvania.Railroad co:· 6 44 15 18 65,700 ... ... 978 97R 233.88 46.77 1.5 5.98 1.19 

" " 
6 44 15 22 60,400 ... ... 3600 3600 34.19 6.83 .3 LaS .27 

- -- -- ------- -- ------ ------2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12, 13. 14. 15. 16. 

TABLE No. LXXXVII.-AVERAGE PouNDs OF CoAL CoNSUMED PER FREIGHT CAR PER MILE, AND ToNs oF 
FREIGHT CARRIED PER CAR. 

~--·-··---

Average Number 
Average Number Pounds Coal per Percentage of. Percentage of. 

DIVISION· Car per Mile. Tons per Car. 

1874. I 1875. 
' 

Increase. Decrease. 1874. 1875. Increase. Decrease. ----·--- ---------- ------Philadelphia ... ... ... 4.1 4.3 4.9 9.611 10.124 5.4 
Middle ... 2.8 2.7 ... 3.6 9.569 9.900 3.5 
Pittsburgh ... ::: ::: ::: 5.7 5.5 ... 3.5 9.395 9.359 .4 
Entire Pennsylvania Railroad ... 4.2 4.2 ... 9.569 9.910 3.6 
United Railroads of New Jersey 3.3 3.6 9.1 ... 8.238 8.904 8.1 
Philadelphia and Erie Railroad ... 4.4 

I 
4.4 .. . . .. 9.267 9.689 4.5 

----

40 56 11.2 56.92 11.38 
81 113 22.6 124.04 24.80 
44 62 12.4 79.36 14,79 
27 38 7.6 41.22 8.24 

181 251,45 50,29 262.95 52.59 
11 15.90 3.18 17.28 3.45 
60 83.50 16.70 96.84 19.37 
5 7.0 1.4 7.46 1.49 

182 252.65 50.53 285.99 53.20 
25 35.25 7.05 37.09 7.42 
66 92.00 18.40 100.74 20.15 
76 106.0 21.2 118.88 23.77 

178 247.95 49.59 260.S3 52.16 
22 31,10 6 22 31.92 6.40 
30 41.85 8 37 43.23 8.65 

129 204.~5 40.n7 217.73 43.54 
94 130.40 26.08 138.22 27.64 

190 265.0 53.11 278.80 55.76 
65 104.70 20.94 1!3.44 22.69 

114 159.25 31.85 172.13 34.42 
131 174.85 34.97 189.11 37.82 
147 204.35 40.87 218. 15 43.63 

23 32.20 6.44 34.50 6.90 
156 216.45 43.29 229.75 45.96 

83 ll4.70 22.94 122.52 24.50 
145 202.50 40.50 216.30 43.26 

96 133.0 26.6 150.94 30.19 
67 94.0 18.8 107.34 21.47 

172 239.70 47.94 253.04 50.61 
95 224.60 44.92 237.18 47.49 

164 133.40 26.68 140.82 28.14 
119 228.30 45.66 242.30 48.42 
! 62 225.75 45.15 239.09 47.82 

70 111.80 22.36 121.46 24.29 
11 15.60 3. 12 21.58 4.31 
53 74.25 14.85 75.63 15.12 

--------- --
17. 18. 19. 20. 21. 

DIVISIONS. 

Philadelphia ... ... 
Middle ... ... ... 
Pittsburgh ... ... 
Lewistown ... ... 
Bedford ... ... 
Tyrone ... 
West Pennsylvania ... 
Frederick ... • •• 

Total, 1875 ... 
Total, 1874 ... 

Increase ... ... 
Decrease .. . ... 
Percentage . .. ... 

I 
~ 

.; 
STORES CONSUMED. .. COST PER MILE. .2 ..... '0 " " 0 ... :a ~ ::a :rl - " :ll "' a s 8 0 .. 

'0 ..... " ;;l 0 " 0 " " .... .... ... ... ... " 0 .. .. 
00 ~ 00 

" "' 00 

~~ " :=: 8. 0 • 8:B ~<V ... 0 

~ "' 
0~ " 

0 

" I< E 0 o. 1;; ·;o "" dd .8 ~t> -.. ~·en d'€0 -;~ ... 00 0 -;l " .. d ~ril 
_so ~o ~o " :;; ... ... ~" § ~ ~w ~~ ~["' 8:-l 0 ~ ~ " s ~~ H E-< r.. "' -------- ----- -- ----------------

22. 23. 24. 25. 26. 27. 28. 29. 30. 31. 32. 33, 34. 35. 36. -- --------------------------- --· 
qts. lb. lb. dols. £ dols. £ lb. qts. lb. lb. cents. cents cents. cents 
82 49 49 19.15 3,83 214.44 42.84 49.3 2.3 1.4 1.4 2.1 3,4 .5 6.0 

143 31 20 21.95 4.39 91.59 18.31 21.5 3.4 .7 .5 ,3 1.4 .5 2.2 
100 90 84 28.50 5,70 196.81 39.35 40.0 2.2 2.0 1.8 1.0 2.7 .6 4.3 
58 50 53 16.76 3.35 145.11 29.11 26.1 1.5 1.3 1.3 1.3 1.9 .4 3.6 
92 16 30 15.48 3.09 58.54 II.70 29.5 4.4 .8 1.4 .1 2.0 .7 2.8 

100 46 68 22.94 4.59 321.90 64.38 132.5 3.3 1.5 2.2 1.2 8.6 .7 10.5 
8 6 32 4.70 .94 24.84 4.96 14.1 .4 .3 1.7 .2 ,9 .3 1.4 

52 57 66 17.97 3.59 158.17 31.63 64.2 2.4 2.7 3.1 2.0 4.5 .8 7.3 
4 4 .84 .17 21.45 4.29 86.1 3.0 3.0 10.0 5.7 .6 16.3 

106 44 112 27.88 5.57 367.63 72,50 U6.0 3.0 1.2 3.2 2.1 7.5 .8 10.4 
36 30 30 10.02 2.00 67 39 13.47 35.2 2.2 1.8 1.8 1.3 2.3 .6 4.2 
23 41 78 14.25 2.8/i 229.16 45.83 75.9 1.2 2.1 3.9 5.8 5.1 .7 116 
52 61 45 16.23 3.27 171,87 34.3V 45.5 1.4 1.6 1.2 .9 3.1 .4 4.4 

105 47 96 26.43 5.28 380.15 75.92 93,4 2.9 1.3 2.6 2.6 7.3 .7 10.6 
18 31 40 8.95 1.79 42.26 8.47 26.8 1.0 1.7 2.2 .1 1.7 .5 2.3 
91 41 60 20.61 4.12 68.49 13.70 22.4 3.0 1.4 2.0 .2 1.4 I .7 2.3 
92 49 67 22.15 4.43 291.1! 58.22 96.9 2.7 1.4 2.0 1.5 ~:~ I 1·~ 8.5 
77 48 69 20.46 4.09 475.80 95.15 !07.3 3.9 2.4 3.5 16.1 24.1 
95 53 86 24.77 4.95 346.02 69.20 !08.3 2.4 1.3 2.2 1.1 7.0 I .6 8.7 
58 40 55 16.06 3.21 455.75 91.15 86.6 2.9 2.0 2.8 16.5 5.7 i .8 23.0 
72 49 1!1 24.15 4.83 436.83 87.36 98.3 2.7 1.9 4.2 9.1 6.5 I .9 16.5 
78 57 90 23.49 4.70 260.47 52.09 75.5 2.1 1.5 2.4 1.3 5.0 .6 6.9 

103 M 101 27.41 5.48 349.79 69.95 84.4 2.6 1.4 2.7 2.7 5.5 .7 8.9 
15 16 18 5.04 1.01 184.42 36.88 79.3 2.3 2.4 2.7 22. 5.2 .8 28.0 
95 61 102 27.09 5.41 326.91 65.37 83.7 2.3 u 2.4 1.6 b.5 .6 7.7 
50 39 58 15.31 3.06 295.95 59.19 88.2 2.4 1.8 2.8 7.5 5.8 .7 14.0 
72 42 75 19.92 3.98 280.80 56.15 93.0 2.0 1.2 2.1 1.3 6.1 .6 8.0 

136 72 75 30.30 6.06 257.39 5!.48 44.9 2.8 1.5 1.6 1.6 3.1 .6 5.3 
Ill 81 64 27.01 5.40 212.03 42.40 37.9 2.7 2.0 1.6 1.9 2.6 .7 5.2 

90 56 94 25.24 5.05 332.84 66.57 101.2 2.3 1.5 2.5 1.4 6.6 .7 8.7 
87 48 95 24.26 4.85 340.93 68.17 97.2 2.3 1.3 2.5 2.1 6.3 .7 9.1 
44 30 54 13.38 2.67 220.87 54.17 137.5 2.8 1.9 3.4 4.2 8.9 1.0 14.1 
96 56 106 27.16 5,43 317.65 63.48 101.8 2.6 1.5 2.9 1.3 6.7 .7 8.7 
73 63 58 20.23 4.04 313.49 62.69 99.0 2.0 1.7 1.6 1.5 6.5 ,5 8.5 
75 38 73 19.72 j 3.94 277.54 55.50 94.8 3.9 2.0 3.8 7.1 6.3 1.0 14.4 
18 28 20 6.68 1 1.33 262.14 62.41 27.7 1.8 2.9 2.0 23.9 2.2 .7 26.8 

106 39 57 21.9a; 4.39 131.75 26.34 33.1 2.9 1.1 1.6 .9 2.1 .6 3.6 

------_ ·I __ --- -- ------------ ----22. 23. 24. 25. 1 26. 27. 28. 29. 30. 31. 32. 33. 34. 35. 36. 

TABLE No. LXXXVIII.-MILEAGE OF PASSENGER CARs. 

Passenger. Emigrant. Baggage. Mail. Express. Total. ---- ----------... .. . 2,113,917 321,585 725,855 101,650 473,212 3,736,219 ... ... 1,421,606 253,948 593,457 128,390 561,150 2,958,551 
... .. . 2,220,211 207,668 647,664 112,526 499,553 3,687,622 ... .. . 47,260 .. . ... .. . 47,260 ... .. 54,770 8,623 ... ... 63,393 
... . .. i301,9M. 16,355 150,543 ... . .. 468,842 ... . .. 595,286 1,023 96,724 ... . .. 693,033 ... ... 128,185 4,814 11,605 ... 148 144,752 ------------- -------------... ... 6,883,179 805,393 2,234,471 342,566 1,534,063 11,799,672 ... .. . 6,481,474 960,920 2,103,108 223,422 1,683,577 11,452,501 ---- ---------------... ... 401,705 131,363 19,144 

149;514 
347,171 

... . .. 155,527 

... ... 6.20 16.19 6.25 8.56 8.88 3.03 
' ' 
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THE PENNSYLVANIA RAILROAD. 217 

Besides the general dimensions and weights of the engines, 
and the mileage obtained, the fuel and stores consumed are 
given in the greatest detail. In this Table the dollar is 
estimated at 4s. 

TABLE No. LXXIX.-General Average Consumption of 
F'ttel and Stores. 

DIVISIONS. 

~ ~ ~ 0~ 0 0 0 

~ s~ ~~ !~ 
"; !-::1~ gJ:;;: ;§::;; 
8 011 ~11 ~11 
~ . $.; ~.{; ~~ 
§~ @ § § g § § 
0~ ,.£?,~ ~0~ 0~ 

P< '-' ,..... P< 

P-en-n-sy-l-va-n-ia_R_a_ilr-o-ad-,-1-8-75-.. -. --... 71.9 3.2iu 2.8 
1874 ... ... 72.1 3.1 1.7 2.7 

Increase .. . 0.1 ... 0.1 
Decrease .. . ... 0.2 

UnitedRailroads of NewJersey, 187558.1 4.3 2.9 3.6 
" " 1874 57.7 4.2 2.9 3.5 

Increase ... 
Decrease ... 

... 0.4 0.1 ... 0.1 

Philadelphia and Erie Railroad, 1875 88.9 2.7 1.4 1.3 

Increase". .. " 
18~.~~·s::~ _:?_ ~ _:: 

Decrease ... ... ... ... 0.1 0.9 

TABLE No. LXXX.- Oost of Repairs per Mile Run 
Pennsylvania Railroad Division. 

YEAR. \cost per Mile Run. 

----1 
18GB 
1869 
1870 
1871 
1872 
1873 
1874 
1875 

... 1 12.8 cents. 
11. " 

9 .13 " 
6.81 " 
8.16 
4.90 " 
5.30 " 
5.86 

TABLE No. LXXXI.-Mileage of Locomotives. 

Pas- I F . ht Dis- T tal Divisions. senger. i reig . tributing. o . 
----------,--- ------
PennsylvaniaRailroad, i 11699 0•2 476,738 16,266,068 

:i~~""""'""' :oo• ~-· ~----- u,::::::: 
United Railroads of 

New Jersey, 1876 ... 2,453,60S 2,315,193 209,899 6,088,600 
United R•ilroads of 

New Jersey, 1874 ... 5,202,476 

Decrease 193,876 

p\i~~:~~g:~8~~d E~i.~ ---:-5~:r~:9.84G --:0.815- 2,417,4: 
Philadelphia and Erie I 

D::::::d,1874 ____ I ___ ---~::::; 
Entire line, 1876 ... 6,100,.566116,804,061 7G7,452 22,692,078 

1874 ... ... ... ... 22,362,983 

Increase ... ... ... ... 329,096 

TABLE No. LXXXII.-General.Average Engine Mileage 
with Passenger Trains. 

Divisions. 

Pennsylvania Railroad ... 
United Railroads of New J ersey 
Philadelphia and Erie Railroad ... 

Mileage. 

27,037 
22,305 
22,837 

Of the succeeding Tables No. LXXIX. gives the general 
average consumption of fuel and stores for each engine; 

No. LXXX. the cost of repairs per mile run on the 
Pennsylvania Division for each year since 1868, and is 
interesting as showing the great economy effected by the 
introduction of a better and more complete system ; 

TABLE No. LXXXIII-General Average Engine Mileage 
with Freight Trains. 

Divisions. Mileage. 
--------------- -----
Pennsylvania Railroad ... ... 
United Railroads of New Jersey 
Philadelphia and Erie Railroads 

23,014 
18,762 
20,665 

TABLE No. LXXXIV.-Greatest Engine Mileaqewith 
Passenger Trains. • 

Divisious. INu~ber Mileage. 
Engine. 

---- ·----- -------
Pennsylvania Railroad ... . .. 1 193 48,312 
United Railroads of New Jersey ... 914 58,344 
Philadelphia and Erie Railroad ... 1002 37~~ 

TABLE No. LXXXV.- Greatest Engine Mileage with 
Freight Trains. 

Divisions. Num~er ofiMileage. 
Engme. 

-----------1------
Pennsylvania Railroad 
United Railroads of New Jersey 
Philadelphia and Erie Railroad 

521 
633 

1020 

39,140 
31,814 
35,433 

TABLE No. LXXXVI.-Average Number qf Oars hauled 
per Mile, ana Number of Pounds of Ooal consumed per 
''nr p Pr Mae. 

-

l'ennsylvania Division: 
hiladelphia p 

M 
p 

... 
iddle ... ... 

ittsburgh ... 
yrone ... ... 
est Pennsylvania 

T 
w 
L 
B 

ewistown ... 
edford ... ... 

Average ... 

... ... ... .. . 

... 

. .. ... 

.. . 

N 
A 
B 

New J ersey Division: 
ew York ... ... 
mboy ... ... ... 
elvidere ... ... 

Ave:_age ... ... 

... 

. .. 

. .. 

... 

... 

... 

... 

. .. 

... 

... 

... 

... 

----
I Passenger. Freight. 

I Cars. I Coal. Cars. Coal. 
----

5.5 8.1 21.3 4.3 
6.7 6.1 32.6 2.7 
5.2 9.4 16.0 5.5 
3.0 15.7 9.2 11.8 
3.0 13.3 12.8 5.3 
1.5 28.7 7.2 6.6 
2.0 17.2 12.3 5.2 
5.3 8.5 21.5 4.2 

5.6 10.5 23.7 3.8 
2.6 15.5 11.7 5.2 
3.9 11.0 1 21.2 2.8 
4.7 11.2 22.8 3.6 

No. LXXXI. shows the mileage made by locomotives on 
the different divisions for 1874 and 1875; Nos. LXXXII. 
and LXXXIII. are the general average mileage with pas
senger and freight trains respectively; and Nos. LXXXIV. 
and LXXXV. give the greatest passenger and freight 
mileage made. 

Table No. LXXXVI. contains the average number of 
cars hauled per engine mile, and the number of pounds of 
coal consumed per car per mile. 

Table No .. LXXXVII. gives a summary of the information 
in the foregoing Table, a comparison with the corre
sponding consumption in 1874, and the average number 
of tons hauled per car. 

Lastly, in connexion with this part of the subject, 
Table No. LXXXVIII. contains the mileage made with the 
passenger equipment for 187 5. 
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21x THE PENNSYLVANIA RAILROAD. 

TRANSPORTATION AND GENERAL EXPENSES. 

THE investigation of detailed expenditure on the Penn-
sylvania Railroad system refers now to the Trans

portation Department, and to general management. Table 
LXXXIX. analyses by percentages the passenger and 
freight " conducting transportation" expenditure of the 

Railroads of New Jersey several special items appear
expenses for the car floats employed on the Hudson for 
transporting freight cars, and already described, and 
expenses connected with steamboats, amounting to nearly 
400,000 dols. Labour at stations here is the heaviest 

TABLE No. XC.- PERCENTAGE~ OF GENERAL ExPENSES, PAssENGER AND FREIGHT SERVICEs 

Pennsylvania. Division. ll ..; United Railroads of New Jersey I" -' hi ~~~ ~~ 

No. Passenger. 

-~D ~~~ ~ ~ 1------------------- ~ ~ 
- Passenger. Freight. P! Freight. 

-- --------------------· /----- ------ ----1----.---- 1----- ---
I Advertising ... ... ... .. . 
2 Attendants... ... ... ... .. . 
3 Clerks ... ... ••• . .. 
4 Fuel and light ... ... ... .. . 
lJ Incidentals and legal expenses .. . 
6 Office expenses ... . .. . .. . . 
7 Salaries of president and other officers 
8 Stationery and blanks ... ... . .. 
9 Taxes on real estate, Philadelphia ... 

IJ.16 .0428 
4.34 .0360 

41,57 .34il0 
.81 .0067 

6.1JO .0539 
7.73 .0643 

30,42 .2525 
2.24 .0186 
1.23 .0102 

6.91 
3.64 

29.40 
,35 

8.61 
9.62 

36.89 
3.08 
1.50 

.170 ,2128 

.0&9 .1250 
,726 1,0710 
.008 .0147 
.212 .2659 
.233 .2973 
.960 1.2125 
.076 .0946 
.003 .0132 

1.18 

73.87 
.18 

21.86 
1,95 

.96 

.0110 

,6953 
.0011 
.2044 
.0183 

.0090 

2.19 

50.28 
.35 

41.40 
4.07 

1.71 

.0118 

.2715 
.0018 
.2235 
,0219 

.0092 

.0228 

.9668 

.0029 

.4279 

.0402 

.0182 

Pennsylvania Division, the United Railroads of New 
Jersey, and the Philadelphia and Erie; together with a 
similar summary of the general expenses for the two former 
in Table XC. It will be observed that under the head of 
conducting transportation, are included all items connected 

single expense, being about 300,000 dols. The general 
expenses, averaged in Table XC., include salaries of 
officers, as distinguished from employes, and amounting 
in all to 135,600 dols., or about 27,0001. ; clerks' salaries, 
125,000 dols. ; general advertising, 25,300 dols. The 

1 
2 
3 
4 
5 

TABLE No XCI- SUMMARY OF P E RCENTAGES OF PASSENGER AND FREIGHT WoRKING EXPENSE&. 

HEADS OF ACCOUNTS, 

Pennsylvania 
Division. 

United Railroads of !Philadelphia and Erie 
New Jersey Division. Division. 

Passenger. j Freight. Passenger. Freight. Passenger. Freight. 
-------- ·------ ----,-----1----- -----------
Conducting transportation ... ... .. . 7.5300 27.2420 20.5390 22.3779 
Motive power ... ... ... ... ... 5.6480 24.0300 13.3481 13.7709 
Maintenance of cars . .. ... ... ... 3. 7925 6.5006 3. 7113 3.8289 

, ,, way ... .. . 4.8274 17.1295 10.5168 10.4283 
General expenses ... .8300 2.4770 .9391 .5397 

7.0440 
4.0920 
2.4234 
6.5564 

22.8996 
25.3286 
5.6937 

25.9623 

--I-----------T-ot-.,-ls---.-.. ---.-.. ---.-.. 1- 22-.6--2-79- 77.37914'9.0543 5o:'9'45712Q.iiss 79.8842 
_ .. ____________ --------- I 
Percentage of passenger to freight . .. 21 96 I 25 

-------------- --·------------------------------------·---------·------------

with transport of passengers and freight, other than those 
contained under the heads of motive power and maintenance 
of cars. Wages form the largest item, those for brakes
men amounting to more than 835,000 dols. In the United 

other items are comparatively insignificant. Table XCI. 
summarises all the previous analyses, and shows at a 
glance the proportions which each department bears to 
total expenditure. 
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THE PENNSYLVANIA RAILROAD. 219 

TABLE No. LXXXIX.-PERCENTAGES OF COS'r IN CONDUCTING TRANSPORTATION. PASSENGER AND FREIGHT SERVICES. 

HEADS OF EXPENDITURE. 

1 Advertising .. . . .. . .. 
2 Agents ... ... .. . 
3 Baggage masters .. . . .. 
4 Barges, manning ... .. . 
5 ,. incidentals... .. . 
6 , repair• of ... .. . 
7 Brakemen ... ... .. . 
8 Cars, cleaning and' inspecting 
9 ,. furniture and fixtures · 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
m 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

, service .. . ... . .. 
Clerks.. ... ... ... . .. 
Conductors .. . .. . .. . 
Dispatchers . .. ... .. . .. . 
Docks, dredging and cleaning ... 
Expenses of stations, except labour 

, grain elevator ... 
Foreign agencies . .. .. . .. . 
Fuel at stations ... .. . ... 

, for cars... ... ... . .. 
Incidentals ... ... ... .. . 
Insurance . .. .. , •.• . .. 
Labour at stations .. . ... .. . 
Light at stations ••• ... .. . 

, for cars ... . .. . .. 
Loss and damage, &c. ... .. . 
Mail expenses ... .. . 
Oil, tallow, waste, &c. ... ... 
Stationery and printing ... .. . 
Stations, repairs of... ... .. . 
Steamboats, fuel for .. . .. . 

, incidentals for . .. 
, manning ... . .. 
, repairs of .. . .. . 

Superintendents .. . ... .. . 
Switchmen ... ... ... ... 
Tax on depots ..• ... .. . 
Tax, " State" ... ... . .. 
Tea.illing ... ... ... . .. 
Telegraph expenses... ... ... 
Tolls, Catawissa Railroad... .. . 

, Philadelphia City Railroad .. 
, Philadelphia, Wilmington, 
and Baltimore Railroad... . .. 

43 Tolls, Junction Railroad .. , ... 
44 , Lewisburg Bridge ... . .. 
~5 Wharves and landings, repairs of 
M; Wrecks, clearing .. . • •• 
47 Special for United Railroads of 

New Jersey, car floats ... 

PENNSYLVANIA RAILROAD DIVISION. 

Passenger. 

5.93 
5.55 
6.20 

9.15 
7.61 
3.48 

.73 
4.38 
9.89 
2.59 

.78 

9.00 
1.03 
1.82 
2.16 
1.27 
2.49 
2.03 
1.65 
1.65 

.93 
147 
4.70 
6.77 

1.09 
1.20 

.72 
o~ 

3.63 

.16 

.12 

.444 
.441 
.465 

.686 

.570 

.261 

.054 

.328 

.741 

.193 

.068 

.675 

.077 

.13t 

.162 

.095 

.180 

.152 

.123 

.123 

.069 

.111 

.352 

.507 

.081 

.090 

.054 

.001 

.272 

.012 

.009 

Freight. 

.04 

.05 

23.82 
2.42 
1.49 

11.27 
6.95 
9.92 
2.83 

.82 
1.72 

.04 
3.86 

.13 
a 

2.82 
1.36 
5.92 

.47 

.29 
1.67 

1.78 
3.54. 
2.89 

.97 
1.39 
1.98 

b 
1.75 
3.89 

.13 

.69 
1.90 
.12 
.80 
.28 

.010 

.013 

6.518 
.657 
.407 

3.061 
1.900 
2.710 

.812 

.212 

.461 

.010 
1.059 

.035 

.800 

.369 
1.629 

.134 

.081 

.444 

.4.88 

.950 

.787 

.270 

.385 

.543 

.488 

.939 

.033 

.190 

.516 

.033 

.217 

.081 

.454 

.454 

.465 

7.20! 
1.227 

.668 
3.115 
2.228 
3.451 
1.005 

.212 

.529 

.010 
1.734 

.112 

.134 

.962 

.464 
1.809 

.286 

.204 

.567 

.069 

.599 
1.302 
1.294 

.351 

.475 

.597 

.001 

.488 
1.211 

.033 

.190 

.516 

.045 

.217 

.090 

UNITED RAILROADS OF NEW JERSEY 
DIVISION. 

Passenger. Freight. 

----,---- -------

1.89 
4.64 
3.28 

4.68 
4.69 
1.20 
1.13 
2.62 
4.80 
1.13 

3.34 

2.04 
.63 
.75 

2.83 
1.61 
4.32 
3.02 

.62 
1.16 

.12 
1.32 

13.70 
0.02 
6.80 

11.70 
1.42 
6.25 

.58 
2.41 
.16 

4.09 

.99 

.03 

.390 

.944 

.677 

:i:iss 
.990 
.246 
.225 
.534 
.985 
.225 

.677 

.410 

.129 

.131 

.593 

.328 

.882 

.616 

.127 

.228 

.024 

.266 

.759 
2.054 
1.396 

.349 
2.430 
1.285 

.102 

.492 

.029 

.821 

.204 

.006 

.005 
3.60 

2.365 

.07 
11.83 

1.83 
.60 

4.53 
8.79 
4.61 
1.75 
1.65 
1.03 

.79 

.20 

.06 
2.15 
1.61 

18.55 
.88 
.12 

1.10 

1.88 
2.71 
7.96 
1.79 
.73 
.70 

1.10 
.05 

3.65 
.36 

3.87 

5.99 
.08 

.92 

.0011 

.8100 

.5310 

.0157 
2.6707 

.4117 

.1350 

.9092 
1.9777 
1.0397 

.3937 

.2657 

.2253 

.1800 

.0450 

.0135 

.4833 

.3602 
4.2737 

.1980 

.0270 
.2175 

.4275 

.6075 
1. 7775 

.4050 

.1642 

.1575 

.2475 

.0110 

.8325 
.0810 

.8815 

1.3500 
.0180 

.2070 

.3911 
1.7540 

.6770 

.5310 

.0157 
3.6557 
1.4017 

.3810 
1.1342 
2.1.i117 
2.0242 

.6187 
.2617 
.9023 

.&900 

.1740 

.1445 
1.0763 

.6882 
5.1557 

.8140 

.1540 

.4755 

.0240 

.6935 
U665 
3.8315 
1.8010 

.5132 
2.5875 
1.5325 

.1130 
1.3245 

.1100 

1.7025 

1.5540 
.0240 

.2070 

PHILADELPHIA AND ERIE DIVISION. 

Passenger. 

3.16 
6.08 
5.38 

5.90 
5.89 
2.81 
2.71 
7.78 
5.44 
1.90 

3.36 

2.26 
.99 
.37 

3.96 
2.00 
1.05 
2.39 

.85 
6.82 
1.06 
2.09 
3.61 

12.55 

1.34 
.94 

7.00 
.30 

.01 

.222 

.426 

.378 

.414 

.414 

.201 

.189 

.586 
.371 
.133 

.236 

.158 

.069 
;026 
.278 
.140 
.076 
.167 
.059 
.477 
.075 • 
.146 
.252 
.875 

.093 

.066 

.496 

.021 

3.43 

23.10 
3.99 
1.16 
9.58 
7.83 

10.12 
3.57 

.35 

.41 

.so 

.02 
2.69 
2.45 
5.66 
.31 
.20 

1.37 

3.54 
2.93 
2.67 

1.64 
.91 

8.48 
1.91 

.65 

.23 

.7887 

5.2120 
.9177 

2.2668 
2.2034 
1.8009 
2.3276 

.8211 

.0805 

.0942 

.1844 

.0046 
.6187 
.5635 

1.3018 
.0713 
.0465 
.3151 

.8146 

.6739 

.6141 

.3772 

.2093 

1.9500 
.4397 

.1495 

.0529 

.222G 
1.2147 

.3780 

5.626(: 
1.3317 

.4678 
2.3924 
2.3869 
2.6986 

.9541 

.3165 

.2522 

.2534 

.0306 

.8967 

.7031> 
1.3778 

.2383 

.1055 

.7921 

.0750 

.9606 

.9259 
1.4891 

.4702 

.2753 

2.4460 
.4607 

.1191 

.0529 

---- ·------- ---- -------- ---- --- -------- ----------- ---- ----
Totals ... • .. 100.00 7.530 100.00 27.242 34.772 100.00 20.539 100.00 22.3779 42.9169 100.00 7.044 100.00 22.8996 29.~136 

______________ c.__ _ __.!._ _______ ...:._------'---------------·-···-------'---·- - -
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THE DELAWARE AND RARITAN CANAL. 

TABLES XCII. to XCV. give details of the working 
expenses of the Delaware and Raritan Canal. In 

the year under consideration the canal was open for 

TABLE No. XCII. -Delaware ana Raritan Canal. 
MAINTENANCE. 

.£ 
1 Boats and flats, repairs of 986 
2 Bridges .. . .. . 2,926 
3 Canal bed and banks 3, 792 
4 Clerks 256 
5 Culverts 272 
6 Dams... .. . ... ... 236 
7 Dredging and dredge repair 1,722 
8 Fencing ... .. . 654 
9 Ferries, expenses of 38 

10 Horses and fodder .. . 690 
11 Houses and repair shops 1,324 
12 Incidentals .. . 36 
13 Locks and lock engines ... 4,666 
14 Office expenses, rents, furniture... 132 
15 Slope and vertical walls 2,634 
16 Stationery and printing 98 
17 Superintendence 908 
18 Taxes on real estate 390 
19 Telegraph, repairs of 114 
20 Tools and tool repairs 758 
21 Waste weirs and sluices 968 
22 Watchmen 1,014 
23 Wharvas 1,680 

Total ... 26,294 

TABLE No. XCIII.-Delaware ana Raritan Canal, 
OPERATION. 

1 Barges ... 
2 Boats, Lehigh 
3 Bridge tend""s . .. . .. 
4 Collector and weigh masters 
5 Clerks... · 
6 FelTies, labour at 
7 Fuel and light 
8 Incidentals ... 
9 Legal expenses 

10 Lock keepers ... 
11 Office expenses 
12 Schooners ... 
13 Stationery and printing 
14 Superintendence ... 
15 Telegraph expenses ... 
16 Wrecking and police 

Total 

.£ 
1,566 

198 
2,242 
1,934 

256 
326 

1,324 
6 

660 
5,868 

164 
878 
138 

1,370 
226 
326 

... 17,482 

traffic 241 working days, from the 15th of March 
to the 27th of December; during this time there were 
transported on it 1,950,000 tons, of which 221,360 tons 
were carried by steamer, and the remainder by schooners 
and barges. The number of vessels conveying this tonnage 
was 18,385, divided as follows : 

Steamers. 
Sailing vessels 
Barges 
Rafts . 

Total . 

1,883 
585 

15,786 
131 

18,385 

TABLE No. XCIV.-Delaware ana Raritan Canal. 
TOWING. 

1 Tugs, cordage for ... 
2 charter 
3 damage by ... 
4 incidentals for 
5 , fuel for ... 
6 manning of ... 
7 repairs of 
8 oil, waste, and tallow fol' ... 
9 superintendence of ... 

10 , wharfage of ... 
11 Towing by contract ... 
12 Repairs of Hoboken shop ... 

Total ... 

.£ 
732 
286 
730 
900 

... 13,122 

... 13,046 
11,450 

... 598 

.. . 1,780 
• .. 1,720 
... 19,468 

754 

.. . 64,586 

T ABLE No. XCV.-Delaware ana Raritan Canal. 
RECAPITULATION. 

1 Maintenance of canal 
2 Canal operation 
3 Steam towing 

Total 

.£ 
26,291 
17,482 
64,586 

The actual cost of transporting freight on the canal was 
50.67 per cent. of the total expenses. 
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PASSENGER TRAFFIC. 

CONSIDERATION may now be given to the passenger 
and freight business conducted during the year, and 

for which the expenditure already noted was incurred. 

TABLE No. XCVI. -Number of Passengers carried, 
on the Pennsylvania Rai!road and its Branches. 

Classes. 1875. 1874. 

First.class passengers.. 4,307,635 4,671 ,464 
Emigrant , ... 30,187 46,416 
Commutation .. . 1,271,965 1,370,223 

Decrease. 

363,829 
16,229 
98,258 

Total •.. 5,609,787 6,088,103 478,316 

TABLE No. XCV1I.-Passenger M·i!eage on the Penn· 
sy !vania Rai!road and its Branches. 

Classes. 1875. 1874. Decrease. 
---------- ---------
First-class passengers 
Emigrant 
Commutation 

Total 

miles. miles. 
... 140,047,809 148.701,118 
.. . 10,075,686 15,747,108 

10,298,503 10,511,413 

miles. 
8,653,309 
5,671,422 

212,910 

... 160,421,998 174,959,639 14,537,641 1
--------

TABLE No. XCVIII. -Number of Passengers Conveyed 
on the United Rai!roads of New JersmJ. 

Class. 
I I cenr::~ of 

1875. I 1874. Inc. Dec. I Inc~~aso 
I Decrease. 

F-i-rs-t--cl-a-ss--pa-s--I--·- ~--------
sengers ... . .. 5,375,213 5,535,060 159,847 Dec. 2.82 

Emigrant pas- t 
sengers ... 45,6871 61,071 ... 15,384 " 8.82 

Commutation pas-
sengers .. . ... 2,425,339 :2,241,1861184,153 ... 1 Inc. 8.22 

Total .. ... 7,846,239 17,837,3171184.15.3 175,23! I rnc:-O:i1 
Net increase ... ... I ... 8,922 ..• 

1 
. .. • 

T AEL :J: No. XCIX -Passenger Mi!eage on the United Rail
road-s of New Jersey. 

Class. 1875. 1874. 

First-cln.ss pas-

Inc. Dec. 

Per
centage of 
Increase 

or 
Decrease. 

sengers .. 124,078,785 127,474,989 3,396,204 Dec. 2.67 
Emigrant pas-

sengers .. . 3,932,082 5,416,710 1,484 628 , 27.41 
Commutation 

passengers ... 34,214,878 32,595,198,1,619,680 Inc. 4.97 
-----------,--,-----

Total ... 162,225,745,165,486,897 1,619,680
1

4,880,832 
Net decrease ... ... 1 ... 3,261,152 Dec. 1.97 

For the sake of comparison are added also the results ob
tained during the year 1874. Tables XCVI. and XCVII. 

give the number of passengers carried 
made on the Pennsylvania Railroad 

and the mileage 
proper and its 

branches. 
Tables XCVIII. to CUI. contain similar information 

TABLE No. c.-Number of Passengers carried on the 
J:Jelvidere Delaware Railroad. 

Cla•s. 1875. 1874. Inc . Dec. 

Per
cont.age of 
Increase 

or 

-------·I----______ 1 Decrea~ 
First-claas passengers 
Emigr.J.nt " 
Commutation ,, 

354,602 376,251 ... il,649 Dec. ».75 
28 19 9 Inc. 47.37 

33,806 38,210 ... 4,,04 Dec. 11.53 

Total... ... 388,436 414,480 9 26,05~ 
Net decrease ... 26,044 1Dec. 6.28 

TABLE No. CI. -Passenger Mileage on the Belvider11 
· Delaware Railroad. 

Class. 1875. 1874. Inc. Dec. 

miles. miles. 

Per
centage of 
·. Increase 

or 
Dem·ease. 

First-class passengers 6,105.155 6,522,885 ... 417,730 Dec. 6.40 
Emigrant , ... 1,778 1.136 6421 ... Inc. 56.61 

Co~::t~tion .. ·: ::· 6.:::::~ 6.:::·.:~ ~~2 ~ 4:::~:~ ~ 
Net decrease ... ... 1 ... ... 468,127 Dec. 6.76 

TABLE No. CII.-Numb!ll" of Passengers carried on the 
Philadelphia and Erie Railroad. , 

Per-
centage of 

Class. 1875. 1874. Inc. Dec, Increase 
or 

Decrease. --- -- --- -----------First-oiass pas-
657,580 I ... 6engers 588,562 69,018 Dec. 10,50 

Emigrant p •s-
94 1 ... gengers ... 778 165 Dec. 17.50 

Commutation 
passenger& ... 23,062 21,640 1422 ... Inc. 6.52 

---- -------- -·--Total ... 612,402 680,163 1 1~.~2 69,183 
Net decrease"' ... ... 67,761 Dec. 9.96 

as to the United Railroads of New Jersey, the Belvidere, 
Delaware, and Flemington branch, and the Philadelphia 
and Erie Railroad. 

These Tables show an increase in the number of pas
sengers carried, and a decrease in the. mileage. This 
especially applies to the emigrant class, the falling off 

shared on railsandtrails.com Digitized by Stephen Titchenal



222 THE PENNSYLVANIA RAILROAD. 

111 which as compared with 1 874, was 8.82 per cent., 
while the mileage of this class was reduced 27.41 per 
cent. 

The nature of traffic on the Belvidere Delaware line 
appears to be not much subject to change, the decrease 
in ~number of passengers carried and that of the mileage 
made being about the same. 

T J. BLE No. CIII. - Passenger Mileage on the Philadel;phia 
and Erie Ra;lroad. 

1 [ Per-

lcentage of 
Class 1875. 18i4. Inc. Dec. Increase 

or 
Decrease. 

First-class pas- -----------~----
sengers •.. 14,650,001 16,715,273 .. • 2,065,272 .

1
Dec. 12.2{ 

Emigrant pas- 1 • 

sengers 92,321 I 121,503 29,232 :Dec. 24.05 
Commutat!on '[ 
passengers ... 375,488 311,504 63,984 ... Inc. 20.5! 

Total ... ... 15,117,Sr01'17,148,330 63,984 2,094,504 [ __ _ 
Net decrease ... -· .. . 2,030,520 1Dec. 11.84 

In Table CIV. 1s summarised the average distance 

travelled by each class of passenger, with its equivalent 

T ABLE No. CIV·-Average Distance Travelled pel' 
Passenger, and Equivalent Number of Through P as
sengers on the Pennsylvania, United R ailroads o.t New 
Jersey, and Philadel;phia and Erie Railroad. 

Pennsylvania !United Railroads p~~~~~Y~i& 
Railroad. of New J ersey. Railroad. 

"0 .. . ~ .. . "0 ... 
""' 0 "'"' "'"' .o" """ """ .. sP< ~-d SP< .. . sP< 

Class. ~.0 "'"' " I """' " """' " s~ z ... s::: Zo§, s :=: Zo§, 
"" .. ""' "" z~ ~" z~ ~ " ..~ ~ " 

100 ,.o 5~ a:i ~~e "E-t 
., ... 

