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)GH WORKS.

OFFICE OF

THE PHCENIX BRIDGE COMPANY,

Successors to CLARKE, REEVES & €O,

Engineers, Contractors, and Builders of Bridges, Viaducts, Roofs, etc., of Iron and Steel,

No. 410 WALNUT STREET, PHILADELPHIA.

(X INCE the presentation of our last album in 1873, the rapid increase in the variety
A  and amount of our business, in the design and manufacturc of bridges and of all
kinds of structures of iron and steel, renders it necessary for us to exhibit to the
public, and to our friends and customers particularly, the present state of constructive
engincering as existing at the works of The Pheenix Bridge Company.

By a recent reorganization the Pheenixville Bridge Works, heretofore known under
the firm-name of Clarke, Reeves & Co., are conducted under the corporate title of The
Pheenix Bridge Company. By this rcorganization we have assumed the entire business
of that firm, and have perfected arrangements with The Pheenix Iron Company, which
give us additional facilities for concentrating the productive plant of that company upon
the construction of our bridges, roofs, viaducts, picrs, ete. Our present capacity thus
reaches a yearly amount of 30,000 to 35,000 tons of finished material, with facilities
which permit of further increase, if required by any unusual demand.

With machinery of the most improved character and an experience extending back
almost to the very commencement of iron bridge-building in this country, it is believed
that The Phenix Bridge Company has unexcelled, if, indeed, equalled facilities for
meeting the demands of the most advanced engineering practice. ’

Tt is our intention at the present, as it has been in the past, in the first place, to
admit no material in our constructions except that of the véry best quality, and which,
by its nature, is best adapted to the resisting of tho stresses acting upon it; and, in the
second place, by a careful study of the circumstances of each case, to so design all parts,
both main and detail, as to enable them to exert the resisting capacity of the metal in
the simplest, most direct, and consequently most advantageous manner, thus attaining
that greatest desideratum in all correct constructive design, viz,, combined economy of
material and expense. -

Our situation is such that the quality of the material entering into our constructions
is completely under our control. Essentially, all of our material is produced by The
Pheenix Iron Company, whose resources are so oxtensive and plant so complete that
every stage of manufacture from the ore to the finished bar or shape is included within
their works and performed on their premises. Thus every part of the process of produc-
tion may be so adjusted and co-ordinated to the others, that any quality or grade of
material best adapted to any particular construction may be secured with certainty. The
high reputation of “ Pheenix” iron for constructive purposes is undoubtedly due to this
unity of design governing the effects of the different stages of production for the purpose
of sccuring a definite end.

CHARACTER OF TRUSS.

Each individual type of truss possesses some particular merit of its own; but long
experience in American bridge-practice has shown that the type originally developed by
Pratt in wood and Whipple in iron, when designed in proper proportions, combines the
greatest number of advantages for all usual circumstances. Our carly selection and
development of this truss for the great majority of ordinary cases, together with its
later almost universal adoption in American practice, constitute gratifying evidences of
the correctness of the general principles on which wo have developed our designs.

Extraordinary circumstances, such as those of unusual length of span, difficulties of
erection, ete., render advisable other types of truss, like the cantilever, or those with
varying contours, or those having chords wholly or partially continuous.