"E-1 g>,E-t 
~~ g:o !f~ ~~~ ~~ ~E-1 ~ 

""' ·a ~ ~~ ·~ " !~ -~~ M' ~~ ~~ $C5 ~ C'~"' rZo m ~ow 

--------.-- --------
1,394,144 24.89 50,938 

44,180 118.66 321 

First-class passen-
gers ... ... 32.51 396,063 23.08 

Emigrant passen-
gers ... ... 333.71 28,494 86.06 

384,437 16.28 1,306 
Commutation pas-

sengers ... ... 8.09 29,125 14.10 
-------- -- -------

Tot•l and averages 28.59 / 453,682 20.66 1,822,761 24.68 52,565 

through distance fo r the different sections of the system. 
The mean distances are, as might be expected, very high. 
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FREIGHT 

TURNING now to the freight traffic, the business done 
on the Pennsylvania Division and its branches is found 

to be as follows : 

TABLE No. CV.-Tonnage of Freight on the Penn
sylvania Division. 

Direction of 
1876. 1874. In- De-l P er-· Freight. crease. ~~~~ -----

Tons through 
freight moved 
eastward 

Tons through 
freight moved 

1,002,072 1,066,647 ... 63,576 Dec. 6.97 

westward 352,131 
ons of local 

301,324 50,807 ... Inc. 16.86 

freight moved 
eastward 

loc~i 
6,388,916 

Tons of 
4,915,187 473,729 ... " 

9.64 

freight moved 
westward ... 2,372,249 2,344,788 27,461 . .. 

" 
1.17 -----------Total 9,115,368 8,626,946 661,997 63,676 

Net incrMse::: ... ... 488,422 ... In. 6.66 

TRAFFIC. 

previous year of 6.6 per cent. for the former, and 13.7 per 
cent. for the latter. 

The great disparity between the eastward and westward 
freight traffic will be observed. In 1873 the westward 
tonnage mileage was 18.2, and the eastward 81.8 per cent. 

TABLF No. CVIII.-Movement of Petroleum on the 
Pennsylvania Division. 

Refined Crude Benzine, 
Direction. Oil. Oil. &c. Total. 

Barrels. Barrel~. Barrels. -----------
Through eastward, 1874 1,161,802 1,792,466 28,129 2,972,396 

" " 
1876 912,913 1,779,403 72,831 2,765,147 -----------Increase ... .., ... 

2:is:9s9 iii,062 
44,702 

Decrease ... ... . .. ... 207,24~ 

---
Local freight, 1874 ... ... ... ... 306,204 

InCrease " 
1875 ... ... ... ... 343,94~ ... .. . ... .. . ... . .. 37,742 

TABLE No. CVI.-FREIGR'I.' MILEAGE ON THE PENNSYLVANIA DIVISION, 

DIRECTION. 1875. 1874. Increase. Decrease. Percentage. ----
Mileage of through freight eastward ... 358,204,482 380,971,846 

18,146,369 
22,767,364 5.97 Dec. 

, , westward ... 125,839,358 107,692,989 ... 16.86 Inc. 
Mileage of local freight eastward .. .... 862,860,316 764,477,061 98,383,255 ... 12.87 

" , , westward ...... 132,510,310 119,425,080 13,085,230 ... 10.96 
" - -----------

Total ... ... . ... 1,479.414,466 1,372,566,976 129,614,854 22.767.364 7.07 Inc. 

j 

TABLE No. CVII.- Movement of Loaded Cars on the 
Main Line, Pennsylvania D_·iv_is_i_on_. ___ ~ 

-

.,; .; 

"" 
Station. Direction. 

g ~ ~ 
1876. 1874. "' " "' ~ "' ~ " " .. 

.e "' "' ~ ll< --------· --
West Phila-

46,328 1 delphia .. . Eastward ... 351,692 305,364 ... 15.17 
West Phila-

9,044! delphia ... Westward ... 85,007 75,963 ... 11.90 
Columbia ... Eastward .. . 372,0!12 328,748 43, 344, ... 13.18 

... Westward ... 84.981 74,694 10, 287 j . .. 13.77 
Har:lsburg ... Eastward .•. 399,576 353,769 46,8161 ... 12.95 

Rockvmo 
... W estward, ... 69,929 68,740 1,189 ... 1.73 

::: East'~ard ::: 
4,348 

Mifll.in., 353.326 315,534 37,791 ... 11.97 

Alto8n£\' 
... Westward,. 78,300 64,433 13,8671 ... 21.5 
... Eastward ... 254,142 279,232 ... 26,090 8.92 

Der;y ::: .. West"ardj ... 84,927 76.362 

~"! ·· 
11.22 

•.. Eastward .. . 221,788 239,616 ... 17,827 7.24 

Piti;b~rgh 
... Westward ... 84,069 72,560 11,609 .. 15. 6 
... Eastward ... 144,037 147,S61 .. . 3,324 2.26 

" 
•• . Westward ... 159,936 153,300 6,636 ... 4 33 

The total tonnage of through and local freight was : 
eastward, 1,221,064, 798, and westward 258,34.9,668. Un
like the passenger traffic, this shows an increase over the 

-
106,847,490 

I 

TABLE No. CIX.-Freight Tonnage on the United 
Railroads of New Jersey. 

---------.----.-----.----~------

Direction. 1876. 1874. 
Increase 

or 
Decrease. 

Per
centage. 

------J----------------
Through freight, 

eastward 821,333 780,913 Inc. 40,420 Inc. 5.18 
Through freigh~ 

westward •. 411,816 295,867 
" 

115,949 
" 

39.19 
Local freight, east-

1,628,616 1,811,084 Dec. 182,468 Dec.10.08 ward ... ... 
Local freight, west-

896,676 389,664 Inc. 7,011 Inc. 1.80 ward ... . .. 
3,277,628 Total ... • .. 3,268,440 

Net decrease ... • .. 19,088 Dec. 0.58 

of the total. In 1874 these figures were 16.5 and 83.5 
respectively, and in 1875 they were 17.5 and 82.5. With 
the improvement of trade, and the greatly increased trade 
facilities which the Pennsylvania Railroad now possesses 
by means of the admirable line of steamers connected 
with it, and running between Philadelphia and Liverpool, 
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this great difference will be much diminished. The main 
flow of freight traffic, however, must always be eastward, 
minerals and cereals forming the great bulk of it, while the 
westward traffic, consisting chiefly of manufactured goods, 
must be of less tonnage but of increased value. 

TABLE No. CX.-Freight Mileage on the United Rail· 
roads of New Jersey. 

Direction. Increase or Per-
Decrease. centage. 1876. 1874. 

-------------------
Through freight, 
eastward... ... 72,.'116,496 68,710,240 Inc. 3,605,256 Inc. 6.10 

Through freight, 
westward .. , ... 36,541,687 26,309,077 , 10,232,610 , 38.90 

Local freight, east· 
ward ... ... 68,742,931 72,954,284 Dec. 4,211,353 Dec. 6.77 

Local freight, west-
ward ... 10,199,502 10,211,342 , 11,840 ,, 0.11 

Total ... • .. 187,699,616 178,184,943 
Net increase ... 9,514,673 Inc. 6.34 

------- - - -----'----·-----

TABLE No. CXI.- Movement of Loaded Cars. 
·-..----

StatiOns. Direction. 1876. 1874. ~ ... ~ I . ~S.; 
: ~ -
" I ::: g .S A ll; --------- ---__ , ___ _ 

Mantua ... Eastward 161,071 148,342 12,7291 ... 8.58 
, •.. Westward 54,718 39.933 14,7851 ... 27,02 

Trenton ... Eastward 177,947 358,963 . 181,016 50.42 
, ... Westward 79,413 61,727 1,768; ••• 28.65 

Phillipsburg I 
Junction ... Eastward 111,628 197,135 ,, I 85,607 43.44 

Phillipsburg 
Junction ... Westward 1,512 612 900 '1 147.05 

Jersey City ... Eastward 132,510 93,483 39,027 ... 41.75 
, ... Westward 75.631 57 .736 17,89/il' ... 31.00 

South Amboy Eastward 60,762 159.929 ... 109,167 68.31 

camd~;, ... :a~~::a~~d 2~:m 2U~! ::: 6·~~g 6~:~~ 
... Westward 22,603 21,467 1,1361 ... 5.29 

TABLENoCXII.-F'reight Tonnage on the Philadelphia 
and Erie Railroad. 

I Increase 
Direcfon. 1875. 1874. Dec~~ase. ce;~~ge. 

Th:~s~~a-:freigh\, -:8,9101-367,979 Dec. 19,069 Dec. 6.18 
Through freight, I 

westward ... 126,682 98,691 Inc. 27,991 Inc. 28.34 
Local freight, east-

ward ... ... 1,224,774 1,162,336 , 62,439 , 6.37 
Loca.lfreight, west-
_:~~-- ~6,0681 614,166 -"~~a __ ,~~ 

Total ... ... 2,396,~34 1 2,243,170 Inc. 163,264 Inc. 6.83 

Petroleum forms a very important item in the freight 
business of the line, as shown in Table No. CVIII. 

This Table indicates a decrease of 6.97 per cent. in the 
through oil trade, but an increase of 12.33 per cent. in 
the local trade. 

Of coal and coke on the mam line and branches 

4,731,436 tons were conveyed in 1875, as compared with 
4,209,337 tons in 1874, an increase of 522,099 tons. 

Tables CIX. and CX. summarise the freight traffic on 
the United Railroads of New Jersey. 

The total number of tons conveyed on the Belvidere 
Delaware Railroad was 1,002,480, and the ton mileage 
47,157,234. On the United Railroads of New Jersey, the 
work done in 1875 showed a decrease of .58 per cent. in 
the tons, and an increase of 5.34 per cent. in the mileage. 

TABLE No. CXIII.- Ton Mileage on the Philadelphia 
and Erie Railroad. 

I 1876. II 1874 Inc~~ase I Per- -
I · Decrease centage. 

-----------!-------' . 
Through freight, ~---- ]).;;,;;.;- Dec;.;;; 

Direction. 

eastward ... 100,486,077 .107,385,173 6,899,096 6.42 
Through freight, j Increase Increase 

westward • ... 36,484,464 ! 28,423,049 8,061,416 28.93 
Local freight, east- Increase Increase 

ward ... . .. 120,923,796 111,662,686 9,261,110 8.29 
Local freight, west- I Increase Increase 

ward ... • .. 54,024,772 46,995,925 7,028,847 14.96 

Total ... ...ll11,919,io9'294,466,833 17,452,276 r-i.92 
1 I Increase Decrease 

This result is chiefly due to the increase in the peach 
business from Delaware in 1875. The shipments of 
anthracite coal fell off considerably during the year. 

Table CXI. summarises the movement of loaded cars 
on the United Railroads of New Jersey. 

The freight traffic on the Philadelphia and Erie Rail
road is given in Tables CXII. and CXIII. 

The movement of loaded cars on this line was as 
follows: 

TABLE No. CXIV-Movement of Loaded Cars on the 
Philadelphia and Erie Railroad. 

Direction. I 1876. 1874. Increase. Decrease. 
-------- -----·--------
Renovo. eastward ... 87,326 

, westward ... 41 ,640 
Kane, eastward... ... 68 516 

,, westwA-rd... .. . 29,794 

Increase ... . .. 
Decrea.se ... . .. 

81,1H 
36,833 
62,377 
n.936 

6,214 
4,807 

1,'858 
12,879 

3,861 

3 861 
--------1---- ---------

Tota.l increase ... 9,018 

Of the total car movement in 1875 there was 32.2 per 
cent. of empty wagons, compared with 34 per cent. in 
187 4. The westward tonnage was increased over that of 
1874 by 2.5 per cent., and amounted in 1875 to 34.3 per 
cent. of the total. 
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CENTENNIAL EXHIBITION TRAFFIC. 

THE annual report of the Pennsylvania Railroad Com-
pany for 1877 shows that the depression of trade which 

has so long affected all the conveying companies in the 
United States, has not spared the Pennsylvania Railroad, 
while its business has been further interfered with by the 
great railway strikes of the same year. A few remarks on 
the management of the extra traffic created by the Centen
nial Exhibition, and an analysis of the official report for 
1877, will be appropriate here. So far as the actual tonnage 
is concerned the work done in 1876 was less than last 
year, but the number of passengers was about 5,000,000 
in excess, nearly all of whom were conveyed to Fairmount 
Park, where a station of large dimensions and of consider
able architectural appearance had been constructed by Mr. 
Joseph M. Wilson. Only about half, however, of this 
excess made use of the Centennnial depot, the re~ainder 
arriving in Philadelphia by the new West Philadelphia 
station, also designed and constructed for the company by 
Mr. Wilson, and already illustrated and described. New 
lines were laid down towards the close of 187 5 between 
vV est Philadelphia and the Exhibition grounds, and suit
able offices were erected there. A special service corps 
selected from the railroad employes was also organized. 
The reception of building material at the grounds, which 
had commenced in 187 5, steadily increased up to the date 
of opening the Exhibition, and by the beginning of May, 
1876, 16,039 cars loaded with building and other materials 
had been unloaded on the grounds by the Pennsylvania 
Railroad Company. Up to the beginning of 1876, but 
little business was done in exhibits, only sixteen loaded 
cars having been received, nearly all of which consisted of 
the great Corliss engine, which furnished motive power to 
the Machinery Hall. On the 1st of February, 1876, an 
extensive freight agency for the receipt of goods was 
established at Fairmount Park, but it had little to do 
before the beginning of March. In April, 17 59 carloads 
of exhibits were received, and in May, 903 cars. Goods 

poured in long after the Exhibition was opened, and by 
the end of June a total of 3475 cars had been received. 
Before being despatched to the Exhibition grounds, the cars 
were all classified on the siding~ at the West Philadelphia 
depot. When on the ground the cars were placed opposite 
their respective buildings, and moved to the places assigned 
by an organization under the control of the Centennial 
Commission, and known as the Terminal Agency.* The 
responsibility of the Pennsylvania Railroad ceased as soon 
as this Agency took charge of the cars. Much dissatisfaction 
was felt by the exhibitors at the inadequate force and 
system of the Agency and the Commissioners, and the active 
services of the railroad staff were necessary the day before 
the opening (May 9th). On May lOth the Centennial 
station received 56 trains, containing 8679 passengers, and 
despatched 58 trains containing 10,459 persons. The traffic 
from May to A~gust fell considerably below what had 
been anticipated, but in September it began to increase 
largely, and continued to increase until the closing of the 
Exhibition, the maximum being reached in October and 
the first ten days of November, when the greatest number 
of passengers in the traffic history of the United States, 
concentrated in one point, had to be provided for. The 
business done by the Pennsylvania Railroad on certain 
special days was as follows : 

Number of Number of 
Trains. Passengers. ---------------

New Jersey Day 153 27,107 
New York Day ... 173 32,361 
Pennsylvania Day ... ... 194 68,347 
Maryland and Delaware Day.. . 245 55,768 

-----··----------

On the last-named day, although the number of passengers 
was not the highest, the number of trains reached a 
maximum, and between the hours of 4.20 P.M. and 6 P.M. 

on that day, 17,465 passengers were despatched. 
The annexed statement shows the amount of passenger 

* See Appendix 0. 
2 G 
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business done by the Pennsylvania Railroad Company at 
the Centennial station between the lOth of May and the 
lOth of November, both inclusive. 

Total number of trains . 
, , cars . 
, , arriving passengers 
, , departing , 

Monthly average 
Daily , 

. 22,372 
141,264 

1,392,697 
1,219,516 

435,368 
16,533 

This movement is exclusive of that at any other of the 
company's stations. In managing this traffic, there could 
be seen, at some periods of the day, from the tower of the 
train controller made on the grounds, nine trains upon the 
circular track of the depot, each running on schedule 
time, and at the rate of ten miles an hour. Ninety per 
cent. of the whole passenger traffic was handled between 
the hours of 7 A.M. and 11 A.M., and 4 P.M. and 7 P.M. 

The whole of the traffic was performed without any injury 
to a single passenger. Between the lOth of May and the 
1Oth. of November, special arrangements for passenger 

luggage were made by the company. The capacity of the 
West Philadelphia depot was more severely taxed than 
that of the Centennial station, owing to the fact that most 
of the luggage was sent to and checked from the former 
depot, and considerable inconvenience and delay were 
occasionally experienced. The following figures give an 
idea of the amount of business transacted in the General 
Baggage Department at the Centennial grounds. · Between 
the lOth of May and the lOth of November, 35,712 pieces 
were received at the station, and 55,658 were forwarded, 
or a total of 91,370 pieces handled. During the same 
period at the West Philadelphia depot, 239,874 pieces 
were received, and 259,293 pieces forwarded, or a total of 
499,167 pieces. Including the other termini of the rail
road in Philadelphia a grand total of 730,486 pieces was 
reached. Of this number 26 pieces were reported lost, 
the claims for which were 1907 dollars, or 3001. The 
greatest number of pieces handled in any day was on the 
4th of September, at the West Philadelphia station, and 
reached 34~6 pieces. 
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RECEIPTS AND EXPENDITURE FOR 1877. 

THE report of the company for the year 1877 deals 
with the three main divisions, which had then the 

following lengths : 

Length. 
miles. 

1. Pennsylvania Division and branches, east 
Pittsburgh. . . . . . 

of 
1055 

2. The United Railroads of New Jersey and 
branches . . . . 373 

The Delaware and Raritan Canal . 66 
3. The Philadelphia and Erie Railroad . 288 

Total miles . 1782 

Table CXVI. shows the general income and expense 
account for these three divisions during the year. 

This Table shows that the relation of total earnings to 
expenses stands thus : 

TABLE No. CXVI.-General Income and Expenditure, 

Earnings. E xpenses. 
--------- ---- -----

.£ .£ 
1. Pennsylvania DiYision •.. 4,299,007 3,086,221 
2. United Railroads of New 

J ersey ... ... . .. 1,836,444 2,132,948 
3. Philadelphia and Erie Di-

vision •.. 634,598 457,763 

Total ... 6, 770,049 5,676,932 

Apart from the Philadelphia and Erie, the whole of the 
earnings on which were devoted to the payment of rental, 
the net proceeds amounted to 4,681,410 dols. (916,2821.), 
out of which two dividends, one of 2 per cent. and one 
of 1 per cent., were paid, together with the State tax of 
33,1241., leaving a credit to profit and loss of nearly 
200,0001. 

· The amount expended on construction and real estate 
during the year was as given in Table CXVII. 

This amount includes the cost of completing the West 
Philadelphia station, the purchase of the machinery, piers, 
shops, station, and warehouse from the Empire Transpor
tation Company, and part of the cost of a double track 
bridge 3680 ft. in length over the Susquehanna at Rocks-

ville. The entire cost of this structure was 326,614 dols., 
or about 65,3001. This work was completed by the Dela
ware Bridge Company between July 1st and December 1st, 
without any interference with traffic. The gross earnings 
of the line per mile in 1876 were 51,916 dols. (10,31::!31.), 
and in 1877 they were 46,773 dols. (93541.) per mile on 
the Pennsylvania Railroad and branches. In 1876, there 
were 6,926,016 passengers conveyed, and in 1877 the 
number fell to 5,129,931, showing a decrease of 1, 796,085. 
The increase in 1876 was chiefly or entirely due to the 
Centennial Exhibition. The average distance travelled 
by each passenger in 1876 was 41.6 miles, and in 1877 it 
was 27.9 miles, showing a decrease of 13.7 miles. The 
number of tons of freight carried in 1876 was 10,600,547. 
In 1877 it was 10,438,394 tons, including 700,099 tons of 
fuel and other ma~erial for the company's use. Of coal 
4, 953,892 tons, included in the gross amount, were trans
ported. This result shows a decrease of 162,153 tons, or 
1.53 per cent., but the increase of the coal tonnage was 
115,996. The actual cost of operating the main line in 
1.877, exclusive of branches, was 55.47 per cent. of the 
receipts, and including branches 56.63 per cent. In 1876, 
the cost of working, excluding branches, was 58.70 per 
cent., and including them 59.90 per cent. The cost of 
working the United Railroads of New Jersey, including 
branches, and the Delaware and Raritan Canal, in 1877, 
was 69.5 per cent., and in 1876 it was 58.8 per cent. The 
cost for working this line, including branches, but ex
cluding the canal, was 71.3 per cent. in 1877, and in 1876 
it was 56.9, the difference being due to the great falling 
off of passengers. The cost of working the Delaware and 
Raritan Canal was 53.25 per cent. in 1877; in 1876, it 
was 59.40 per cent. Table CXVIII. shows the number 
of tons transported on the system in 1876 and 1877. 

Table CXIX. shows the ton mileage for the same periods. 
Table CXX. shows the cost of moving one ton one 

mile on the system, and the earnings therefrom. 
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The passenger statistics are summarised in Tables CXXI., 
CXXII., and CXXIII. 

delphia, has deservedly won a large amount of support 
and trade between Liverpool and Philadelphia. This 
company, however, in which the Pennsylvania Railroad 
has a large material interest, suffered from the uni
versal depression of trade. The vessels have in all cases 

The amount of east-bound freight was more than double 
that to the west, though there was a decrease in the former 
of 22.93 per cent. The decrease in through tonnage was 

TABLE No. CXV. -STATEMENT OF INCOME AND EXPENDITURE FOR 1877 ON THE PENNSYLVANIA 
RAILROAD. 

PENNSYLVANIA RAILROAD UNITED RAILROADS OF PHILADELPHIA AND 
DIVISION. NEW JERSEY DIVISION. ERIE DIVISION. 

dols. 
EARNINGS. 

From general freights .. . .. 14,642,109.01 
, miscellaneous freights .. 77,286.51 
, first-class passengers .. . 3,239,415. 76 
, emigrant passengers .. . 143,857.57 
, express... ... ... .. 313,118.43 
, United States mails... ... 314, 716.6~ 
, miscellaneous passengers ... 69,358.72 
, rents ... .. . .. . . . . 183,593.61 
,. Delaware and Raritan Canal ... 

EXPENSES. 

Conducting transportation .. 
Motive power ... ... . .. 
Maintenance of cars ... . .. 

" way ... . .. 
Canal expenses ... ... ... 
General expenses ... . .. 

Total expenses ... ... . .. 
Net earnings from main line 

and branches .. .. . . .. 
Add interest from investments ano 

securities, and interest from 
branch lines for equipment ... 

Total earnings .. . .. . • .. 
Deduct rentals paid branch roads, 

&c., and other payments ... 

Net income, Pennsylvania Divis-
sion and bran ~hes .. . ... 

4,180,253.99 
3,098,317.06 

932,525.52 
2,185,486.28 

.. . 
345,555.79 -----

dols. 

3,868,582.82 
148,669.14 

3,653,571.06 
30,822.50 

215,706.68 
116,629.44 
30,145.9~ 

896,569.65 

dols. 

2,638,697 .. 55 
77,038.01 

371,153.44 
1,409.12 

36,694.94 
30,205.09 
17,794.55 

18,083,456.25 ----- 8,9C0,697.23 ----- 3,172,992.70 

10,751,138.61 

$8,232,317.61 

$2,511,582.25 -----
$10,743,899.86 

$4,679,971.30 ---
$6,063,928.56 

2,543,356.35 
1,422,579.96 

474,306.21 
1,2i0,202.20 

477,606.78 
69,649.76 

650,009.80 
1>62,740.27 
269,931.80 
566,945.57 

----6,227,701.26 ----2,049,627.44 ---
2,732,995.97 1,123,365.36 

221,525.39 
----
2,954,521.36 

4,437,039.40 239,189.90 ----
Loss 1,482,518.04 884,175.46 

TABLE No. CXVII.-CoNSTRUCTION AND REAL EsTATE ExPENDITURE FOR 1877. 

CONSTRUCTION. 

P ennsylvania Railroad 
United Railroads of New Jersey 

For equipment ... 

REAL EsTATE. 

Pennsylvania Railroad 
United Railroads of New Jersey 

Extension and new work on branches 

Total ... 

due partly to the bad harvest of 1876, and partly to the 
strike of July, 1877, which stopped the whole of the traffic 
for ten days. 

TABLE No. CXVIII.-Number of Tons ca1·ried on the 
Pennsylvania Railroad System for 1876 and 1877. 

I 
______ 1 __ 1_8_7_7._ ~7~ Inc::_~~~ 

Main line and 
branches... ... 9,738,295 9,922,911 184,616 

United Railroads 
of New Jersey ... 3,962,523 3,912,972 49,551 

Philadelphia and 
Erie ... 2,681,450 2,o17,470 163,980 

Delaware and 
Uaritan Canal ... 2,023,443 1,897, 708 125,735 

Total ... ... 18,405,711 18,25I-;Q61 339. 2~6 1184;616 
N et mcrease... . .. ... 164,Gu0 

The American Steamship Company, whose ves1sels were 
built and engined by Messrs. Cramp and Sons, of Phila-

dols. 
763,208.78 
84,695.20 

141,252.16 
77,688.16 

847,903.98 
75,489.67 

28,251 
15,537 

184,644.11 ... 

169,580 
15,097 

43,788 
·36,928 

218,940.32 ~ ----

J1,326,978.os -2-6-5,3-93-

preserved their high character, and their trips have been 
performed with great regularity and despatch. During 
the year the railroad company acquired by purchase the 

TABLE No. CXIX.-Ton Mileage on the P ennsylvania 
System for 1877 and 1876. 

' - 1__!!.7_!_· -1 1876. ~~ ~ 
Main !'ne and I 
branches... ... 1,494,798,198 1,629,742,021 ... 134,943,823 

United Railroads I 
of New Jersey ... 256,134,099 251,606,474 4,527,625 

Philadelphia and · I 
t<:rie ... ... 335,727,!41 340,390,703 ... 4,663,562 

Delaware and 
Raritan Canal ... 93,800,450 87,814,452 5,985,992 

Total .. . . .. 2,180,459,888 2,309,553,650 10,513,617 139,607,385 
Netdecrease . ... 1 ... ... 129,093,768 

fast freight line owned by the Empire Transportation 
Company, previously worked over the system to and from 
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western points via Erie and Philadelphia, Baltimore and 
New York. Through the facilities afforded by this 
organization, a large business is brought to the Pennsyl
vania system from outside western roads, which would 
otherwise to a large extent be diverted to other channels. 
By the arrangement made, the Pennsylvania Company 
pays to the Empire Transportation Company the sum of 
1,650,000 dols. (330,000!.) in car trust certificates for its 

TABLE No. CXX. -Cost and Revenue per Ton per lJfl:le. 

~ 1 i. ] ~ 
w 0 ~ w ~ 
Q) • ~ t ~ ~ 
. !3 ~ ~~ ~ 't:S 

~~ "d ~ - ~ 
l'l § ~z i§'" "a 
~~ ~"0 ~~ ~ 

. -L-en-gt_h_o--f -ra-ilr-o-ad_(_m_ile_s_) ---...11055 m 288 1716 

Average earning pel'ton carried' 
per mile (mills) ... ...1 980 1510 786 1013 

Average cost of transporting. 
one ton one mile (mills) .. . 552 1159 483 615 

Average profit per ton per 
mile (mills) .. . 428 351 303 399 

ordinary freight stock, compnsmg 2704 box cars, 200 
cattle cars, 100 gondola cars, and 400 rack cars, in all 
3406 vehicles. In addition 900,000 dols. (180,000!.) are 
paid for the oil-carrying stock, including 1308 tank cars. 
Besides the whole of the pier and depot property, shops, 
offices, and material for repair and construction belonging 
to the Empire Transportation Company, were bought for 
450,000 dols. (90,000!.), paid for by securities. According 
to the arrangement entered into, the sum of 1,650,000 dols. 
has to be paid in quarterly instalments spread over a term of 
ten years, and the 950,000 dols. in quarterly instalments 

TABLE No. CXXI.-Passenger Traffic on the Pennsyl· 
vania System. 

1877. 1876. Decrease. 
------- -----------
Main line and branches 5,129,931 6,926,016 1,796,1)85 
United Railroads of 

New J ersey ... ,,, 7,384,725 10,745,790 3,361,065 
Philadelphia and Erie 493,176 691,561 198,385 

Total ... 13,007,832 18,363,367 5,355,535 

spread over eight years. In each case interest at the rate of 
6 per cent. per annum is paid. The amounts for principal 
and interest will be met out of a portion of the sums pre
viously paid by the Pennsylvania Railroad for the hire of 
this equipment and charges connected with it. The 
acquirement of this organization absorbs the last of the 
independent fast freight companies which run over the 
lines of the company. 

As already stated, the strikes and attendant riots of the 
summer of 1877 helped to increase the diminution in 
the business of the company. A few words about this 
strike, based on Colonel Scott's report, will not be out of 

place. In consequence of the continued depression in all 
the industries of the country, causing a further decrease in 
the revenues of the railroad, the Board passed a resolution 
that a reduction of 10 per cent. in the salaries and wages 
of all officers, employes, and men connected with the 
railroad should come into force on the 1st of June, 1877. 
It was considered that this measure would be only tem
porary, and that so soon as the revival of business justified 
a change, the old standard of remuneration would be 
returned to. The company had in fact been for a long 

TABLE No. CXXII.-Passengar Mileage on the Pennns·yl· 
vania 13y>tem . 

18i7. 1876. Decrease. 

Main line and branches ... 143,153,521 288,312,08D 145,168,563 
United Railroads of New 

Jersey ... ... ... 143.132,968 312,471,059 169,338 091 
Philadelphia and Erie .. . 12,466,241 22,425,613 9,95D,372 

~tal ... ... 298 752,730 623,208,761 324,456,031 

time employing a greater number of servants than business 
justified, and they had open to them only two courses
the reduction of remuneration generally, or the dis
charge of a large number of men, who would thereby 
be brought into great distress. It was, therefore, con
sidered preferable that during the period of depression 
the comparatively slight hardship of lower wages should 
be borne by all the men, rather than that a large 
number should be sacrificed for the benefit of the re
mainder. Of the whole staff, numbering about 18,00(), 
men, the majority were perfectly contented with this 
arrangement, and continued quite loyal through the whole· 
of the difficulties. It may be mentioned incidentally that 

TABLE No. CXXIII.-,-Earnings and Cost per Passenger. 

Length of road (miles) ... ... ... 1055 373 238 1716 
Average earnings from each passenger 

per mile (cents) .. ... ... ... 2.363 2 22 2.989 2.323 
Average cost of transporting one pas-

senger one mile (cents) ... 1.71i1 1.670 3.444 1.784 

Average profit per passenger per---~----
mi l~ (cents• ... ... ... ... .G\2 .li51i .41ili .li39 

all the leading railway companies in the United States had 
followed a similar course, as well as very many of the 
principal manufacturers, merchants, and other commercial 
men. The discontented and lawless element, which 
possibly has greater opportunities in the United States than 
elsewhere for violent demonstration, broke out into active 
opposition to this scheme, and succeeded in bringing to 
their ranks a large number of the employes who would 
otherwise have been contented with the reduction. The 
ultimate result of the strike, so far as the Pennsylvania 
Railroad is concerned, was that the company discharged a 
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number of their servants, retammg only such as were 
required for the service, and paying them higher wages 
than before. The strike broke out on the 19th of July at 
Pittsburgh, causing an entire suspension of traffic during 
two days, and its consequent loss of revenue, as well as a 
destruction of property to the extent of several millions of 
dollars. The inhabitants of Pittsburgh were at once 
notified of the disturbance, and attempted unavailingly to 
stop it. The Sheriff of Allegheny County, therefore, made 
a requisition on the Governor of the State for a military 
force, which was furni&hed, and several serious collisions 
occurred, especially on the 21st of July, when several 
soldiers and a number of rioters were killed. By this 
time the men on strike were joined by numbers of dis
contented factory hands, idlers, and disreputable inhabitants 
of the city and neighbourhood, and on the night of July 
21st the greatest destruction of property occurred. Until 
the 28th of the month the rioters remained in power, but 
by that time heavy reinforcements of troops arrived, and 
these, in conjunction with the citizens of Pittsburgh, 
speedily and forcibly suppressed the emeute, and reopened 
the line for traffic. The Pittsburgh shops, extending from 
Washington . to Thirty-third-street, were destroyed, the 
company losing all its shops, engine-houses, offices, plant, 
and, in short, everything that could be destroyed, inclu
ding the Union Station and Hotel. Thirty-nine buildings 
were thus destroyed, only the oil store on Twenty-eighth
street was saved. In the wreck were included 104 
locomotives, 46 passenger cars, and 506 freight cars ; the 
total value of freight destroyed being about 2,000,000 dols. 
( 400,0001.). Merchandise in transit of the value of 
1,000,000 dols. or 1,500,000 dols., was also destroyed, and 
the damage arising from the stoppage of business is esti
mated at 1,000,000 dols. Besides all this 20 passenger 
cars and 861 freight cars with their contents, and many 
buidings on the western lines of the company, were 
destroyed, together with a large grain elevator at Pitts
burgh, so that the total loss is brought up to 5,000,000 dols., 
or one million sterling. At other populous centres on the 
railroad the difficulties were much smaller, the force in 
favour of order being too powerful for the rioters. In 
accordance with the laws of Pennsylvania suits were 
commenced against the county of Allegheny to recover the 
amount thus lost, and as there appears no doubt that the 
company will recover in full, the consequences to them will 
be comparatively unimportant. 

A resolution of great importance was proposed by the 
Board of the Railroad Company relating to a readjust
ment of its liabilities, and with a view to devise a plan for 
effecting it in a safe and permanent way that will enable 
the system to meet the somewhat modified trade require
ments of the country with reference to moderate rates of 

transportation. For some time past, in the United States, 
there has been a marked tendency in all commercial enter
prises to reduce the rates of interest on invested capitaL 
This change, and the almost certain probability that the 
permanent charge for use of capital in the future will be 
much lower than in the past, and which at present measures 
the fixed charges of the railways, renders it strongly 
advisable in the minds of the directors to adopt at once a 
steady and gradual reduction of the existing liabilities. 
By this means it is hoped to be able to make important 
changes in transport charges, so that by lower but still 
profitable prices a large increase of business may be 
brought to the railway. 

The scheme of the directors is as follows : That there 
should be appropriated from the net earnings of the com
pany, commencing from the 1st May, 1878, the sum of 
100,000 dols. per month, which shall be deposited in such 
manner as shall be deemed advisable to form a special 
trust having for its object the purchase from time to time 
of the bonds and shares of other companies which are 
guaranteed by the Pennsylvania Railroad Company, and 
also the bonded debt of the company, excepting that 
portion, the withdrawal of which is provided for by special 
trust. For the amount of 1,200,000 dols. per annum so 
appropriated from the net earnings to the trust, and such 
portion of the sum that may be expended annually for 
construction and equipment as will make up an amount of 
2 per cent. on the capital stock-namely, 177,404 dols.
the shareholders will be entitled to receive scrip annually, 
equivalent to a dividend of one dollar per share, redeem
able at the option of the company, and bearing an interest 
of 4 per cent. per annum payable half-yearly, and in addi
tion the balance of the net earnings in cash. The income 
derived from the trust would be applied: 1. To the neces
sary expenses of the same. 2. To the payment of interest 
on the scrip issued to the shareholders. 3. To the pur
chase from time to time of the outstanding guaranteed and 
other obligations already mentioned. 

The following is a summary of the fixed obligations on 
leased lines and guaranteed securities, covering 3405 miles 
of railway and 408 miles of canal: 

dols. 
The United New Jersey Railroad and Canal Company 47,205,675.00 

Pennsylvania Railroad: 
All lines east of Pittsburgh and Erie 

" 
west 

" " 

Bonded debt of Pennsylvania Company . 

3.5,450,266.66 
95,360,351.45 

178,016,293.11 
7,000,000.00 

185,016,293.11 
Deduct amount of bonds redeemed and in sinking 

fund . . . . . . . . . 4,500,000.00 

Balance of fixed liabilities 180,516,293.11 
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Average annual interest and guarantee on the above is 
7.4 per cent. or about . . 

To cover this liability the net earnings 
for 1877from the western lines were 7,269,557.09 

From all lines east of Pittsburgh and 
Erie, after paying interest on the 
debt of the Pennsylvania Railroad 
Company, and rental of its branch 
lines, worked at their cost for the 
same period 10,844,833.19 

Surplus for 1877 

dols. 
13,400,000.00 

18,114,390.28 

4,714,390.28 

This amount is available for meeting the instalments to 
the proposed sinking fund, the incidental liabilities, and 
cash dividends. H this plan be carried out it should result 
in the practical ownership of the various leased lines, and 
as the debentures issued bearjng 4 per cent. interest would 
be redeemable at the option of the company, it would be 
released from the necessity of raisng large sums of money 
to meet maturing indebtedness. Carried further so as to 
reduce the company's bonded debt, the final result should 
be that the whole of the system would be free from 
liability. In the report of the company, an example is 
given of the working of this scheme based on a thirty 
years' period, showing that if the 1,200,000 dols. per 
annum be placed at 7 per cent. interest, at the end of the 
time referred to a sum of 73,000,000 dols. would have ac
cumulated. This computation is based upon the difference 
between the rates of interest paid on the money used in 
the purchase of the securities and the earnings of the 
securities themselves, but the fund may be increased by 
the purchase of these securities below par. Upon the 
whole the directors assumed that the accumulation at the· 

end of thirty years of 1,200,000 dols. per annum would 
amount to 84,000,000 dols. at an interest of 7 per cent. 
By such an arrangement it is hoped that all the debts of 
the company may be easily discharged. 

Such is the comprehensive scheme by which the 
directors of the Pennsylvania Railroad desire to reduce 
and ultimately remove their large and increasing liabilities, 
to provide for the gradual depreciation in the value of 
money, and to place themselves in such a position as to 
command a proper proportion of traffic for their railway 
system. The means suggested would entail no great hard
ship on the shareholders, who would moreover see the 
value of their property gradually improved as it became 
relieved from its liabilities. It is true that it would for 
many years to come diminish the dividends, and so far 
the present advantage of the shareholder would suffer for 
the sake of future benefit. The project is apparently a 
sound one, and one, moreover, which the directors intend 
to put into practice, even if the sacrifices to be made should 
be comparatively great. On the other hand it must be 
remembered that for several years past, the state of trade 
in the United States, as in other parts of the world, has 
been such as to affect seriously the prospects of all large 
transport companies, but this depression must be of 
necessity only temporary, and the reaction when it comes 
will probably more than compensate for the reduction at 
present contemplated in the payment of dividends. Under 
all circumstances any course that will tend to consolidate 
and strengthen the financial position of the company must 
evidently conduce to its permanent prosperity. 
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THE AMERICAN STEAMSHIP LINE. 

ALTHOUGH not owning the American Steamship Line, 
organized during the last few years to run between 

Philadelphia and Liverpool, the success of the line depends 
largely upon the Pennsylvania Railroad, which in its turn 
is greatly benefited by the advantages derived from being 
able to ship direct from their terminus in Philadelphia. 

The hulls and engines of the American Steamship Com
pany's four vessels-the Pennsylvania, Ohio, Indiana, and 
Illinois, -were designed and built by the W. Cramp and 
Sons' Ship and Engine Building Company, Philadelphia, 
and are all of the same model and plan. 

The Pennsylvania commenced running between Phila
delphia and Liverpool in May, 1873, and was followed by 
the Ohio in August, the Indiana in October following, 
and by the Illinois in January, 1874, since which time all 
have been regularly engaged upon the same route. The 
vessels are 353ft. long over all, 43 ft. moulded breadth, 
and hold moulded 33ft. 6 in. Their gross tonnage is 
3030 tons. 