Our varied facilities and extensive experience with such unusual struectures, both in
designing and erecting, enable us to mect the exigencies of those cases where they are
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4 THE PH@&NIX BRIDGE COMPANY.
required, without loss of time and with the greatest economy, and by methods based The following formulse are expressive of those experimental resu]ts which can be
upon the most advanced engineering practice. ) relied upon by engineers:
P = ultimate resistance in pounds per square inch of section.
DETAILS. = length of colu:nricin in(rz)hes. P Fetion
The design of details has received from us especial attention. We have regarded it r = radius of gyration in inches in direction of failure.
a8 one of the most important departments of bridge design, and have given it careful and
continuous study in connection with the constantly varying and increasing demands of Ilat Ends. Pin Ends.
moderr.l bridge- pmctl'cc. It has been.ou.r endeavor to give the gr cat.est possnble S{mphclty Pheonix Colamn. p 42000 5, 42000
to details, and so to dispose the material in them as to transfer stress in tho most direct and 141 £ R N
simple manner, and by such a method to give to each main member preciscly and only 50,000 » 80,000 7*
that kind of stress which it is intended to take. ) .
All increments of chord stress arve brought to bear directly and symmetrically upon Latticed, or Common Column. I’ = 39’(1)—00-— R %
the full chord section, thus completely avoiding all bending and cumulative stresses. 1+ 16,000 ‘ 1+ 55,600 72
This result we deem of great importance in constructive design, though it frequently
fails of that consideration which its importance demands. Angle-Tron Struts. P 39000 -, 39,000
By the attainment of these ends we are enabled in tension members {o coneentrate 1+ 1 lj’ 1+ 1 f
the metal truly along the centre lines of stress, and in compression members to so dispose . 30,000 +* 16,000 »*
the sectional area as to enable it to act in the most advantageous manner possible, and _
thus to securc the most economical design. The great superiority of the “ Pheenix” column in resisting capacity is well shown
Our forms of cross-scction for compression members, chief among which is the well- by a comparison of these formule. They give results a little too low where the lengths
known “ Pheenix” seetion, have been developed on the basis of the latest and most com- beecome less than about 30 radii of gyration, with the exception of the last two, and a
prehensive column tests, in combination with the results of many years of experience in | . little too high when the lengths exceed 135 to 150 radii. :
Amecrican practice with open and closed columns. The formula for pin-end angle-struts is to be used only when tho lcn(rth exceeds 120
Whenever “ Phenix” columns are used, effective preservative processes are employed, radii of gyration, as below that length the values of P for pin and flat ends are shown
before the column is closed, on all surfaces that are not afterwards open to inspection and by experiment to be the same,—i.e., for the pins used in the tests.
painting, the columns are then closed absolutely tight. Such columns have been ex-
amined after fourteen to twenty years’ use, and found to be not in the slightest degree EYE-BARS,
affected by oxidation, though in some cases the columns had vecupied most exposed posi- :
tions in respect to extreme hygrometric changes in the atmosphere, and, in fact, had at In ovder to bring the design of eye-bar heads to a state of perfection, we have made
times beon under water for several days. many hundred tests on full-sized bars, and sccured such a contour of head that the full
In open columns built of plates and angles, or of channels and plates, we dispose the resistance of the body of the bar will always be developed if it be tested to failure.
metal in the most judicious manner, in view of the duties which it has to perform. By Wo are now prepared to die-forge the eye-bar head under the steam-hammer, or to
the use of well-designed latticing the requisite stiffness is secured, with ample facilities form it by hydraulic pressure, as may be preferred.
for constant inspection and painting at proper intervals.
In all cases, whether of closed or open columns, we aim to form a member in which RIVETED WORK.
the metal is placed far from the neutral axis, and whose parts shall be so self-supporting as . .
to cause the column to fail as a whole, thus avoiding a weakness quite common to many In the design of riveted work we aim to produce results of the same general char-
Iatticed or other eolumns. The “ Pheenix” column is, however, the only form which en- acter as those obtained in the best pin-work. This is accomplished by placing the metal
tively fulfils this condition, truly along the centre lincs of stross, and causing the latter to intersect as nearly as
Although much yet remains to be done in the empirical determination of the re- possible at a single point at each joint.
sistance and proportions of long columng with various end conditions, yet sufficient tests The influence of the bearing pressure of the rivets against the intrados of the rivet.
have alrcady been made upon full-size “ Pheenix” and upon latticed and other forms of hole on the tensile resistance of the bars and plates, as well as the shearing of the rivets
columns on the Government machine at Watertown, Mass., and at Pheenixville and elsc- and other methods of rupture of the joints, are carefully considered in all designs. Bend-
where, to obtain correct ideas of the relative merits of some of the principal forms of ing and other sccondary stresses, so prevalent in nearly all riveted work, and constituting,
section. to some extent, at least, unavoidably inherent defects, are thus reduced to a minimum,
L0 Far)
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THE PHENIX BRIDGE COMPANY. 5

FLOOR SYSTEDM.

There is probably no part of a railway bridge subjected to such destructive effects -

from the moving load as the floor system and its attachments to the truss proper at the
chord-joints. The design of these parts has, therefore, received the care required by the
difficult character of the duty which they have to perform. Our floor systems combine
that degree of flexibility which enable them to sustain, with the least fatigue of the
metal, the shock of a rapidly-passing train with such a judicious rigidity as to secure
complete lateral stability and a perfect attachment to the truss proper. This attachment
consists of two suspension loops at each pancl point, by means of which the floor-beams
are drawn tightly up against the posts, materially increasing the lateral stability of tho
truss, and eﬁ'ectmlly proventing any motion of thé floor system as a whole or in any of
its parts.

WIND PRESSURE.

During the past few years American experience bas shown that high-wind pressures
cannot be safely neglected in the design of any bridge structure. All our lateral and
transverse systems of bracing are carefully designed both in reference to the highest
recognized wind pressure and the lateral vibration caused by rapidly-passing trains.

ROLLING LOADS.

The steady increase in railway rolling loads, which has taken place during the past
ten years, has now caused it to reach a value of 96,000 pounds on a wheel-base of 14 feet
9 inches, or 111,000 pounds on a wheel-base of 22 feet 10 inches; or, again, 171,000
pounds on- a baso of 45 feet 3 inches. This corresponds to about the hcfwxest pattern of
‘“consolidation” engine at present in use,

The moving or rolling load, however, should depend on the length of span, for the

following simple reasons: If the span is very short, the four drivers (or a less number)
of a consolidation engine may cover it, and thus subject it to an enormously heavy load,
which will take a very high value per foot,—perhaps 5000 or 6000 pounds.
. If, on tho other hand, the span has a length of 100 feet and upwards, the general
rolling load per foot will fall to an average of 3200 pounds, even if loaded with a train
of consolidation locomotives. Hence it is that the rolling load varies from a very high
value per foot for short spans to a comparatively low one for long spans.

But, again, a recognition of this difference is not sufficient. The stresses in many
of the truss members will be very much reduced below their proper value if the loads on
the drivers and at other points bo considered uniformly distributed. A corrcct system
of computation, therefore, demands that the actual moving load, concentrated at drivers
and other points, should be so placed as to give the greatest possible stress to the different
truss members.  This is of special importance in connection with the floor system and its
attachments to the chords. Our system of designing is based upon a correct recognition
of these conditions.

GREATEST ALLOWABLE STRESS.

The greatest stress to which it is permissible to subject any portion of a bridge
structure varies much both with its position in a given truss and the length of span.

The floor system and its attachments to chords are subjected to sudden loads and,
comparatively speaking, violent shocks. The fatigue of the metal is correspondingly
greater, and the greatest allowable stress should be correspondingly lower.

In the chords and main-web members the variations are much more gradual and less
in relative amount; hence the working stress may be larger. Again, the fixed load or
weight of structure is much less in proportion to the moving load on short spans than
for long ones. Hence tho variation of stress, both relative and absolute, in passing from
a loaded to an unloaded state, or vice versa, will be much greater in short spans than in
long ones, thus necessitating the smaller working stress for short spans,

The effects of these indirect influences, the importance of which has only been more
fully developed by late investigations, have had almost their earliest application by this
Company, which has, consequently, been among the first to be in position to utilize the
advantage of investigations in the fatigue of metals.

UPSET SCREW-ENDS.

All of our upset serew-ends are from one-sixteenth of an inch to one-eighth of an inch
larger at the bottom of screw-threads than the diameter of the rods, the ends of the rods
being upset before the threads are cut. Many tests have shown the necessity of this
arrangemeont, in order to develop the full strength of the body of the bar.

PLATE GIRDERS,

In the design of plate girders, it is to be borne in mind that the connection between
the web and chords or flanges is not so intimate as in tho case of rolled beams, and,
further, that the stress in the cover-plates must be carried from the web to those plates
first through the rivets between the web and chord angles, then through the chord-angles
to the rivets between the angles and cover-plates, and finally through the latter rivets to
the cover-plates; henee, if there are a number of cover-plates, it will be essentially impos-
sible to produce a satisfactory action in those farthest from the web, however accurately
and solidly the riveting may be done. At the same time considerations of economy fre-
quently forbid carrying the full centre section of the chord to the ends of the beam. The
most judicious design is that one which avoeids piling a number of thin plates at the centre
of the span, but at the same time malkes such a proper selection of angle-ivon for chords
that reduction to their section at and near the ends of the girders will produce the most
economical construction.

Tests on full-sized girders have shown that, when the riveting is properly done, part
of the web may be included with the chords in the resistance to bending. Parties, how-
ever, may specify whether they wish to have the web included or not.

Experiments on fnll-sized girders have also shown that a comparatively thin web
will safely resist a much greater shear than is frequently allowed by many engineers.
Indeed, it is & question whether there is not frequently a waste of material in the webs
of large girders. Very thin webs are not permissible, on the ground that a very little
deterioration, from corrosion or other cause, produces the destruction of a relatively large
amount of metal; but web-plates of moderate thickness are not open to that objection,
and if well stiffencd at the ends, as well as at intervals of about one and a half‘ times the
depth, are sufficient for the heaviest girders.
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6 THE PHGENIX BRIDGE COMPANY.

‘The number and piteh of rivets should be determined by the amount of stress they

have to carry from the web-plate to each part of the chord. This will usually necessitate .

a much smaller pitch near the ends than in the vicinity of the centre.

SPECIFICATIONS AND TESTS.

In cases where specifications are not furnished by the parties ordering of us, we use
the General Specifications given clsewhere in this album. We may say here, however,
briefly, that we design our structures for rapidly-passing loads, consisting of the heaviest
consolidation locomotives, with a weight of 96,000 pounds on a wheel-base of 14 feet 9
inches, or 171,000 pounds on a wheel-base of 45 feet 3 inches. This corresponds to about
the heaviest locomotive now in use.

All machine and other work is of that high degree of excellence whlch has ever
characterized the bridge-work of this Company.

We have three testing-machines of large capacity at the works of the Pheenix
Iron Company, which are always in- readiness for testing full-sized pieces or prepared
specimens.

GENERAL DIRECTIONS.

Iuvitations for tenders and estimates should be accompanied by exact information on
the following points:

Length of span in the clear, or from centre to centre of piers, or to back of
‘tbutments

Angle between centre line of bridge and centre line of piers.

‘Whether on tangent or curve, and, if on the latter, the radius of the same.

Clear width between trusses.

Dimensions of tops of piers and abutments.

Height from base of rail to top of masonry.

Height from base of rail to extreme high water.

Whether floor system is on upper or lower chord.

Soundings along centre line of bridge, with the character of the bottom.

Specifications covering character-and amount of moving load and limiting stresses.

A general statement of the character of the structure. '

The nearest point of delivery to site of bridge by rail or water, and distance of baul,
if any.

Whether railway company will furnish staging for erection or not.
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LIST OF

GIES, V.

ADUCTS, AND

BUILT AND NOW BUILDING BY

Successors to CLARKE, REEVES & CO.,

FROM 1869 TO 1885.

Chicago, Burlington & Quincy......
Tiinois Central....... ensenns
Chicago & North Western..

I’luladelphm, \Mlmmgton & B :lt

Chestor Pa 2 tx
f

North l’ennsylvamu R.R..
U. 8. Arsenal.......

Tortland & Kennebec R. R.....ecue

Connecticut Air Line R‘.‘ R.
“ "

Hudson River Bridge Co

Portland & Ogdensburg R, R.
Cambria Iron Co

North Pennsylvania R. R..