The engines, Plates LXXXI. and LXXXII., are indepen
dent, compound, and surface condensing, with the cranks set 
at right angles. The cylinders are 57±in. and 90!in. in 
diameter respectively, and the stroke of pistons is 4ft. 
The m~in slide valves are on the outside of the high and 
low-pressure cylinders, which are both enclosed in a jacket 
connecting them together, and forming a receiver. The high
pressure cylinder is also steam-jacketted, but the low
pressure cylinder is not. The pistons are 16!- in. deep; the 
rod for the high-pressure cylinder is 8 in., and that of the low
pressure 8~ in. in diameter, and both are carried upwards 
through the cylinder heads. The crossheads are of wrought 
iron, with cast-iron slides bolted to their ends. The main 
slide valves have double ports, each is fitted with an inde
pendeut cut-off valve on the back, :rio provision being 
made for counterbalancing the pressure on the valve faces. 
The weight of the main valves is counterbalanced by the 
steam pressure in a cylinder on the top of the steam chest. 
Both main valves are driven by motion of the double bar 
link type. 

The engines are reversed by direct-acting steam gear, 
the reversing cylinder being 20 in. in diameter, with a 
slide valve on top, which is thrown open by hand, and 
closed by the motion of the piston rod in any position. ·A 
screw is also provided which can be clamped to the piston 
rod of the cylinder so as to move the links by hand if there 
is a want of steam. 

Relief valves are fitted at the end of each cylinder with 
gear to use them as starting valves. The connecting rods 
are forked at the crossheads and are fitted with strap 
ends. The crosshead journals are 10~ in. in diameter, 
and 10~ in. long, and the crank-pins are of steel 15~ in. 
in diameter and 20 in. length of journals. The crank
shafts are built up in two lengths and are made inter
changeable; the main journals are 15~ in. in diameter and 
30 in. long, except the forward journal, which is 24 in. 
long. The cranks are counterbalanced. 

The bedplate is made in two parts and is bolted up to 
the condenser. This latter is in two pieces and contains 
1492 tubes, ~in. in diameter and 14ft. long, the surface 
exposed being thus 4 786 square feet. The water from 
one circulating pump passes through them three times and 
from the other twice. The pumps are worked from the 
main crossheads through wrought-iron levers as shown. 
Each air and circulating pump is cast separately and bolted 
to the condenser. A feed and bilge pump are bolted to 
each air pump. The latter are 26 in. in diameter, the 
circulating pumps are 18 in. in diameter, and the feed and 
bilge pumps are each 6 in. The stroke of all is 26 in. 

A vertical turning engine is bolted to the side of the 
condenser and gears into a wormwheel fastened to the 
intermediate shaft coupling between the two cylinders. 
The propeller shaft is 15~ in. in diameter and is sheathed 
in the stern pipe. The propeller is four-bladed, with the 
blades cast separately and bolted to the bars; the diameter 
is 17ft. and the pitch 24ft. 

The boilers are double-ended, three in number, and fired 
fore and aft. The diameter of each is 12ft. 3 in. and the 
length 17 ft. There are three furnaces in each end 2 ft. 
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10 in. in diameter, with grate bars 5 ft. 4 in. long. There are 
316 tubes 3 in. in diameter and 7 ft. long in each boiler. 

The indicator diagrams, of which copies are annexed, 
were taken from the engines of the Ohio during her second 
r un, and under the following conditions: 

Pressure of steam in boilers . 
, , receiver 

Vacuum in condenser . . 
Revolutions of engines per minute 
Temperature of water in hot well . . . 
Steam cut-off at 19 in. in the high-pressure 

cylinder. 
Indicated horse power in high-pressure cy

linder . 
Indicated horse power in low- pressure cy

l:ndcr. 

'I'otal 

60lb. 
1.5 " 

25.5 in. 
60 

130 deg. 

1237.44 

740.1 

1977.54 

INDICATOR DIAGHAJVfS OF THE OHIO ENGINES. 

The running of the Ohio during the voyage from Queens
town to Breakwater, when the above diagrams were taken, 
was as follows : 

TABLE No. CXXIV.-PERFORMANCES OF THE Omo. 
-------

D ATE. 

--
873. 1 

Oc t. 17 

" 
18 

" 
19 

" 
20 

" 
21 

" 
22 

" 
23 

" 
24 
25 

" 
26 

Knots Run 
by Screw. 
----

246.8 
323.8 
338.5 
335.7 

331.0 

341.5 

336.7 

339.5 
343.2 
142.0 

-----
3078.7 

---

Knots Run by Ob- Running T ime 
servation. 

hours min. 
226.0 18 59 
280.7 24 23 
322.0 24 15 
294.0 24 23 

No observation. 24 0 { 15 min. 
detention. 

No observation. 24 24 

946 in 3 days. 23 43 f 18 m~n. 
<.detentiOn. 

333.7 24 22 
321.0 24 21 
140.0 10 30 

2863.4 9 days, 7 hrs. 20 min. 

The slip of the screw amounted to 212.3 knots, or 6.8 
per cent., while the average speed was 12.8 knots. The 
weather was calm. 

That the performance of the engines of these ships has 
been most satisfactory is proved by the great regularity 
of the passages made by the vessels to which they arc 
fitted, while their workmanship and general finish well 
deserve praise. 

2 11 
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APPENDIX A. 

GENERAL RULES AND REGULATIONS OF THE PENNSYLVANIA RAILROAD COMPANY. 

GENERAL RuLES. 

I. T.HE rules and regulations, special orders, and official directions, 
issued from time to time, by the Transportation Department of the 
Pennsylvania Railroad Company, being designed for the security of 
the lives of passengers, and of property intrusted to the company 
for transportation, as well as for the security of employes engaged 
therein, and for the proper care and oversight of the property and 
interests of the company intrusted to this department of the service: 
every employe is expected, and will be required, to yield a willing and 
cheerful obedience thereto. When an individual enters or remains in 
the service of the company, it will be considered as in itself an expres
sion of willingness to do so. 

2. Every head of a department should keep himself perfectly 
conversant with the rules and regulations, supply copies of them to 
his subordinates, explain them when it may be necessary to do so, see 
that they are properly understood, enforce obedience to them, and 
report to the proper officer all violations of them coming under his 
notice, as well as the action taken upon such violati6ns. 

3. Ignorance will not be accepted as an excuse for neglect or 
omission of duty. If not supplied with the rules and regulations, 
employes must apply for them to the division superintendent, or to 
the head of their sub-department. If in doubt in regard to the true 
meaning of any rule, regulation, order, or special direction, they mnst 
take an early opportunity to obtain a full explanation from the proper 
source. 

4. Employes of the company, will not be permitted to absent them
selves from the duties of their post, without the consent of the head 
of the department, or sub-department to which they may be attached. 

5. Employes of every grade will be considered in the line of promo
tion, dependent upon the faithful discharge of duty, qualifications, 
and capacity for assuming increased responsibilities. 

6. The regular compensation of employes covers all risk or liability 
to accident. 

7. If an employe is disabled by sickness or any other cause, the 
right to claim compensation is not recognised. Allowances, when 
made in such cases, will be as a gratuity, justified by the circumstances 
of the case, and previous good conduct. 

8. Disobedience of orders, violation of rules, or neglect of duty, will 
always be considered a sufficient cause for dismissal from the service 
of the company : but fines, or suspension from duty may be sub
stituted, with the approval of the general superintendent. Fines thus 
imposed, will not be taken as a source of revenue to the company, but 
will be held in trust, by the general superintendent, for the benefit of 
those who are faithful in the discharge of duty, and will be used to 
assist them in defraying expenses arising from unavoidable accidents 
or sickness, and for other charitable purposes. 

9. Every employe when on duty connected with the trains of the 
Pennsylvania Railroad Company, while on any division of the road, 

will be under the authority, and conform to the orders of the super
intendent of that division. 

10. Depot masters and their assistants, baggage agents, passenger 
conductors, baggage masters, and brakemen, when on duty, must be 
distinguished by suitable badges, conspicuously displayed. 

11. All employes entrusted with switch keys, and keys of passenger 
or freight cars, are required to give receipts for them to the division 
superintendent, and are not permitted to let them go out of their 
possession. 

12. Strict propriety of conduct, and the avoidance of profane or 
indecent language, in the presence of passengers, and in the transac
tion of business with others, and with one another, is required. 

13. Smoking in or about the shops, or while on duty at the depots,. 
or on the passenger engines and trains, is prohibited. 

14. The use of intoxicating drinks while on duty, is prohibited .. 
Persons known to be in the habitual use of them will not be retained 
in the service. 

15. Any employe noticing a disobedience or neglect of rule, is" 
required to report it to the proper officer. 

16. No employe is allowed to use the credit of the company, except 
those duly authorised by the general manager. 

17. Agents in charge of the United States mails, messengers of 
express companies, sleeping-car conductors and porters, news-agents, 
aud individuals in charge of private cars, while with the trains of the 
Pennsylvania Railroad Company, must consider themselves employes 
of the Pennsylvania Railroad Company, in all matters connected with 
the movement and government of the trains, and must conform to 
the directions of the conductors thereof. 

SIGNALS. 

18. Conductors, enginemen, firemen, brakemen, station agents, 
telegraph operators, foremen of road repairs, switchmen, road and 
bridge watchmen, and all other employes having to make signals, are 
required to provide themselves with them, keep them on hand in good 
order, and always ready for immediate use. 

19. Red signifies danger, and is a signal to stop. 
20. Green signifies caution, and is a signal to go slowly. 
21. White signifies safety, and is a signal to go on. 
22. Green-and-white is a signal to be used to stop trains at flag 

stations. 
23. Blue is a signal to be used by car inspectors. 
24. Flags of the proper colour must be used by day, and lamps of 

the proper colour must be used at night, or in foggy weather. Red 
flags or red lanterns, must never be used as caution signals, they 
always signify danger-stop. 

25. A lantern swung across the track, a flag, hat, or any object 
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waved violently by any person on the track, signifies danger, and is a 
signal to stop. . . 

26. An exploding cap or torpedo clamped to the top of the ~·a1l, IS 

an extra danger signal, to be used in addition to the regular signals, 
at night, in foggy weather, and in cases of acci~ent or emergency, 
when other signals cannot be distinctly seen or rehed upon. . 

The explosion of one of these signals, is a warning to stop the tram 
immediately :-the explosion of two of these signals, is a warning to 
check the speed of the train immediately, and look out for the regular 
danger signal. 

27. A fusee is an extra caution signal, to be lighted and thrown on 
the track at frequent intervals, by the flagman of passenger trn.ins at 
night, whenever the train is not making schedule speed between 
telegraph stations. 

A train finding a fusee burning upon the track must come to a full 
stop, and not proceed until it is burned out. 

TRAIN SIGNALS. 

28. All trains are designated as regular, or extra. Regular trains 
are those represented on the time table. E xtra tmins are those not 
?'ep?·esented on the time table, but running tmder special orders and 
work trains running as per Rule No. 109. 

29. Each train, or engine without a train, while running after 
sunset, or during the day in foggy weather, must display the white 
head light in front of the engine, and two red lights in the rear of 
the train or engine, except shifting engines in yards, which will 
display two green lights instead of red. 

30. Each passenger train, while running, must have a bell cord 
attached to the signal bell of the engine, passing through or over the 
entire length, and secured to the rear end of the train. 

31. Each passenger train, while running, must display one green 
flag at the rear by day, and two green lights, one on each side of the 
rear car at night, as markers, to enable operators and enginemen to 
know that the whole of the train is attached to the engine. 

32. Each freight train while running, must display two green flags 
by day, and two green lights at night, one on each side of the rear 
car, as markers, to enable operators and train-men to know that the 
whole of the train is attached to the engine. 

33. Two green flags by day, and two green lights at night, carried 
in front of an engine, denote that the engine or train is followed by 
another engine or train, running on the same schedule. The engine 
or train thus signalled, will be entitled to the same schedule rights 
and privileges, as the engine or train carrying the signals. 

34. Two white flags by day, and two white lights at night, carried 
in front of an engine, denote that the engine or train is extra. These 
signals shall always be displayed by all work and extra trains or 
engines, except when running as a regular train. 

35. A blue flag by day, and a blue light at night, placed in the 
drawhead, or on the platform or step of a car, at the end of a train 
standing on main track or sidings, denotes that car repairmen are at 
work underneath the cars. 

The car or train thus protected, shall not be coupled to or moved, 
until the blue signal is removed by the car repairmen. 

ENGINEMEN's SIGNALs. 

By Whistle. 
36. One short blast of the whistle is a signal to apply the brakes

stop. (Thus -). · 
37. Two long blasts of the whistle is a signal to throw off the 

brakes. (Thus--). 
38. Two short blasts of the whistle when running, is an answer to 

signal of conductor to stop at next station. (Thus--). 
39. Three short blasts of the whistle when standing, is a signal that 

the engine or train will back. (Thus - - -) . 
40. Three short blasts of the whistle when running, is a signal to 

be given by passenger trains, when carrying signals for a ~ollow
inO' train to call the attention of trains they pass to the signals. 

0 ' 

(Thus---). 
41. Four long blasts of the whistle is a signal to call in the flagman 

or signalman. (Thus----). 
42. Four short blasts of the whistle IS the engineman's call for 

signals. (Thus - - - -). 
43. Two long followed by two short blasts of the whistle when 

running, is a signal for approaching a road crossing at grade. (Thus 
--- -). 

44. Five short blasts of the whistle, is a signal to the flagman to go 
back and protect the rear of the train. (Thus - - - - -). 

45. A succession of short blasts of the whistle is an alarm for cattle, 
and calls the attention of trainmen to danger ahead. 

46. A blast of the whistle of five seconds' duration, is a signal for 
approaching stations, railroad crossings, and drawbridges. 

CoNDUCTOR's SIGNALS. 

By Bell Cord. 

47. One tap of the signal bell when the engine is standing, is a 
notice to start. 

48. Two taps of the signal bell when the engine is standing, is a 
notice to call in the flagman. 

49. Two taps of the signal bell when the engine is running, is a 
notice to stop at once. 

50. Three taps of the signal bell when the engine is standing, is 
a notice to back the train. 

51. Three taps of the signal bell when the engine is running, is 
a notice to stop at the next station. 

SIGNALS BY LAMP. 

52. A lamp swung across the track, is a signal to stop. 
53. A lamp raised and lowered vertically, is a signal to move ahead. 
54. A lamp swung in a circle, is a signal to move back. 

GENERAL REGULATIONS GOVERNING THE USE OF SIGNALS. 

55. Unnecessary sounding the whistle is positively prohibited, as 
its excessive use impairs its value as a signal of danger. 

56. When shifting in yards and at stations, the engine bell should 
be rung, and the whistle must only be used in cases of absolute 
necessity. 

57. The whistle must not be sounded while passing a passenger 
train, except in cases of emergency or danger. 

58. The engine bell must always be rung before starting an engine 
or train. 

59. When passing or meeting trains on double track or sidings, 
and passing through tunnels, or through the streets of boroughs and 
cities, the engine bell must be rung. 

60. The engine bell must be rung from a point one quarter of a 
mile from every road crossing, until the road crossing is passed, and 
the whistle must be sounded at all road crossings at grade, where 
whistling-posts are placed. 

61. All extra trains must be protected with danger signals when 
standing, and the whistle should be sounded frequently while _in 
motion. · 

62. All enginemen will note when trains running on the opposite 
track are following too closely, and signal them accordingly. 

63. When one tap of the signal bell is heard while the train is 
running, enginemen will regard it as a warning that the train has 
parted, and will immediately look back and ascertain if such is the 
case. Should the signal be given from some other cause, they will 
govern themselves as circumstances may require. 

64. When two or more engines are coupled in a train carrying 
signals for a following train, each engine shall carry the signals. 

65. When one flag or light is carried in front of an engine, it shall 
be regarded the same as if two were displayed, but enginemen and 
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firemen will be held responsible for the proper display of all signals 
required by the rules. 

66. No train or engine standing on a siding, shall display red 
signals so as to appear as a danger signal to trains running on the 
main track. When trains turn out on either single or double track, 
to allow trains running in the same direction to pass, the red lights 
must be removed or covered as soon as the track is clear for the 
following train, but they must be displayed before leaving the siding, 
or crossing back to the opposite track. 

67. The combined green-and-white signal is to be used only to stop 
trains at the flag stations designated on the time-table. When it is 
necessary to stop a through train at a point that is not a flag station 
for that train, a red signal must be used. 

68. Switch signals will be arranged so as to show white when the 
switch is set for the main track, and red when set for the siding, 
crossing, or junction. 

69. Trainmen are required to use all signals strictly in accordance 
with the rules, and they are specially directed to be always on the 
look out for the signals carried by other trains. 

TRAIN RuLES. 

70. All trains in either direction when running on double track, 
will invariably keep to the right. 

71. All trains will be classified on the time table in the order of 
their preference. A train of an inferior class, must in all cases keep 
out of the way of a train of a superior class. 

72. When running on single track, ::tll trains in one direction (to 
be specified on the time-table) will have the absolute right of track, 
over trains of the same or inferior class, running in the opposite 
direction. Trains not having right of track, will keep entirely out of 
the way of trains of the same or superior class, running in the opposite 
direction. 

73. When two trains of the same class meet on single track, the 
train not having right of track, must take the siding (except when it 
cannot enter without backing), and be clear of main track before the 
leaving time of the opposing train. 

74. In cases when a passenger train of an inferior class meets a 
passenger train of a. superior class on single track, the train of inferior 
class must take the siding, and clear the t ime of the opposing train 
five minutes. 

75. In cases when a freight train of an inferior class meets a freight 
train of a superior class on single track, the train of inferior class 
must take the siding, and clear the time of the opposing train five 
minutes. 

76. In cases when a freight train meets a passenger train on single 
track, the freight train must take the siding, and clear the passenger 
train ten .minutes. 

77. A train of an inferior class running ahead of a train of a 
superior class, must keep twenty minutes off the time of the train of 
superior class following it. 

78. Extra trains or engines must keep twenty minutes off the time 
of passenger trains, and ten minutes off the time of freight trains. 

79. A passenger train must not leave a station, expecting to meet, 
or to be passed at the next station, by a train having the r ight of 
track, unless it has full schedule time to make the meeting or passing 
point. 

A freight train must not leave a station, expecting to meet, or to be 
passed at the next station, by a train having the right of track, unless 
it can make the meeting or passing point without exceeding its 
maximum speed, take the siding, and be clear of main track, before 
the time required by rule to clear the opposing or following train. 

80. It must be distinctly understood, that a train not having right 
of track, must be entirely clear of the main track before the time it is 
required by rule to clear an opposing train, or a train running in the 
same direction ; if from any cause it should fail to do so, a flag1~an 
must be sent out immediately to protect the train, as per Rule No. 86. 

81. When two or more passenger trains of the same class are 
running in the same direction, they must keep not less than fifteen 
minutes apart. 

82. A passenger train of an inferior class must not leave a station 
to follow a passenger train of a superior class, until ten minutes after 
the departure of the passenger train of superior class. 

83. A freight train, or extra train or engine, must not leave a 
station to follow a passenger train, until t en minutes after the 
departure of the passenger train. 

. 84. Freight trains following each other, must be kept not less than 
five minutes apart, except in closing up at stations or passing places. 

85. When a passenger train is delayed at any of its regular stops 
more than five minutes, the flagman shall go back with danger signals 
to protect his train, in accordance with Rule No. 86; and should a 
passenger train stop at any unusual point on the road; the flagman 
Ghall go back immediately and be governed by the same rule. 

When a freight train stops at its regular stopping places, where the 
rear of the train can be plainly seen by a following train, at a distance 
of at least one-half mile, the flagman shall go back with danger signals 
not less than 100 yards, and as much farther as may be necessary to 
insure stopping the following train; but if the rear of his train cannot 
be plainly seen at a distance of at least one-half mile, or if it stops at 
any point that is not its regular stopping place, the flagman must go 
back not less than 600 yards-always bearing in mind, that if from 
any cause his train should be detained, so as to come within twenty 
minutes of the time of a passenger train following, he must be 
governed strictly by Rule No. 86. 

When it is necessary t.o cross over to the opposite track, or to protect 
.the front of the train from any cause, the same precautions shall be 
observed by the fireman, but if the fireman is unable to leave the engine, 
the front brakeman shall be sent in his place. 

86. When an accident occurs to a train, or if by any other cause the 
road is obstructed, the flagman shall immediately go back with danger 
signals to stop any train or engine which may be following. At a 
point 600 yards from the rear of his train he shall place one explosive 
cap on the rail; he"shall then continue to go back-at least 1200 yards 
from the rear of his train, and place two explosive caps on the rail 
three yards apart, when he may return to a point 900 yards from the 
rear of his train, and he. must r emain there until recalled by the 
whistle of his engine, but if a passenger t rain is due, he must remain 
until it arrives. When recalled, he will remove the explosive cap 
nearest to the train, but the two explosive caps must be left on the rail, 
as a caution signal to any following train. _ 

If the accident occur upon single track, or if on double track, and 
both tracks are obstructed, the fireman shall go forward a like distli.nce, 
and use the same precautions to protect the train from any train coming 
in an opposite direction. The conductor as well as the engineman is 
required to know that the fireman performs this duty, and i( from 
any cause the fireman is unable to go forward promptly, the front 
brakeman shall be sent in his place. 

87. When it becomes necessary for the flagman to go back to pro
t ect the rear of his train, the next brakeman shall immediately take 
the flagman's position on the train, and remain there until relieved by 
the flagman, and on passenger trains, the baggage master shall take the 
place of the _front brakeman whenever necessary. 

Conductors are required to strictly enforce this rule. 
88. When a freight train crosses over to the opposite track to allow 

a passenger train running in the same direction ~o pass it, and while 
waiting, a passenger train in the opposite direction arrives, the freight 
train may cross back, and allow it to pass; provided, the other pas
senger train is not in sight; and also provided, that a. flagman has been 
sent with danger signals, as per Rule No. 86, not less than 1200 yards 
in the direction of the expected train. 

89. When it is necessary for a freight train to cross over t o the 
opposite track to allow a passenger train running in the same direction 
to pass it, and a passenger train running in the opposite direction is due, 
a flagman must be sent back with danger signals as per Rule No. 86, 
not less than 1200 yards in the direction of the following train, and 
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the freight train will not cross over until one of the passenger trains 
arrives. Should the following passengei· train arrive first, a signal
man must be sent forward on the opposite track with danger signals 
as per Rule No. 86, not less than 1200 yards in the direction of the 
overdue passenger train before crossing over. Great caution must be 
used, and good judgment is required to prevent detention to either pas
senger train. The preference should always be given to the passenger 
train of superior class. 

90. If a train should break while in motion, great care is required 
on the part of trainmen, to prevent the detached parts from coming 
into violent contact. Enginemen must keep the front part of the train 
in motion until the detached portion is stopped. 

91. In case a train parts, the front portion will have the right to go 
back regardless of all trains, to recover the lost portion, first sending 
a signal-man with danger signals 900 yards in advance, and running 
with great caution, at a speed not exceeding four miles per hour, and 
on single track, taking all the precautions required by rule to protect 
itself against opposing trains. The lost portion must not be moved 
<Jr passed around until the front portion comes back. This rule applies 
to trains of every class. 

92. If an obstruction or accident make it necessary to move an 
engine or tender in the wrong direction on double track, or to cross 
over to the opposite track to pass around such obstruction, obstructed 
trains may do so, but the utmost caution must be used. The con
ductor of the obstructed train (or in his absence, the engineman), 
before the engine is moved, will send a signal-man with danger signals 
not less than one mile in advance, in the direction in which the train 
is to be backed or moved. The train or engine thus moved must only 
be backed or run to the next crossing, and while moving, the engine
man will frequently sound his whistle, and not exceed a speed of four 
miles per hour, to enable the signal-man to keep the required distance 
.in advance. Freight trains must in all cases clear the time of pas
senger trains twenty minutes. 

93. When a train is run backward (except when shifting and making 
up trains in yards), the conductor must station himself on the top of 
the rear car, or in a position so conspicuous as to perceive the first 
:sign of danger, and give immediate signal to the engineman. 

94 . .A. train becoming delayed and falling back on the time of another 
train of t.he same class, does not lose its own rights, and will not take 
the time, or assume the rights of another train, without written orders 
from the division superintendent. 

95 . .A. train overtn,king another train of the same or superior class, 
will not run around it, except the train ahead is disabled from acci
dent; in this case, the train passing the disabled train, will assume 
its rights and report to the division superintendent from the next tele
graph office. 

The disabled train will assume the rights of the last train passing 
it, and report to the division superintendent from the next telegraph 
office. 

96. All special orders for the movement of trains must be given in 
writing, addressed to the conductor and engineman, and signed by 
the division superintendent. If sent by telegraph, the operator 
receiving the order must immediately enter it in the order book, and 
repeat it back. When the division superintendent responds that the 
order is "0. K.," he will prepare two copies, and deliver one to the 
conductor, and one to the engineman. They must compare their 
copies with the original order in the book, which they must sign, and 
must not leave the office until the operator repeats their signatures to 
the division superintendent, and he replies that the order is correct. 
Train orders must have written on them, " correct,"- the name 
of the operator, the office, the date, and the time they were made 
"correct." 

Conductors and enginemen must not run on any order that has not 
been made " correct" ( ajte1· they have signed for it), or that has 
been erased or altered in any way, or that they do not fully under
stand. 

97. All messages respecting the movement of trains, or the coridi-

tion of track or bridges, must be sent in writing, to avoid the possi
bility of misconstruction. 

98. Trains shall be run uniformly and steadily between stations, and 
delayed as little as possible for fuel and water, and for the transaction 
of business at stations. 

When approaching stations and sidings, enginemen must observe 
that the switches are set right, and always look out for signals. 

When following other trains on the same schedule, they must keep 
a sharp look-out for the train immediately preceding them, especially 
when running around curves and closing in at stations. 

99. Trains approaching stations on double track where a passenger 
train may be standing, receiving or discharging passengers, must be 
stopped before reaching the passenger train, and not go forward until 
the passenger train moves on, or signal is given to come on. 

100. All trains of the same class must stop at schedule meeting 
places on single track, unless the switches are plainly seen to be right, 
and the track clear. The point at which trains should stop, is the 
switch used by opposing trains to go in on sidings. 

When the expected trains are not found at the meeting places desig
nated on the time-table, trains must approach all sidings, prepared to 
stop, until the expected train is met and passed. 

101. All trains must approach the end of double track, all junction 
switches, and drawbridges at reduced speed, and come to a full stop 
unless the switches or signals are plainly seen to be right. 

102. All trains must come to a full stop at all railroad crossings at 
grade, unless the signal is given for clear track, when the speed must 
not exceed six miles per hour. 

103. Passenger trains shall be drawn, not pushed, except in case of 
accident or other emergency. When express or freight cars are run 
with n, passenger train, they must be placed next to the engine. 

104. No train shall start without a signal from its conductor, and 
conductors must not give the signal, until they know that the train is 
properly coupled. 

105. No engine or train shall carry the signals provided for in Rule 
No. 33, without orders from the division superintendent, train masters, 
or yard despatchers. 

106. No passenger train shall carry signals for a following train, 
without a written order from the division superintendent. 

107. On single track, when an engine or train leaves a station (or 
any point on the road) to which it has carried signals for a following 
train, before the following train has arrived there, the engineman 
must notify all regular trains that he meets, and all extra trains, until 
he reaches the next telegraph office, when he will report to the division 
superintendent that he has taken down the signals. 

108. No extra train or engine, except work trains, shall be sent 
over the road without a written order from the division superin
tendent. 

109. Work trains have the right to the road, keeping out of the way 
of regular trains, as per Rules Nos. 78 and 83. 

They will always be assigned special limits, and must not use track 
elsewhere, without a written order from the division superintendent. 
Conductors must report to the division superintendent each morning 
the track they will use during the day, and must not run beyond the 
points designated; after returning to head-quarters at night, they 
must report to the division superintendent's office, and not go out on 
the main track until the regular hour next morning, without a written 
order from the division superintendent. 

llO. No person will be permitted to ride on the engine or tender 
without an order from the general or division superintendent, or 
superintendent of motive power, except the engineman, fireman, road 
foreman of engines, train masters, assistant engineers, and super
visors in the discharge of their duties on their respective divisions, 
and conductors in cases of accident, or running to a meeting point. 

lll. Passengers shall not be carried on freight or work trains. 
ll2. All accidents, detention of trains, failure in any way of the 

engines, or defects in the road or bridges, must be reported to the 
division superintendent by t elegraph from the next station. 
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113. Conductors of trains must attend to switches used by their 
engines or trains, and they will be held responsible for the proper 
adjustment of the switches used by them, except where a regular 
switchman is stationed. 

When there is more than one train to use a switch, conductors must 
not leave the switch open for following trains, unless the conductor of 
the following train is at the switch, and takes charge of it. 

114. Conductors and enginemen are r equired to compare time daily 
with the standard office clock. 

115. The maximum speed given on the time-table for each class of 
trains, must not be exceeded. 

116. No train shall be started from, or pass a station, before the time 
given for it on the time-table. 

117. Conductors and enginemen are held equally responsible for the 
violation of any of the rules governing the safety of their trains, and 
for taking every precaution for the protection of their trains, even if 
not p1·ovided for by the rules. 

118. In all cases of doubt or uncertainty, take the safe course, and 
run no risks. 

RULES TO BE OBSERVED IN USING MIDDLE SIDINGS OR 
THIRD TRACK. 

119. The middle sidings or third track must be used by trains (in 
either direction) whenever it is necessary to turn out, to allow trains 
of a superior class running in the same direction, to pass them. 

120. A half-way post will be placed in the centre of each middle 
siding: trains in either direction may run)o the half-way post at a 
speed not exceeding six miles per hour, but must not run beyond it 
except under the protection of danger signals. 

121. When trains pass the half-way post they must run at a speed 
not exceeding four miles per hour, to enable the signal-man to keep 
not less than 600 yards in advance of the train. 

122. When two trains meet on a middle siding, the train nearest 
the switch shall be backed, keeping a flagman not less than 600 yards 
in advance; but when there are crossing switches in the centre of a 
middle siding, they must be used in all cases when the backing of 
either train from the siding on to the main track can be avoided. 

123 . . All tmins M"e required to use middle sidings with great care ; 
they must invariably run expecting to meet an opposing train, whether 
opposing trains are due or not. 

RuLES GOVERNING THE OPERATION OF THE BLOCK SYSTEM 
OF SIGNALS. 

124. The stationary signal displayed at block stations will be red. 
White signifies that the block is entirely clear of trains. Greim sig
nifies that trains are moving on the block. 

125. At block stations enginemen will be governed absolutely by 
the block signals. They will approach all block stations so that the 
engine can be stopped before passing them, unless the signal to pro
ceed is displayed, and in the absence of any signal, they must stop and 
ascertain the cause. · 

126. When stopped by the red signal, enginemen must not proceed 
until the proper signal gives them the right to do so. 

127. When passenger trains are stopped by the block signal at sta
tions where they receive or discharge passengers, they may run to the 
platform, and in case the block signal cannot be seen by the engine
man, the conductor may give the order to proceed, after receiving the 
proper signal. 

128. When running by block signals, Rules Nos. 81, 82, and 83, are 
annulled. 

129. When it is necessary for any engine or train to cross over to 
the opposite track between block stations, engineman must stop and 
inform the operator at the block station before crossing over. 

130. All trains must display markers, as per Rules Nos. 31 and 32. 
Extra passenger trains will be governed by Rule No. 31, and all other 
extra trains by Rule No. 32. 

131. Operators must report promptly to the next block station in 

the rear, and to the next block station in advance, the movement of 
trains passing their stations, but must not report a train until the rear 
end has passed at least 100 yards beyond the block station. 

132. The red signal must be displayed immediately after the depar
ture of a passenger train, and not raised until it has cleared the main 
track at, or passed the next block station. The red signal must be held 
up by hand, and neve1· secured when raised. 

133. When a freight, or extra train or engine enters the block, a 
red signal must be displayed for at least five minutes, when if another 
freight, or extra train or engine approaches, and the preceding train 
has not passed the next block station, they will be allowed to pass 
under a green signal. 

134. Passenger trains must be brought to a full stop by the red 
signal, if a freight, or extra train or engine is on the block, and so 
notified before they are permitted to pass under the green signal, but 
in case there is a crossing switch, or siding on the block, which the 
freight, or extra train or engine has had time to reach, they will not 
be stopped, but allowed to proceed under the green signal. 

135. When freight trains get within forty minutes of a passenger 
train's time, operators will keep them only three minutes apart, and 
when within thirty minutes of a passenger train's time, only two 
minutes apaxt, to enable the freight trains to close in, and clear the 
passenger train according to rule. 

136. When a passenger train overtakes one or more freight trains 
delayed on the main track, and all trains arrive close together at a 
block station where there is no crossing, the operator will permit all 
the trains to pass under a green signal, but will notify the passenger 
train of the number of freight trains ahead, and the exact time the last 
train passed. 

137. If the wires ar~ interrupted when a passenger train is on the 
block, the red signal must be displayed, and all following trains noti
fied and permitted to pass under the green signal. Should the inter
ruption occur when freight trains are on the block, the green signal will 
be given for following trains of the same class, but passenger trains 
must be stopped by the red signal, notified of the cause, and permitted 
to proceed undef the green signal. 

138. When operators are notified of the intention of an engine or 
train to cross over to the opposite track, they will direct the next 
block station in the direction the train or engine is moving, to display 
the green signal for opposite t1·ack, thus keeping both tracks covered 
by a green signal, until the train or engine reaches one of the block 
stations. 

139. If no markers are displayed at the rear of a train or engine, 
the next block station must be notified to stop the train, and the block 
station in the rear must also be notified that the track is blocked, 
until information is received from the conductor at the block station 
in advance, that he has all the cars in his train. 

140. Operators will be governed by the following telegraph signals. 
" 5." Is the track clear ? 
" No. 1." Track is not clear-hold the train. 
"0. K., 35." Track is clear-let train come on. 
141. Night signals must be displayed from one hour before sunset 

until one hour after sunrise, also during the day in foggy weather. 
142. These rules do not relieve trainmen from observing all rules in 

regard to the protection of their trains. 

RuLES FOR Tr.AIN MAsTERS AND AssiSTANTs. 
143. Train masters, and assistant train masters report to, and receive 

their instructions from the division superintendent. 
144. They will take charge of the division, or of such portion of it 

as may be assigned to them, in the name of the division superin
tendent, during his absence or sickness, and shall perform such other 
duties as he may from time to t ime direct. 

145. They may exercise a general supervision over all employes in 
the passenger and freight service, and are directly responsible for those 
connected with freight trains, and will see that the rules and regula
tions are fully understood and observed by them. They may suspend 
them for violation of rules, or neglect of duty. 

2 I 
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146. They must report promptly to the division superintendent all 
failures or neglect on the part of employes, and anything that may 
come under their observation, that will interfere with the prompt and 
safe working of the road. 

147. They must carry the correct standard time, and compare fre
quently with train-men, and particularly observe that they are furnished 
with all the necessary signals, and use them strictly in accordance with 
the rules. 

148. They must give special attention to the prompt movement of 
freight trains, and see that there is no unnecessary delay in doing the 
work at stations, or in taking fuel and water. 

149. They must attend to the proper distribution of cars for the 
supply of stations on their divisions, and see that all cars are promptly 
loaded and unloaded, and forwarded without delay. 

150. In case of accident or detention to trains, they must proceed 
at once to the place, direct the disposition of the wrecking force, and 
assist in removing the obstruction. They will see that every pre
caution is taken to insure the safety of approaching trains, and protect 
all property either in charge of, or belonging to the company. 

RuLES FOR DEPOT MASTERS. 

151. Depot masters report to, and receive their instructions from 
the division superintendent. 

152. They will have charge of the passenger depots at the terminal, 
and other important stations, and of the force employed at those points. 
They must attend to the making up and proper arrangement of pas
senger trains, and see that they leave promptly on time. 

153. They must make themselves familiar with the rules and 
regulations of the passenger service, and with the duty of every 
employe connected with passenger trains, and shall require the 
prompt and efficient discharge of that duty at their stations. 

154. They must see that the conductors and train-men are ready for 
duty at the time required, and that they are provided with all the 
signals, lamps, and other fixtures necessary for the aafety, and proper 
management of their trains. 

155. They must preserve order about their stations, and prevent 
confusion and delay in seating passengers, and receiving and delivering 
baggage. 

156. They must keep the depot and its various apartments in 
proper condition for the comfort and convenience of passengers, and 
for the security of baggage. 

157. They must give respectful attention to the wishes of the 
travellers, and give all information requested, in a polite and satis
factory manner. 

158. They will give special attention to the deportment of the 
train-men toward passengers, and will promptly report to the division 
superintendent, any rudeness or incivility that may come under their 
observation. 

RuLEs FOR PAsSENGER CoNDUCTORS. 

159. Conductors of passenger trains report to, and receive their 
instructions from the division superintendent. 

160. They are responsible for the safety, regularity, and proper 
care of their trains, for the conduct of the men employed thereon, for 
the heating and ventilation of the cars, and for the signals, lamps, 
tools, &c., entrusted to their care. 

161. They must make themselves acquainted with the duties of 
enginemen, baggage masters, brakemen, express messengers, mail 
agents, sleeping-car conductors and porters, and news agents, and 
enforce the rules and regulations applicable to them upon their trains, 
and report to the division superintendent all insubordination, neglect 
of duty, or misconduct. 

162. They must report themselves to the depot master for duty, 
with their train-men, signals, lamps, and other fixtures, in readiness 
to take charge of their trains, at least thirty minutes previous to the 

schedule time for starting, and as much earlier as they may be 
required, to assist in the shifting and making up of their trains. 

163. They must provide themselves with the time-table-to which 
they are required to conform in running their trains; with a good 
reliable watch, regulated by the standard clock of the company; and 
with a full set of signals, and when running will display and use 
them, in the manner and position required by the rules. 

164. They must always compare time with the engineman of their 
train before starting, and know that he is provided with the time
table, and a full set of signals. 

165. They must know that the cars in their train have been in
spected at terminal and other stations required, and that the air brakes 
are in proper working order. 

166. They must see that passengers are properly seated, and will 
not allow them to stand on the platforms of the cars, ride in the 
baggage, express, or mail cars, nor to violate in any way the rules and 
regulations of the company. 

167. They must collect a ticket or fare from each passenger, and 
make reports of the same in the manner and form prescribed by the 
auditor. Any passenger refusing to pay fare, must be put off the train 
at the next station, without using unnecessary violence. 

168. They must be respectful and considerate in their intercourse 
with passengers, giving them politely any information desired, and 
use every endeavour to contribute to their pleasure and comfort, 
consistent with the rules of the company, and the rights of other 
passengers. 

169. They must not permit drunken or disorderly persons to get 
on their trains ; they will maintain good order among the passengers, 
and not allow those inclined to be unruly, to indulge in rudeness or 
profanity. 

170. If compelled by accident, or other cause, to move at an un
usually slow rate of speed, or stop their train on the main track, they 
must take immediate action to secure their own train, and trains 
approaching in either direction, against the possibility of collision. 
They must constantly keep in mind that nothing will justify a colli
sion between trains, and that the prompt use of signals according to the 
rules, will prevent it. When they have taken every precaution to 
insure the safety of their own, and approaching trains, they will then 
send intelligence from the nearest telegraph station, to the division 
superintendent. 

RuLES FOR PASSENGER BRAKEMEN. 

171. Passenger brakemen report to, and receive their instructions 
from the division superintendent. While on the train, they are under 
the direction of the conductor. 

172. They are charged with the management of the brakes, the proper 
display and use of train signals, and the lights, stoves, water and gas 
fixtures. 

173. They will report for duty to the depot master at the time 
appointed, open the doors of the cars, and assist the conductor in the 
proper disposition of the passengers, and will aid him in all things 
requisite to the prompt and safe movement of the train, and comfort 
of the passengers. 

174. They will be furnished with a full set of train signals, which 
they must keep in good order, and at hand ready for immediate use. 

175. They must give special attention to the proper heating and 
ventilation of the cars, keeping a moderate uniform temperature, 
and see that the air does not become impure. 