Chesapeake & Ohio R, R............
Portland & Ogdensburg R. R,

Interc::loniul Rai
‘Wheelock Bridge Co.
West Chester R. R...
North Pennsylvania R.R..
Camden & Amboy R. R.....
Alex. T. Stewart...ccevennns

. . Hig .
..iGlen Mills.eucennaee versens
..|Ft. Washington Station

Chesapeake & Ohio R. R
Maine Central R. Rucovsreniiniinnns Brunswick, Me oo

Chesapeake & Ohio R. R

Ohio & Mississippi R. K ?
“ “ # IXLTLTRYTT IS

No.

-

M2 1O bod s pud DD bk 1D OO b

-1

Dot oo

Total Liggal

TFeet,
Single Track.

FOR WHOM BUILT. ; LOCATION.

185
340

248
660
316
226
2310
1060
83
149
139
138

908
730
97

145
147

310

Philadelphia, Wil. & Balt. R. R....[Ridley Park...... PR

Rock Tsland Arsenal......... ‘o
Central R. R. of New Jersey..

North Pennsylvacia R. R oo Sellersville
Geneva & Ithaca R. R...
“ “

«ueer Scottaville......
‘West Fork
‘Big Sugar,
ittle Sugar.
‘Little Wabash

Grand Trunk Railway of Canada...'St. Hyacinthe.........

« -..|Black River...
“ .. 'White River.

« ...{8t. Francis..
“ «.{Magog...
i ...[Mussawippi..

i ...|Coaticoke.

“ «..|Island Pond
s | N. Stratford...
o ...|Gorham....

“ ..{W. Paris

“ ..|8. Paris ...

e ...|Mechan’s Falls
“ «.{N. Yarmouth..
“ «.{Boundary Line..
“ «..|Waterville......
“ «.{Northumberland..
..|Little Androscoggin.

“ ...|Big Androscoggin....

“ Dummel No.

" 0. 2.

“ -..|Windsor Creek

“ ...| Willow Brook

i ... West Paris.....

“ ...'Moose River...

“ ...|Lewistown Canal. 3 tracks.

" ...|Royal River at Yarmouth.

..|Moline, Ti1
Parampo. 3 tracks

Tanghannock...
Sheldrake Ferry
..{Trumansburg Viaduct
Seneca Canal

City of Philadelphia..
Philadelphis, Wil. & Balt. R. R.
P « “

Fasnereesrnnesmananne Costa Rlca ...................

equal to [ railroad tracks....eue.

Gray's Ferry. Roadway

2 tracks....
"

|
|

Do 0 eIt RO et et el e D b 0D bl DD et b ek ot et e bt pd bk d e 1O BT RO b OO el bt ek B 05

-

ES

|
Girard Ave., 100 ft, wide. 'Itrusses

bt d £ 5D

Spans. K 4
? Ry 2
LOCATION. = 3 I
2™ %
. |Length, Feet.| 5 &
! Philadelphia, Wil. & Balt, R. R....'2 tracks 56 112
“ “ O versane ersesrestentutatsiantenscetatnsin tevane 22 22
“ | - 0—255
«.iTavre de Grace... . 1—307 { | 1837
Ohio & Mississippi R. R.. ../Langhry Creck 08 174
Millville... Millville. Roadway Dia 130 130
Utica, Itha Deep Gorge Yiaduct.. - 480
s Block House Gorge . 570
Balt. & Ohio R.R., Valley R.R. 150 GO0
* i " . W olf Creek 50 150
Washington Chain Bridge.... LW ashington.. {g:%gg} 1352
2—-200
Maine Central R. R..euensveserrerannss| Waterviller oo, veverunnarisansnae 1—100 613
) 1—-113
u ..'Biddeford Braneh......coeeue. resreenin i%:{g? 599
. PR 1165
Pheenix Iron Co ./ Pheenixville...... [ T 1— 97 262
Chupichaca Viaduct .[Peru [UUPIRIRROTN B ié:%gg 366
Philadelphia & Reading R. R Richmond St., Phila. 205 ft. w)de 1 60 | 1344
2 41aCK8umereannensrinrrnieen R 1— 37)
North Pennsylvania R, R......... b 285
Peru, Lima & Oraya R, R.. 204
& « « 125
“ 150
o 120
“ 180
“ 194
Cuzco R, R... G 368
“ 2 92
“ 2 84
Maine Centra 2 350
@ ¢ 1 172
“ 1 1156
Suo Paula & Rio de Janeiro I R.. 2 140
W, W, Harding...ccccevermneeneraninnnnn Manayunk. Roadway. 1 90
Plnlade]phx.x Wll. & Balt. ]t R...|Lamokin.... 1 58
1 61
Washington, D. C. 12 1188
« “ 1 30
Philadelphia, Wil 2 60
u“ # . 2 8 32
Eastern & Maine Centiral R'y......|Lewiston....... sraestenasieasieee 2 {1_1%} 317
Quebec, Montreal, Ottawa & C, R’y Riviere des Mille Isles....ceeruennne 5 154 770
« # % TPrairies 3 { 2_—_},35; 513
i Mill Race 55 55
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8 THE PH@&ENIX BRIDGE COMPANY.

P ~ = o
1 Spans. ',?.;' ’:3 ' - Spans, § ‘_,E ) Spars. ki ..-§
i SEe —_— R . LOCATION. — -3
FOR WHOM BUILT. LOCATIOX. f— i ; 5; FOR WHOM BUILT. LOCATION. : ’E“ﬁﬁ: . FOR WHOM BUILT I gﬁ"éz
! Yo, Length, Feet.|= é" : No. Length,Feet.|= = ! o. [Length, Feel. |5 &
i . ‘ e Ry...| I t, Span I 1 95 95 || y o | fa—1001| o
Chimbote & Huarez Railway........|Santa River, go. 1. } | }68 %'4)8 Toledo,‘ Walash & W eslerql y...| Logansport, Spr w 1 158 158 || Scaboard & Roanoke R. R., Weldon, N, C.. 12100 0
w@ Y] “ “ o. G. . . i « . . . g rs - 1 95 25
. ; 5 ! 36 0 » 1 146 146 || Camden & Atlantic R. R.... Kirkwood, N. J.. 25 5
Great Westorn RailWay.ov.wuuse.... | Thamesville, Ontario, 2 tracks.... 1 i 184 368 “ “ ) 1—159 ‘ Philadelphia, Wil. & Balt. R. It...|Cattle Guards un line. 2 tracks..| 2 6 24
Intercolonial Railway Toof for Halifax Passenger Sta-1, 80 400 “ * e “ ¢ 2 l--149} 308 1 Great Western Railway of Canadu.|Over Welland Canal............... 2 38 76
ntercolonial Rq Ao e tion. 24 trusses. s ] 110 880 1= 863! 110 | « w “ Desjarding C'l, Hamiltn,Ont. 2Tr.| 1 66 132
New Orleans & Molule‘le\\'ny.‘. Chef Menteur, 18 110 | 1980 || Portland & Rochester Railway.....|Portland, Me 2 {l—— 93] 7 i “ « « ‘Brandford, Notfolk & Port B. Div, 3 09 297
. M . - Rigolets.... i Y " s 1 87 87 ' Boston & Huos‘\c ’I‘ulmel ILul\\u) \[cclnmcsn]lo N.Y.,Canal. 27Tr.| 1 83 166
:: :: :: :: ! Al) i {{3 éég :: “ w “ 3 87 | 261 i lIn(]son Rncr 2 tracks.. o 1 158 100
5 p N way " i S 13 “ “ “ 2 o« 9 3 2340
“ “ “ \Ipearl River 2 100 200 1} Baltimore Central Railway......... Avondale Station. 1 : “ . p
“ “ ot * l [ 110 110 1| Quebec, Montreal, Ottawa & 0. 'y | Batiscan Bridge.. 4 ; ’)—%23 o : Grelt “:esteln R‘l‘ll\\‘ly nf(‘;.umln ‘l"lrlr:r:i;l%{\rzg X:*‘xllcllfl'lcu P11 163 ];(83(:
« " “ " pasca - 5 l s ?gg “ « “ Ste. Anue's River...... G 1—155} 10 B iKettle Creel Bridge.. (1 163 | 163
“ « “ | Pascagoula. BT 100 | 1600 “ “ «  |Gatinean  Briige. 41 24| 86 @ “ “ ‘ijge Nos. 2, 5, and 9. 3 40 | 120
w « “ « . g ! 240 “ w R Rouge oo 31 . ':;‘:IO 450 ‘ “ " M ‘ " 11}1())4 } %- ;(z)
Philadelphia, Wil. & Balt. . L., Culverts. tracks 2 j & « “ "« lAn Lievre “ 2 {1:1;’,3} 250 1|« “ “ " N6 u 30 | 6
“ i ¢ : . :
“ “ w (Rsld\grl?y ZTthncks 11 vesere 33 « “ 3 Blanche “ 1 100 100 } ) ' . f\V “d xo. 8< ; % I24

% Northern Railway.|Norwich Falls. 10 148 | 148 “ “ “ Salmon 1 100 | 100 || Scaboard & Roanoke B, R.ccsunewe., Weldon, N, €. 58