176. At all stopping places, they will announce the name of the 
station, and the length of the stop when it exceeds two minutes, and 
also examine the running gear of the cars as often as time will 
permit. 

177. They must assist the conductor in preserving order, and will 
not permit passengers to stand upon the platforms while the train is 
in motion, nor to violate any of the other rules of the company. 

178. They must be respectful to all passengers, and give polite 
attention to their wishes, but will avoid unnecessary conversation. 
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179. When it is necessary to pass through sleeping cars, they will 
do so as quietly as possible, to avoid disturbing the passengers. 

180. They are required to stop their trains at stations, and control 
them when descending heavy grades, without the whistle signal of the 
engineman. 

181. When not engaged in other duties, they will stand at the door 
of the car, ready to respond to the signal of the engineman, and they 
must occupy this position, whether the train is equipped with air 
brakes or not. 

182. The post of the rear brakeman (or flagman) is on the last car 
in the train, which he must not leave while the train is in motion, 
except to protect the train. He must be provided with, and display 
the signals at the rear of the train, strictly according to rule, and in 
case of detention or accident, must immediately go back as directed 
in Rules Nos. 85 and 86, without waiting for a signal from the engine
man, or instructions from the conductor. The front brakeman is 
charged with the same duty, when from any cause the fireman is 
unable to go forward to protect the front end of the train. 

183. In case the train parts on the road, the flagman must imme
diately apply the brakes and stop the cars, and then send forward the 
most reliable person he can command, to make danger signals until 
the front portion of the train comes back, while he protects the rear 
of the train, according to Rule No. 86. 

RuLES FOR STATION BAGGAGE AGENTS. 

184. Station baggage agents report to, and receive their instruc
tions from the division superintendent. 

185. They will obey all orders issued by the general baggage agent, 
and make reports in the manner and form directed by him. 

186. They must receive from passengers all baggage to be forwarded, 
and check and mark it plainly; they will deliver it to the baggage 
masters of the trains, and take charge of all baggage put off trains at 
their stations. ... 

187. They must handle all baggage carefully, and be respectful to 
passengers, giving them politely any information requested. 

188. They must not check any baggage without first requiring pas
sengers to exhibit their tickets, in order to avoid errors in route or 
destination. 

189. They must charge for all excess in weight over the amount of 
personal baggage allowed each passenger, at extra baggage rates. 
The money received for extra baggage must be paid over to the ticket 
agent, and reported as required by the general baggage agent. 

190. They must not receive a corpse for transportation unless it is 
securely enclosed in a box, accompanied with a physician's certificate 
that it is free from contagion, and will require a first-class ticket 
which they will deliver to the baggage master of the train. 

191. They must keep themselves supplied with the necessary 
number of checks, and see that they are kept secure from theft or 
loss; they will promptly return by the first train the checks belonging 
to other stations. 

192. They must forward all claims for lost baggage to the general 
baggage agent, giving full information concerning it, and obtain an 
accurate description of the contents and value of the articles lost. 

RULES FOR BAGGAGE MASTERS. 

193. Baggage masters report to, and receive their instructions from 
the division superintendent. While on the train, they are under the 
direction of the conductor. 

194. They must obey all orders issued by the general baggage 
agent, and make reports in the manner and form directed by him. 

195. They must report for duty at the time appointed by the depot 
masters at terminal stations, and will obey their orders. 

196. They are charged with receiving, taking care of, and delivering 
baggage. They must always be civil to passengers, and be careful not 
to injure baggage in handling it. 

197. They must check every piece of through or way baggage which 

they receive, and charge for all excess over the amount allowed each 
passenger, at extra baggage rates. 

They will not receive a corpse unless it is securely enclosed in a box, 
accompanied with a physician's certificate that it is free from contagion, 
and also a first-class ticket, which they will hand to the conductor. 

198. They must pay over to the ticket agents at terminal stations, 
at the end of each trip, all money collected for extra baggage, and 
report the same in the manner and form prescribed by the general 
baggage agent. 

199. They are not allowed to carry packages, money, or other 
valuables, and are strictly prohibited from receiving any perquisite for 
the transportation of baggage, or any other article, except such as the 
division superintendent may authorise them to take charge of, at fixed 
rates, for special care and attention. 

200. They are responsible for the safe keeping of the checks allotted 
to them, and for any other company property entrusted to their care, 
and will give special attention to the prompt delivery of letters ad
dressed to officers or agents. . 

201. They must not permit any one to ride in the baggage car, 
except mail and express messengers in discharge of their duties. 

202. They must .apply the brakes promptly, in accordance with the 
signal of the engineman, and when necessary will take the place of the 
front brakeman, as per Rule No. 87. 

203. They must be particularly careful in the use of lamps and 
stoves to avoid accidents from fire. 

204. They are not permitted to ride in other cars of the train, but 
must remain in the baggage car while on duty. 

RULES FOR YARD DESPATCHERS. 

205. Yard despatchers report to, and receive their instructions from 
the train master. 

206. They have charge of the yard and sidings at stations where 
trains are made up, the movement of trains therein, and of the yard 
force employed at those points. 

207. They are responsible for the expeditious and correct despatch 
of trains, the prompt movement of all cars, loaded or unloaded within 
the limits of the yard, and the proper position of the switches. 

208. They must carry out the orders of the train master in regard 
to the distribution of cars, and the making up of trains, and appor
tioning them to the motive power furnished. 

209. They must give the necessary directions for shifting and 
placing cars in proper positions in the trains, and see that they leave 
promptly on time. 

210. They must see that the engines with their crews, and the con
ductors and train-men are ready for duty at the time required, and 
that both enginemen and conductors have the time-table, and all the 
signals, lamps, and other fixtures required by the rules, for the safety 
and proper management of their trains. 

211. They must not permit a train to start with an engineman, con
ductor, or brakemen who is unfit for duty, nor fail to report the fact 
at once to the train master. 

212. They must see that conductors are furnished with the mani
fests for cars leaving their stations, and that conductors deliver to 
them all manifests for cars coming to their stations; they must see 
that the doors of loaded cars are locked, and that the locks have not 
been tampered with, and will examine the loading of private cars, and 
see that it corresponds with the manifest. 

213. They must see that the yard is kept in good order, that cars 
passing are properly inspected, and that cars requiring repairs are 
sent to the shop. 

214. They must see that the yard clerk keeps a record of the num
ber and date of each car arriving at, and departing from their stations, 
and that daily reports of the same are made in accordance with in
structions. 

215. They must report to the train master all disobedience of rules 
coming under their notice, all cars arriving without proper manifests, 
and cars or goods arriving in a damaged condition. 
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RuLES FOR FREIGHT CoNDUCTORs. 

216. Conductors of freight trains report to and receive their in
structions from the train master. 

21'7. They are responsible for the safety, regularity, and proper care 
of their trains, for the conduct of the men employed thereon, and for 
the signals, lamps, &c., entrusted to their care. 

218. They must make themselves acquainted with the duties of 
enginemen, firemen, and brakemen, and enforce the rules and regula
tions applicable to them upon their trains, and report to the train 
master all insubordination, neglect of duty, or misconduct. 

219. They must report themselves to the yard despatcher for duty, 
with their train-men, signals, lamps and other fixtures, in readiness to 
take charge of their trains, at least thirty minutes previous to the 
schedule time for starting, and as much earlier as they may be required, 
to assist in the shifting and making up of their trains. 

220. They must provide themselves with the time-table-to which 
they are required to conform in running their trains; with a good 
reliable watch regulatE>d by the standard clock of the company; and 
with a full set of signals, and when running will display and use 
them, in the manner and position required by the rules. 

221. They must always compare time with the en~ineman of their 
train before starting, and know that be is provided with the time
table and a full set of signals. 

222. They must see that the couplings and brakes of the cars in 
their train are in good order before starting, and will inspect them as 
often as the train stops to take water, or lays off to pass other trains. 

223. They must station the brakemen at their respective posts 
on the train, and see that they keep their position and use the brakes 
properly, particularly when descending heavy grades. 

224. They must be sure that no cars have become detached from 
their train and left on the main track, and when cars are left on a 
siding, they must see that the brakes are put on tightly, to prevent 
them from being moved, and interfere with trains passing on the 
main track. 

225. They must procure a manifest from the station agent or 
despatcher, for every car with lading attached to their train, which 
they will deliver to the station agent or despatcher where the goods 
or cars are left. Should the goods or cars be delivered at points 
where the company has no agent, then the manifest must be delivered 
to the freight agent at the next station. 

226. They must attend to the delivery of way freight according to 
the manifests furnished them, delaying the train as little as possible 
in its delivery. 

22'7. They must handle all freight with care, and use every effort to 
prevent less or damage. They must not permit any person, not duly 
authorised, to enter the cars or handle the freight on their train, and 
will see that the cars are always locked, except when loading or un
loading freight. 

228. They must carefully check off upon the manifest all articles 
left at a point where the company has no agent, and attach their sig
nature, and if any goods are damaged or missing, make a note of the 
same upon the face of the manifest. 

229. They must not move cars from an intermediate siding or 
private switch, without manifests have been furnished them by the 
agent at the next station before reaching such intermediate siding, or 
private switch. 

230. They must carefully enter upon their cards the number of cars 
taken from and left at each station, and make such other regular 
reports as may be required. 

231. They must not permit drovers or agents in charge of live 
stock to ride on their trains, unless provided with passes or permits 
from the proper officer. 

232. If compelled by accident, or other cause, to move at an un
usually slow rate of speed, or stop their train on the main track, they 
must take immediate action to secure their own train, and trains 
approaching in either direction, against the possibility of collision. 
They must constantly keep in mind that nothing will justify a collision 

between trains, and that the prompt use of signals according to the 
rules, will prevent it. When they have taken every precaution to 
insure the safety of their own, and approaching trains, they will then 
send intelligence from the nearest telegraph station to the division 
superintendent. 

RuLES FOR FREIGHT BRAKEMEN. 

233. Freight brakemen report to, and receive their instructions 
from the train master. While on the train, they are under the direc
tion of the conductor. 

234. They are charged with the management of the brakes, and the 
proper use and display of train signals. 

235. They will report for duty to the yard despatcher at the time 
appointed, and will assist the conductor in the shifting and making 
up of their trains. 

236. They will be furnished with a full set of train signals, which 
they must keep in good order, and at hand ready for immediate 
use. 

23'7. They must assist in loading and unloading freight, and will 
aid the conductor in inspecting the running gear of the cars, as often 
as the train stops for water, or lays off to pass other trains. 

238. They must not leave their brakes while the train is in motion, 
nor take any other position on the train than that assigned to them by 
the conductor. 

239. They are required to stop their trains at stations, and control 
them when descending heavy grades, without the whistle signal of the 
engineman. The brakes must not be applied so as to slip the wheels, 
and on heavy grades they should be frequently changed from one car 
to another, to avoid heating the wheels. 

240. The post of the rear brakeman (or flagman) is on the last car 
in the train, which he must not leave while the train is in motion. He 
must be provided with, and display the signals at the rear of the 
train, strictly according to rule, and in case of detention or accident, 
must immediately go back as directed in Rules Nos. 85 and 86, with
out waiting for a signal from the engineman, or instructions from the 
conductor. The front brakeman is charged with the same duty, when 
from any cause the fireman is unable to go forward to 'protect the 
front end of the train. 

241. When an assistant engine is attached to the rear of the train, 
it will be considered as a part of the train, and it is the duty of the 
flagman to go back and protect it in case of accident or detention. 

242. In case the train parts on the road, the flagman must imme
diately apply the brakes and stop the cars, and then send forward the 
most reliable person he can command, to make danger signals until 
the front portion of the train comes back, while he protects the rear of 
the train according to Rule No. 86. 

RuLES FOR' STATION AGENTS. 

243. Station agents report to, and receive their instructions from 
the division superintendent. They will obey all orders issued by the 
general ticket agent, the general freight agent, and the accounting and 
treasury departments. 

244. They are divided into two classes, viz., first and second class 
agents. The first class agents are paid a stated salary, and are 
required to devote themselves exclusively to the business of the 
company. The second class agents derive their compensation from 
commissions, which they are allowed to charge on freight in company 
cars, in addition to the regular transportation charges of the com
pany, and are not prohibited from engaging in other business, when 
it does not interfere with the proper discharge of duties to the 
company. 

245. They have charge of the books, papers, buildings, sidings, and 
grounds of the company, and of the property entrusted to the com
pany in the transaction of business at their respective stations, and 
will be held responsible for their safe keeping and proper care, and 
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also for the deportment of the employes of the company at their 
station. 

246. They must keep the depot buildings and the ground~ con
nected with them clean, and in condition for the accommodatiOn ?f 
passengers and the reception of freight, and must preserve order m 
and about their stations. 

247. They are responsible for cars left at their stations, and must 
see that they have the brakes applied, and that they are not m~ved by 
unauthorised persons, or shifted in any wa,y to interfere with the 
safety of trains on the main track. 

248. They must see that all cars left at their stations are load.ed or 
unloaded promptly, and forwarded by the first train. They will be 
held strictly accountable for all delays, and must charge or collect 
demurrage whenever consignors or consignees delay cars over twenty-
four hours, either in loading or unloading. . 

249. They must keep their accounts and mak~ their reports ~nd 
remittances in such manner and form, and at such times, as the auditor 
and treasurer tlhall direct. 

250. They must keep the general rules and regulations of. the 
company, governing the transportation of passengers and freight, 
posted in their depots in conspicuous places, where they can be seen 
and read by the public. 

251. They are prohibited from selling tickets or delivering goods 
on credit; the terms are invariably cash. 

252. They are prohibited from selling tickets to persons who. are 
not in a condition to take care of themselves, or whose conduct might 
endanger their lives, or make them a source of annoyance to others in 
the train. 

253. They are prohibited from receiving freight to be for~ar~ed 
which is not in condition for safe transportation, and the destmatwn 
distinctly marked thereon. . . 

254. They must examine each manifest received before dehvermg 
the freight, and if errors are found, correct them, and report the 
correction to the agent forwarding, and to the auditor. 

The manifests of freight received must be correctly entered in the 
freight received book, filed in the order in which they are .reported to 
the auditor and carefully preserved for reference. A bill must be 
made aoai:st the consignees before the delivery of freight, and a 
receipt taken for the delivery of the goods, as well as given the 
consignees for the payment of the freight charges. . 

Agents receivino manifests for freight delivered at pomts where the 
company has no ~gent, must see that the conductor has certified on 
the face of the manifest, to its correct delivery. 

255. They must make correct entries in the freight forwarded ~ook, 
of the marks, description, and weight of articles, with the classifica
tion and rate of charge. From this original entry the manifest is to 
be made, one copy of which shall be sent to the auditor by first pas
senger train, and one copy to the agent who is to receive t~e freight. 
Manifests for full car loads will be sent by passenger tram to the 
agent who is to receive the freight, and a card manifest furnished the 
conductor or despatcher. Manifests for local freight in less than. car 
loads must accompany the car. All freight manifested to pomts 
where the company has no agent, must be released and prepaid, and 
the freight charged thereon at the rates to the next more distant 
station where there is an agent. The manifest is to be made to the 
point where the articles are to be left, provided it appears on the 
freight tariff. All freight not prepaid, must be charged to the agent 
at the point of delivery. 

256. They must use all proper means to secure traffic for the 
road, avoid giving offence, and act at all times with the view of 
accommodating the public, and promoting the best interests of the 
company. 

257. They must promptly report to the division superintendent all 
deviations from the rules and regulations of the company, by employes 
or others, or anything that comes under their observation that is 
prejudicial to the company's interests, or may interfere with the safe 
and economical working of the road. 

RuLEs FOR DIVISION OPERATORS. 

258. Divison operators report to, and receive their instructions 
from the division superintendent. 

259. They are responsible for the proper working of the wires, 
the prompt transmission of messages, and the economical use of 
supplies. 

260. They have charge of the operators on their divisions, and will 
see that the rules and regulations are understood and observed by 
them. 

261. They have charge of the line repairmen, and will direct them 
in regard to making the necessary repairs. 

262. They will test the wires each morning, and see that they are 
kept in good working order at all times. , . 

263. They will keep a record of the time made by each employe m 
their department, and report the same in the manner and form_ 
directed. 

RULES FOR TELEGRAPH OPERATORS. 

264. Telegraph operators report to, and receive their instructions 
from the division operator. 

265. They will obey the instructions of the station agent, when they 
do not interfere with their duties as operators. 

266. They are required to be constantly on duty during business 
hours, and will not leave their offices without notifying the division 
operator. 

Day and night operators must not leave their post until relieved by 
each other, and they will instruct the one going on duty in regard to 
the position of trains, and any unfinished business; offices will be in 
charge of the day operator, and where two or more are employed, one 
must be always on duty. 

On Sundays, operators at way stations must be in their offices 
twenty minutes before trains are due, and remain until the train is 
reported passing the next telegraph ofltce. . 

267. They must keep a full set of signals constantly on hand m. 
good order, and use them strictly in accordance with rule. 

268. They will observe the rear of all trains passing their offices,. 
and if red lights, or markers are not displayed (see Rules 29, 31, and 
32), report it at once to the division superintendent's office. 

269. They wili keep a register of all trains passing their office, an.d 
the reports from such other offices as the division operator may 
require. 

270. They must give particular attention to the adjustment of their 
relays when trains are behind time, and be ready to receive train 
orders ; when holding a train for orders, they must signal it in person, 
and must not depend upon a lamp or flag left standing near the 
track, or used by any other person. 

271. When the division superintendent sends a train order, they 
must immediately enter it in the order book, and repeat it back ; 
when he responds that the order is "0. K.," they will prepare two 
copies, and deliver one to the conductor and one to the engineman, 
who will compare their copies with the original order in the book, 
which they must sign ; the operator will then repeat the signatures 
to the division superintendent, who will reply " correct," which must 
be endorsed on the order, and no order is good until this "correct" is 
received. 

Train orders must have written on them the name of the operator, 
the office, the date, and the time they were made "correct," and must 
not be erased or altered in any manner whatever. 

272. When two passenger trains of the same class are running in 
the same direction, they must display a red signal immediately after 
the first train passes, and at the expiration of fifteen minutes display 
a white signal to the following train. Should the following train be 
of inferior class or a freight, or extra train or engine, they will 
display the red signal for ten minutes, a.nd then display the white. 

273. They must not leave their offices while a train is at the station, 
unless required by business connected with the train. 
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274. They are required to be courteous in their intercourse with 
one another, and with all persons transacting business at their offices. 
Under no circumstances will improper language or profanity be per
mitted on the line. 

275. They are not allowed to take students, or to leave their offices 
in charge of other operators, without permission from the division 
operator. 

276. They must not permit persons (whether employes of the com
pany or not) to frequent their offices. 

277. They will keep special orders and instructions filed in regular 
order, and ready for immediate reference. 

278. They must not receive messages to be transmitted free, unless 
signed by an officer, agent, or employe, except such messages are 
answers to those already sent. They must consider all messages 
strictly confidential, and will not permit them to be read by any 
persons except those to whom they are addressed, nor to make their 
contents the subject of conversation or remark. 

279. All messages sent and received must be dated, timed, and have 
written on them the initials of the operator who sent or received them. 
Messages sent must be preserved for reference, and those received 
must be delivered promptly. 

280. Passes received by telegraph must be written with ink, and 
have the name of the office, the date and time at which they were 
received, the full signature of the officer who signed them, and of the 
operator who received them. 

281. Contention for circuit will not be permitted ; should the 
circuit be interrupted while an operator is writing, he will stop imme
diately to ascertain the cause; if it be another operator breaking, 
unless the one who breaks says, "21" (this despatch must have pre
ference over all other business on division wires), "39" (this despatch 
must have preference over all other business on through wires), or 
"55" (this despatch is of great importance), the operator who is 
writing will say "8" (close your key, you are breaking others), and 
close his key ; if the request be not complied with, he will keep his 
key closed until he can proceed·without interruption, and then report 
the case to the division operator in writing. 

282. Should the wires be broken or interrupted at points which the 
line repairman cannot reach promptly, operators must immediately 
notify the foreman of road repairs. · 

283. The telegraph must not be used for the transmission of com
munications which may be sent by train without detriment to the 
company's interests. 

RuLES FOR LINE REPAIRMEN. 

284. Line repairmen report to, and receive their instructions from 
the division operator. 

285. They must keep the poles in proper position, the wires con
nected, insulated, and clear of all obstructions, and make all necessary 
repairs. When assistance is required, they will call upon the foreman 
of road repairs. 

286. They must pass over the road frequently, and closely observe 
the condition of the line, and examine the connexions at the offices ; 
they will report each morning the part of the road they will be on 
during the day: 

287. They must always be provided with a full set of tools, and 
ready to respond immediately to any orders they may receive. 

288. They must supply the operators and foremen of road repairs 
with wire, insulators, &c., and instruct them in regard to splicing the 
wire, and making other repairs. 

289. They will promptly report to the division operator anything 
that comes under their observation that may interfere with the proper 
working of the line. 

RuLEs FOR RoAD FoREMEN oF ENGINEs. 

290. Road foremen of engines report to, and receive their instruc
tions from the division superintendent. 

291. They will obey all orders of the superintendent of motive 
power, and must report to him as he may direct. 

292. They are required to ride frequently upon the engines, and 
give instructions to enginemen and firemen in regard to the proper 
working and firing of engines, with a view to obtaining the best results 
in the consumption of fuel and stores. 

293. They will give particular attention to the capacity of the 
engines for generating steam, and observe that the regulation pressure 
is not exceeded, and that the boilers are washed out as often as may 
be necessary. 

294. They must see that engines are equipped with signals, tools, 
and every article necessary to their efficient working, and that the 
injectors, air pumps, &c., are in good working order. 

295. They will advise the division superintendent of the number of 
cars to be allotted to each class of engines, and report to him when 
engines of through freight trains are not given cars to their full 
capacity, or when any engine is overloaded. 

296. They will consult and advise frequently with the master 
mechanic and shop foremen, in regard to the daily condition and 
r8quirements of the engines running upon their divisions. 

297. They will report to the division superintendent the qualifica
tions of enginemen and firemen, and any violation of rules or neglect 
of duty which may come to their knowledge, and keep him advised of 
all matters relating to the economical and efficient working of the 
engines and their crews. 

RuLES FOR ENGINEMEN. 

298. Enginemen report to, and receive their instructions from the 
division superintendent. When in the shops, they are under the 
direction of the master mechanic, or foreman of shop. 

299. They will obey the orders of the road foreman of engines, 
in regard to the working of their engines, and the proper use of fuel, 
stores, &c. 

300. They must obey the orders of the train master, depot master, 
or despatcher, in regard to shifting and making up trains. 

301. They are under the orders of the conductor of the train in 
regard to starting, stopping, speed, and general management of the 
train, shifting cars, &c., but they will not obey any _order that may . 
en:langer the safety of the tra.in, or require violation of rules. 

302. They must have their engines in good working order, supplied 
with the necessary stores and tools, fuel and water, and the steam up, 
ready to attach to the train, at least thirty minutes before the schedule 
time for starting, and as much earlier as directed by the foreman of 
shop, or despatcher. 

303. They must have in their possession a copy of the rules and 
regulations, the time-table, and a full set of signals in good order, 
and ready for immediate use. 

304. They will be furnished a watch by the division superintendent, 
and will be held responsible for its safe keeping. They must regulate 
it by the standard clock of the company, and compare time with the 
conductor of the train at the commencement of each trip. 

305. They must obey promptly all signals given by station agents, 
telegraph operators, track repairmen, watchmen, conductors, or train
men, even though they may think such signals unnecessary. When 
in doubt as to the meaning of a signal, they must stop and ascertain 
the cause, and if a wrong signal is shown, they will report the fact to 
the division superintendent. 

306. They must note that the day and night watchmen are at their 
posts, and report to the division superintendent any neglect of duty 
they may observe. 

307. They must use special care in coupling and shifting cars, to 
avoid injuring the train-men, and must always start and stop their 
trains cautiously, without sudden jerking. 

308. They must not permit sticks of wood, burning cotton waste, 
or hot cinders to be thrown from the ·engine or tender while in 
motion, and must use every precaution against fire when passing 
bridges or buildings. 
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309. They are not permitted to clean their ash pans on the main 
track, unless at points specially designated by the division super
intendent. 

310. They must not leave their engine during the trip, except in 
cases of necessity, and must always leave the fireman or some other 
competent person in charge of it. 

311. They will be provided with checks for wood, coal, oil, and 
tallow, and they will not be furnished with fuel or stores, unless a 
check for the correct amount is given the station or storekeeper. 

312. They must report the condition of their engines to the master 
mechanic, or foreman of shop, at the end of each trip, and will assist 
when called upon, in making any repairs that may be necessary. 

313. They may be required, when not in active service on the road, 
to work in the shops, and will then be subject to shop rules. 

RuLES FOR FIREMEN. 

314. Firemen when on the road, are under the direction of the 
engineman. When in the shop, they are under the orders of the 
master mechanic, or foreman of shop. 

315. They will obey the orders of the road foreman of engines in 
regard to the proper use of fuel, and manner of firing. 

316. They must be with their engines at least thirty minutes before 
the time of starting, and conform to any directions they may receive 
from the foreman of shop, or despatcher. 

317. They must supply the engine regularly with fuel and water, at 
the discretion of the engineman, assist in oiling, and use the tender 
brake in accordance with his orders and signals. 

318. They will assist in keeping a constant lookout upon the track, 
and must instantly give.the engineman notice of any obstruction they 
may perceive. 

319. They must make themselves thoroughly familiar with the train 
rules, particularly those that apply to the protection of the train, and 
must understand the use of the signals, and be prepared to use them 
promptly, as per Rules Nos. 85 and 86. 

320. They must take charge of the engine should the engineman at 
any time be absent, and will not leave it until his return, nor suffer 
any person not duly authorised to be upon it. 

321. They will not attempt to run an engine in the absence of the 
engineman without permission from the division superintendent, 
unless under some emergency they be directed to do so by the con
ductor, or some officer in authority. 

322. They must assist in cleaning and polishing their engines after 
every trip, and in making repairs when required. 

323. They may be required, when not in active service on the road, 
to work in the shops, and will then be subject to shop rules. 

RuLES FOR MAsTER MECHANics AND FoREMEN OF MACHINE 
AND CAR SHOPS. 

324. Master mechanics, and foremen of shops report to, and receive 
their instructions from the superintendent of motive power. They 
will obey all orders of the division superintendent, and are responsible 
to him for the proper discipline and management of the shops. 

325. They are responsible for the machinery and tools of the shops 
under their charge, and must require them to be kept clean and in 
order. 

They must enforce discipline among the workmen, see that they 
are diligent in the discharge of their duties, and that the operations 
of the shop are conducted with system and economy. 

326. They are respom:ible for the stores, and must see that they are 
used with economy, that storekeepers are held strictly accountable for 
waste or loss, and that the engines and cars are correctly charged with 
the oil, waste, tallow, and other stores furnished. 

327. They are r esponsible for sending out engines or cars in proper 
condition for service, and must see that they are supplied with the 
necessary fixtures and tools, with lamps, signals, and all other things 
necessary to a complete equipment. 

328. They must have the engines and their crews ready for service 
at the time indicated by the train master, or despatcher, and will 
inspect the engines at the end of each trip, make the repairs neces
sary, and see that they are properly wiped and cleaned. 

329. They must advise withi the road foremen of engines respect
ing the performance of the engines while on the road, and will co
operate with him in observing the qualifications of enginemen and 
firemen. 

330. They shall not make, nor permit changes to be made, in the 
general arrangement or details of engines and cars while under repairs 
at their shops, without special orders from the superintendent of 
motive power. 

331. They must see that a daily record is kept of the names of the 
workmen, the time of service and rate of pay, and also the time 
employed and material used on each job of work, and the cost of the 
same, in accordance with the instructions received and forms furnished 
them. 

332. They will see that all workmen employed at their shops are at 
their proper places, ready to commence work at the exact time 
specified. 

333. They will not permit work to be done in the shops at night or 
on Sundays, unless absolutely necessary, and will prohibit lights in 
the shops after working hours, except those required by the regular 
watchmen on duty. 

334. They will not allow strangers to visit the shops without a 
permit, and will observe that they do not converse or interfere with 
the workmen on duty. 

335. They will frequently inspect the watchmen on duty at night, 
know that they are at their posts at all times, and require the hours 
to be struck on the shop bell from 7 P.M. to 6 A.M. 

RULES FOR SHOP CLERKS. 

336. Shop clerks report to, and receive their instructions from the 
division superintendent. 

337. They will obey all orders received from the master mechanic, 
or foreman of shops, but must keep their accounts, and make reports, 
in the manner and form directed by the chief clerk of the Motive 
Power Department. 

338. They must be on duty at the shops not less than ten minutes 
before the time of commencing work, and will note the time of each 
workman as he enters. 

339. They must record the time made by each workman, specifying 
how he has been employed, the time spent on each piece of work, and 
rate of pay. 

340. They must ascertain the weight and value of material used on 
each piece of work, and charge the same to its proper account. 

341. They must keep a record of the time made by the enginemen 
and firemen, their rate of pay, and the number of miles run daily by 
each engine. 

342. They will receive from the storekeepers a report of the oil, 
waste, and tallow used, and from the station keepers, a report of fuel 
consumed, which they will record in the manner and form prescribed. 

343. They must post upon the bulletin-board in the engine house, 
the monthly report of the performance of engines, and will see that 
the orders issued by the division superintendent, or superintendent of 
motive power, are posted conspicuously in the engine houses and 
shops. 

RuLES FOR FoREMEN OF CAR INSPECTORS. 

344. Foremen of car inspectors report to, and receive their instruc
tions from the division superintendent. 

345. They will obey all orders of the superintendent of motive 
power, and must report to him as he may direct. 

346. -They must inspect all cars passing their stations, carefully 
examining the running gear and brake fixtures ; they will make such 
repairs as may be required, and send to the shop all those that are 
not fit for service. 
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34'7. They must give special attention to passenger, baggage, mail, 
and express cars, and permit none to leave their stations that are not 
in good running order. 

348. They will see that cars running in the passenger service are 
properly washed, and that all the interior fixtures are kept perfectly 
clean and in good repair. 

349. When making repairs to cars standing on main track or 
sidings, they must protect themselves by placing a blue flag in the 
drawhead, or a blue lantern on the platform or step of the car at each 
end of the train, to prevent the cars from being coupled to, or moved 
by an engine or other cars. 

RuLES FOR KEEPERS oF WooD AND CoAL STATIONS. 

350. Station keepers at stations on the road, are under the order 
of the supervisor ; those at points where shops are located, are under 
the direction of the master mechanic. 

351. They have charge of the wood sheds and coal platforms, and 
the supply of fuel to engines. They must not allow their stock of 
wood and coal to run short, and will promptly report all failures in 
the supply. 

352. They must saw the wood delivered to them into the lengths 
required, and arrange it upon the platform in ranks suitable to supply 
engines as needed. 

353. They must keep the cars that supply the engines with coal 
filled at all times, and dump them into the tanks without delay. 

354. They must require a check for the amount of wood or coal 
delivered to each engine, and will examine the checks to see that they 
bear the number of the engine, and correspond with the amount fur
nished. All checks must be returned with their reports at the close 
of each month. 

355. They must keep a record of the wood and coal consumed daily 
by each engine, and report the same monthly in the manner and form 
directed. 

RuLES FOR SuPERVISORS. 

356. Supervisors report to, and receive their instructions from the 
division superintendent. 

35'7. They are responsible for keeping the track, road bed, bridges, 
culverts, telegraph line, and everything pertaining to the road, in 
repair. 

358. They must pass frequently over their divisions, notice defects 
in the track, examine bridges minutely, see that culverts and drains 
are not injured by heavy storms, watch carefully the condition of the 
road bed, and see that the proper slopes are preserved ; especially 
note anything that may form an obstruction to the track, and have it 
removed ; examine road crossings ; the condition of frogs and switches ; 
cut away trees or bushes that are liable to fall upon or obstruct the 
view of the track; and shall attend to anything else which may be 
necessary to secure the safety of the road. 

359. They have charge of the repairmen and other labourers em
ployed on their divisions; they will see that they perform their duty, 
keep a strict account of their time, and report the same in the manner 
and form prescribed. 

360. They must know that every foreman, watchman, and switchman 
under their charge is fully acquainted with the rules and regulations, 
and the use and object of all signals. 

361. They are authorised to discharge any foreman, road, bridge, or 
switch watchman, or other employe for neglect of duty ; but should 
they be guilty of negligence whereby accident is caused, they will 
suspend them from duty, and report the case to the division super
intendent. 

362. They must attend in person to the removal of slides, snow, or 
other obstructions, and in cases of accident will repair promptly to the 
spot, taking whatever force may be necessary, and use every effort to 
assist in clearing the road. 

363. They must compare time with each of their foremen at least 
once a week, and oftener if possible. 

364. They must make monthly reports, in the manner and form 
directed by the division superintendent, and will be responsible for the 
safe keeping and economical use of all materials furnished them. 

365. They must see that a clear space of at least six feet is pre
served on either side of the main track, and that nothing is piled on 
sidings within six feet of the rail, and will keep the grounds about 
stations and depots in good order. 

366. They must keep a general oversight of all work performed on 
their divisions by contractors or mechanics, and see that the safety of 
the track is never endangered by them. 

36'7. They must give particular attention to the supply of water, 
and will promptly report any defects or deficiency to the division 
superintendent. 

368. They will make careful inquiry in regard to every accident that 
may occur upon the road, and all cases of personal injury, whether 
to passengers, employes, or others, and report fully thereon in writing 
to the division superintendent. 

369. They must make themselves acquainted with the instructions 
issued for the government of trains and train-men, and report to the 
division superintendent any neglect of duty or violation of rules that 
comes under their notice. 

RuLES FOR GENERAL FoREMEN OF MAINTENANCE OF 
wAY MECHANICS. 

3'70. General foremen of carpenters, masons, and painters report 
to, and receive their instructions from the division superintendent. 

3'71. They have charge of the repairs of bridges and buildings, and 
will promptly report to the division superintendent any defects that 
may come under their observation. 

372. They will employ such workmen as may be necessary, subject 
to the approval of the division superintendent, and see that they 
faithfully perform the duties assigned them. 

373. They must make themselves fully acquainted with the use of 
the signals, see that they are understood by their subordinates, and 
that the caution and danger signals are used strictly in accordance 
with rule. 

374. They must be careful in renewing bridges or other structures, 
to keep the main track always secure and safe for the passage of 
trains, and under no circumstances obstruct it without displaying 
danger signals in the proper direction, at a distance of at least 
900 yards. 

3'75. They must co-operate with the supervisor in regard to the dis
tribution of material, and will call upon him whenever they require 
assistance. 

RuLES FOR FoREMEN oF RoAD REPAIRS. 

376. Foremen of road repairs report to, and receive their instruc
tions from the supervisor. 

37'7. They have charge of the repairs on their respective sub
divisions, and will be held responsible for the condition of the road, 
and the watching necessary to secure its safety at all times. 

3'78. They are required to pass over the whole extent of their 
division at least once a day, to observe particularly the condition 
of the main track, sidings, road bed, bridges, culverts, road cross
ings, water courses, &c., and execute such repairs as may be necessary. 

3'79. They will engage in all work personally, and will see that the 
labourers employed under them faithfully perform their duty. 

380. They must keep a record of the time of the men, and the 
material used, and report the same in the manner and form directed 
by the supervisor. 

381. They may discharge or suspend from duty any employe under 
their charge, but must report the case promptly to the supervisor for 
his approval. They must not employ more than the regular force 
allowed, without his consent. 
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382. They will give particular attention to the surface and line of 
the track, especially at the joints ; see that it is spiked properly, and 
kept in true gauge; and that the cross ties are evenly spaced, lined, 
and tamped to a uniform bearing. 

383. They must remove all defective materials from the track, and 
at all times maintain it in safe condition for the passage of trains. 

38~. They must see that the road bed is kept in perfect order, 
that cuts are sloped, embankments widened, and the necessary ditches 
made to afford thorough drainage. 

385. They must carefully observe the signals carried by trains, and 
be sure that all trains running on the same schedule have passed, 
before obstructing the track. 

386. They must never obstruct the track in any way whatever, 
without first conspicuously displaying a danger si'gnal at least 
900 yards in both directions on single track, and 900 yards in the 
direction trains are expected on double track. Special trains or 
engines may pass over the road at any time without previous notice, 
and foremen must always be prepared for them. Anything that 
interferes with the safe passage of trains is an obstruction, and must 
not be attempted without using the above precaution. 

387. They must not run their hand cars within::twenty minutes 
of the time of any passenger train, nor run in the wrong direction 
on double track, and always run with great caution, keeping a sharp 
lookout for work or other extra trains. They will under no circum
stances allow their hand car to be used except they accompany it, nor 
run it on Sundays, or after dark, without special permission of the 
division superintendent. Hand cars or trucks, when not in use, must 
always be kept locked, and secured in such a position that they cannot 
drift on to the main track. 

388. They are permitted to use the track in making repairs to within 
twenty miriutes of the t.ime of passenger trains, and ten minutes of 
the time of freight trains, but invariably under cover of a danger 
signal, which must be placed at least 900 yards in both directions on 
single track, and 900~ yards in the direction trains are expected on 
double track, and if it cannot be seen by the foreman at the point 
where he is at work, a man must be placed in charge of it. 

389. They must see that watchmen attend to their duties by fre
quently visiting them at night, and promptly discharge them if found 
negligent. 

390. They must keep a close watch at points where obstructions are 
likely to occur, and carefully examine the slopes of cuts, and remove 
promptly any rocks, stumps, or masses of earth that are liable to fall 
or slide. 

391. They must take every precaution during heavy rains and 
storms to prevent accident; all hands should be placed on duty, 
and every part of the division closely watched. 

392. They must not allow old rails, cross ties, &c., to be scattered 
along the road, but have them cleaned up promptly and piled ; all 
scrap and other movable track-material should be taken to their head
quarters. 

393. They will remove all combustible material from the vicinity of 
the track, and not permit rubbish to accumulate near bridges and 
buildings, and will promptly extinguish any fires that may occur 
along the line of the road. 

394. They will watch the telegraph line, especially after storms, 
keep the poles in proper position, reset them when necessary, unite 
the wires when broken, and render any assistance required by the line 
repairman. They must promptly report to the division superintendent 
any derangement of the wires. 

395. They must see that the water stations are in order, that the 
supply of water is kept up, and frequently inspect the head of the 
pipe, and clear it from brush, leaves, &c., when necessary. 

396. They are required to assist in removing broken cars left upon 
the road, and will render prompt assistance in all cases of accident or 
delay to trains. 

RuLES FOR RoAD AND BRIDGE WATCHMEN. 

397. Watchmen are under the orders of the foreman of road 
repairs. 

398. Road watchmen must pass over the road in advance of each 
passenger train, and will carefully examine the rails, especially in 
frosty weather; observe that switches are set for main track, try the 
locks, and see that everything is right about them; see that cars left 
on sidings fully clear the main track, and that the doors of loaded 
cars are locked; also examine buildings and other property of the 
company, and protect them from theft and fire. Should an obstruc
tion to the track occur, they must at o~ce display danger signals in 
the direction of the nearest approaching train, as directed in Rule 
No. 86, and immediately send word, if possible, to the foreman of 
road repairs. Night watchmen must always notify the foreman of 
road repairs of the trains due which have not passed, before they go 
off duty, and of any other matters that require attention. , 

399. Bridge watchmen must keep a supply of water upon the bridge 
at close intervals, and follow every traip. with a bucket of. water, to 
extinguish any coals that may have fallen from the engine. 

400. They must keep the tops of piers and abutments clean, and 
remove all combustible matter from the vicinity of the bridge. 

401. They must examine frequently the timber and ironwork of 
their bridges, and report promptly to the supervisor any failure or 
decay. 