1,:?]“ Lm:;dgn s orthern Rai \\a). l’loﬂ‘ dc]phl a, 1 58 58 “ “ “ Nation . 1. 100 100 || New Orleans & Mobile R. R [’eurl River, Draw. 1 22 69
180N 1 SODS.. s R RCCIDIIR ! - o . « “ lancha “ 1 160 100 || New London Northern....... W1 : 35
Gre\t \Vestern iy a) " Undge I;?)' é % " 33 éé i .: “ “ g,{;‘:ﬁ;g ?{;Sel:‘ “ 1 160 100 } Philadelphia &‘ Rouding‘ R.R bL]lll)“\l" Rl\ er, Readuw 2 Tr.. % }45_5[ 282
. 2. 2 | v . v
* “ “  No. 4. i ! gz g‘é “ “ “ North Nation 2 {{_;33 350 i « « “ ‘ « “« « 1 174 3}}8
“ « “ P | s I vy Y -
« “ “ gg 1,(7) ' 41 398 “ a «“ Little Upper Blanche : Boston Haosac Tunne] & \ n lu) %ﬂ:r?ﬁxll‘ltllt:co]kecregktm(g(tsr | i 2g ?g%
« “ %« No. 8. 5 41 205 “ “ “ Salmon Creek . 4 50 200 l “ M « ! 1 i o | 5 o
< Anthony’s Kill, Mech'ville. 2 Tr. 1 G 132
. . w Moo 3. 1 40 40 :: :: :‘ fi";'.]fena‘:,'"é].':;,e i i I .o s s Near Valley Falls. 2 track i 3 107 642
“ . o Noos. FOR - I P eny M M tiver e 2, 108 | 216 | Philadelphia, Wil. & Balt, R. ... Tron Hill. ~ Roadway ..o 1 42 | 42
“ o . N - % . No. b.. 1, 1(13 ]}b Missouri PaclﬁcR.R'(]ul_\\n) . ..|Morean River..... . : i o] i1 Bletropoliran’ Elevated R'y, N. Y..53d St.,fr'mGthAv.tomhAv.21'1-.! N 5400
Philadelphia, Wil, & Balt. R. R... l-,ddystoue Bridge, 8 tracks L b 93 1| Great Western Railway..... I {1—166 . Central Vermont Railway............. Winooski River Bridge No, 5......0 1 162 162
“ w | uyredoGraco Br. No. 16, 2 tracks 1 130 | bash Bailway.meee . 2 ,{1_1 48} 314 ; A : o Hver ! e o | (1-10y |
“ « « 3 ; . 0.4......
“ “ w | Pellriew Bdee, S0 2% 5« | 1 11 | 22 || Grand Trunk Railway. [Stark Grade Bridge 1 L 12 « « “ “ Treste. | 2| e 42
@ « oo [ “ No.22, 2 « 1 10 20 “ [ - .[Nulliegan... | - X ; R . o . . 2
“ 5 w “« « I\‘z 9. 5 1 1 7 14 || Quelee, Montreal, Ottawa & O, R'y | Batsican Draw 1 129 129 1\101}1]9.:& Oluo‘]hul\m) . Tumbxbbec“l‘mm:‘Brulao.. 1 20& 206
“ “ « |North East. 3 tracks... 1! 12 .| 36 d “ """ ISte, Anne's Bridge.. LRI . . . .. ! A IR
“ o “ {Tavre de Grace Br., No. 37 2terC]\S 1] 10 20 “ “ “ Ste. Maurice.... 5 219 i 1095 L . . . -

. I ! o 101 . 2— 6} o8 Central Vermont R. R.. .1 Winooski River Bridge...veeeerenn| 2 137 274
i;aes;terg‘crnlsiat;l\;ay Co. . &‘.l.gqﬁ 1Avenue, Phia. b trusses.. 7 205 | 2ps || Philadelphia, Wil, & Bult. R. R...|Newark, Del. 3 {1— 16§ ./0n line of Camden & Atlntic R'y| 2 {{1— 13 } 35
Great Western Tailway 7 Real 3! 41 | 123 || Grand Trunk Railway... Worthley Creck.. 1 a st ol 2le s ju—agp