402. They must prevent all persons except employes from crossing 
the bridges. 

403. They must carefully observe the speed of passing trains, and 
report to the supervisor any violation of rules. 

404. Watchmen will be required when their time is not wholly 
occupied with watching, to attend to such other duties as the super
visor, or foreman of road repairs may direct. 

RuLES FOR SwiTCH TENDERS. 

405. Switch tenders on the road, are under the orders of the super
visor; those in yards, are under the direction of yard despatchers. 

406. They are responsible for the safety of trains passing the 
switches under their charge, and the duties although simple, require 
the closest attention, as any neglect may cause serious accident. 

407. They must keep the switches locked right for the main track, 
except when passing trains to or from the opposite track or siding. 

408. They must always be on the watch for approaching trains, 
and give the safety signal if all is right. 

409. They must carefully examine the condition of the switches, 
keep them clear of snow or other obstruction, and promptly report to 
the foreman of road repairs any defects. 

410. When day and night switchmen are employed, they must not 
leave their posts until relieved by each other, and the one going off 
duty must inform the one coming on, when trains that are due have 
not passed. 

:2K 
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APPENDIX B. , 

THE ACTION OF BRAKES. 

ON THE EFFECT OF BRAKES UPON RAILWAY TRAINS. 

BY CAPTAIN DouGLAs GALTON, C.A., RoN. D.C.L., F.R.S. 

[FIRST PAPER.]* 

THE following paper is an account of experiments upon the co
. efficient of friction between the brake-blocks and the wheels, and 

·between the wheels and the rails at different velocities, both when 
the wheels are revolving and when skidded. 

These experiments form the first instalment of a series which it 
is intended to make, to ascertain, first, the actual pressure which it is 
necessary to exert on the wheels of a train to produce a maximum 
retardation at different velocities ; second, the actual pressure exerted 
on the wheels in the several forms of continuous brakes now in use; 
third, the time required to bring the brake-blocks into operation in 
different parts of a train in the several forms of continuous brakes ; 
fourth, the retarding power of the different kinds of continuous brakes 
now in use on trains under similar conditions of equal weight and 
running at the same speed. 

This paper includes the first series of experiments only. 
The author was enabled to make this series through the courtesy of 

the London, Brighton, and South Coast Railway Company, and of 
their locomotive superintendent, Mr. Stroudley, who provided a van 
and other facilities for making the experiments ; and through the 
courtesy and assistance of Mr. Westinghouse, by whom the recording 
apparatus was designed. The author was assisted in making the ex
periments, and in their reduction, by Mr. Horace Darwin. 

The experiments were made on the Brighton Railway, with a special 
-van constructed for the purpose; it was attached to an engine, and 
was run at various speeds, during which time various forces were 
measured by self-recording dynamometers. These dynamometers 
were designed by Mr. Westinghouse ; their principle is that the force 
to be measured acts on a piston fitting in a cylinder full of water, and 
the pressure of the water is measured by a Richards indicator con
nected by a pipe to the cylinder; thus, as the drum revolves, diagrams 
are obtained giving the force acting on the piston. The advantages 
of this method are obvious, as the indicator can be placed at any con
venient point, and the inertia of the water tends to make the pencil 
keep a position corresponding to the mean force. 

Fig. 3 (Plate LXXVITI.) represents the piston and what answers to 
the cylinder, but would be better described as a ring fastened to the edge 
of a cylindrical box. In the centre is the rod by which the thrust to 
be measured is transmitted to the piston. This piston merely consists 
of a cast-iron disc, with a cavity in its centre in which the rounded end 
of the rod rests, and a projecting piece at its centre on the other side 
which acts as a guide. The ring, shown in the diagram, which takes 
the place of the cylinder, is of the same thickness as the piston, and 

in its centre the piston fits. This ring is screwed to the edge of a 
cylindrical box, to which the ring with the piston thus form a cover . 
The piston fits so as to slide easily, with but little friction, and is made 
water-tight by placing a disc of india-rubber under it, which is fastened 
to the centre of the piston by a brass collar, and has its edges clamped in 
between the ring and the edge of the cylindrical box. Thus we have 
a perfectly water-tight piston, which will move with very little friction, 
and as its movement is very small, the disturbing effect of the india
rubber at its edge may be neglected ; thus the indicator will register 
the forces acting on the piston by means of the pressure of the water. 
The socket into which the. pipe leading to the indicator is screwed is 
shown. We will neglect the valve for the present, and explain its 
use a little further on. Suppose the whole apparatus to be filled with 
water, and that a force were applied to the piston by the rod, it would 
force some of the water out of the vessel, through the opening, into 
the indicator cylinder ; the area of the indicator piston is half a square 
inch, and its maximum range .8 of an inch, therefore the quantity of 
water required to make a maximum movement of the pencil is 0.4 cubic 
inches, and as the area of the piston is 30 square inches, its movement 
would only be 0.013 in., or 7', in.; which is such a small movement 
that the india-rubber will introduce no appreciable error. Now, if 
the indicator piston did not leak, and if it were possible to keep 
exactly the right quantity of water in the apparatus, nothing more 
would be required to make it work properly, but as this is evidently 
impossible, the supply valve becomes necessary. A small pipe leading 
from an accumulator, loaded to a greater pressure than can ever arise 
in the vessel, is screwed into the socket as shown ; the excess of 
pressure on the outer ~;ide tends to close the valve ; there is also a 
spring which forces the valve on to its seat. This valve is seated 
with india-rubber, and is made perfectly water-tight. The spindle 
passes up so as very nearly to touch the brass collar on the underside 
of the piston. Suppose the whole apparatus to be filled with water 
when there is no force acting on the piston ; then if a force is applied, 
this will move the piston downwards so as to send some water into the 
indicator, and raise the pencil, and will also open the valve, and, as the 
pressure in the accumulator is in excess of that in the vessel, 
the water will enter, and go on entering till the piston is raised and 
no longer opens the valve. Now, if the force on the piston be re
moved, the indicator spring will force a quantity of water less than 0.4 
cubic inches back into the vessel, and raise the piston less than .'. in., 
and thus the piston can only move i . in. above the position in which 
it touched the valve. Again, if we suppose a smaller force to be 

* Paper read before the Institution of Mechanical Engineers at the Paris meeting, June, 1878. 
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applied to the piston, it will not be pressed down so far, and will not I 
open the valve, unless sufficient leakage has meantime taken place to 
allow the piston to come down through its full distance ; thus the 
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A special brake van was built by the London, Brighton, and South 
Coast Railway Company for these experiments, to which the Westing
house automatic brake was applied, with four dynamometers like the 
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DIAGRAMS OF THE PERFORMANCES OF THE WESTINGHOUSE AUTOMATIC BRAKE. 

valve always keeps the right quantity of water in the apparatus to 
make it work properly, by occasionally opening and letting in enough 
water to make up for leakage. 

one described, attached to it. (See Figs. 1 and 2, Plate LXXVIII.) 
Nos. 1 and 2 measure the retarding force which the friction to the 
brake-blocks exerts on the wheels; No. 3, the force with which~ the 
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blocks press against the wheels ; No. 4, the force required to drag the 
van. The arrangement of the levers for applying the brake is not 
the same as that used on the ordinary rolling stock of the Brighton 
Railway, but has been slightly modified by Mr. Westinghouse in order 
to make the pressure equal on both sides of the wheels, and to provide 
for the application of the dynamometers. In the diagram is the 
cylinder belonging to the Westinghouse brake ~apparatus; into this 
the compressed air flows from the reservoir B when the brake is 
applied, and forces the two pistons apart, thus ·moving the two rods 
C C outwards, and by means of the levers pressing the brake-blocks 
against the wheels. It is evident from the diagram that the pressure 
must be equal on each side of the wheels, and that the pressure on 
dynamometer No. 3 must be equal to the thrust on the rod C, and 
hence proportional to the pressure on the wheels. The lever DE, 
pivoted at its centre, will evidently t end to turn with a moment equal 
to the retarding moment exerted by the friction of the brake-blocks 
on the wheels; and hence dynamometers Nos. 1 and 2 will register 
forces proportional to this moment. 

The brake could be applied to all the wheels of the van, but during 
the experiments it was only applied to the pair of wheels to the levers 
of which the dynamometers were attached. 

Dynamometer No.4 is connected to the draw-bar by a lever, and 
thus registers the force required to draw the van. 

A self-recording speed-indicator was used, designed by Mr. W est
inghouse. This instrument has been repeatedly tested, and was used 
at the brake trials on the North British Railway, and on the German 
State Railway. It consisted of a small dynamometer made on the 
same principle as that just described; it measures the centrifugal 
force of two weights, which are made to revolve by a strap from a pulley 
on a shaft driven by friction gear from the pair of wheels to which the 
brake was applied ; a Richards indicator being used as in the other 
dynamometers. Thus, as the centrifugal force varies as the square of 
the velocity, the speed is got by taking the square root of the ordinates 
at any point. 

These diagrams thus show the speed of the pair of wheels to which 
the brake was applied, and therefore the velocity of the train at the 
moment of applying the brake and subsequently (provided there is 
no slipping). Any variation in the speed diagram is due to the wheels 
slipping, and shows to what extent and in what way the brake stops 
the wheel. 

Two of Mr. Stroudley's indicators were fixed side by side in the 
van ; one attached to the axle belonging to the braked wheels, the 
other to the axle which was running free. The difference of these 
indicators showed if slipping took place. 

There is also a Bourdon gauge attached to the above small dyna
mometer, with the face divided in such a way that the hand shows the 
speed in miles per hour. The indicators are all placed on a table in 
the centre of the van, and the drums are made to revolve by the cords 
being wound upon pulleys on the shaft G. This shaft is turned at a 
uniform rate by a water clock. This clock merely consists of a plunger 
sliding in a cylinder through a water-tight packing, and loaded with a 
heavy weight ; it is wound up by connecting it with the accumulator, 
and at the beginning of each experiment a small cock is opened which 
allows the water to run out and the weight to fall, which thus turns 
the indicator down, and at an ascertained uniform speed. Thus the 
ordinates of the diagrams taken from these indicators show the various 
forces, and the abscissre the distances moved through by the van. 

In these experiments the tyres were of steel, and the brake-blocks of 
cast iron. 

The difficulties attendant upon the preparation and adjustment of 
this delicate apparatus consumed so much more time than had been 
anticipated, that it was only on the 27th, 28th, and 29th of May that a 
series of experiments could be made. These took place in the vicinity 
of Brighton. The first day was dry, the second stormy, the third fine, 
with showers. 

Numerous diagrams* were taken by the apparatus, which have 
required very careful reduction. (See previous page.) 

* In these diagrams line A indicates the average tangential strain, recorded by 

Unfortunately the date at which it was necessary to send in the 
paper to the Institution has not afforded time for a complete collation 
of the results. 

The author therefore submits this as a preliminary paper, and limits 
himself to exhibiting a few of the diagrams which were taken, and 
which illustrate the more striking results. 

Diagram No. 1. (Exp. 11. May 29th).-In this case the velocity 
remained nearly constant, varying from 41 miles per hour . at the 
beginning to 40 miles per hour at the end. 

The air was allowed to escape from the brake cylinder through a 
small aperture, and thus the pressure between the blocks and the 
wheel diminished. The diagram shows that the friction between the 
brake-blocks diminished more rapidly than the pressure. The speed 
indicated by the rotation of the wheels to which brakes were applied 
was the same as that of the wheels running free. 

No. 2. (Exp. 11. May 27th.)-This diagram was taken when the 
van was moving at a speed of 25 miles an hour. The application of 
the brake slackened the speed to 20 miles an hour in 10 seconds, when 
the wheel skidded, and the experiment terminated in 22 seconds, when 
the speed had been reduced to 17 miles an hour. 

In this case the diagram shows no diminution in the rotation of the 
axle until the skidding took place. 

The velocity of the train was reduced in the 10 seconds which 
elapsed from the time when the brakes were fully on till the wheels 
skidded, from 25 to 20 miles an hour; whereas in the period of 11 
seconds which elapsed between the skidding of the wheels and the 
cessation of the experiment the velocity was only reduced from 20 
miles to 17 miles per hour. 

No. 3. (Exp. 24. May 28th).-In this experiment the velocity was 
21 miles an hour when the brakes were applied to the wheels; the 
speed was reduced by the action of the brakes to 18 miles, when 
the wheels immediately skidded. 

The diagram shows that the coefficient of friction between the brake 
blocks and the wheels gradually increased as the speed diminished 
until the skidding point was reached, and that the tractive force . 
exerted on the draw-bar was suddenly greatly diminished after the 
skidding took place. 

No. 4. (Exp. 15. May 28th).-In this case the brake van was 
detached from the engine by means of a slip coupling, when travelling 
at a speed of 40 miles an hour. 

The pressure of air in the brake cylinder, and consequently the 
pressure on the brake-blocks, remained nearly constant during the 
experiment. 

The pressure being greater than that required by the coefficient of 
friction between the brake-blocks and wheels, due to the velocity, the 
friction increased so rapidly as to cause the wheels to skid imme
diately. 

After the skidding, the friction at once decreased rapidly, but rose 
again as the speed diminished, and attained its maximum when the 
train came to rest, which occurred with many jerks in 12i seconds. 

No. 5. (Exp. 16. May 28th.) Slip.-In this case also the brake 
van was detached from the engine by means of a slip coupling, when 
travelling at a speed of 46 miles per hour. 

The pressure of the air in the brake cylinder was less than in the 
preceding case ; and it was gradually diminished during the experi
ment. Consequently the force with which the blocks pressed on the 
wheels diminished to the same extent during the experiment. 

At first the friction between the brake-blocks and wheels also 
diminished slightly, but when the velocity of the van decreased, the 
friction between the brake-blocks and the wheels increased rapidly. 
The van came to r est in 12 seconds, without any jerk, before this 
pressure had risen to a point sufficiently high to produce skidding. 

These two diagrams afford a comparison of a stop with skidding 
and one without skidding. 

The latter stop was effected, with a uniform motion without jerks, 

indicators Nos. 1 and 2; line B the brake block pressure indicator No.3· line C the 
speed of the pair of wheeb to which brakes were applied 'indicator No. 6 .' line 01 the 
speed of train, indicator No. 6; and line D the tractiod on the draw-b~r, indicator 
No.4. 
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from .. a,; speed of 46 miles an hour in 12 seconds, when the former 
required 12t seconds to stop from a speed of 40 miles an hour, with a. 
series of unpleasant jerks. 

No. 6. (Exp. 3. May 28th).-In this experiment the velocity was 
uniform at 44! miles an hour. 

The pressure applied to the brake-blocks sufficed to skid the wheels 
at once. 

The diagram shows that the coefficient of friction between the brake
blocks and the wheels decreased immediately after the skidding, and 
only rose at the end of the experiment. 

The tractive force on the draw-bar increased with the act of skidding, 
but largely decreased as soon as the skidding was effected. 

No. 7. (Exp. 21. May 28th).-In this experiment the speed was 
45 miles an hour at the beginning, which decreased to 42! miles at 
the end. 

The pressure was slightly decreased during the experiment. 
The pressure applied to the wheels did not suffice to skid them, and 

the wheels with brakes and those without brakes revolved at the same 
rate. 

The tractive force on the draw-bar follows a uniform line. 
A comparison between this diagram and the preceding one shows 

that although the line of pressure on the brake-blocks in the former 
case which the wheels were skidded, was greater than in this case 
where the wheels were not skidded, the practical effect of the brakes 
as shown by the tractive force on the draw-bar was much greater with 
the wheels braked, but not skidded, than with the skidded wheels. 

No. 8. (Exp. 9. May 29th).-In this experiment the van and the 
engine were brought to rest by means of the brake from a speed of 
40 miles per hour. 

The wheels skidded rapidly after the brake was applied; the 
retarding force rose greatly at the moment of skidding, and then fell 
considerably below the original amount. The wheels remained skidded 
to the end of the experiment. 

The diagram shows an increase in the coefficient of friction measured 
by the pressure between the brake-blocks and wheels, as the velocity 
diminished ; this increase was slight at first, but more rapid as the 
velocity became reduced, and very great at the moment of stopping. 

No.9. (Exp. 3. May 29th).-In this experiment the van and the 
engine were brought to test from 39 miles an hour by means of the 
brakes. 

The compressed air in the cylinder was allowed to escape through a 
small aperture, after the brake was applied; and thus its pressure, 
and consequently the force with which the blocks pressed against the 
wheels, diminished during the experiment. 

The diagram shows that the retarding force due to the pressure of 
the brake-blocks on the wheels at first diminished, until the reduction 
of velocity reached the point where the increase in the coefficient of 
friction was sufficient to overcome the effect of the diminished pressure 
applied to the brake-blocks. 

At this point the retarding effect of the brakes was increased, and 
the wheels were skidded. Up to this point, the two pair of wheels of 
the van, to one of which brakes were applied whilst the others were 
running freely, revolved approximately at the same rate, as shown by 
Mr. Stroudley's speed indicators. 

At the moment of skidding the curve rose in a nearly vertical line, 
thus showing that the coefficient of friction became very great as the 
wheel came to rest ; and the time during which the wheel was partly 
rotating and partly slipping was almost inappreciable. 

Immediately after the rise the curve fell to a point far below its 
original position, thus showing a great diminution in the retarding 
effect of the brakes. 

After this point the curve rose again, while the velocity continued 
to decrease, and thus showed that the coefficient of friction between 
the rails and the wheels when skidded increased as the velocity 
diminished. 

At the moment when the van came to rest the coefficient of friction 
became very great. 

It is unnecessary in this preliminary paper to give the particulars of 
t.he reduction of the diagrams ; but the principal results shown by 
them ·may be summed up as follows : 

1. The application of brakes to wheels, when skidding is not 
produced, does not appear to retard the rapidity of rotation of the 
wheels. 

2. When the rotation of the wheels falls below that :due to the 
speed at which the train is moving, skidding appears to follow im
mediately. 

3. The resistance which results from the application of brakes with
out skidding is greater than that caused by skidded wheels. 

4. During the moment of skidding the retarding force increases to 
an ~mount much beyond that which prevailed before the skidding 
took place; but immediately after the act of skidding is complete, this 
pressure falls down again to much below what it was before the 
skidding. 

5. The pressure required to skid the wheels is much higher than 
that required to hold them skidded; and appears to bear a relation to 
the weight on the wheels themselves, as well as to their adhesion and 
velocity. 

It would seem that the great increase in the frictional resistance of 
the blocks on the wheels just before and at the moment of skidding 
due to the increase in the co-efficient of friction when the relative 
motion of the blocks and the wheel becomes small, is what destroys 
the rotating momentum of the wheel so quickly. 

With constant pressures, the friction between the blocks and the 
wheels, and consequently the retarding force, increases as the velocity 
decreases. 

In order to obtain the maximum retarding power on the train, the 
wheels ought never to skid; but the pressure of the brake-blocks on 
the wheels ought just to stop short of the skidding point. In order 
that this may be the case, the pressure between the blocks and the 
wheels ought to be very great when the brakes are first applied, and 
gradually to diminish until the train comes to rest. 

There are other points of interest indicated in the diagrams, which 
require further elucidation ; among which may be mentioned the 
question whether the coefficient of friction diminishes when the 
pressure increases, and the velocity remains constant. 

Another question is as to the practical effect on the wheels them
selves resulting from the greater amount of work done by retarding 
the wheels without skidding, as compared (with the effect of skidding. 

The general conclusion which would appear to follow from the 
results of the preliminary experiments is that none of the hand brakes 
and only some of the continuous brakes now in use have been designed 
with a clear knowledge of the most essential conditions required in a 
p~rfect brake. 

[SECOND PAPER.]* 

The experiments which the author brought to the notice of the 
Institution of Mechanical Engineers at the Paris meeting have since 
been continued, and the results then obtained have been more com
pletely investigated. 

The apparatus used was substantially the same as was described in 
the first paper. But for the new experiments it has been somewhat 
altered by a re-arrangement of the levers. The diagrams exhibited 
show the altered arrangement. In the first experiments the friction 
of each pair of brake-blocks upon the wheel was recorded on a 
separate diagram. By the re-arrangement the levers from all the 
brake-blocks act on one dynamometer, and the friction of all 
the four brake-blocks applied to the pair of braked wheels is re
corded on one diagram. The description of the manner in which 
these levers act, given in the first paper, applies generally to the 
altered arrangement. An addition was also made to the apparatus 

* Read before the Institution of :Mechanical Engineers at Manchester, Nov. 1878. 
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for the purpose of obtaining the proportion of the weight of the van 
which rested on the braked wheels. To effect this, a dynamometer 
of similar construction to the others already described was fixed to 
levers A A, shown on the drawing, which were connected with the 
ends of the springs which support the body of the van above the un
braked wheels. From the diagram furnished by the indicator for 
this dynamometer, the proportion of the weight of the body of the 
van resting on this pair of wheels was obtained. 
· The weight of the body of the van with the apparatus, &c., when 
tationary, was found to be as follows : 

On wheels not braked 
On braked wheels 

Total . 

lb. 
8,764 
9,436 

18,200 

To this had to be added the weight of the persons in the van, and 
that of the wheels, axles, axle-boxes, and springs. The former was 
assumed at 160 lb. per person; an experiment made by weighing 
thirteen persons, who had travelled in the van on one of the days of 
the experiments, having given an average weight of 159 lb. per 
person. The latter was obtained as nearly as possible from the 
records of the locomotive department of the Brighton Railway, and 
formed a constant quantity, which, with the allowance for the number 
of persons in the van, was added to the difference between the weight 
shown by the diagrams and the total weight of the body of the van, 
to obtain the weight on the braked wheels. This weight varied at 
almost every moment during the experiments, and the actual weight 
at the moment has in all cases been taken for calculating the 
adhesion. 

Preliminary Observations on the Experiments.-The author would 
in the first place observe that most of the conclusions given in the 
first paper will be found to be generally borne o1,1t by a further study 
of the diagrams ; but some modification is required in the opinion 
expressed that, when the friction of the brake-block is sufficient to 
check the rotation of the wheel, the rotation is immediately stopped 
altogether. On the contrary, a closer examination of the diagrams 
shows that in every case where the wheels become locked, and slide 
on the rails, there occurs, just before this ta.kes place, an appreciable 
interval of time during which the speed of rotation is gradually 
diminished. 

General Description of the Experiments.-The brake-blocks were 
applied to both sides of the wheels; that is to say, there were four 
brake-blocks to each pair of wheels. This arrangement prevents a 
strain being brought upon the axle. The blocks were made of cast 
iron-wooden blocks being too soft, and wrought-iron blocks proving 
irregular in their action, apparently from a change in condition, 
owing to the high temperature evolved by friction. It would indeed 
seem probable that wrought-iron as well as steel blocks would prove 
injurious to the tyres. 

The experiments on the Brighton Railway, which were made with 
the experimental van and an engine, have been supplemented by 
some further experiments made on the North-Eastern Railway with a 
train of twelve vehicles fitted with the Westinghouse brake, and 
a similar train fitted with the Smith-Hardy vacuum brake. 

The experiments on the Brighton Railway may be divided into two 
classes: (1) those made whilst the speed of the engine was kept up 
at an ascertained rate; (2) those made by slipping the van whe.!l the 
required speed had been obtained, and allowing the van to come to 
rest by the application of the brakes. In the first class of experi
ments the recording apparatus was set in motion by hand at a 
convenient time before the brake was applied; in the second class 
the recording apparatus was set in motion by the automatic applica
tion of the brake at the moment of separation from the engine. 

The general action of railway brakes may be thus described. When 
a tra.in is moving at a given velocity, the adhesion of the wheels on 
the rails causes them to revolve ; every point on the surface of the 

tyre moves round at the same rate as that at which the train itself is 
moving forward ; but every such point, in relation to the forward 
movement of the train, comes successively to rest at the moment 
when it comes in contact with the rail. Now when the brake is 
applied with a slight pressure only, the wheel continues to move 
round at the same rate as the train is moving, but it moves with 
more difficulty, and this increased difficulty in moving is shown either 
by an increase in the tractive force required to keep up the forward 
motion, or, in cases where the accelerating force is not kept up, by the 
tendency of the moving mass to come ~o rest in a shorter time than 
would otherwise be the case. But if the pressure with which the 
brake is applied be increased, a point is rea<~hed when the friction 
between the brake-block and the wheel first approaches, then equals, 
and finally exceeds, the adhesion of the wheel on the rail ; which 
adhesion corresponds with the static friction between the surfaces, 
because the part of the tyre in momentary contact with the rail 
during its rotation is for that moment at rest in relation to the for
ward movement of the train. When this happens, the wheel first 
begins to revolve more slowly, and then ceases to revolve and slides 
along the rail, or, as it is usually termed, is skidded. In this case 
the retardation is no longer due to the pressure upon the brake
block and consequent friction between the brake-block and the tyre 
of the wheel; but the vehicle is transformed for the time from a 
vehicle on wheels into a sledge, and the retardation due to the brakes 
is thus the excess of resistance which is produced by maki~g the 
vehicle slide along the rails over that produced by making the vehicle 
move forward on wheels. 

It is, therefore, necessary to consider the experiments under these 
two different conditions of retardation, and we arrive at the · two 
following conclusions : 

(A) So long as the wheels continue to revolve, the measure of 
retardation is the friction between the brake-blocks and wheels, and 
this is represented by : 

The coefficient of friction between the brake-blocks and wheels x the 
pressure applied to force the blocks against the wheels. 

(B) As soon as the wheel begins to slide on the rail, the measure 
of retardation is the friction between the wheel and the rail (which is 
equal to the strain exerted by the brake-blocks to hold the wheels in 
their fixed position), and this is represented by: 

The coefficient of friction between the rails and the wheels x the 
weight upon the wheels. 

In considering these experiments, it will therefore be convenient to 
class the results obtained under the following heads: 

1. The coefficient of friction between the brake-blocks and the 
wheels. 

2. The coefficient of friction between the wheels and the rails. 
3. The general effect of the application of the brake in retarding 

the train, as shown by the strain on the draw-bar. 
4. The proportion which the pressure applied to the brake-blocks 

should bear to the weight on the wheels at different velocities. 
5. The effect of the time expended in bringing the pressure to 

bear on the wheels. 
1. Coefficient of Friction between the Brake-Blocks and the Wheels.

The Diagrams 10, 11, 12, 13, and 14,* will conveniently illustrate this 
question. During each of these experiments the velocity was 
uniform. In the experiments 10 and 11 the pressure was also 
uniform. In experiment 12 the pressure was made to vary. 

It appears from experiment 10, when the pressure and velocity 
were practically uniform, that the friction diminishes as the time of 
application of the brakes continues. This is shown by the fall in the 
black (or friction) line. 

It appears from Diagram 12 that the friction varies with the 
pressure, the black or friction line following the rise and fall of the 
red or pressure line; and it appears by comparing Diagram 10, 

* It bas not been thought necessary to reproduce the whole of the diagrams 
illustrating Captain Galton's paper, but only such as are fairly representative of the 
various deductions made. 
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where the velocity was 55 miles an hour, and Diagram 11, where the 
velocity was 40 miles an hour, with Diagram 14, where the velocity 
was only 15 miles an hour, that the proportion of friction to pres
sure was greater at the lower than at the higher velocity. This latter 
fact is _further shown in Diagram 13, where the experiment com
menced at a speed of 52 miles an hour, and ended with rest. In this 
case the effect of time on the application of the brakes came into play 
at first, and the friction became somewhat reduced; but when the 
velocity had seyiously diminished the friction rapidly increased until 
it nearly approached the value of static friction. The proportion 
which exists between friction and pressure is the coefficient of friction, 
and it thus appears that the coefficient of friction increases as the 
velocity diminishes ; and diminishes, at any rate when the surfaces 
are steel and cast iron, as the time increases during which the pres
sure has been applied. 

Some special experiments were made ~ith blocks of small area. 
The brake-blocks generally used in these experiments were 12 iJ:!. 
long by 3 in. wide, giving a surface of 36 square inches; the small 
brake-blocks were made so as to afford a surface of pressure against 
the wheel of only one-third of this amount, or 12 square inches, thus 
making the pressure per square inch three times as great as before. 
The diminution of surface was obtained by casting projections upon 
the face of the block. The author is not prepared to say that any 
greater coefficient of friction was obtained by the extra pressure per 
square inch, although in one of the experiments, at a velocity of 60 
miles an hour, the rotation of the wheels was arrested by these 
blocks, whilst this effect had not been produced at that speed in other 
experiments. The experiments on this form of block were stopped 
because the blocks were entirely worn down in the course of about 
twelve experiments. 

Mr. Rennie showed* that high pressures per square inch produced 
a greater coefficient of friction between surfaces either moving very 
slowly or nearly at rest; but it must be borne in mind that the 
author's experiments were made with high velocities, whereby a 
serious element of disturbance is introduced, viz., the grinding away 
of the surface; and that it is probable that the increase in the co
efficient of friction due to increased pressure may have been neutra
lised by the lubricatmg effect of the fine particles ground off the 
surfaces. 

While the author refrains from expressing any certain opinion as 
to the relations which the coefficient of friction bears to pressure, so 
far as these experiments have been carried, it is quite clear that in 
proportion as the pressure is increased or diminished so will the 
actual friction obtained be increased or diminished. When the fric
tion which exists between the brake-blocks and the wheels thus 
reaches a certain point, the wheel ceases to rotate and becomes fixed. 
This point is reached when the frictional resistance exceeds the ad
hesion between the wheel and the rail added to the effort required to 
destroy the momentum of the wheel. As far as can be judged from 
the experiments, it would seem that, whether the speed be high or 
low, nearly the same absolute amount of frictional resistance is re
quired to produce this effect, other things being equal, but that the 
time during which the rotation of the wheel is slackening, before it is 
completely stopped, varies with the speed. Thus it would appear 
from a comparison of Diagram 13 with Diagram 14, that whilst at 14 
miles an hour the wheel skidded in about t second, at 60 miles an 
hour it required about 3 seconds to skid the wheel. 

The amount of frictional resistance which determines the point at 
which the rotation of the wheels is checked varies, it is true, in the 
different experiments. The ratio which it bears to the weight upon 
the braked wheels is in some cases as low as .19 ; and in some cases as 
high as .35, or even somewhat more, the average being about .25 of 
the weight on the wheels. But it clearly represents simply the ad
hesion between the wheel and the rail, and varies only with this, and 
not with the speed. Thus in Diagram 15, where the velocity was 
60 miles an hour, the amount of actual frictional resistance which 

• Phil. Trans. 

checked the rotation of the wheels was about 2000 lb., exhibiting an 
adhesion of about .191 per cent. Again in Diagram 14, where the 
velocity was 15 miles an hour, the actual amount of friction appears 
to have been about 2160 lb., exhibiting an adhesion of about .196 per 
cent.* As these two values are so nearly equivalent, it would thus 

appear that the effort m.v t. is much the same at all speeds, and there-
g . . 

fore that the point at which the retardation of the rotation of the 
wheels commences does not vary with the momentum of the wheels, 
but depends entirely upon the adhesion between the wheel and the 
rail. 

It will be observed in the Diagrams 14 and 15, where the wheel 

-----------------... #-------.-----------------------·------ ~~ 

was skidded while the train went on, as well as in Diagram 13, in 
which the experiment commenced at a high velocity and ended with 
the stopping of the train, that just before rest, at the moment when 

·, ., ])• 
\ ·...._ ~N~13 

· ••••• ·::...., ---.---------·----·····-.----... ·--l -, ....... 

the rotation of the wheel was stopped, a considerable increase in the 
amount of friction took place. At this point the coefficient of friction 
will be found to correspond with the coefficient which has been noted 

Dlaf.Jf'aiTL.N? 14 ..... ___________ --------1~~::~ : _______ ................... ~---... .. 
! 

by former observers as that of static friction, or friction between sur
faces moving at very slow velocities. The sudden jump in the diagram 

shows the sudden change from the one coefficient of friction to the 
other at the moment of coming to rest. In some instances the £ric-

• In this and other cases the diagrams exhibited are merely specimens of a very 
large number in the author's possession, all leading to the same conclusion. 
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tion thus developed amounted to .30 and even .325 of the pressure, 
which is about equivalent to the coefficient of static friction between 
steel and cast iron, as given in Rennie's experiments. 

It has been shown above that, whether the velocity be high or low, 
the period at which the rotation of the wheel is stopped, so that it 
slides on the rail, depends upon the amount of friction between the 
brake-block and the wheel, the weight upon the wheel, and t he con
dition of the rails, which governs the adhesion between the wheel 

the full pressure cannot be applied absolutely instantaneously; and 
however short the interval of t1me between the commencement of the 
experiment and the point at which the friction and pressure are 
measured, that interval is sufficient to affect the proportion which the 
friction bears to the pressure. 

The experiments with which the author has had to deal are more
over so numerous, and their reduction has been a work of so much 
labour, that he is not yet prepared to say_ that the coefficient of fric-

TABLE I.-S'l'ATIC AND DYNAMIC FRICTION. 

VELOCITY. 

-- Feet Miles per per Hour. Second . 

-----
Stati c Fri ction. 

Morin: 
Iron on iron ... ... . .. . .. Nil Nil 

Rennie: 
Steel on cast iron at pressure of 

180 lb. per square inch ••• ... Nil Nil 
Steel on cast iron at pressure of 

Nil Nil 336 lb. per square inch .. . ... 
Fleeming Jenkin: { .0002 

} {Inappre-Steel on steel .•• ... ... . .. to ciable. .0086 

Dynamic Friction. 
Cast iron on steel : 

Just before coming to rest .. . ... 1 to 3 1 to2 
When moving at ... ... ... 10 7i 

" " ... ... ... 20 13! 

" " 
.. . ... ... 25 17 

" " 
... ... ... 30 20! 

" " ... ... .. . 40 27!-

" " 
... ... . .. 45 30.0. 

" " 
... . .. ... 50 34. 

" " 
... ... .. . 55 37-l 

" " 
... .. . ... 60 40t 

" " 
... ... . .. 70 47! 

" " 
... ... ... 80 54! 

" " 
... ... ... 88 60 

and the rail. Therefore with the same weight on the wheels, and the 
rails in a similar condition, the same amount of brake friction will 
stop the rotation of the wheels whatever be the speed. The manner 
in which speed affects this question is due to the fact that in order to 
obtain the same absolute amount of frictional r esistance at a high 
speed as at a low speed a greater pressure is r~quired. 

For instance, selecting at random two experiments, Nos. 16 and 13 
of the 22nd July, in the first, with a speed of about 16 miles an hour, 
a pressure of 8169 lb. applied to the brake-blocks produced a friction 
of 1560 lb.; whilst in the second, with a speed of about 50 miles per 
hour, a pressure of 13,900 lb. applied to the brake-blocks produced a 
friction of only 1400 lb. 

There is however much difficulty in satisfactorily establishing the 
coefficient of friction which obtains at different velocities, owing to 
the fact that the time during which the pressure is continued to be 
applied enters so largely into the amount of friction produced by a 
given pressure. Thus in experiment No. 7 of the 24th of July, with 
a speed of from 55 miles falling to about 53 miles per hour, a pressure 
of 35,000 lb. at the commencement of the experiment produced a 
frictional resistance of 2040 lb., whilst after 10 seconds the amount of 
frictional resistance had diminished to 1400 lb., although the pressure 
maintained was the same. Similarly, in experiment 31 of the 23rd of 
August at a speed of 30 miles an hour, a pressure of 12,000 lb. pro
duced at first a frictional resistance equivalent to 1860 lb.; but after 
10 seconds this amount had fallen to 1260 lb. although the pressure 
had been raised to 13,440 lb. It thus appears that the amount of fric
tion is greatly diminished as. the surfaces continue in contact. But 

COEFFICIENT OF FRICTION, 

Obtained approximately from recent 
Experiments. 

Noted by 
former At Com-

Observers. mence- After After After After 
ment of 5 10 15 20 
Ex peri- Seconds. Seconds. Seconds. Seconds. 
ment. 

---- -------- --- ---
.44 

.300 

.347 

.351 mean 

.365 max . 

I 
.. . .250 I ... .242 
... .213 .193 
... .205 .157 ... .110 
... .182 .152 .133 .116 .099 ... .171 .130 .119 .081 .072 ... .163 .107 .099 
... .153 ... .152 .096 .083 .069 ... .144 .093 ... .132 .080 .070 ... .106 ... ... .045 
... .072 0.63 .058 

tion which he is about to give may not be liable to some modification 
when he has had time for further collation of the results. With this 
reservation he appends the annexed Table I., which gives, it is believed, 
a fair approximation to the coefficient of friction at different veloci
ties between cast-iron brake-blocks and steel tyres as used in· these 
experiments. 

TABLE II.- l!'riction of Wrought-Iron Blocks. 

Velocity. 
Coefficient of Friction between 

Wrought-Iron Blocks and 
Steel Tyres. 

At Com-
F eet per Miles per mencement At from At from 
Second. Hour. of Experi- 5to 7 12 to 16 

ment to 3 Seconds. Seconds. 
Seconds. ------- -----------

70 48 .no 
45 31 .129 .11 .099 
26 18 .170 

This Table I . indicates clearly the decrease in the coefficient of 
friction dependent under velocity, and also the decrease due to the 
time during which the surfaces continue in contact. Further collation 
of the results of the experiments already obtained will however be 
necessary before an endeavour is made to deduce the actual laws of 
these decreases. A certain number of experiments were made with 
wrought-iron blocks ; the results, so far as the coefficient of friction 
is concerned, are shown in Table II. 
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These blocks were not satisfactory in their operation. The surface 
seemed to be much affected by the increased temperature resulting 
from the friction, and jerks were produced which threatened to 
damage the apparatus. 

The effect of sand on the rail, when fairly delivered under the wheel, 
largely increases the adhesion, both of the blocks and of the rails. 
Diagram 16, where the van was started from rest, exemplifies this. 
The average coefficient of friction whilst the wheels were revolving 
was .278, which is a much larger value than those given in Table I. 
Just before the skiddlng took place the frictional resistance was equal 
to about 4400 lb., or nearly .46 0f the pressure applied, and about .40 
of the weight on the braked wheels ; which• represents therefore the 
adhesion of the sanded rails. In the case of wet and greasy rails sand 
appeared to make the adhesion about equal to that of a dry rail; but 
on a dry rail at high speeds sand did not appear to produce much 
effect, probably from being scattered by the wind caused by the motion 
of the van. 

It must always be borne in mind, in discussing these experiments, 
that, when high speeds are used, the disturbing causes are so great 
that it is only from the average of a large number of experiments 
that useful results can be obtained. 

2. Coefficient of Friction between the Wheels and the Rails.-When 
the rotation of the wheel has been arrested by the pressure of the 
brake-blocks, and the wheel slides on the rail, the retardation of 
the vehicle arises from the friction between the wheel and the rail. 
In this case the pressure arises from the weight of the vehicle on the 
rail. The friction is measured by the force which is exerted in holding 
the wheel in its fixed position, or by the force required to draw the 
skidded wheel along the rail, over and above that required when the 
wheels rotate freely. The experiments show that these forces are 
practically the same in amount. 

The experiments on the Brighton Railway were made chiefly upon 
steel rails; but a certain number were made on a portion of the line 
where iron rails are in use. The annexed Table III. gives approxi
mately the coefficient of friction derived from these experiments. 

TABLE III.-Dynamic Friction between Wheel and Rail· 

Approximate Velocity. Coefficient of Friction. 

Feet per Second. Miles per 
Hour. 

Steel Tyre on 
Steel Rail. 

Steel Tyre on 
Iron Rail. 

Just coming to rest ... .242 .247 
10 7 .088 .095 
20 13 .072 .073 
40 27! .070 
50 34 .065 .070 
60 40{ .057 
70 5111 .040 .060 
80 ~~! .038 
88 .027* 

• This is f1·om a mean of three experiments only. 

It will be observ'ed that there is some difference between the friction 
as observed with steel tyres on iron rails, and with steel tyres on steel 
rails ; the proportion which the friction bears to the pressure, or the 
coefficient of friction, is greater in the case of iron rails than in the 
case of steel rails. 

The diminution in the coefficient of friction arising from the time 
during which the surfaces are in contact is not so marked in the case 
of the wheel sliding on the rail as in that of the wheel revolving 
against the brake-blocks. 

The practical inference to be drawn from the results which have 
been obtained as to the low coefficient of friction when a wheel slides 
on the rail, is exemplified in the experiments made on the Brighton 
Railway, where the van was detached from the engine when travelling 
at given rates of speed, and allowed to come to rest. 

Dia.grams 17 and 18 afford a fair example of the disadvantage of 
applying such an amount of pressure as will cause sufficient friction 

to stop the rotation of the wheels, in cases where a rapid stop is 
required. In No. 18 the pressure applied amounted to 24,010 lb. ; 
this was rather more than twice the weight on the wheels, and was 
sufficient, after a diminution had taken place in the speed of tlie van 
to somewhere about 52 miles per hour, to arrest the rotation of the 
wheels. On the other hand, in No. 17, the maximum pressure applied 
was about 17,500 lb., which did not produce sufficient friction to 
arrest the rotation of the wheels. In the experiment shown in Dia
gram 17 the van came to rest in 11 t seconds and in a distance of 
189 yards on a descending gradient of 1 in 1056; in the experiment 
shown in Diagram 18 the van was more than 30 seconds in coming to 
rest on a level, and ran a distance of above 400 yards. 

3. General Effect of the Application of the Brakes in retarding the 
Train as shown by the Strain on the Draw-Bar.-The application of 
pressure to the brake-block, and the friction thereby produced, causes 
an immediate strain on the draw-bar proportional to this friction. 
This is very clearly shown in the Diagrams 10, 11, 12, 19, 20, and 21, · 
which are all selected from cases where the experiments took place on 
ascending gradients. It will be observed in these diagrams that the 
actual amount of friction increases with the pressure up to a certain 
point; and then, if the friction is not sufficient to stop the rotation of 
the wheel, the decrease in the coefficient of friction, arising from the 
time during which the surfaces are in contact, causes the actual fric
tion to decrease; and the strain on the draw-bar regularly follows 
the line of this decreasing friction. If, on the other hand, the pressure 
and consequent friction is sufficient to stop the rotation of the wheel, 
the strain on the draw-bar falls at once, on the rotation being checked, 
to a point corresponding with the diminished retardation resulting 
from the sliding of the wheel on the rail, as compared with the re
tardation caused by the friction of the brake-blocks on the wheel whilst 
the adhesion between wheel and rail acts freely to cause rotation. The 
strain thus shown was in some cases not much more than twice as 
great as the ordinary tractive force previously shown to exist before 
the brake was applied. 

Were there no disturbing causes when the brakes are applied to the 
wheels, and were a uniform speed maintained without skidding, the 
difference between the tractive force, or strain on the draw -bar exerted 
after, and that exerted before the application of the brakes, would be 
equal to the friction between the brake-blocks and the wheels; and 
thus the friction between the brake-blocks and the wheels is the 
measure of the retardation caused by the action of the brakes on the 
train. 

The next point to which attention may be directed in the diagrams 
is the following: When the rotation of the wheels has been arrested, the 
strain on the draw-bar, as already observed, becomes much less than 
that which prevailed whilst the wheels to which the brakes are applied 
continue to rotate; but when the pressure applied to the brake-blocks 
is removed, so that the wheels whose rotation had been arrested again 
begin to revolve, this release of the wheel, at the moment when it 
takes up its rotation, occasions a sudden strain on the draw-bar; 
because the adhesion between the wheel and the rail then comes into 
operation, and holds the wheel so as to compel it to rotate. 

Thus in Diagram 15 the friction between the brake-blocks and the 
wheel, which determined the point of skidding, was about 1980 lb., 
equivalent to .19 of the weight on the wheels ; this is the mean value 
of the adhesion between the wheel and the rail in the experiment in 
question. Now it will be seen that at the moment when. the wheels 
were beginning to rotate, after the skidding, a strain was brought on 
the draw-bar of from 1900 lb. to 2000 lb. (or from .19 to .20 of the 
weight upon the wheels) in excess of the average strain which the 
draw-bar showed after the wheels had acquired the rotation due to the 
forward movement of the train. Thus the extra strain on the ;draw
bar due to the wheel again taking up its rotation was equal to the 
adhesion, in the experiment in question; and this appears to be the 
case generally. 

4. Proportion which the P1·essure applied to the Brake Blocks should 
bear to the Weight on the Wheels at different Velocities.-The main 

2 L 
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practical advantage to be derived from the information given by these 
experiments, as to the coefficient of friction between brake-blocks and 
wheels, is the assistance which they afford towards determining the 
degree of pressure which should be applied to the brake-blocks in 
order to produce the required amount of retardation. 

It is the adhesion between the wheel and the rail which governs 
this question, and if the adhesion were always uniform the rule would 
be very simple, but this is not the case. 

In the experiments which are under discussion, the adhesion appears 
to have been on an average about .24 to .25 of the weight, but it was 
sometimes below .19 and sometimes higher than .25. Now it is clear 
that (1) the pressure which, if applied, would stop the rotation of the 
wheels when the adhesion is low is much less than that which would 
stop the rotation when the adhesion is high; and (2) the_ higher the 
pressure which is applied, short of that which retards the rotation of 
the wheels, the greater is the friction and consequent retardation. 

Table IV. gives approximately the proportion which the pressure to 

TABLE IV .-Proportion of Brake Pressure to Weight. 

Speed. 
Approximate Ratio or Total Pressure on 

Brake-Blocks to Total Weight on 
Braked Wheels. 

Coefficient Coefficientlcoefficient1coefficient 
Feet per Miles per or of or o! 
Second. Hour. Adhesion, Adhesion, Adhesion, Adhesion, 

11 
22 
~9 
44 
69 
74 
88 

7! 
15 
20 
30 
40 
50 
60 

0.30. 0.25 0.20. 0.15. 

1.20 
1,41 
1.64 
1.83 
2.07 
2.48 
4.14 

1.04 
l.JS 
1.37 
l o53 
1.73 
2.07 
3.47 

0.83 
0.94 
1.09 
1.22 
Las 
I .65 
2.71 

0.60 
0.70 
0.82 
0.92 
1.04 
1.24 
2.08 

be applied to the brake-blocks should bear to the weight upon the 
wheels to which the brakes are applied, with coefficients of adhesion 
between wheel and rail varying from .30 to .15 of the weight on the 
wheels. 

It will be seen that, when the adhesion equals .30 of the weight, a 
pressure equal to 1.2 of the weight would skid the wheel at 7i miles 
per hour, while a pressure equal to 4.14 times the weight would be 
required to do so at 60 miles per hour. On the other hand, if the 
adhesien is only .15 the pressure requisite to skid the wheel would be 
only .60 of the weight at 7i miles per hour, and 2.08 of the weight at 
60 miles per hour. 

Thus the efficiency of a brake depends upon the pressure being pro
portioned to the speed and to the adhesion. Therefore every engine 
should be provided with a speed indicator, in order that the driver may 
know with certainty the speed at which he is travelling. 

At present no means are in use by which the pressure can be re
gulated with a due regard to the adhesion, beyond those dependent 
upon the judgment of the engine-driver. There is, however, no reason 
why, in the progress of mechanical science, both these conditions 
should not be regulated by a self-acting arrangement. It may be 
added that the adhesion, and consequently the retarding effect of the 
brakes, would be greatly increased, were means devised for placing 
sand under every wheel to which a brake is applied, during the pro
gress of a stop. 

5. JjJ.ffect of the Time expended in bringing the Pressure to bear on 
the Wheels.-The experiments made with the experimental van on the 
Brighton Railway showed the results, recorded in Table V., as to the 
times of stopping the van, when released from the engine by a slip
coupling, at various speeds. 

The rapidity of the stop much depends upon the rapidity with 
which the brakes are brought to bear on the wheels. This is illus
trated by Diagrams 22 and 23. In No. 22, the speed was 52 miles an 
hour; the pressure was brought on immediately, and the van was 
brought to rest in 151 yards, on a descending gradient of 1 in 176. 
In No. 23, the speed was about 51 miles an hour; the pressure, which 
was applied gradually, was brought on after It second, and the stop 

took place at 215 yards on a level. It is thus abundantly clear that 
the rapidity with which the pressure can be applied to the wheels 

,TABLE V.-Stops of Van with Brakes on. 
,; ,; ""' .; "" ·~"' "' "' 
.... '0 

""' o" 
"' " "e.G!~ 0 I>< 0 0 

li1 " ·~ ~ ~~ 1;; .,;, ., 
Vl '00 

Date and !\umber of "' £ 
ci. ~II1 ::a Experiment. 

~ rJl 

" "0 J5 "'"' 0 o. 
;;) ~ ~" m:;~ " CD P,.-d ., " "0 ~Ill~ :s: s ..,; " ;a !! "' "'"0 ~·c·~ " ~ ~ ~~ g " ~ 3~~ "' <:!l < Vl Vl --------- ---------- --

July 24, No. 2.5 ... 30 Level 63 8~ 6.8 .16 
July 24, No. 28 ... 32 Level 75 7! 4.2 .15 
July 25, No. 25 ... 40 Level 84 9 4.5 .20 

No. 26 ... 40 Level 85 9 4.5 .20 
Aug~st 22, No. I2 ... 53 Level 146 I2 4.6 .2I 
angust 23, No. 10 ... 52 Level I 51 ll! 4.5 ,19 
July 24, No. 21 ... 60 Level I87 llf 4.7 .21 
August 22, No. 7 ... 60 Level I89 12 52 .21 

through the medium of the brake-blocks materially influences the 
rapidity of the stop. 

This points to the advantage of being able to move the brake-blacks 

TABLE VI.- Weights of Train. 

Total 
Weight. 

Weight 
on Bro,kei 
Wheels. 

- ---------- - ------
Westinghouse Train : 

{Le~ding wheels 
Engine Driving , 

Trailing , 
Tender 

tons. ct. qrs. tons. ct. qrs. 

10 18 0 
14 9 0 

9 10 0 
22 13 0 

14 9 0 
9 IO () 

22 13 0 
=---- ------- - -- ----
Two vans ... ... . .. 
Co.nia.ges -Six composite 

Seven third-class 
Experimental van ... 

Total Westinghouse train 

Vacuum Train: 

{
Leading wh.eels 

En¥ffie Driving , 
Trailing ., 

Tender ... ... .. . 
Twovans ... ... .. . 
Carriages- Three composite 

Seven third. class 
Experimental van ... 

15 16 2 
56 11 3 
34 12 3 

9 12 0 

" 174 2 2 

12 IO 0 
14 0 0 
12 15 0 
26 4 0 
15 I 6 2 
28 2 1 
60 I2 0 
9 I2 0 

15 I6 2 
56 11 2 
34 I2 2 

9 I2 0 

I63 4 2 

14 0 0 
12 16 0 
26 4 8 
I5 16 2 
28 2 1 
60 12 0 
9 12 0 ---------- --- ---

Total vacuum train .. . 179 11 3 167 1 3 

with great rapidity from their position of inaction to that of contact 
with the wheel; because it is essential to provide that the brake
blocks, when out of use, shall be removed to a distance from the 
wheels sufficient to prevent the possibility of their dragging against the 
wheels, and thus causing retardation to the progress of the train. The 

TABLE VII.-7'ime expended in putting on Brakes. 

~ Vacuum Brake. Westioghouse Automatic 
Brake. 

"' s ·.:.; 
~·[J, ~'0 f ~'0 ~ 

" "" ~g 
~ a~ .ll i>lf>,l " ... 
"' ~a :'! -s "a & 00 g:cri r:i ~~ai li 

<3 
.::: ao.:o 0 " 

ci so.., 0 " 
r:i 

8" 0 0 

a:!.£ :;; " 8::;; 8 " .:~ ~ci = ;; ~= '3 8or;Q i:Q E-<0 ~ 80~ ~ E-<0 ~ ------- -- - --------sr.c. sec. sec. sec. sec. sec. sec. sec. 
Ist carriage t 

I ~t 
7 11 t I I It 

7th 
" 

2 8! 14 I lt 2 2! 
13th " 3! 9! 14 I > !t gl 3! 
~1st 

" 6! 17 30 ... a· b! 

question of the rapidity with which brakes can be applied in practice 
is thus one of much importance. Through the courtesy of the direc
tors of the North-Eastern Railway, and their general manager, Mr. 
Tennant, the author was enabled to make some experiments upon two 

* This coefficient is deduced from the formulaf=~, wheref=oefficient of ad -
. . 2gl 

hesion between wheel and rail, V=initial velocity of train, [=distance run in coming 
to rest. The effect of .gra9,ients is neglected. ·. 
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trains, one fitted with the Westinghouse brake, the other with the 
Smith-Hardy vacuum brake; the object being to ascertain the rate at 
which the pressure upon the brake-blocks is applied in practice to the 
wheels of a train, in four different parts of the train, viz. : 

1. Next the engine. 
2. At a distance of 6 carriages from the engine. 
3. At a distance of 12 carriages from the engine; and 
4. At a distance of 20 carriages from the engine. 
The trains upon which these experiments were made were of the 

weights recorded in Table VI. 
Therefore, in the case of the Westinghouse train, 93.7 per cent. of 

the weight, and in the case of the vacuum, 94.4 per cent. of the weight, 
was on the braked wheels. The weight of the engine and tender rest
ing on braked wheels was, in the case of the Westinghouse, 26.7 per 
cent., and in the case of the vacuum, 29.4 per cent., of the whole 
weight of the train. 

diameter, the top nozzles 2i in. in diameter and 2i in. respectively, 
and the steam pipe 2 in. inside diameter. The leverage was also much 
more powerful than that in use on the other passenger engines of the 

.North-Eastern Railway, so that a very high pressure could be applied 
to the engine wheels. These alterations, it was stated, were made in 
order to place the train in the same condition as trains recently fitted 
up on other lines. 

It was intended that the brakes should be so arranged that ea'ch 
brake-block, when in a state of inaction, should be removed a f11ll tin. 
from the surface of the wheel, so as to insure that there should be no 
dragging. This condition was fulfilled in the Westinghouse train, 
but in the vacuum train the blocks, except in two or three instances, 
were much closer, indeed often less than l in., and in some cases less 
than ,·~in. from the tyre of the wheel. The Westinghouse train, as 
well as the experimental van, was fitted with continuous draw-bars. 
The vacuum carriages had not continuous draw-bars. 

Rejerence.-In diagrams Ncs. 20 and 23, t.he thick full lines show the total friction of blocks (tangential force); the fine full line, the total presgure on blocks; the fine dotted line, tbe pull on dre.wb••· ; 
t he dot and dash line, the speed of the braked wheels, and the thick dotted line, the weight on the rear or unbre.ked wheels. Diagram No. 20 is from the Westinghouse automatic, and No. 23 from tho 
vacuum brake. 

r- ·- - ~ 

----- ·---·- ·- -- ·- .J' 

.~ ... · 

Reference to D·iagrams No. 24 and 25 show,:ng Time requ,:red to set Brakes on various Parts of Train. 
Line 1 brake block pressure on experimental van wheels when van placed as 1st carriage 

1.1 friction 
2 pressure 7th , 

" . 21 friction 
., 3 pressure 13th :: 
, 31 friction 
" 4 , pressur3 " ,, 21st ,'; 

Diagrom No. 2( refers· to the train with the vacuum bre.ke, and No. 25 to that with the Westingbouse automatic brake. The speeds were about 50 miles !)er hour in ea.ch case except during experi
ments on the 21st carriage when the trains wore st&tionary. 

The recording apparatus in the van was set in motion by means of 
an electric connexion with the brake lever attached to the engine. 
The author had intended this to come into operation at the first 
movement of the brake lever ; but by the arrangement made the lever 
could move through two-thirds of its stroke before setting the appa
ratus in motion ; so that, when the handle of the lever was moved 
slowly, any action on the brakes which might take place before this 
point had been reached would not be recorded. 

The Westinghouse train was a train withdrawn from traffic and 
run in practically the same condition as when running on the line, 
except that it was put in good order. The vacuum carriages and 

·engine were altered from what had been their condition on the North
Eastern Railway by the substitution of the Hardy cylinders for the 
Smith vacuum sack, and :by alterations in the ejector on the engine. 
On the ordinary passenger engines of the North-Eastern Railway the 
bottom nozzles of the ejector are 2 in. in diameter, and the top 
nozzles 2i in., and the steam pipe 1! in. In the experimental engine 
one of the bottom nozzles was 2! in. diameter, and the other 2 in. in 

The experiments were commenced oy putting the van next the 
engine, and so running from York to Knaresborough; the van was 
then turned and placed at the tail of the train on the return journey. 

After the vacuum train had made six stops with the van next the 
engine, during the journey to Knaresborough, while making a stop on 
an ascending gradient of 1 in 120, a coupling hook broke in the lead
ing van, next behind the experimental van. A fresh connexion was 
made, but it was found on returning to York, that the vacuum cylinder 
on the tender, for working the engine brakes, had become detached 
this was apparently caused by a want of sufficient play in the lever 
connecting the Hardy cylinder with the engine brake. The experi
ments subsequent to the fracture rest under a doubt, therefore, as tc, 
r epresenting truly the performance of the vacuum train. 

On the following day the van was placed in the middle of the train. 
In this case the first experiment was made with a speed of 50 miles 
per hour. There was a violent jerk, and the draw-bar of the leading 
van was torn out, and the train separated from the engine. As tho 
vacuum is not an automatic brake, the fracture caused the brakes b 
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be taken off the train ; the rapid and judicious action taken by those 
in charge of the engine prevented, however, any serious collision 
between the engine and the train. 

These fractures of couplings appear to have been due to the more 
powerful and immediate application of the brakes on the engine in 
these cases as compared with the rate at which the brake-blocks came 
on at the rear of the train; the buffers were consequently driven home 
for a time, and then at the moment when the reaction of the buffer 
springs was commencing to have its effect, the bra,kes at the rear of ' 

cre:pancies between themselves as to the rate at which the pressure 
came on. 

The author on this account obtained the permission of the North
Eastern Railway to repeat these experiments, and the renewed trials 
took place on the 18th October. On this occasion the recording 
apparatus was set in motion by the first movement of the brake lever. 
The experiments on the Westinghouse train were partly made by slip
ping the experimental van and eleven carriages, and allowing the 
slipped portion to come to rest by the automatic action of the brakes. 

TABLE VIII.-STOPS ON NORTH-EASTERN RAILWAY. 

Vacuum T·rain.-First Day. 
(Van next Engine. ) 

;; 
"' "'"' s:i. 00 "" "0 ~~~ ~ E 
Si 111 .;a.)....: .: " - ~.~'OS " " Remarks. 

" " p:<oo 

"" -d~ " . 0 ·-"""' "'::0 
8 "" gg- " ~I I "' " " 1>0 ~00 .§ ~~~ ~£~ z "'~ E-< ------- -- --

yards. seconds. yards. 
l 40 211 R 130 329 Heavy rain. 
2 3~ 1~4 14 R 130 314 " 3 40 220 17 F 1200 343 

" 4 43 228 17 Level 308 
" 5 49 294 20i " 306 
" 6 35 162 15 

'i20 
330 

Broke '~oupling. 7 35 164 14! R 314 
8 49! 316 21 Level 322 
9 63 32~ 18! " 289 Heavy rain. 

10 50! 334 21 
R i2oo 

327 
" 11 35 162 l4f 330 
" 12 47t 281 20 F 130 1111 
" 13 32 136 J3t F 130 332 
" 14 28 114 l2f F 130 376 
" 15 31 136 14 F 130 353 " 

Vacuum Train.-Second Day. 
(Van in Middle of Train.) 

3~ r; ,_ 
" ~ -o ..... ::I 

~ "' 
.; 

3!~ rl)~ .; "" .~ Remarks. 
"" " 8 "" 0 "' 5 :E ~ ~~ " " .. 
" .. " " ~~ ~ z ?< 111 ~ -- -- ---- -- --
2'J 49 ... ... ... ... Broke couplin~r. 

231 
26 I rThe distances in these 271 1 experiments were in-

... ... .. . accurate owing t o ;~} ... ... j 
30 l 13low operation of re-

31 l cording instrument. 

32 

Vacuum Train.-Third Day (Repeated Ezperiments). 
(Van in Middle of Train.) 

" 000 

" -" "' i:l 
=~ 

.: .; o:.1 ~ Remarks. .. ,; .; "' ;8 B »=< ,p " ~ '"" "" 0 ~~! ~~ " " .. .. 
" " z ?< 111 :!) ~ -- ---- -- --

7 53 308 19 Level 274 l 
8 41j 193 144 

" 
280 

J 9 49~ 255 16! " 
257 

10 36 145 12£ " 
<J!lll t Fine, very good rail. 11 67! 356 <JQ 

" 
269 

12 57 334 19! " 
2~6 

13 57 31l2 21 
" 

271 
J l4 53 312 19i " 

277 
[Draw bar broke in se· 

lf> 35 193 22 F 130 393 c?nd v~hicle from en-
gme. 

-~-------- --- --·-

the train also came into operation ; thus a violent, and in the last
mentioned case a successful effort at separation occurred between the 

engine and train. 
After this accident the experiments were continued with eleven 

carriages instead of twelve, the van being fifth instead of sixth from 
the engine. The bra.ke lever was moved with caution ; the electrical 
connexion for starting the recording apparatus also acted irregularly, 
so that the diagrams of these further experiments present grea,t dis-

Westinghouse Tra;n-First Day. 

SJL..: " " "' -g:i1 5 .: ~ 2l 00.: .; 
" 

.,; " ;..:!: Remarks. 
8 "" 'E 0 "' -6~ ~ -o " .. 
" ;g~ .. " " ~--"' z ?< 111 Cl 

---- -- -- -- --
18 43 180 14 L evel 243 Damp, wit'Jout rJ.in, 
19 30 114 12i 316 

" " " 20 46 211 1~4 249 
21 37 140 12t " 255 " " 
22 3~ 123 lll Ii'l20 251 " " 
24 56 316 19:i F 130 251 " " 

" " 25 3~ 132 12 Level 289 
" " 26 40 162 14 R 1200 253 

27 ~0 246 1H Level 246 " " 
" " 

14{ 

do. 
}248 28 416 171 or 

" " 13~ F 
29 ~5 123 12 F 130 251 
30 28 88 10 F 130 280 " " 

" " 

Westinghouse Train.-Second Day. 

" 
00. 

" ;j "" Iii "' .; ~g 
"" ~ 00 " " ~ Remarks. 
E "'" "" 0 ;a 

£~ ~0 " " !'! " :<:"" 
.. " ~"' z >< 111 Cl -- -- -- -- ----

1 bl 281 lSi Level 270 Fin -3. Greasy ra.il 
2 41 18! ] .) F1200 273 " 3 48 2lfJ 151 Level 233 

" 4 ao 88 9f. " 
244 

" 5 36 149 13t ,, 287 
" 6 w 264 l8t " 

264 
" 7 an 140 12 248 

" " 8 ll6 334 21}f 266 
" " 9 56 299 19 238 
" " 10 38 H9 13! " 

257 
" 11 36 132 12 

" 
2M 

" 12 31! 110 11t 217 
Ri2oo Good raiL' 13 50 2/l~ 17t 21l5 

14{ Level,} 
H 40 169 or F 248 

" 130 
15 3/l 132 l2t F 131} 269 

" 16 32! 96 lOt F 130 227 
" 18 b9t 40! 23 Level 285 
" 19 ll9 378 22f " 

271 
{Sign'~ I from 20 45 202 16 249 driver 

" good r&il. 
2l 5ll 290 19 

F 'i3o 
239 Good r .. u. 

22 .10 246 17t 246 " no diagram 

Westinghouse Train-Third Day. 
(Van next Engine.) 

,_ om 
" .. ~J,.j 
"' ;j ,; -g~ g .. 

2 .; .; "" ~ 0 ... ~ R Rem&rks . s .. , 
"" 0 "' .g; ~ 

a~ 
,_ .. 

" .. ~ 0 ~~s;l. ;.,. ... ;... "' --. - - -- -- -- --
1 H 228 16 R 130 315 j Damp and very 

greasy ra.il. 
2 liB 294 18 Level 218 ~ Eleven carriages and 

f experimental van 
3 57 259 17 

" 
190 let slip from en-

J gin e. 

--

I I I 
4 ll9 

W6 I 27f I Fl30 363 I} Very greasy rail 
5 ~8 378 22 Level 280 Stops with engine 
6 ll5 316 20 

" 
261 and train. 

The experiments on the vacuum train were a repetition of those of the 
second day; in the course of the ninth experiment the draw-bar of 
the second vehicle from the engine gave way. 

Diagrams 24 and 25 show the results obtained from the two first 
day's experiments on The North-Eastern Railway as to the rates at 
which the pressures and frictional resistances come into operation in 
each position of the van in the train ; and the accompanying Table 
shows, as nearly as can be obtained from the diagrams, the time which 
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------ ----------------- ----------·--·--- - --------

was required after moving the brake-handles to set the brakes with 
various degrees of force in different parts of the train. The last ex
periment was made with a stationary train of twenty carriages, there 
being only twelve carriages available on the experimental train. 

The short time which has elapsed since the above experiments were 
made has not allowed the author to analyse the results fully for the 
present meeting. These experiments, however, give a fair approxi
mate indication of the rate at which the pressure comes on, with these 
forms of brake, in different parts of a train. It was evident in the 
course of these experiments that the difference in the rapidity of appli
cation in the rear as compared with the front of the train gives rise to 
jerks and unpleasant motion in the process of stopping, if not to actual 
danger. They clearly show (as do also the experiments already men
tioned on the Brighton Railway) that the perfection of a brake would 
consist in its application being simultaneous on all the wheels of a 
train. Table VIII., on the opposite page, shows the stops which took 
place in the experiments of all three days. On the first day the 
weather was very rainy and disagreeable; on the second day the 
weather was fine; on the third day the morning was foggy and damp, 
and the rails very greasy; the afternoon was dry and fine. 

Conclusions.-In conclusion the author would recapitulate what 
appear from these experiments to be the essential conditions of a 
good brake, in addition to other matters not coming immediately 
within the scope of this inquiry. 

1. The pressure with which the brake-blocks are applied to the 
wheels should be as high as possible, short of the point which would 
cause the wheels to be skidded and slide on the rails. 

2. The rotation of the wheel is arrested as soon as the friction 
between the brake-block and the wheel exceeds the adhesion between 
the wheel and the rail, and therefore the amount of pressure which 
should be applied to the wheel is a function of the weight which the 
wheels bring upon the rail. The value of this function varies with 
the adhesion ; hence with a high adhesion a greater pressure can be 
applied, and a greature measure of retardation obtained, than with 
a low one. 

3. In practice and as a question of safety it is of the greatest 

importance that in the case of a train travelling at a high rate of 
speed, that speed should be reduced as rapidly as possible on the first 
application of the brakes. For instance, a brake which reduces the 
speed from 60 miles an hour to 20 miles an hour, in, say, 6 seconds, 
has a great advantage as regards safety over a brake which would 
only reduce the speed from 60 miles to 40 miles an hour in the same 
time. 

4. The friction produced by the pressure of the brake-block on the 
wheel is less as the speed of the train is greater; to produce the 
maximum retardation so far as speed is concerned, the pressure ~Jhould 
thus be greatest on first application, and should be diminished as the 
speed decreases, in order to prevent the wheels from being skidded 
(or sliding on the rails) in making a stop. 

5. The coefficient of friction decreases as the time increases during 
which the brakes are kept on ; but this decrease is slower than the 
increase of the same coefficient due to the decrease of speed; it has, 
therefore, little influence in the case of quick stops. 

6. The maximum pressure should be applied to the wheels as 
rapidly as possible, and uniformly in all parts of the train. 

7. To prevent retardation from the dragging of the brake-blocks 
against the wheels when the brakes are not in use, care should be 
taken that the brake-blocks are kept well clear of the wheels (say, 
half an inch) when in a state of inaction. 

There are various mechanical questions connected with brakes, 
such as the desirability of automatic action, and other considerations, 
which do not enter into the scope of the present inquiry ; the special 
object ·of which was to ascertain by direct experiment the forces 
brought into action in applying the brake-blocks to the wheels. 

Railway companies, in considering what form of brake is best suited 
for traffic, must, whilst they give full weight to the mechanical con
ditions discussed in this paper, also ascertain the duraqility and 
facilities for maintenance and repair presented by the various systems. 
It is further clear from the present series of experiments that the 
universal application of continuous brakes will raise many questions 
as to the strength of the rolling stock now in use, much of which was 
constructed originally to meet other conditions of traffic. 
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APPENDIX C. 

THE PENNSYL V ANI.A. RAILROAD AND THE CENTENNIAL EXHIBITION. 

OFFICIAL REPORT OF MR. D. TORREY, CHIEF OF BUREAU OF TRANSPORTATION. 

THE labour of preparing for an exhibition of such magnitude as 
that of 1876 is attended by many perplexing uncertainties; and 

in no department of the general work are these more manifest than in 
that of transportation, very little being known in advance of the gross 
quantity of goods, or of the characteristics of articles of exceptional 
weight or dimensions which will be received, which information has 
great value in determining the character and extent of facilities to be 
provided. 

With regard to circumstances attending the Exhibition of 1876, it 
i11 to be remembered that there was a tardiness on the part of Arne

. ricans in applying for exhibiting space; so that, at a date when all the 
buidings to be erected should have been in process of construction, 
not over one-fourth of those Americans who finally became exhibitors 
had made application for the privilege. At that time the methods of 
the Bureau of Transportation had to be determined and be adapted 

. to requirements varying from a condition in which the principal 
buildings might be not fully occupied to one, as finally proved to be 
the case, in which the park would be crowded with annexes and sup
plementary buildings. The problem was to provide the best method 
for receiving an indefinite but very large quantity of goods, comprising 
articles and packages of unknown weights, dimensions, and peculiarities, 
the service to be performed within an unstated but certainly limited 
period of time. 

As to the quantity of goods to be received, the result of a general 
survey of the situation in 1875 was to estimate the probable require
ment of facilities for handling the exhibits to be for 40,000 tons net 
of them ; but to meet contingencies it was decided to prepare to handle 
even more, if necessary; or) in other words, to have an expansive 
arrangement. It will be understood that such requirements depend 
more upon the time within which goods may arrive than the quantity 
of them. The disposition of a thousand car loads of articles may be 
a trifling matter if spread over ten days' time, which, if to be handled 
within three days' time, might overtax every facility provided for the 
purpose. 

The prominent features of the plan adopted, and their relative im
portance, are as follows: First, the service of an organised body of 
men, .known as the terminal force, common to the whole work, who, 
to the exclusion of exhibitors, their agents and commissioners, should 
unload cars, place goods on the space to which directed, and perform 
all similar service ; second, the provision of separate sidings for 
limited sections of the exhibiting space or portions of the enclosure ; 
third, constructing these sidings so that the use of any one would not 
interfere with the running of cars to and from any other; fourth, 
freight platforms to be built to the height of the car floors, and 
arranged for the use of trucks for transporting goods from the cars 
to their destination. 

On arrival at the Centennial station of the Pennsylvania Railroad, 
cars were marked for the siding within the Exhibition at which they 
were to be unloaded, and they were assorted on a series of tracks, 
bringing together cars for the same siding. As required, an engine 
would draw from these distributing tracks a lot of cars for a particular 
place within the Exhibition, and place them to be unloaded. Through 
the service of a telegraph line, there was announced instantly at the 
central office, information when their unloading was completed, enabling 
the management to replace the cars with others without an unnecessary 
loss of time, or, if they so wished, to transfer the working force to 
some place where its services were needed . 

The railroad tracks, constructed in connexion with the Exhibition 
and under the control of its authorities, extended from Elm Avenue, 
the point of connexion with the tracks of the Pennsylvania Railroad, 
to various places within the grounds. The movement of freight cars 
over these tracks was entirely independent of the agents of the Penn
syJvania Railroad, who transferred the loaded cars, locked and sealed, 
across Elm A venue, as in ordinary business such cars when en route 
are transferred from one railroad company to another, and at this point 
the service of the terminal force commenced. 

It was desirable that goods in cars should be transported to as near 
their destination as possible, so there were provided many places of 
delivery-sidings within the grounds. This multiplication and distri
bution of sidings, by dividing the work, permitted a large increase of 
the labouring force without introducing confusion, thereby securing 
the feature of expansion which it was foreseen might become of the 
utmost importance if the receipt of the bulk of the exhibits should 
be crowded into the few days immediately preceding the opening of 
the Exhibition. 

So much depended upon the accuracy of the directions placed on 
packages that the printed labels and tags were filled in to meet the 
requirements of each lot of goods, and mailed to American exhibitors, 
with explicit instructions how to use them. It was intended that this 
should be done with foreign exhibitors by the respective national 
commisswns. The assignments of space in the foreign sections being 
determined and marked on plans of the buildings by the commis
sioners, they only could give accurate shipping directions for their 
different exhibitors. These labels or tags, with the manner of filling, 
will be understood from the copy of one given upon the next page. 

The location in the building to which an article was addressed was 
known from the directions on the labels, being in accordance with the 
system of designating columns and the plan of marking off spaces on 
the floor. Each column within the building being lettered off and num
bered; the letters designating the lines of columns in one direction, 
and the numbers the lines crosswise in another,-each exhibitor's 
location being defined with reference to the nearest column. The 
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TO THE DIRECTOR-GENERAL OF THE 

UNITED STATES CENTENNIAL COMMISSION, 
INTERNATIONAL EXHIBITION OF 1876, AT PHILADELPHIA. 

Main Building. 

! 11 

1 1: Exhibitor, 
I J. L. Mott-:-J:t:on w 0i·ks: 

Location, ___ N_. _6_5_· ___ I i Address, 

Siding No. 3. 

No. of } 2471. I I N~w-Y~~-k. 
Application, ----- I I' No. ( ~~:~~·---~-- · 

Weight, 486 Pounds. I f 
11 

Packages. 5 --

- NOTE. The railtoal trac\fus.ed 
in receiving goods are represented' 
by heavy lines; 1he narrow-gauge 
passenger taifroa~ it shDWII by 
doned lines, and horse r.ailmds by 
fine c.on1imro.us Jines, The figures 
indicate the ~ralfornR and sidings 
_lit whic~ ~ars wem .JIDIDaded. 

GROUNDS FOR EMPTY BOXLS 

PENNAR/t 

The men employed in the t erminal force readily became familiar 
with the manner of finding the exhibitor's space, and would move 
from the siding with loaded trucks and traverse the building by the 
most direct line to the exact spot without confusion or loss of time. 
The floors of the buildings were laid on the ground, the earth being 
well packed under and between the sills, giving a firm support 
which permitted running the heavily laden trucks anywhere over 
them. 

In case goods were brought to the grounds by cartage or in hand, 
the bearer reported at the office and received a permit to enter the 
grounds, and directions where to deliver his load. 

The arrangements did not permit the carryingof goods in and out 
of the buildings without special written permit, except by the terminal 
force. The risk of stealing precluded any other method. 

PLAN OF THE PENNSYLVANIA RAILROAD CENTENNIAL STATION LINES, AND CONNEXIONS. 

space allotted each exhibitor was carefully outlined with painted lines 
on the floor and designated by his application number painted 
~thin in large figures, or, as in some of the foreign sections, by 
his na.me. 

The chiefs of the Bureau of Administration had charge of the 
buildings and interest of the Exhibition, as follows: 

D. Torrey, Chief of the Bureau of Transportation, of the reception 
of goods. shared on railsandtrails.com Digitized by Stephen Titchenal
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Henry Pettit, Chief of the Bureau of Installation, of the Main 
Building. 

J. S. Albert, Chief of the Bureau of Machinery, of the Machinery 
Hall. 

Burnet Landreth, Chief of the Bureau of Agriculture, of the Agri-
cultural Building. 

Charles H. Miller, Chief of the Bureau of Horticulture, of the 
Horticultural Building. 

from the customs officer in charge, he being responsible as storekeeper 
for the customs duties on them. 

Only the Adams' Express Company, of the several companies, con
ducting expres,; business, opened an office at the Exhibition. During 
the continuance of the Exhibition there was through this agency 
a daily delivery of several wagon loads of small packages of supplies 
delivered to exhibitors throughout the grounds. It would be impos
sible to devise any more convenient and satisfactory manner of ship-

F ra . ~-

STATIONARY PLATFORM. 

John Sartain, Chief of the Bureau of Fine Arts, of .the Art 
Galleries. 

The Chief of the Bureau of Transportation receipted to the railroad 
companies for the goods brought by them. They were placed by the 

FIG. 4. 

PORTABLE PLATFORllf. 

terminal force on the space allotted to the exhibitor, when the chief 
-of the bureau in charge of the building receipted to the Bureau of 
Transportation for and thereby became custodian of them. Permits 
for the reception of goods and material were issued by the Bureau of 

FIG. 5. 

PLATFORM TRUCK.-NO. II. 

Transportion, permits for removing them by the officers of the bureau 
in charge of the building. If articles or packages to be removed 
were in the foreign section of the Exhibition, a permit was obtained 

ping packages of exhibits to and from an Exhibition than by the 
system of the American express companies, which relieves exhi
bitors of all care in having things carted to and from depots, taking 
goods at the shipper's door and delivering them in the building to 
which addressed. 

Railway tracks for the delivery of exhibits were, when possible, 

FIG. 2. 

PLATFORM TRUCK.-NO. I. 

located without the buildings, for the following considerations: The 
use of locomotives within the buildings is objectionable from the 
increased risk of accidental fires which they can so easily communicate to 
packing material, and from the annoyance of smoke and cinder, which 
might damage delicate fabrics being unpacked and displayed. The 

FIG. 6. 

TRESTLES. 

location of tracks within the buildings also necessitated devoting 
almost exclusively to their use a much larger part of the floor than 
can be kept for avenues and passage ways, and which if so taken is 
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unavailable for other important requirements. The least width of 
space of any value for tracks must be of the width of the car body, 
with the additional width of space on which to handle goods as 
unloaded, without trespassing upon the locations of exhibitors, and if 
there are two sidings on one line of track there must be a second 
track past the first siding to permit the use of both without inter
ference. Exhibitors would, if deprived of the use of the floors in the 
avenues and passage ways, find themselves seriously embarrassed in 
erecting show cases, unpacking exhibits, &c., operations which, to a 
considerable extent, must be conducted thereon. Governed by these 
considerations, the rule generally followed was to locate tracks without 
the Exhibition buildings. 

The exceptions were as follows : The topographical features of the 
grounds su~rounding Agricultaral Hall were such as to impose great 
expense if this general rule were followed, and the rails were laid 
through the south transept of the building. To facilitate the delivery 
within Machinery Hall of the exceptionally heavy articles to be 
received, single-track roads were laid in the two principal avenues 
of that building, use being had also of the track which crossed the 

FIG. 7. 

PORTABLE CRANE. 

transept connecting the hydraulic annexe. Finally, there was a line 
of track through the transept of the United States Government 
building. 

In addition to these tracks within, there were without the buildings 
double lines of railway on the south side of the Machinery Hall, on 
the north side of the Main Building, and a triple line of tracks on 
Belmont Avenue, altogether amounting to 19,000 ft. of railroad track. 
(See the plan on page 263.) 