" " ) 2 22 44 - . - Swift’s Creek.... T 4} ‘ 39 Qu bec Momrenl Otta\\n &0 R'. Terrelonne  Dridg 4 150 600
" R N 1, a0 50 * “ Oxford I g 37 B 2 ’ L’Assomption 1 215 215
Philadelphia, Wil. & Balt 1 108 | 108 “« o a . Compton... 1 a7 8 “ “ w P i Ton :
" ’ « s 1! al 21 o “ e At 23934 Mile Bourd, 1 L 1i$ 26 " o I ihﬂ;gz?lgw ! 190 }28
gorth‘l“,ennsyl\ﬁnj{l R. k.. 1, : ;? 1285 New London Northern Railway ... |.eecoessereernesorersioreens 2 | {1: oy 240 “ “ “ L’Achigan 1 120 120
reat Westorn m“\\a):: . . 1 88 88 || Grand Trunk Railway... Port Britain.... 1 46 Jo * «“ “ St. Esprit 1 y ]‘853 80
« “ . ..|Bridge No. T 1 i 1u3 103 || Quebec, Montreal, ;)nm\af%o 153 éul): %}mvre}s ‘i: ‘ 12: Zgg Canada Central R. R.... iPetewawa.... 3 {2: o 260
i i i ’ e i Y " ! ur alt Branch . 3 .
Pluladslp]un, Wil & Balt. I}-' B I[u:,(:,loti{?nsmt“m" f ‘ }g %8 Grent Wester Tuilway gf Gunada At 6514 and G'IA M. P. Main Live.| ¢ I 18 36 || New London Northiern Railway... oiessess orese 1 35 35
Maine Central Railway G‘qrdirnel'"ﬁ;’.i:i;:o. 1. it 31 « « . Baptiste Creek. 1 g; 3_1{ Uostul}‘lloosac“Tumlel&g W nll Y. 10\\Hu11 2 tmd\s. } }gg 3{1{;
by tral Rawayeoers o ! L ot ont . “ " ... AR e
Philadglphia, Wil. & Balt. It .. {lfavre do Grace 1 307 | 307 || Philadelplin, WiL. & Balt, R. R...]2 tracks o B § | 90 || Grent Western Railay of Cannda. 2094 M. P... 1 ] 4o
“ “ “ ..!Grays Ferry... .2 8 | 18 " o i o |2tracks [ O p “ " (1573 and 6034 3. P 2 29 | 44
Roof for Round-House, Gray’s | “ “ “ Harford Run, Baltimore, 4 tracks.{ 1 ; 32 128 | .[3734 and 60}4 22
w“ “ « { oty T trmsses ! . 67 | 150 || (uibarien & Santo Espirito R'y.... Mimaéds Rl‘\"esl (,fulm..b.l. ............ 1 152 | 152 w “ o .. Dundas Gorge, 483 M. P, 3 {{]g: ;g 105
“ “ « {|Rooffor ¥ fez’f‘.'r‘us’;zg“‘ RIS S R : N ey Ster thﬂ;m(’msml wet e | 6793 Metrop'n & Greeniwich St EL R'ys|9th Av., from 53d to 59th Steu N. .| o | oo 1600
elphis VN i e ey | S p N
Marlettn & Cincinnati R. R ........|Cincinnati, Ohiow.serrrree.... 2, 145 | 2%0 From Dey 8t..along New ucl!é‘lllrgltlj iy R i (gi“’;ﬁe;‘gl‘:;‘ﬁ?ﬁ"’ﬁy N 7 oy | 182
Fairmount Park, Philadelphia..... Observatory Towers, 10 Stories 217 11 Gilbert Elevated Railway, N. Y. g tong 1 ) i Gre.\t“ estern R.ul\\'\ ofCamula I Nanticoke Bridge...veeseens 1 a3 03
Philadelphia, Wil. & Balt, R. R...|Stanton 3 24 72 ¥ to Murray, along Murray to 9164 ¥ g
o P, AL Bl B R Kirkwood.. 1 36 36 College Place, along West | == ' """ «'Mimico Creek,. 2 84 168
“Rkoof for p ‘ ] Broadway to Grand St, 2 : \V.;lnsh R'ul\\av Trestle-work at Sal, v 480
“ « “ { oof Jor Enginellous | 68 | 343 1 tracks J , Philadelphia, Wil. R It Port Deposit.. ... s 1 40 | 40
“ u % ..|Front for Passenger Deput Phllu 1! 150 | wernee Great Western R’y of Canada...... Jarvis RN B | 27 37 Boston]l{’nus.uc Pl];l{ne: &‘Y n RYy. }‘ ﬂllllol?ms;fli ":]e"- . tr{\c 8. % ;(5) 323
Intercolonial Railway...... .| Halifax, N. § 1 22 22 || New London Northern Railway. 1 28 ;3 Centra] Vermont Railway...........\Lull Brook Bridge NO - w Y
N. Y., N. H. & H. Railway ..|North Haven. 2 tracks.. 4 33 264 ' Houston & Texas Central Railway. 1 128 1-§ o . . “ . No . N 1 ]39 120
Toledu Wabash & Western R'y....|Danville, 111, Viaduct. v e 330 l Philadelphia, Wil, & Balt. R. R...|Cattle Guards. 2 tracks. 12 8 192 . 0, 1 0
Great \\(slem R.ul“ny ..| Bri 0. Tonersrersens 1 60 60 i{ Phila. & Read. R‘ls ﬁ &tN. II;X‘I]ll Duy's Lane. 2 tracks.. } \ Zg 28 Guatemala Central Railway..u.e... Naranjo River Viaduct....o.... 4 {;i: '2;8} 90
. 2. 2 trucks 1! 22 44 || Caz'via, Canas'a & De Ruyter R. R. . . e - P ¥
Plnlndelphm, Wil. & Dalt. It, K., Big Elk Creek. 2tracks.. 1! 104 208 |! Pittsburgh, Cin. & St. Louis R'y. 3. 122 366 gl";?,t]“;ositgm‘{;tf‘[ﬂ:g}ﬂ%O{tc‘llp'l]({“" ';;ez;{"‘]:,tm s Creek, No. 7.. } {rl) ‘1‘(1)
Great Western Railway. Bridge No. 3. 3| 41 123 || New London Northern Railway... 1 17 17 Fl l"“lg I]'“u.l, N 1& A alt. . R... l’e r; Rel.\;ﬂ ! 1 1o
, e S P 4 3 | AL | 123 Curalyin, Canig’a & Do Ruyter Ky. 1 10| 50 || Westrn T e ot (AN Dieg 1 197 | 197
Philadelphia & Teading «[Shur's Lane, LA B y p « w 1 95 | 93 || Philadelphia, Wil. & Balt. It. R...|Chester. 2 fracka., 1 1B ] 2
“ « w U ‘V‘I‘C‘Z)tl(l):%:(;':‘r?; g ig 2 tl“ll,l 5. é ‘ i? :}gg “ “ o ¢ 2 35 70 || Phenix Iron Co.uvee eerermonses JFrench Creek, Pheenixville. 1 96 96
Mr. Dempsey (Thos, Holt, Agent) Lewiston, ile eeeerarenres . J 1 ‘ 19 49 | New Loudon Northern Rnf!way.’ 3 1(’_{ ! 33 Plnlnd‘(‘e]phm & He:\dmg ]3‘. R..... Brozﬁl St. (;rosgmg. g trz}gks. % };; :23;{:
Great Western Ruilway... .. Hamilton, Ont. Buy Streot.. 3 t39 17 “‘ :‘ It i _; | . « « w T « « 2 o« 3 o 150
Philadelphia, Wil. & Balt. R % Wi]mingtun, Del. 3 tracks.. 1 24 72 ¢ . “ 3 1 4 reeer . a_ 12
Quebec, Montreal, Ottawa & 0. R'y{Belle River.. 1 55 55 o . . 1 3 g || Boston, Hoosac Tunnel & W’n R'y, Stations 800, 776, 630, and 990...... 4. {1_ 13} 49
v : L |L Span West, 2 Spr 3 I “ “ 1 11 “ “ “« o« 1w 208 and 800 2 23| 46
Great Western Railway..... Stony Creck’ Station, Cau [P I | 24 24 “ .
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THE PHENIX BRIDGE COMPANY. 9