The unloading of goods from cars was by different methods, 
varying with the article to be handled, and, also, with the facilities 
which might be at hand prepared for the general requirements of the 
siding. These methods may be described in four general classes : 
First, by the aid of stationary platforms (Fig. 3), the floors of which 
were level with the floors of railway cars, and which extended to and 
joined the floors of the building, even to a distance of several hundred 
feet, without any step or break, so that trucks were run loaded with 
packages from within or by the side of cars direct to the place of 
delivery within the building ; second, by the use of portable sloping 
platforms down which packages were slid as when skids are used. 
These platforms were of two kinds, one requiring a package to be 
lifted from the platform to the wagon truck for removal (Fig. 2), the 
other being cut away in the centre and front so that the wagon truck 
could be run under it (Fig. 5). This form was specially serviceable in 
handling very heavy articles, as, when the lower edge of such articles 

rested on the truck, the workmen drew the truck forward, and in so 
doing loaded the package; third, by lifting with cranes, shears, or 
hoists; and fourth, by the use of skids and hydraulic jacks. 

The stationary platforms referred to were built on simple trestles 
of white pine, a large number of which were made in advance of use, 
and, being uniform in construction, they were available for all plat
forms to be built. They were placed on 3 in. plank used for sills, and 
set 4ft. or 5 ft. apart, centre to centre. For flooring, 3 in. planks 
were spiked over them, completing the platform. This construction 
of platforms admitted of their quick removal before the opening of 
the Exhibition, and of their rapid and cheap reconstruction at the 
close. The portable platforms (Fig. 4) were framed of southern pine 
scantling four by four, and covered with 1! in. boards, also of southern 
pine, laid crosswise, with like boards over these laid down the slope 
and answering for slideways. 

The original plan of operations contemplated the use of tramways 
in the passage ways of Machinery Hall, with small turntables at the 
points where they intersected the railway tracks at the side and within 
the building, to facilitate the transfer of locomotive cranes to different 
places, and the moving of the trucks fitted thereto loaded with ex
ceptionally heavy articles; .but the very favourable res~ts attained 
with wagon trucks at the commencement of operatiuris led to an 
abandonment of the plan. The two locomotive crane~ of Messrs. 
Appleby Brothers, London, were kept during the receipt of goods as 
stationary cranes (with only two or three removals), transferring 

FIG. 8. 

TRESTLES FOR PLATE GLASS. 

articles from cars to wagon trucks which were hauled by labourers 
to the place of delivery. There was also erected a ten-ton stationary 
steam crane at siding No. 12, where it proved a valuable aid in trans
ferring heavy articles from cars and wagons to wagon trucks to be 
hauled into the building, or from cars to wagons for transportation 
to parts of the Exibition grounds not accessible by railroad, the crane 
being placed so that the jib could swing over cars on both lines of 
track and also over the roadways and platform both sides of these. 
In addition to the above-mentioned cranes there was the portable 
hoist which lifted articles of three or four tons weight and held them 
in suspension until hauled to the place of delivery. In the grounds the 
A veling and Porter road engine, with a crane attached, rendered valu
able and efficient service, as with the use of the wagons it both handled 
and transported goods in the performance of its service. 

The shear spars were rough bodies of pine trees, equipped with 
common falls and tackle ; they were generally set astride the railroad 
tracks, and in use held their loads suspended until the car was pulled 
away and replaced with a wagon truck, to which the article was 
lowered, and as before transported to the place of delivery. 

Special mention, to any great extent, of the manner of handling 
particular articles is unnecessary. Several locomotives exhibited at 
considerable distances from the line of track were run to their positions 
over a portable track constructed in sections. Very heavy cannon 
were lifted with hydraulic jacks, blocked up, and pushed over skids 

2M 
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into position. Large cases of plate glass which had to be kept no 
edge were set in a frame, which travelled over loose rollers (Fig. 8). 

The live stock exhibit is on grounds formely used as a stock yard, 
adjoining the down track of the main line of the Pennsylvania Rail
road. The surface of the field is the height above the level of the 
rails of a car floor, and bounded by a retaining wall, built to facilitate 
unloading stock-cars, as formerly used. The arrangement meets every 
requirement of our service; and to enable us to use it, the officers of 
the Pennsylvania Railroad have reserved for this purpose the track 
in front of the grounds, running their trains over other lines of rails 
during such use. 

The handling and storage of empty packing-cases was included 
in the terminal service. They were taken from the buildings to the 
sidings, often by returning empty trucks, loaded on empty cars, and 
hauled to a neighbouring field for storage in sheds ; these sheds were 
assigned to countries, and the cases placed therein were registered 
and labelled, to enable any particular ones to be found. The sheds 
were rough structures, and only those enclosed that contained parti
cularly valuable cases. They were in four parallel rows along two 
lines of railroad track, with an aggregate capacity of 1,360,000 cubic 
feet. They differed in size, were 16ft. high, 32ft. wide, and of a 
length which was some multiple of 16ft. The sheds were numbered, 
and within each one the sections, 16 ft. square, were designated by 
letters. All the cases in each of these sections were registered, so 
that the location of every case was known with :sufficient precision 
to answer all practical purposes. 

The following diagram illustrates the arrangements : 

F E D I c B A North. 
------_n_[_c_ ------

F E B A South. 

The total number of empty cases measured and receipted for, placed 
in the sheds, was about 40,000, which number does riot include the 

_ very large number of smaller cases placed within the large ones as 
permitted, and which was done by many exhibitors to an extent that 
made the cases heavier when stored as empty than when packed with 
goods. 

In some instances, usually with foreign exhibitors, goods were for
warded to the Exhibition without complying with the regulations 
relating thereto. These irregularities always brought trouble and 
expense to the exhibitor, and occasioned many annoyances to the 
officers of the Exhibition. They served, however, by comparison with 
the excellent working of the service in other cases, to prove the value 
of the plans adopted by which the enormous quantity of goods sent 
to an exhibition can be satisfactorily handled without that confusion 
or disorder thought to be inseparable form such service. 

The collection of the terminal charge, as announced in ~ircular 

No. 142, was the subject of such frequent complaints and misrepre
sentations that the Centennial Board of Finance resolved to cancel 
it and assume, as a general expense of the Exhibition, the entire 
cost of the terminal service for which it was to pay, and they also 
directed the refunding of the charges already collected. There 
had been collected 11,879,04 dols. on 1313 manifests when this 
change was made, the refunding of which was commenced July 5th, 
1876. The terminal charge was a proper one to collect, and was can
celled only because it was determined to let nothing interfere with the 
success of the Exhibition which the managers could control. It grew 
out of the plan of having a terminal force to receive and place upon 
their space the goods of exhibitors, an arrangement for the purpose 
which experience proves to be the best yet tried. The trouble, expense, 
and confusion avoided by this manner of receiving exhibits over any 
previously tried justified its arbitrary enforcement at an exhibition 
of such magnitude as this. 

GENERAL 0BSERV ATIONS. 

Arrangements for receiving goods at such large exhibitions must 
be determined mainly from special conditions, created by peculiarities 
of locations and business customs of the country. The problem should 
be considered by an expert at the very inception of the enterprise, 
and all railroad tracks needed to facilitate the rapid and cheap con
struction of buildings and the making of general preparations should 
be located so as to be available in handling exhibits without incurring 
additional expense for changing their location to adapt them to the 
terminal service. 

Experience confirms the anticipated advantages of having the 
terminal force under a single administration. That the expense of 
this service should be cheerfully paid for by those for whom the work 
is done is undeniable ; yet it will be complained of by undiscriminat
ing and selfish exibitors, and as a matter of policy may be assumed 
as a general expense of an exhibition rather than undertaking to 
collect it. But should its collection be decided upon in any case, it 
will, under circumstances like those experienced here, be best to admit 
free everything brought to the Exhibition previous to a date some 
weeks in advance of the opening; to charge the determined rate from 
then to the date appointed for limiting the receipt of goods, and to 
collect double rates on all things brought afterwards. 

It is clear that goods should not be shipped to an exhibition by any 
one, native or foreign, until the shipper is supplied with address 
labels, designating with precision the place of delivery, and that com
missioners should not issue these labels until th,e space on which the 
exhibits are to be displayed is definitely determined. The failure to 
do this by the commissioners of some of the foreign countries parti
cipating in this Exhibition was the occasion of more confusion in the 
reception of goods than all other causes combined. 
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ABUTOffiS AT PHILADELPHIA, THE PENNSYLVANIA 

RAILROAD CoMPANY's, 48 
Accounts, construction and equipment, 11 

, general expenses, 11 
,. maintenance of cars, 11 
, motive power, 11 
, Pennsylvania Railroad Company's, 11 
, transportation, 11 

Action of brakes, The, APPENDIX B, 250 
" vacuum brake, slowness of, 1!04 
, Westinghouse brake, quickness of, 204 

Admission valve, locomotive, 127 
Agent, general freight of the Pennsyhania Railroad 

Company, 10 
, general passenger of the Pennsylvania Railroad 

Company, 11 
Air-pump for automatic brake, 173 
Allegheny city, 25 

, county, 25 
, tunnel, 69 
, valley railroad, 32 

ALTOONA, 10 
, blacksmiths' shop at, 92 
, boiler for heating erecting shop at, 96 
, cabinet shop, 92 
, capacity of blacksmiths' shop at, 92 
, capacity of freight car shop at, 91 
, capacity of locomotive works at, 90 
, capacity of passeuger car erecting shop at, 91 
, capacit,Y of planing mill at, 91 
" CAR SHOl'S, THE, 90 
, , boiler house at, 94 
, engine house at, 94 
, , fire brigade at, 94 
, , heating, 94 
, , nut finishing machine at, 92 
, , offices aria s£6res at, 94 
, , painting and upholstery shops, 93 

, shaving tower at, 91 

" 
" 
" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 

" 

" 
" 
" 
" 
" 
" 
" 

, watchmen at, 94 -
chemical laboratory at, 90 
freight car shop at, 91 
ice house at, 95 
kiln for drying timber at, 93 
locomotive testing at, 90 
LocmroTIVE SHoPs, THE, 76 

" 
" 

" 

" 
" 

" 

" 
" 
" 

" 

annealing pits for wheel foundry, 81 
bending rolls at, 78 
blacksmiths' shop, 84 
blowing engine at, 79 
boiler shop at, 78 
brass foundry, 80 
cinder mills at, 79 
core ovens at, 80 -
core ovens for wheel foundry, 81 
cranes in the new erecting shop, 'i 8 
cupola house, main foundry, 79 
cupolas for wheel foundry, 81 
department of physical and chemical 

tests, 88 
emery machinery at, 83 
gas pumps, 86 
general arrangement of, 76 
heating boiler shop, 78 
heating the new erecting shop, 79 
hydraulic cranes in wheelfoundry, 81 
iron employed in foundry, 80 
lighting the new erecting shop, 79 

INDEX. 

ALTOONA LocoMoTIVE SHoPs-continued. 
, machine shop, 76 

, main foundrJ, 79 

" 

" 
" 
" 
" 
" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
" 

" 
" 
" 

" 
" 
" 

" 
" 
" 
" 

" 
" 

, moulding machine at, 80 
new blacksmiths' shop, 85 
new erecting shop, 78 
night watchmen, 88 " 

" 
" 

" 
" 
" 

" 

" 
" 
" 
" 
" 

number of men employed in wheel 
foundry, 82 

offices, 88 
oil house, 86 
old erecting shop, 83 
paint shop, 85 
pattern shed, 79 
pattern shop at, 80 
round house, No. 1, 87 
round house, No. 2, 88 
round house, No. 3, 88 
steam hammer at, 84 
steam rivetting machine at, 78 
steam transfer table, 86 
system of manufacturing cast-iron 

wheels, 82 
, tank shop at, 78 
, telegraph shops, 88 
, testing steam boilers at, 79 
, tiu shop, 88 
, tube shop, 84 
, vice shop, 83 
, wheel foundry, 81 
, wheel shop at, 85 
, workmen's lavatory, 88 

lumber yard at, 93 
machine shop at, 92 
maintenance of way shops at, 95 
miscellaneous testing at, 90 
paint store at, 93 
passenger car erecting shop at, 91 
planing mill at, 91 
production of car linings, 93 
stationary boiler at, 95 

, system of working followed at, 77 
, testing for adulteration of oils at, 90 
, testing coals at, 90 
, testing machine for car axles, 89 
, testing machine for lubricants at, 89 
, testing machines at, 8 9 
, testing paint at, 90 
, varnishing shop at, 93 
, wheel and axle depot at, 94 
, workmen employed at, 90 

Amboy section of the New Jersey Railroad Division, 
10 

American and English locomotives, comparison of cost, 
137 

" 
and European rolling stock, comparison of 

weights and ca~acities of, 161 
, _ locomotives, materials used in, 137 
, railroad stations, 41 
, , rolling stock, 146 
, , , dead weight of, 161 
, Steamship Line, the, 232 

Annealing pits for wheel foundry, Altoona, 81 
Anthracite locomotive, class "C," 110 
Anthracite locomotive "C," detailed cost of, 138 
APPENDIX A; Rules and regulations of the Pennsyl-

vania Railroad, 237 
APPENDIX B; The action of brakes, 250 
APPENDIX C ; Transportation of Centennial traffic, 

262 

Application of the vacuum brake, cost of the, 201 
, , Westinghouse brake, cost of the, 120 

Area of the State of Pennsylvania, 1 
Arrangement of automatic brake, 178 
Assistant treasurer of the Pennsylvania Railroad Com

pany, 9 
Atlantic drainage of the State of Penns:ylvania, 2 
Attachment, locomotive, Westinghouse brake, 120 

, sliding, locomotive firebox, 120 
Attachments to locomotive frames, 113 
Auditors of t,he Pennsylvania Railroad Company,. ll 
AUTOMATIC BRAKE, THE WESTINGHOUSE, 173 

, air- pump for, 173 
, arrangement of, 178 
, brake cylinders for, 176 
, couplings of, 177 
, efficiency of, 184 
, engine driver's valve for, 177 

" 

" 

leakage valve for, 176 
main reservoir for, 175 
operation of, 180 
rigging for carriages, 179 
trials on the : 

Belgian State Railways, 196 
German Railways, 185 
North British Railway, 183 
North Eastern Railway, 202 
Pennsylvania Railroad, 182 

, triple-valve for, 175 
Axle boxes, wedges, and shoes, locomotive, 129 
Axles, dimensions of for different locomotives, 128 

, locomotive truck, 129 
, passenger car, tests of, 89 
, and wheel depot at Altoona, 94 
, wheels, and tyres, locomotive, 214 

B. 
BALLAST CAR, STANDARD, 148 

,, gravel, 36 
, and roadbed, 36 
, stone, 36 

Baltimore, 15 
and Ohio Railroad, The, 4 

" 
" 

Bedford, 10 

, Potomac Railroad, 15 
, Potomac Railroad Station at Washing

ton, 42 

Belgian State Railways, the automatic brake on the, 
196 

Belmont Avenue Bridge, Philadelphia, 64 
, Delaware Railroad, The, 17 
, , cost of operating the, 206 
, , number of passengers carried on 

the, 221 
, , passenger mileage on the, 221 

Belvidere and Flemington Railroad, summary of ex-
penditure and revenue, 206 

Bending rolls at the Altoona locomotive works, 78 
Bituminous locomotives, class C, 111 
Blacksmiths' shop, Altoona, 84, 85, 92 

, , West Philadelphia, 75 
Blairsville, 10 

,. repairing shop, The, 102 
Blowing en~ines at the Altoona locomotive works, 79 
Board of Directors; The Pennsylvania Railroad Com

pany, 8 
Trade, the, and continuous brakes, 173 

" 
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Boats for transporting freight cars at Jersey City, 47 
Boiler for " C" class locomotive, 124 

, erecting shop at the Altoona locomotive works, 78 
for heating erecting shop at Altoona, 96 

, for heating feed water troughs, 39 
, house at Altoona car shop, 94 
, house at the West Philadelphia workshops, 75 
, for "I" class locomotive, 124 
, locomotive, testing at Altoona, 79 
, shop, labour on one engine in, 134 

Boilers, locomotive, particulars of, 112 
, stationary, 9 5 
, , at the Altoona car shop, 94 
, , fire-grates of, 97 

Box car, standard, 148, 158 
BRAKES, CoNTINuous : 

, arrangement of, 178 
, attachment for locomotives, Westing-

.. .. 
" .. 
" .. 
.. 
.. 
.. .. 

house's, 120 
and the Board of Trade, 173 
efficiency of, 183 
operation of, 180 
rigging for carriages, automatic, 179 

, tenders, 142 
the Smith and Westinghouse, relative work 

performed by the, 201 
superiority of the Westinghouse over the 

Smith, 201 
the vacuum, cost of maintenance of the, 203 
vacuum, slowness of action of the, 204 
the Westinghouse, cost of the application 

of the, 201 
Westinghouse, cost of maintenance of the, 

203 
W estinghouse,quickness of action of the, 204 
the Westinghouse automatic, trials on the : 

Belgian State Railways, 196 
German Railways, 185 
Norih British Railway, 183 
North Eastern Railway, 202 
Pennsylvania Railroad, 102 

, the action of : APPENDIX B, 250 
Braddock expedition, The, 21 
Branch, The West Chester Railroad, 21 
Brass foundry at the Altoona locomotive works, 80 
Breakage of rails, causes of, 210 
BRIDGE, 53 

, The Belmont Avenue, Philadelphia, 64 
, construction on the Pennsylvania Rail-

.. .. 
" .. .. 

.. 

.. 

, 
" 

road, 68 
deck on the Pennsylvania Railroad, 54 
and floats for transporting freight cars at 

Jersey City, 47 
carrying Forty-first-street, Philadelphia, 

over Pennsylvania Railroad, 64 
The Market-street, Philadelphia, 20 
Monongahela, 58, 60 
The Morrisville, 65 
The Mount Union, 56 . 
over the Ohio at Steubenville, 15 
over Pennsylvania Railroad at Fortieth

street, Philadelphia, 62 
Pequea, 70 
pipe and relief gear for class "C" engine, 126 
pipe and relief gear for class" I" engine,126 
plate girder, on thePennsylvaniaRailroad,55 
Pratt, on the Pennsylvania Railroad, 53 
over the Raritan river, 60 
over the Schuylkill river at Philadelphia, 55 
over the Susquehanna, near Harrisburg, 60 

, suspension at Warren, 32 
, over Thirtieth-street, Philadelphia, 62 
, Trenton, over the River Delaware, 60 

Bristol, 29 
Brooklyn, 26 
Bryn Mawr Station, 20, 41 
Building and repairing shops, 7l 

c. 
CAB, LOCOMOTIVE, 123 
Cabinet shop, Altoona, 92 
Caboose car, four-wheel, 148, 154 
Cairo and Vincennes Railway, The, 15 
Camden, 10 

and Amboy Railroad, The, 14 
, Railroad and Transportation 

Company, The, 14 
and Cape May Railroad, The, 15 
repairing shops, The, 101 

.. 
" .. 

INDEX. 

Canal, The Columbia and Hollidaysburg-, 5 
, Commissioners' report for 1836, 6 
, The Delaware and Raritan, 14 
, , cost of operating the, 206, 220 
, maintenance of, 220 
, , summary of revenue and expendi-

ture, 266 
, , towing expenses on the, 220 
, department of the Pennsylvania Railroad Com· 

pany, 13 
, The Johnstown and Pit.tsburgh, 5 
, The Pennsylvania, eastern division, 5 
, tunnel at Trenton, 69 

CANTON GRAIN ELEVATOR, THE, 105 
Capacities, weights and dimensions of English rolling 

stock, 162 

" 
and weights of Pennsylvania rolling stock, 

160 
Capacity of blacksmiths' shop at Altoona, 92 

, freight car shop at Altoona, 91 
, locomotive works at Altoona, 90 

passenger car erecting shop at Altoona, 91 
, planing mill at Altoona, 91 

Car axles, testing machine for, at Altoona, 89 
, caboose, 148 
, cost of hopper bottom gondola, 154 

erecting shop, passenger, at Altoona, 91 
, first-class passenger, cost of constructing, 153 
, , , material used in, 153 
, four-wheel, caboose, 154 
, hand, 159 
, hopper-bottom gondola, 154 
, linings, 93 
, Pullman, drawing-room, 164 
, Pullman, sleeping, 165 
, repair shop, freight, West Philadelphia work-

~~~n ~ 
, service, organization of the Pullman, 163 
, shops, the Altoona, 90 
, shop, passenger, West Philadelphia workshops, 75 

standard, baggage, 148 
, box, 158 

" 

" 
" 
" 
" 

, cost of, 159 
cattle, 148 
coal, 148 
drop-bottom gondola, 157 
eight-wheeled gravel, 156 
express, 148 
first-class passenger, 151 
gravel or ballast, 148 
hopper gondola, 148 
light passenger, 148 

, , sleeping, 148 
, truck, standard, four-wheel passenger, 149 
, truck, standard, six-wheel passenger, 150 

Carriages, automatic brake, rigging for, 179 
Carpenters' shop, labour on one engine in, 135 

, tunnel, 69 
Cars, foreign, worked on the Pennsylvania Railroad, 

148 
, loaded freight, transporting at Jersey City, 47 
, maintenance of, 213 
, for maintenance of way service, Pennsylvania 

Railroad, 147 
, number of, hauled per mile, 217 
, owned by the Pennsylvania Railroad Company, 

summary of, 148 
, Pulhnan palace, 163 

CAST-IRON CHILLED WHEELS, 167 
, chilled wheels, Hamilton's, 83 
, driving wheel centre, 122 

82" 
wheels, system of manufacturing at Altoona, 

Castings, locomotive, interchangeability of, 114, 115 
, special to different classes of locomotives, 

113 
Cattle car, standard, 148 
Causes of breakage of rails, 210 
Centennial Exhibition traffic, 225 

, transportation traffic, APPENDIX C, 262 
Check valve and casing, standard locomotive, 133 
Chemical laboratory at Altoona, 90 

, and physical test department at Altoona, 88 
Chester County, 21 
Chicago, 15 
Chimney stack at the West Philadelphia workshops, 7 4 
Chiques Rock, 22 
Class "A" locomotives, 110 

, "B" 110 
, " C " anthr~cite locomotive, detailed cost of, 138 
, "() " bituminous , 111 
, " C " locomotive, boiler for, 124 

Class " C " bituminous locomotive, cost of material 
for, 136 

, "C " locomotive, bridge pipe and relief gear 
for, 126 

" "C" 
" "C" ,, c" 
" 
" 

"C" 
" "C" 

" 
" 
" 
" 
" 

crosshead for, 131 
cylinder for, 130 
feed pump for, 132 
guide bars for, 131 
hours' labour in construct

ing one, 134 
" C " , throttle lever for, 125 

, "D" 111 
, "D," "E," ::I," locomotives, feed pumps for, 132 
, "E " locomotive, 111 
, "F" , 111 
, "G" 111 

"H" , 111 
, "H " , feed pumps for, 133 

"H" shunting engine, tender for, 144 
"I" locomotive, bridge pipe and relief gear 

for, 126 
"I '·' , cost of, 139 

, "I" crosshead for, 131 
"I" cylinders for, 130 
" I " guide bars for, 131 

, "J" , Ill 
Classes of locomotives, special castings for different, 

113 
Coal car, standard, 148 

, consumption of, per freight car per mile, 216 
, dumping wagons owned by the Pennsylvania 

Railroad Company, 148 
, testing at Altoona, 90 
, truck, standard, 15 7 

Coatesville, 21 
Columbia and Hollidaysburg Canal, The, 5 

, Railroad, The, 5 
, Railroad, cost of the, 5 
, Tunnel, '!'he, 69 

Columbus, Ohio, 15 
Commonwealth of Pennsylvania, The, 1 
Company, The Ohio, 24 

, The Pennsylvania, 8, 15 
Comparative cost of materials in English and American 

locomotives, 13 7 
Comparison of cost of American and English locomo

tives, 137 
Comparisons of weights and capaci~ies of American 

and European rolling stock, 161 
Competitive brake trials on the North Eastern Rail

way, 203 
Compound engines of the American Steamship Line, 

232 
Comptroller of the Pennsylvania Railroad Company, 11 
Condition of locomotives, 214 · 
Conducting transportation freight and passenger ser

vices, cost of, 219 
Conemaugh, 24 

, repairing shops, sand drying machine at 
the, 100 

, river, The, 24 
Conewago creek, 22 
Connecting and coupling rods, locomotive, 132 
Consolidation type of locomotives, 111 
Constructing one class "C" engine, 134 

, one first-class passenger car, cost of, 153 
Construction of bridges on the Pennsylvania Rail

road, 68 
, and equipment account, 11 

Consulting engineer of the Pennsylvania Railroad 
Company, 11 

Consumption of coal per freight car per mile, 216 
, fuel in stoves, 217 

Continuous brakes, 170 
, , and the Board of Trade, 173 

Controlling mechanism of water scoop apparatus, 141 
Core ovens at the locomotive works, Altoona, 80 
Corry, 31 

,, industries of, 31 
Cost of American and English locomotives, comparison 

of, 137 
, of application of the Smith vacuum brake, 201 
, of application of the Westinghouse brake, 21 
, of canals and railroads from Philadelphia to 

Pittsburgh, 7 . 
, of conductin~ transportation, freight and pas-

senger servwes, 219 
, of constructing one first-class passenger car, 15 
, details of, on '' C " anthracite locomotive, 138 
, and earnings per passenger, 229 

of hopper bottom gondola car, 154 
, per 100 miles oflocomotive running expenses, 215 
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Cost of maintenance of the vacuum brake, 203 
, maintenance of the Westinghouse brake, 203 

materials for one class " G" bituminous 
engine, 136 " 

" 

" 

" 

motive power of passenger and freigH ser-
vices, 215 

operating the Belvidere Delaware Railroad, 206 
operating the Delaware Raritan Canal, 206 
operating Pennsylvania Railroad Division, 206 
operating the United Railroads of New 

Jersey, 206 
repairs per engine mile, 217 
standard box-car, 159 
transport per mile on the Pennsylvania Rail
road, 207 

County, Allegheny, 25 
, Chester, 21 

Couplings for automatic brake, 177 
Coupling and connecting rods, locomotive, 132 
Cranes, hydraulic, for wheel foundry, Altoona, 81 

, in the new erecting shop, Altoona locomotive 
works, 78 

Creek, The Conewago, 22 
, Spence, 23 

Cross ties, specification of, 36 
Crosshead for class " C " engine, 131 

for class "I" en"'ine 131 
Cros;lng, standard type, 37" ' 

, and three-throw switch, 36 
Cupola house, main foundry, Altoona locomotive 

works, 79 
Cupolas for wheel foundry, Altoona, 81 
Curve, The Horseshoe, 24 
Cylinders for automatic brake, 176 

" 
" 
" 

for class "C" engine, 130 
for class "I" engine, 130 
and pet cocks, locomotive, 133 
and valve gear, particulars of, 112 

D. 
DEAD WEJGHT OF AMERICAN ROLLING STOCK, 161 
Deck bridge on the Pennsylvania Railroad, 54 
Deduction from net earmngs, Pennsylvania Railroad 

system, 206 
Delaware and Hudson Canal Railroad, The, 4 

, , Raritan Canal Company, The, 14 
, , cost of operating, 206 
, maintenance of, ~20 
, operating expenses on the, 220 
, summary of revenue and expendi-

ture, 206 
, towing expenses on the, 220 

, 'l'he river, bridge over at Trenton, 60 
Department, canal, of the Pennsylvania Railroad, 13 

, legal, of the Pennsylvania Railroad Com-
pany, 11 

of physical and chemical iests at Altoona, 88 

" 
real estate, of the Pennsylvania Railroad 

Company, 11 
, supply of the Pennsylvania Railroad Com-

pany, 13 
DepOt, freight, the Philadelphia, of the Pennsylvania 

Division, 20 
, Jersey City, 43 
, , freight, 27 
, the West Philadelphia, 43 
, wheel and axle at Altoona, 94 

Detailed cost of one" C "anthracite locomotive, 138 
, , "I" locomotive, 139 

Details of water scoop apparatus, 141 
Dilleville Junction, 22 
Dimensions of axles for different locomotives, 128 

, weight, and capacity of English rolling 
stork, 162 

, , of railroad wagons, 161 
Directors, Board of, the Pennsylvania Railway Com

pany, 8 
Distribution of revenue of the Pennsylvania Railroad, 

207 
Distributor and sandbox, locomotive, 127 
District division of Pennsylvania, 1 
Ditches, permanent way, 36 
Division, The New JerEey, 26 

, The New Jersey, officers of, 8 
, The Pennsylvania, 20 
, The Pennsylvania, officers of, 8 

DIVISION, THE PmLADELPHIA AND ERIE, 102 
, The Philadelphia and Erie, officers of, 8 

Docks on Lake Erie, 51 

INDEX. 

Drainage areas of Pennsylvania, 2 
, natural, of the State of Pennsylvania, 1 

Drawing-room Pullman car, 164 
Driftwood, 32 
Driving wheels, locomotive, 122 
Drop-bottom gondola car, 157 
Drymg different kinds of timber, time required for, 93 

, sand, machine for at Conemaugh, 100 

E. 
EARNINGS AND COST PER PASSENGER, 22\l 

, and cost of travel per mile on the Pennsyl-
vania Railroad, 207 

" " 
gross, of the Pennsylvania Rail

road, 205, 207 
Ea~tern division of the Philadelphia and Erie Rail

road, 10 
, terminus of the Pennsylvania Division, 20 

Eccentrics, locomotive, 129 
Efficiency of brakes, 183 
ELEVATOR, GRAIN, AT CANTON, MARYLAND, 105 
Elevators on Lake Erie, 51 
Elizabethtown Tunnel, The, 69 
Emery machinery at Altoona, 82 
Empire Transportation Company's elevator, The, 51 
Emporium, 32 
Engine frame and attachments, standard, 113 

, house, The Altoona car shops, 94. 
, , No. 1, at Alt.oona, 87 

No. 2, at Altoona, 88 
, , No. 3, at Altoona, 88 
, , at the West Philadelphia workshop, 73 
, mileage with freight trains, 217 
, , with passenger trains, 217 
, and pumps for compressing gas at Altoona, 86 

Engineer, consulting, of the Pennsylvania Railroad 
Company, 11 

Engines of the American Steamship Line, 232 
, blowing, at the Altoona locomotive works, 79 

English and American locomotives, comparative cost 
of materials, 137 

, and Indian railway wagons, proportion of 
weights and capacities of, 162 

, rolling stock, weights, capacities, and dimen-
sions of, 162 

Equipment freight on the Pennsylvannia Railroad, 147 
, , Philadelphia and Erie Railroad Divi-

" 
sion, 147 

, United Railroads of New Jersey 
Division, 147 

passenger on the Pennsylvania division, 147 
, Philadelphia and Erie Railroad " 

" " 
Division, 147 

on the United Railroads of New 
J erse.y, 147 

Erecting shop at Altoona, boilers for heating, 96 
, heating the new, Altoona locomotive 

" 
" 

" 

Erie, io 

works, 79 
labour on one engine in, 135 
lighting the new Altoona locomotive 

works, 79 
new, at the Altoona locomotive works, 

78 
the old, Altoona locomotive works, 83 

, city, 29 
docks on Lake, 51 

, harbour on Lake, 51 
, Lake, 29 
, repair shops, Philadelphia and Erie Railroad, 103 
, terminus of the Philadelphia and Erie Railroad, 51 

Exhaust, locomotive, 127 
Exhibition traffic, Centennial, 225 
Expedition, The Braddock, 21 
Expenditure, general, 218 

, items of, in maintenance of way, 210 
, __ and receipts of 1877, 227 

" 
" 

" 

" 

and revenue, summary of Belvidere and 
Flemington Railroad, 206 

" 

" 
" 

" 

of the Pennsylvania Railroad, 205, 
207 

on the Philadelphia and Erie Rail
road,207 

summary of, Delaware and Ra
ritan Canal, 206 

United Railroads of New Jersey, 
206 

summary of percentages of, 218 
transportation, 218 

269 

Expenses, working, of the Pennsylvania Railroad, 205 
207 

Express car, 148 
Extra attachments to one engine, labour on, 136 
European and American rolling stock, comparison of 

weights and capacities of, 161 
,, rolling stock, 160 

F. 
FACING POINTS AND HIGH SIGNAL LAMP, 36 
Feed pump for class " C" engine, 132 

, for freight engine, 132 
Feed-water trough laid on track, 38 
Fire brigade at the Altoona car shops, 94 
Firebox sliding attachment, locomotive, 120 
Firegrate of stationary boilers, 97 
First-class passenger car, standard, 151 
Fishplates, 35 
Flat cars used in transporting freight cars at Jersey 

City, 47 
Floats of the National Company, 48 

, for transporting freight cars at Jersey City, 47 
Footplates for locomotives, 119 
Fore1gn cars working on the Pennsylvania Railroad, 

148 
Foremen of road repairs, rules for, 39 
Forges at the West Philadelphia workshops, 74 
Forgings used in standard locomotives, 115, 116, 117, 

118, 119 
Formation, geological, of Pennsylvania, 2 
Fortieth-street Bridge, Philadelphia, 62 
Forty-first-street Bridge, Philadelphia, 64 
Foundations of the Jersey City depot, 40 
Foundry, brass, at the Altoona locomotive works, 80 

, irons employed in, Altoona locomotive works. 

" 
" 

80 
main, Altoona locomotive works, 79 
wheel, at the Altoona locomotive work~~_, 

81 
Four-wheeled caboose car, 154 

, locomotive truck, 120 
, passenger car truck, standard, 149 

Frame, locomotive, particulars of, 112 
,, standard locomotive and attachments, 113 

Frames of locomotives, transverse, 113 
Framing for tender, 141 
Frankford, 29 
Freight car repair shop, West Philadelphia workshops, 

75 
, shop at Altoona, 91 
, , capacity of, 91 

cars, loaded, transporting at Jersey City, 47 
" 

, depot, Jersey City, 27 
, depot, Philadelphia, of the Pennsylvania Divi-

sion, 20 
, engines, feed pumps for, 132 

, equipment on the Pennsylvania Divi-
" 

" 

" 

" 

" 
" 

sion, 147 
Philadelphia and Erie Railroad Divi

sion, 147 
United Railroad of New Jersey Divi

sion, 147 
mileage for 1877, 228 

, on the Pennsylvania Division, 223 
on the Philadelphia and Erie Rail

road, 224 
, on the United Railroads of New 

Jersey, 224 -
, and passenger cars, maintenan:le of, 213 

, services, cost of conducting and 
" transportation, 219 

, cost and maintenance of way, 209 
, , cost of motive power, 215 · 
, , percentages of general expenses, 218 
, tons of, carried per car, 216 
, tonnage on the Pennsylvania Railroad, 207 

" 
" 

, Pennsylvania Division, 223 
, Philadelphia and Erie Rail

road, 224 
, United Railroads of New 

Jersey, 224 
, traffic, 223 

, l for 1877, 228 
, on the Philadelphia and Erie R&ilroad, 

method of working, 103 . 
, trains, engine mileage with, 217 

Frog, the steel stiff, 37 
Fuel and stores, consumption of, 217 

" 
" 
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G. 
GALLITSIN TUNNEL, 69 
Gas compressing pumps at Altoona, 86 
Gear for manreuvring bridge and boats for transport

ing loading freight cars at Jersey City, 47 
, relief, and bridge pipe for Class "C" engines, 126 
, relief, and bridge pipe for Class "I" engines, 126 

General arrangement of the Altoona locomotive shops, 
76 

, expenditure, percentages of, passenger and 
freight services, 218 

, expenses, 218 
, , account, 11 

freight agent of the Pennsylvania Railroad 
Company, 10 

, manager of the Pennsylvania Railroad Com-
pany, 9 

, organization of the Pennsylvania Railroad 
Company, 8 

, passenger agent of the Pennsylvania Railroad 
Company, 11 

, superintendent of the Pennsylvania Railroad 
Company, 10 

Geographical position of Pennsylvania, 1 
Geological formation of Pennsylvania, 2 
German railways, The automatic brake on the, 185 
Germantown junction, 29 
Gondola car, hopper bottom, 154 

, or platform car, standard, 148 
Grain depot, Thirtieth-street., Philadelphia, 72 
GRAIN ELEVATOR, AT CANTON, MARYLAND, 105 

, , on Lake Erie, 51 
Grate, water, for locomotives, 125 
Gravel ballast, 36 

, or ballast car, standard, 148 
, car standard eight-wheeled, 156 

Gross earnings of the Pennsylvania Railroad, 205,207 
Guide bars for Class "C" engine, 131 

, for Class "I" engine, 131 
Gun truck, sixteen-wheeled, 160 

H. 

HAMILTON'S CAST-IRON CHILLED WHEELS, 83 
· Hammers, steam, at Altoona, 84 

Hand car, 159 
Harbour on Lake Erie, 51 
Harrisburg, 10, 22 

, bridge near, over t.he Susquehanna, 60 
, repairing shops, 98 

Hearths, Smith's, at the West Philadelphia work
shops, 74 

Heating the Altoona car shops, 94 
, boiler shop, locomotive works, Altoona, 78 
, feed water troughs, boilers for, 39 
, new erecting shop, Alt.oona locomotive works, 

79 
, surface, locomotive, particulars of, 112 

History of railway communication in Pennsylvania, 4 
Hopper-bottom gondola r.ar, 154 

standard, 148 
Hor;~shoe curve, The, '24 
Hotel at Renovo, 33 
Hours' labour in constructing one class" C" engine, 134 
Huntingdon repairing shops, t.he, 101 
Hydraulic cranes in wheel foundry, Altoona locomotive 

works, 81 

" 
pressure, testing boilers by, at Altoona, 79 

I. 
"I" CLASS LOCOMOTIVES, BOILERS l!'OR, 124 
Ice house at Altoona, 95 
Inclined planes on the Columbia Railroad, 5 

, , Portage railroad, 5 
Incorporation of the Pennsylvania Railroad 

pany, 7 
Indicator, Pitcairn's track, 212 

, watches, 88 
, The Westinghouse, speed, 180 

Industries of Allegheny city, 25 
, Corry, 32 

" 
" 
" 
" 

Harrisburg, 23 
Jersey city, 27 
Johnstown, 24 
Lancaster, 22 
New York, 26 

Com-

INDEX. 

Industries of Newark, 28 
, Philadelphia, 20 
, Pittsburgh, 25 
, Sunbury, 33 
, Williamsport, 33 

Inland navigation of Pennsylvania, 4 
Interchangeability of different locomotive castings, 

114,115 
, of parts of locomotives, 111 

Iron for chilled wheels, tests of, 169 
, rails removed from permanent way during 1875, 

209 
Irons employed in foundry; Altoona locomotive 

works, 80 
Items of expenditure in maintenance of way, 210 

J. 
JACKSON, 29 
Jefferson, Madison, and Indianapolis Railroad, the, 

15 
Jersey City, 27 

, , depOt, 43 
,, the industries of, 27 
, and Newark Railroad, 14 

, , passenger station, 27 
, , the population of, 27 
, , repairing shops, 99 
, , station, 43 
, , transporting loaded freight cars, 47 

Johnstown, 24 
, and Pittsburgh Canal, The, 5 

Junction, The Dilleville, 22 
Germantown, 29 

, Mantua, 29 
, The Nor-th Pennsylvania, 29 

Juniata, The, 23 
., The little, 23 
., bridge over, 56 

K. 
KANE, 32 
Kiln for drying timber at Altoona, 93 

L, 
f_,ABORATORY, CHEMICAL, AT ALTOONA, 90 
Labour in constructing one class "C " engine, 134 

, on extra attachm!'nts to one engine, 136 
, on one locomotive in boiler shop, 134 
, , in carpenters' shop, 135 
, , erecting shop, 135 
, , lathe shop, 134 
, , smiths' shop, 134 
, , tin shop, 135 
, , vice shop, 135 
, , wheel shop, 135 

Lake drainage of Pennsylvania, 2 
, Erie, 29 
, , docks on, 51 

, grain elevators on, 51 
, , harbour on, 51 

Lambertville, 100 
, repairing shops, the, 100 

Lancaster, 21 
, industries of, 22 
, station, 41 

Lathe shop, labour on one engine in, 134 
Lavatory, workmen's, Altoona locomotive works, 88 
Lazy cock rigging, locomotive, 133 
Leakage valve for automatic brake, 176 
Legal department of the Pennsylvania Railroad Com-

pany, 11 
Length of the Philadelphia and Erie Railroad, 29 
Lever, throttle, for class " C " engine, 125 
Lewistown, 10 

, repairing shops, the, 101 
Light passenger car, standard, 148 
Lighting the new erecting shop, Altoona locomotive 

works, 79 
Line repairmen, rules for, 40 

,. the American Steamship, 232 
Linings for passenger cars, 93 
Little Juniata, The, 56 

, , bridge over, 23 

Loaded cars,. movement of, on the Pennsylvania Divi
sion, 223 

" " 
on the Philadelphia and Erie 

Railroad, 224 
, , on the United Railroads of New 

Jersey, 224 
Loading boats for transporting freight cars at Jersey 

City, 47 
Locomotive boilers, particulars of, 112 

, heatmg surfaces, particulars of, 112 
, and machine shop at West Philadelphia, 73 
, plate sheets, 119 
, repairs, 214 
, round house No. 1, at Altoona, 87 
, round house No. 2, at Altoona, 88 
,. round house No. 3, at Altoona, 88 
, running expenses, cost per 100 miles, 215 
, shops at Altoona, 76 
, The "Stourbridge Lion," 4 
, tests at Altoona, 90 

LOCOMOTIVE WORKS, ALTOONA: 
, annealing pits for wheel foundry, 81 
, bending rolls at, 78 
, blacksmiths' shop, 84 

blowing eng-ines at, 79 
boiler erecting shop at, 78 
boiler shop at, 78 

" 
" 

" 
" 
" 

" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

" 
" 

" 
" 
" 

" 
" 

" 
" 

" 
" 

brass foundry at, 80 
capacity of, 90 
cinder mills at, 79 
core ovens at, 80 
core ovens for wheel foundry, 81 
cranes in the new erecting shop, 78 
cupola house, main foundry, 79 
cupolas for wheel foundry, 81 
department of physical and chemical 

tests, 88 
emery machinery at, 83 
gas pumps, 86 
heating boiler shop, 78 
heating the new erecting shop, 79 
hydraulic cranes in wheel foundry, 81 
irons employed in foundry, 80 
lighting the new erecting shop, 79 
machine shop, 76 
main foundry, 79 
moulding machine at, 80 
new blacksmiths' shop, 85 
new erecting shop, 78 
night watchmen, 88 
number of men employed in wheel 

foundry, 82 
offices, 88 
oil house, 86 
old erecting shop, 83 
paint shop, 85 
pattern shed at, 79 
pattern shop at the, 80 
steam hammers at, 84 
steam rivetting machine at, 78 
steam transfer table, 86 
system of manufacturing cast iron 

wheels, 82 
tank shop at, 78 
telegraph shops, 88 
testing locomotive boiler at, 79 
tin shop, 88 
tube shop, 84 
vice shop, 83 
wheel foundry, 81 

, wheel shop, the, 85 
, workmen's lavatory, 88 

LocoMOTivEs, 110 
, American, materials used in, 137 
, arrangement of automatic brake for, 178 
, axle boxes, wedges, and shoes, 129 
, axles, 128 
, bridge pipe and relief gear for class " C" 

engllles, 126 

" 

" 
" 

" 

" 
" 
" 
" 
" 

engines, 126 " " 
"I" 

castings, special to different classes of, 113 
class "A" 110 
class "B:" 110 
class " C" anthracite, 110 
class " C " anthracite, cost of, 138 
class "C" bituminous, 111 
"C " class, boiler for, 124 
class "D " 111 
class "E'" 111 
class "F;.. 111 
class" G," 111 
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Locomotives, class "H," 111 
, class " H," lender for, 144 

" 
" 
" 
" 
" ,, 

" 
" 
" 
" 
" ,, 
, 
" 

" , 
" , 
, 
" 

" , 
, 

" 

" , 
" , 
" 
" 
" 
" 
" 
" 
" 
" 
" , 
, 
, 
, 

"I" class, boiler for, 124 
class "I " cost of 139 
class "J'" 111 ' 
conditio~ of, 214 
connecting and coupling rods, 132 
Consolidation type, 111 
cost of materials for one class "C " bitu

minous, 136 
crosshead for class "C," 131 
crosshead for class ''I," 131 
cylinder and pet cocks, 133 
cylinder for class "C," 130 
cylinder for class "I," 130 
cylinders and valve gear, particulars of, 112 
dimensions of various axles, 128 
"English and American, comparison of cost, 

137 
eccentrics and straps, 129 
feed pump for class " C," 132 
feed pump for class " H," 133 
feed pumps for freight, 132 
firebox shding attachments, 120 
footplate, 119 
forgmgs used in, 115, 116, 117, 118, 119 
frame, particulars of, 112 
guide bars for class "C," 131 
guide bars for class "I," 131 
interchangeability of different castings, 114, 

115 
interchang-eability of parts, 111 
labour in constructing one class " C," 134 
labour 011, in boiler shop, 134 
labour on, in carpenters' shop, 135 
labour on, in erecting shop, 135 
labour on, for extra attachments, 136 
labour on, in lathe shop, 134 
labour on, in smiths' shop, 134 
labour on, in tin shop, 135 
labour on, in vice shop, 135 
labour on, iu wheel shop, 135 
lazy cock rigging, 133 
mileage of, 217 
miscellaneous particulars of, 112 
number of, on the Pennsylvania Railroad,llO 
pedestal jaws of, 113 · 
pistons, J 30 
the Richardson safety valve, 126 
smoke stack for, 125 
springs, 129 

, · standard boilers, 124 

" 

" 
" 
" 
" 

" 

" 

, cab, 123 
check valve and casing, 133 

, four-wheeled truck, 120, 121 
, frame and attachments, 113 
, pilot, 120 
, steam whistle, 128 
, two.wheeled truck, 121 

steam pipes, admission valve, and exhaust, 
127 

steel tyres, 122 
throttle lever for class " C " engine, 125 

, throttle lever stuffing box, 126 
, transverse frame of, 113 
, truck axles, 129 
, various classes of, 110 
, water grate for, 125 
, W estingbouse brake attachment, 120 
, wheels, particulars of, 112 

Lockport, 24 
Louisville, 15 
Lubricants, testing machine for, at Altoona, 89 
Lubricating oils, gravity and fire tests, at Altoona, 90 
Lumber yard, The, at Altoona, 93 

M. 
MACHINE AND LOCOMOTIVE SHOP AT WEST PHILA-

DELPHIA, 73 
, nut finishing, at the Altoona car shops, 92 
, sand drying, at Conemaugh, 100 
, shop, The, at Altoona, 92 
, testing at Altoona, 89 

Main foundry, The, Altoona locomotive works, 79 
, reservoir for automatic brake, 175 

Maintenance of cars, 213 
, cars accounts, 11 
, Delaware and Raritan Canal, 220 
, permanent way, 208 

INDEX. 

Maintenance of vacuum brake, cost of the, 203 
, way accounts, 11 
, , cost of passenger and freight ser· 

" 
" 
" 

vices, 209 
, Philadelphia and Erie Railroad, 

212 
, service, cars for Pennyslvania Rail-

road, 147 ' 
, shops at Altoona, 95 
, United Railroad of New Jersey, 

212 

Malv'~rn, 21 
Westinghouse brake, cost of, 203 

Mantua Junction, 39 
Manufacturing cast-iron wheels, at Altoona, 82 
Maps of the Pennsylvania Railroad Company's lines, 

13, 14 
Marietta, 22 
Market-street Bridge, Philadelphia, 20, 71, 210 
Massacre, The Paoli, 21 
Materials, comparative cost of, in English and 

American locomotives, 137 

" 
cost of, for one class " C" bituminous 

locomotive, 136 
, used in American locomot.ives, 137 
, used in one first-class passenger car, 153 

Mauch Chunk Railroad, 4 
Maximum engine mileage with freight trains, 217 

, , passenger !.rains, 217 
Meadows, 28 · 

, repairing shops, the, 98 
, shops, transfer table at the, 99 

Mechanism, controlling, of water scoop apparatus, 141 
Method of working inclined planes on the Portage 

Railroad, 6 
Mexican Gulf drainage of Pennsylvania, 2 
Middle Division of the Philadelphia and E.rie Rail

road, 10 
Miffiin repairing shops, the, 101 
Mileage, engine, with freight trains, 217 

, freight, for 1877, 228 
, , on the Pennsylvania Division, 223 
, , , Philadelphia and Erie Rail-

" 
" 
" 

" 
" 
" 

" 
" 
" 

road, 224 

" " 
United Railroads of New 

Jersey, 224 
of Locomotives, 217 
passenger, Belvidere Delaware Railroad, 

221 
of passenger cars, 216 
passenger, for 1877, 229 

, on the Pennsylvania Railroad, 

" 
221 

on the Philadelphia and Erie 
Railroad, 222 

of passenger train engines, 217 
passenger, on the United Railroads of New 

Jeraey, 221 
, of the Philadelphia and Erie Railroad, 14 
, , United Railroads of New Jersey, 13 

Mill, planing, at Altoona, 91 
Mines, nickel, at Coatesville, 21 
Minimum sections, 69 
Mining at Chiques, 22 

· , Marietta, 22 
Miscellaneous particulars of locomotives, 112 
MISCELLANEOUS REPAIRING SHOPS, 97 

, testing at Altoona, 90 
Monongahela Bridge, 58, 60 
Morrisville Bridge, The, 65 
Motive power, 214 

, accounts, 11 
, cost of, passenger and freight service, 

215 
, department of the Pennsylvania Rail-

road Company, 76 
Moulding machines at the Altoona locomotive works, 

80 
Mount Union Bridge, The, 56 
Movement of loaded cars on the Pennsylvania Division, 

223 

" " 

" " 

on the Philadelphia and 
Erie Railroad, 224 

on the United Railroads of 
New Jersey, 224 

N. 
NATIONAL COMPANY, l'LOATS OF THE, 48 
Natural drainage of the State of Pennsylvania, 1 

271 

Navigation, inland, of Pennsylvania, 4 
New erecting shop at the Alt.oona locomotive works 

78 

" 
, heating the, Altoona locom·otive 

works, 79 ' 
New Jersey Railroad Division, 26 

, , Amboy section, 10 
, , freight equipment on 

the, 147 

" 
" 
" 

" 
,, 

New York section, 10 
officers of the, 8 
passenger equipment 

on the, 147 
, The United Railroads of, 8, 13 

"New Portage Railroad," The, 7 . 
New York, 26 
Net earnings, deductions from, 'Pennsylvania Rail

road system, 206 
Newark, 28 

, The industries of, 28 
, The population of, 28 

Nickel mines at Coatesville, The, 21 
Night watchmen at the Altoona Locomotive works, 88 
North British Railway, The automatic brake on the, 83 
North Eastern Railway, The automatic brake oii the, 

202 
North Pennsylvania Junction, 29 
Northern Central Railroad, The, 15 
Number of cars hauled per mile, 217 

, locomotives on the Pennsylvania Railroad, 

" 
" 
" 

" 
" 
" 
" 

110 . . 
passengers carri~d on the Belvidere Dela

ware Railroad, 221 . 
passengers carried on the Pennsylvania 

Railroad, 221 
passengers carried on the 'Philadelphia and 

Erie Railroad, 221 ' 
passengers carried o'n the United Railroads 

of New Jersey, 221 
workmen employed at Altoona, 90 · 

, in blacksmiths' shop, Altoona, 92 
, in passenger car erecting shop, 

Altoona, 91 · · 
, , in planing mill, Altoona, 92 

Nut finishing machine at the Altoona car shop, 92 

0. 
OBLIGATIONS O.P THE PENNSYLVANIA RAILROAD, 230 
Offices at the Altoona locomotive works, 88 

·, of the New Jersey Division, 8 
, , Pennsylvania Division, S 
, , Philadelphia and Erie Division, 8 
, and stores at the Altoona car shops, 94 

Ohio Company, The, 24 
"Ohio," The, performance of, the American Steamship 

Line, 233 
Oil house, the ; Altoona locomotive works, 86 

, , at the West Philadelphia workshops, 75 
, tanks at the West Philadelphia workshops, 75 
, wells, 32 

Oils, adulteration of, testing for, at Altoona, 90 
, lubricating, testing at Altoona, 90 

Operating the Belvidere Delaware Railroad, cost of, 206 
, the Delaware Raritan Canal, cost of, 206 
, expenses of the Delaware and Raritan 

Canal, 220 

" 
" 

Pennsylvania Railroad Division, cost of, 206 
the United Railroads of New Jersey, cost 

of, 206 
Operation of the automatic brake, 180 
Organization, general, of the Pennsylvania Railroad 

Company, 8 

" 
of the Pennsylvania Railroad Company, 

synopsis of, 12 
, , Pullman car service, 163 

Ovens, core, at the locomotive works, Altoona, 80 

P. 
PAINT SHOP, THE, AT ALTOONA, 85 

, store at Altoona, 93 
, testing at Altoona, 90 

Painting and upholstery shop, Altoona, 93 
PALACE CARS, PULLMAN, 163 
Paoli, massacre, The, 21 

, station, 21 
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Particulars of cylinders and valve gear, 112 
, locomotive boilers, 112 
, locomotive frame, 112 
, locomotive heating surface, 112 
, locomotive wheels, 112 
, tenders, 112 

Passenger agent, general, of the Pennsylvania Railroad 

" 
" 
" 
" 
" 

" 
" 
" 

" 

" 

" 

" 
" 
" 
" 

Company, 11 
car axles, tests of, Table No. VI., 89 
, erecting shop at Altoona, 91 
, first-class, material used in, 153 
, first-class standard, 151 
, lining, 93 

mileage of, 216 
, one first-class, cost of constructing,_ 153 
, shop: West Philadelphia workshops, 75 
, standard light, 148 
, truck, standard four wheel, 149 
, truck, standard six wheel, 150 
equipment on the Pennsylvania Railroad, 

147 

" 

" 

Philadelphia and Erie Railroad 
Division, 147 

United Railroads of New Jersey 
Division, 147 

and freight cars, maintenance of, 213 
, services, cost of maintenance of 

way, 209 
services, cost of motive power, 

215 
, services, percentages of general 

expenses, 218 
mileage on the Belvidere Delaware Railroad, 

221 
, for 1877, 229 
, on the Penns.vlvania Railroad, 221 

Philadelphia and Erie Rail
road, 222 

" 
United Railroads of New 

Jersey, 221 
, station, Jersey City, 27 
, traffic for 1877, 229 
, train, engine mileage with, 217 

Passengers, number of, carried on the Belvidere Dela
ware Railroad, 221 

" " 

" 

carried on the Pennsylvania 
Railroad, 221 

carried on the Philadelphia 
and Erie Railroad, 221 

, , carried on the United Rail-
roads of New Jersey, 221 

Pedestals, jaws of, locomotive, 113 
Pennsylvania Canal, Commissioners' report, 1836, 6 

, , The eastern division, 5 
, The Commonwealth of, 1 
, Company, The, 8, 15 
, extent of, 1 

PENNSYLVANIA RAILROAD, THE 
, abattoirs a:t Philadelphia, 48 
, accounts, 11 
, assistant treasurer of the, 9 

" 
" 

" 

, auditors of the, 11 
, automatic brake on the, 182 
, bridge construction on the, 68 

canal department of the, 13 

" 

" 

" 

" 

" 
" 
" 

cars for maintenance of way 
service, 147 

coal dumping wagons owned by 
the, 148 

comptroller of the, 11 
consulting engineer of the, 11 
cost of operating, 206 
deck bridges on the, 54 
deduction from net earnings, 206 
development in the State of, 8 
distribution of its revenue, 207 
Division, The, 20 
earnings and cost of travel per 

mile, 207 
equipment freight on the, 147 
equi,rment passenger on the, 147 
foreign cars working on the, 148 
freight equipment on the, 147 
freight mileage on the, 223, 224 
general freight agent of the, 10 
general manager of the, 9 
general organization of the, 8 
general passenger agent of the, 11 
general superintendents of the, 10 
gross earnings of the, 205, 207 
incot·poration of the, 7 
legal department of the, 11 

INDEX. 

PENNSYLVANIA RAILROAD, motive power department of 
the, 76 

" " 

" 

" 
" 

" 
,, 

" 

" " 

" 

" 
" 

" 
,, 

" 
" " 
" 
" 

movement of loaded cars on the, 
223 

movement of petroleum on the 
223 

number of passengers carried on 
the, 221 

obligations of the, 230 
passenger equipment on the, 

147 
passenger mileage on the, 221 
pattern shop, locomotive works, 

Altoona, 79 
plate girder bridges on the, 55 
presidents of the, 9 
rails on the, 3 5 
revenue and expenditure of the, 

205, 207 
rules and regulations of the, 

ArPENDIX A., 237 
secretary of the, 9 
strike on the, 229 
subdivision of the, 10 
summary of cars owned by the, 

148 
summary of revenue and expen

diture, 205 
supply department of the, 9, 13 
synopsis of the organization of 

the, 12 
timber bridges on the, 53 
transportation department of the, 

9 
treasurer of the, 9 
vice presidents of the, 9 
wagons, proportions of weights 

and capacities of, 162 
Pequea Bridge, 70 
Percentages of cost of maintenance of passenger and 

freight cars, 213 

" 

" 
" 

cost of maintenance of way passenger 
and freight services, 209 

expenditure, summary of, 218 
general expenditure, .passenger and 

freight services, 218 
Performance of the "Ohio" American steamship line, 

233 
Permanent way, 35 

, ditches, 36 
, items of expenditure in maintenance of, 

" 

" 

210 
maintenance of, 208 

, passenger and freight services, 

" 

" 

209 
United Railroads of New 

Jersey, 212 
Philarlelphia and Erie Rail-

road, 212 
policing 36 
rails removed from during 1875, 209 
specification of supentructures of, 

36 
Pet cocks, locomotive, 133 
Petroleum, movement of, on the Pennsylvania Divi

sion, 223 
Philadelphia, 10, 20 

, The Belmont Avenue Bridge, 64 
, and Columbia Railroad, 4 
, bridge carrying Fortieth-street over 

" 

" 

" 

Pennsylvania Railroad, 62 
bridge carrying Forty-first.street over 

Pennsylvania Railroad, 64 
bridge at, over the Schuylkill river, 55 
bridge over Thirtieth-street, 62 
grain depot at Thirtieth-street, 72 
The industries of, 20 
and Lancaster Railroad,The proposed,4 
Market-street Bridge, 71, 210 
Pennsylvania Railroad Company's abat-

toirs at., 48 
, population of, 20 

PHILADELPHIA AND ERIE DIVISION, 8, 13, 29, }02 
, Eastern Division, 10 
, Erie repair shops, 103 
, freight equipment on the, 147 
, freight tonnage on the, 224 
, maintenance of way of, 212 
, method of working freight traffic, 

103 
middle Division, 10 
mileage of the, 14 

PHILADELPHIA AND ERIE DIVISION-continued. 
, , number of passengers carried 

on the, 221 

" 

" 

officers of, 8 
passenger equipment on the, 147 
passenger mileage on the, 222 
revenue and expenditure on the, 

207 
Sunbury repair shops, 103 

, , Western Division, 18 
Physical and chemical test department at Altoona, 88 
Pilot, standard locomotive, 120 
Pipes, locomotive steam, 127 
Pistons, locomotive, 130 
Pitcairn's track indicator, 212 
Pittsburgh, 10, 15, 24 

Cincinnatti, and St. Louis Railroad, The, 15 
Fort Wayne, and Chicago Railroad, The, 15 
repairing shops, 97 

, Steuben ville Railroad, The, 15 
Planes, inclined, on the Columbia Railroad, 5 

, , , Portage Railroad, 6 
Planing mill, Altoona, 91 
Plate girder bridges on the Pennsylvania Railroad, 55 

, struts, locomotive, 119 
Piates for tender trains, 140 
Platform or gondola car, standard, 148 
Points, facing and signal lamp, 36 
Policing of permanent wa.v, 36 
Population of Brooklyn, The, 

, Erie City, 29 
Jersey City, 27 

, New York, The, 26 
, Newark, 'l'he, 28 
, Philadelphia, The, 20 
, Trenton, 29 

Portage Railroad, The, 5 
cost of the, 5 
its inclined planes, 8 

, , tunnel over the, 5 
Pratt trusses on the Pennyslvania Railroad, 53 
President of the Pennsylvania Railroad Companv 9 
Pmduction of steel rails in the United States, 2i1 
Proportions of capacities and weights of English and 

Indian railway wagons, 162 

" weights and capacities of Pennsylvania 
railway wagons, 162 

Pullman car service, organization of the, 163 
, drawing-room car, 164 
, palace car, 163 
, sleeping car, 165 

Pump for class "C" en!!,ine, 132 
for class "H" engine, 133 
for freight engines (classes" D," "E," "I"), 132 
gas, compressing, at Altoona, 86 

R. 
RAILROAD, THE ALLEGHENY VALLEY, 32 

, The Baltimore and Potomac, 8, 15 

" 

" 
" 
" 
" 

" 

" 
" 
" 

" 

" 
" 
" 

" 

" 

, station at Washington, 42 
The Baltimore and Ohio, 4 
The Belvidere, Delaware, 14 
The Camden and Amboy, 14 

, and Transportation Company, 14 
, and Cape May, 15 

The Columbia, 5 
Company, the Pennsylvania, incorporation 

of the, 7 
The Delaware and Hudson Canal, 4 
development in the State of Pennsylvania 8 
first in the United States, 4 ' 
The Jefferson, Madison, and Indianapolis, 

15 
'rhe Jersey City and Newark, 14 
Mauch Chunk, 4 
"The New Portage," 7 
The Northern Central, 15 
the Pennsylvania, The automatic brake on 

the, 182 
The Philadelphia and Columbia, 4 

, and Erie, 8, 13, 29, 103 · 
, method of working freight 

traffic, 103 · · . 
, mileage of, 14 
, Sunbury repair shops, 103 

The Pittsburgh, Cincinnati, and St. Louis 
15 ' 

, Fort Wayne, and Chicago, 15 
, and Steubenville, 15 · 

The Portage, 5 
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Railroad, The proposed Philadelphia and Lancaster, 4 
, Stations, American, 41 

" 
The Steubenville and Indiana, 15 
wagons, weight, capacity, and dimensions 

of, 161 
,, The West Chester Branch, 21 

Railroads, The United ofN ew Jersey, 8, 13, 221 
Rails, causes of breakage of, 210 

, employed on the Pennsylvania Railroad, 35 
production of steel, in the United States, 211 

, rejection of, 05 
removed from permanent way during 1875, 209 
specifications for, 35 

, temporary rejection of, 35 
Railway, The Cairo and Vincennes, 15 

, communication in Pennsylvania, history of, 4 
, North British, Tile automatic brake on the, 

183 
, The North Eastern, brake trials on, 202, 203 

Railways, Belgian State, The automatic brake on the, 
196 

, German, The automatic brake on the, 185 
Ramsbottom's feed water troughs, 38 
Raritan and Delaware Canal Company, The, 14 

, river bridge, The, 60 
Real Estate Department of the P ennsylvania Rail-

road Company, 11 
Receipts and expenditure for 1877, 227 
R ecording testing machine at Altoona, Thurston's, 89 
Regulations and rules on the P ellllsy 1 vania Railroad : 

APPENDIX A, 237 
Rejection of rails, 35 

, , temporary, 35 
Relative work performed by the Smith and Westing

house brakes, 201 
Relief gear and bridge pipe for class " C " engines, 126 

, , , " I" , 126 
Renovo, 10, 32 

, hotel, 33 
, workshops, 102 

Repairing and building shops, 71 
REPAIRING SHOPS, MISCELLANEOUS, 97 

The Blairsville, 102 

" ,. 

" 

" 

" 
, 

" 
" 

, 

The Camden, 101 
The Conemaugh, 99 
The Erie, 103 
The Harrisburg, 98 
The Huntingdon, 101 
The Jersey Cit_y, 99 
The Lambertville, 100 
The Lewistown, 101 
The Meadows, 98 
The Mifflin, 101 
The Pittsburgh, 97 
The Renovo, 102 
The South Amboy, 101 
The State Line, 101 
The Sunbury, Philadelphia, and 

Erie Railroad, 103 
, , The Tyrone, 100 

Repairs, cost of per engine mile, 217 
, to locomotives, 214 

R eport, The Pennsylvania Canal Commissioners', 
1836, 6 

Reservoir for automatic brake, 175 
B.eveaue and expenditure, summary of, Belvidere and 

Flemington Railroad, 206 

" 
" 

" 

" 

" , 
" 

" 

Delaware and Raritan Canal, 206 
of the Pennsylvania Railroad, 205 
on the Philadelphia and Erie Rail-

road, 207 
United Railroads of New Jersey, 

206 
of the Pennsylvania Railroad, distribution 

of the, 207 
Richardson's safety valve, The, 126 
Ridgway, 32 
Rigging, locomotive lazy cock, 133 
River, The Conemaugh, 24 

The Delaware, bridge over at Trenton, 60 
, The Little Juniata, bridge over, 56 

Raritan, bridge over the, 101 
, Tbe Schuy !kill, bridge over at Philadelphia, 

55 
, The Susquehanna, bridge over near Harrisburg, 

60 
, system of Pennsylvania, 2 

Road bed and ballast, 36 
, spemfication of, 36 
, repairs, rules for foremen of, 39 

Rod, locomotive connecting and coupling, 132 
RoLLING sTOCK, 146 

INDEX. 

RoLLING STOCK, American and European, comparison 
of weight and capacities of, 161 

dead weight of American, 161 
English dimensions, weights, and ca

pacities of, 162 

" 

" 

English and Indian proportion of 
weights and capacities of, 162 -

European, 160 
Pennsylvania, proportion of weights 

and capacities of, 162 
Pennsylvania, weights and capacities 

of, 160 
Roof of the West Philadelphia depot, 44 
Round House, No. I, locomotive works, Altoona, 87 

, No. 2, , , , 88 
, , No. 3, , , , 88 

Rules for foremen of, road repairs, 39 
, for line repairmen, 40 
, and regulations of the Pennsy I vania Railroad, 

APPENDIX A, 237 
, for switch tenders, 40 

Running expenses, locomotive, cost per 100 miles, 215 

s. 
SAFETY SWITCH, THE, 36 

, valve, Tbe Richardson, 126 
Sand drying machine at Conemaugh, 100 
Sandbox and distributor, locomotive, 127 
Schuylkill river, The bridge on, at Philadelphia, 55,71 
Scott, Colonel Thomas A., 8 
Scoop, water, for tender, 140 
Secretary of the Pennsylvania Railroad Company, 9 
Sections, minimum, 69 
Shaving tower, Altoona car shops, 92 
Shoes, wedges, and axle boxes, locomotive, 129 
SHoPs BuiLDING, AND REPAIRING, 71 

, , The Blairsville, 102 
, , 'l'he Camden, 101 
, The Conemaugh, 99 
, , The Harrisburg, 98 

" " 
" , 

The Huntingdon, 101 
The Jersey City, 99 
The Lambertville, 100 
The Lewistown, 101 
'l'he Meadows, 98 

, The Miffiin, 101 
, , The Pittsburgh, 97 
, 'l'he Renovo, 102 
, , The State Line, 101 
, , The South Amboy, 101 
, , The Tyrone, 100 

Shunting engines, class "H," tender for, 144 
Signal lamp and facing points, 36 
Signal tower, The standard, 37 
Signals, 35 
Six-wheeled passenger car truck, standard, 150 
Sixteen-wheeled gun truck, 160 
Slaughterhouses, The Pennsylvania Railroad Com

pany's, at Philadelphia, 48 
Sleeping cars, Pullman, 165 

, standard, 148 
Sliding attachments, locomotive firebox, 120 
Slowness of action of the vacuum brake, 204 
Smith brake, inferiority of, compared with the West

inghouse, 201 
Smith and Westinghonse brakes, relative work per

formed by the, 201 
Smiths' forges at the West Philadelphia workshops, 74 

, shop, labour on one engine in, 134 
Smoke stacks for locomotives, 125 
South Amboy, 14, 101 
Special castings for different classes oflocomotives, 113 
Specification of cross ties, 36 

, rails, 35 
, roadbed, 36 
, superstructure of permanent way, 36 

Speed indicator, 'l'he Westinghouse, 180 
Springs, locomotive, 129 

, standard, 155 
Spruce Creek Tunnel, The, 23, 69 
Standard baggage car, 148 

" 
" 
" 
" 
" 
" 
" 

box car, 148, 158 
, cost of, 159 

cab, locomotive, 123 
cattle car, 148 
coal car, 148, 157 
crossing, 3 7 
drop-bottom gondola car, 157 
eight-wheeled gravel car, 156 

Standard express car, 148 

" 
" 

" 
" 

first-class passenger car, 151 
fuur-wheeled locomotive truck, 120 
four-wh eeled passenger car truck, 149 
gondola or platiorm car, 148 
gravel or ballast car, 148 
hopper gondola car, 148 
light passenger car, 148 
locomotive boilers, 124 

273 

" 
locomotive check valve and casing, 133 
locomotive frame and_attachments, 113 
locomotive pilot, 120 
signal tower, 37 
six-wheeled passenger car truck, 150 
sleeping car, 148 
springs, 15 5 
steam whistle, locomotive, 128 
tender for class" H" shunting engines, 144 

, tender trucks, 142 
, two-wheeled locomotive truck, 121 
, types of stationary boilers, 95 
, wagon truck, 155 

State line repairing shops, Tbe, 101 
Station, Baltimore and Potomac, 42 

The Bryn Mawr, 20, 41 
Jersey City passenger, 2 7 

, at Jersey Cit_y, 43 
Lancaster, 41 

, The Villanova, 21 
, The West Philadelphia, 43 
, yard at West Philadelphia, 72 

STATIONS, 41 
Stationary boilers, 95 

, , at Altoona car shops, 94 
, , fire grate of, 9 7 

Steam hammers at Altoona, 84 
, pipes, locomotive, 127 
, rivetting machine at the Altoona locomotive 

works, 78 
, transfer table, The, A Itoona locomotive works, 86 
, whistle, locomotive, 128 

Steamship Line, The ; American, 232 
Steel rail stiff frog, 37 

, rails, 35 
, , production of, in the United States, 211 
, , removed from permanent way during 1875, 

210 
, tyres, locomotive, 122 · 

Stephenson's, David, remarks on the Portage Railroad, 6 
Steubenville and Indiana Railroad, The, 15 
Stone ballast, 36 
Stores and fuel, consumption of, 217 

,, and offices at the Altoona car shops, 94 
, paint, at Altoona, 93 

" Stourbridge Lion" locomotive, 4 
Straps, locomotive, 129 
Strength of wheel mixtures, 89 

T. 
TABLE, STEAM TRA.NSFER AT ALTOONA, 86 

, transfer at the Meadows shops, 99 
Tank shof at the Altoona locomotive works, 78 
Tanks, oi, at the West Philadelphia workshops, 75 

, tender, 140 
Telegraph shops at the Altoona louomotive works, 88 
Temporary rejection of rails, 35 
Tender brake rigging, Westinghouse, 142 

, for class "H" shunting engines, 144 
, framing, 141 
, tanks, 143 
, , plates for, 140 
, water discharge from, 142 
, water scoop for, 140 

Tenders, 140 
, arrangement of automatic brake for, 178 
, particulars of, 112 . 

Terminus, eastern, of the Pennsylvania Division, 20 
, of the Philadelphia and Erie Railroad at 

Erie, 51 
Testing coals at Altoona, 90 

, locomotive boilers at Altoona, 79 
locomotives at Altoona, 90 

, machine at Altoona, 89 
machine for car axles at Altoona, 89 

, machine for lubricants at Altoona, 89 
, miscellaneous at Altoona, 90 
, paint at Altoona, 90 

Tests of chilled cast-iron wheels, 169 
, passenger car aides, 89 
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Tests of wheel mixtures, 89 
Thirtieth-street Bridge, Philadelphia, 60 

, Philadelphia, grain depot at, 72 
Thomson, John Edgar, The late, 8 
Three-throw switch and crossing, 36 
Throttle lever for class " C" engine, 125 
Thurston's testing machine at Altoona, 89 
Ties, specification of cross, 36 
Timber kiln at Altoona, 93 

, time required for drying different kinds, 93 
Tin shop, The, at Altoona, 92 

, labour on one engine -in, 135 
Tonnage freight on the Pennsylvania Division, 223 

, , Pennsylvania Railroad, 207 
, , Philadelphia and Erie Rail-

road, 224 

" 
, United Railroads of New 

Jersey, 223 
Tons of freight carried per car, 216 
Tools at machine shop, Altoona locomotive works, 77 
Tower, shaving at Altoona car shops, 92 
Towing expenses on the Delaware and Raritan Canal, 

220 
Track indicator, Pitcairn's, 212 
Traffic, Centennial Exhibition, 225 

freight, 223 
, for 1877, 228 
, method of working on the Philadel-

phia and Erie railroad, 103 
" 
" 
, passenger, for 1877, 229 
, on the Portage l:tailroad, 6 

· , transfer, at Jersey City, 48 
Transfer table, Altoona locomotive works, 86 

, at the Meadows shops, 99 
Transport, cost of per mile on the Pennsylvania Rail

road, 207 
Transportation accounts, 11 

, Company, 'fhe, and Camden and 
Amboy .Railroad, 14 

cost of conducting freight and pas
senger service, 219 " 

" 
department of the Pennsylvania Rail

road Company, 9 
, expenses, 218 
, traffic, Centennial, APPENDIX C, 262 

Transverse frames of locomotives, 113 
Treasurer of the Pennsylvania Railroad Company, 9 
Trenton, 28, 29 

, . bridge, 60, 67 
, canal, tunnel at, 69 

Triple valve for automatic brake, 175 
Troughs, feed water laid on tracks, 38 
Truck axles for locomotives, 129 

, four-wheeled locomotive, 120, 121 
, four-wheeled passenger car, 149 
, sixteen-wheeled gun, 160 

standard coal, 157 

" 
,, six-wheeled passenger car, 150 
, wagon, 15 5 

, for tenders, 142 
, two-wheeled locomotive, 121 

Tube shop, The, at Altoona, 84 
Tunnel, The Allegheny, 69 

, canal, at Trenton, 69 
Carpenters', 69 

, The Columbia, 69 
, The Elizabethtown, 69 
, Gallitzin, 69 
, Spruce Creek, 69 

Turntable of engine shed, West Philadelphia, 72 
'l'wo-wheeled locomotive truck, 121 
Types, standard of stationary boilers, 95 
Tyres, locomotive steel, 122 

, locomotive wheel, 85 
, wheels and axles, locomotive, 214 

Tyrone, 10 
, repairing shops, The, 100 

u. 
UNION, 31 

INDEX. 

UNITED RAILROADS OF NEW JERSEY DrvrsioN, TuE, 

" " 
" " 
" " 

" 

" " 

" " 

8, 13 
cost of operating, 206 
freight equipment on the, 147 
freight mileage on the, 224 
freight tonnage on the, 223 
maintenance of way of, 212 
movement of loaded cars on the, 224 
passenger equipment on the, 147 
passenger mileage on the, 221 
number of passengers carried on 

the, 221 
summary of revenue and expen

diture, 206 
Upholstery and painting shops at Altoona, 93 

v. 
VACUUM BRAKE, COST OF APPLICATION OF THE, 201 

" 
,, 

efficiency of, 184 
maintenance of the, 203 
slowness of action of the, 20 t 
and Westinghouse brake trials on tile 

North Eastern Railway, 203 
Valve, admission, locomotive, 127 

check and casing, locomotive, 133 
, engine driver's, for automatic brake, 1 77 
, gear and cylinders, particulars of, 112 

leakage, for automatic brake, 176 
, The Richardson safety, 126 
, triple, for automatic brake, 175 

Varnishing shop at Altoona, 93 
Vice shop, The, Altoona locomotive works, 83 

, , labour on one engine in, 135 
Vice-presidents of the Pennsylvania Railroad Com

pany, 9 
Villanova Station, 20 

w. 
WAGON TRUCK, STANDARD, 155 
Wagons, coal dumping, owned by the Pennsylvania 

Railroad Company, 148 
railroad, weight, capacity and dimensions of, 

161 
Warming the Altoona car shops, 94 
Warren, 32 
Washington, 15 

, station at, of the Baltimore and Potomac 
R ailroad, 42 

Watches, indicator, 88 
Watchmen at Altoona car shops, 94 

, night, at the Altoona locomotive works, 88 
Water discharge from tender, 142 

, grate for locomotives, 125 
, scoop apparatus, details of, 141 
, scoop for tenders, 140 
,, supply at the West Philadelphia workshops, 75 
, system of Pennsylvania, 2 
, troughs, feed, laid on track, 38 

Way, maintenance of, shops at Altoona, 95 
·wedges, shoes, and axle boxes, locomotive, 129 
Weights and capacities of American and European 

rolling stock, comparisons of, 161 

" 

" 
" 

Wells, oil, 32 

, of English and Indian railway 
wagons, proportion of, 162 

, of P ennsylvania rolling stock, 160 
, of Pennsylvania Railroad wagons, 

proportion of, 162 

West blacksmiths' shop at West Philadelphia, 7 4 
, Chester branch railroad, 21 
, Philadelphia depot, 43 
, , , roof of the, 44 
, station, engine shed at, 72 
, , , yard, The, 72 

THE END. 
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, , locomotive and machine 
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, turntable at, 72 
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, operation of the, 180 
trials on the : 

Belgian State Railways, 196 
German Railways, 185 
North British Railway, 183 
North Eastern Railway, 202 
Pennsylvania Railroad, 182 

brake attachment, locomotive, 120 
, cost of the application of the, 201 
, cost of maintenance of the, 203 
, quickness of action of the, 204 
, rigging for tender, 142 

superiority of the, over the 
Smith, 201 

continuous brake, The, 170 
and Smith brakes, relative work per

formed by the, 201: 
, speed indicator, 180 
, and vacuum brake trials on the North 

Eastern Railway, 203 
Wharton switch, The, 36 
Wheel and axle depOt, Altoona, 94 

,, foundry, Altoona, annealing pits for, 81 
, core ovens for, 87 

" , cupolas for, 81 
, number of men employed, 82 

mixtures, strength of, 89 
, mixtures, tests of, 89 
, shop, The, at Altoona, 85 
, , labour on one engine in, 135 
, tyres, locomotive, 85 

Wheels, cast-iron chilled, 167 
, , svstem of making at Altoona, 82 
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, locomotive driving, 122. 
, , particulars of, 112 

Whistle, locomotive steam, 128 
Wilcox, 32 
Williamsport, 10, 33 
Wilson, J. M., 55 
Wilson, Major John, 5 
Wilson, W. H., consulting engineer to the Pennsyl

vania Railroad Company, 11 
Work, relative, performed by the Smith and Westing

house brake, 201 
Working expenses of the Pennsylvania Railroad, 205, 

207 
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freight traffic on the Philadelphia and Erie 

Railroad, 103 
, inclined planes on the Portage Railroad, 6 

Workmen employed at Altoona, 90 

" " 
" " 

in blacksmiths' shop, Altoona, 92 
in freight car shop, Altoona, 91 
passenger car erecting shop, 

Altoona, 91 
, , in planing mills, Altoona, 92 

Workmen's lavatory, Altoona locomotive works, 88 
·workshops, The Altoona locomotive, 76 · 

, car, 90 
, maintenance of way, 95 

miscellaneous repairing, 97 
The West Philadelphia, 71 
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