L] . N
. - ; Spans. '§ 3 Spans. g 3 Spans. -g' 4
. R o] Heark
FOR WHOM BUILT. LOCATION. EE‘E FOR WHOX BUILT. LOCATION. 5 3 < FOR WHOM BUILT. LOCATION. — —agz
- a "B N Bo I~ —
Ko. |Length, Fest.| 5 v%: i Xo. {Length, Feet. é g No. (Length, Feet, g 5_:
Great Western Railway of Canada.|St, George Viaduct. ... ceerviseenrenss] 8 50 400 e R, 1—150 . ) . { East Sec., Toluca Div., Bridges P
Quebecand Lake St. John Kailway|Jocques Cartier Bridge, 2 120 240 Great West.ern Railway of Canada.!Delhi Viaduct.. [RTSORIN 1_133 283 || Mexican Nat'l Construct’n Co... Nos. 7, 29 30,3 4 23 92
Sobral R. R., Brazil.....c..cees .{Rio Camocim Bridge..... 2 185 370 || Philadelphia, Wil. & Balt. R. R... 36 “ “ ¢ W, Sec. Tnlucn va B dge No.32.0 1 24 24
Philadelphia & Reading R. R, Mahanoy Plane, 2 tracks, 1 16 32 ¢ u “ ge. 14 to 22 1320 “ “ " East “ No.12.! 1 53 53
Great Western Railway of Canada.|Copetown.......... S Pl 63 63 “ " .%o . Roof for Eng llouse, Wil. 9tru,) .. 67 170 |i Great Western Railway of Canada./Trvine River Brid{:e..,.. ............... 1 150 150
s s b Grand River at Cayuga.... 4 93 372 || Mexican Central RAIIWAY...ooeerscns|cranrnars ansecenssnnnnusienesanesenseeainnes 2 65 130 “ “ “ Conestogu River Bdge.at Drayton.] 1 150 150
Baltimore & Harford Turnpike Co.|Gunpowder River.... 1 122 122 1] Hoosac Tun. & Troy & Gr’n{’1d Ry, 2 tracks 1 6 12 || Galv’n, ’sb’g & San Antonio R.R.|... 4 160 640
Great Western Railway of Canada.  Thames River, Ont... 2 80 160 || Quebec & Lake St. John Railway.|Portneuf River........ 1 60 Go " o “ 14 130 1820
“ s s 9114 M. I., Cedar Creek.. 2 46 92 “ “ “ Over Lake St. Jobn stch'\rgo 1 8[) 80 “ “ “ Nueces River Bridge 4 225 900
( |9th Ave., from 83d to 91st Sts. 2 Tr wee | areene 4224 || Wabash Railway..ccevvieeans eseenseees| Yermilion River..... 2 1 ] 400 :‘ :: ‘: . “ . “ 1 200 200
9th Av.,, Trm 91st to 104th Sts, 3Tr.| ... seene 10206 e — 50 ¢ ‘ Main Frio River... 1 180 180
Oth Av., ’ from 104th to 109th Sts., | N Mexican Central RailWay..ceseeeis|cocrecessesaserisarvee saessensssnenseranecone| 2 1_100 250 Petersburg R. R. Co., Vitoere.rene ...|Nottoway River Bridge, 1 9 P
thence in a reversed curve to { Philadelphia, Wil. & Balt. R. R....Bay View Round House, 9 trugses| ... 170 Mexlcnn Natxona] Constluct'n Co Bridge No. S..cueevenns 1 65 65
Extensi for Met 8th Ave. and 111th St.; along - weeee 16704 || Boston & Maine R Haverhill Bridge., 2 tracks.........| 4 147 1176 Pipe Line Viaduct... o | e 150
e e o Ay C-1 | 8th Av. from 111th to 133d Sts, “ “ - « “ “ 1 17 | 231 || County Roadway Bridge ....Burlington, N. J.... i 120 | 120
politan Elevate Yy N Xoewe 2 IPACKS. . corvevnrseereenssesenens Mexican Central Railway. 3 30 90 Boston Hoosac Tunnel & “’n R’y Over Highway east of Hudson R..| 2 23 46
Along 8th Av. from 133d tol37th | 3168 o “ o 3 40 120 |Bndge at Station 122,... ool 1 17 17
Sts. 3 tracks... * - o " “ 5 50 250 || N.Y., L Erie &\V’n Coal &R R.Co., Kinzua Viaduct JS R .| 2050
Along 8th Av enuo from 137th to |23390 “ “ “o «.|Goods Shed. 12 trusse: 62 300 Albany & Gxeenbush Bndge Co....|East ApproachofAlbany Bndge 3 36 108
Harlem River. 4 tracks.....f| ™| =" 1“%= || Great Western Railway of Canada.|Tilsonburg Viaduct 20 3'5% 967 . 2 150 600
Chatham Square, running up ; o “ i Delhi Viaduet....... 23 33lgl 767 || Galv® o, H’sb'g & San Antonio R'y.|B'dg’s over Chacin & Franc’o Rl\" 2 80 160
Division St, to Allen, to Hous- ST | o842 Philadelphia, Wil. & Balt. R. R...[Coaling Bridge at Bay View. 1 86 86 “ San Felipe River Wl 1 130 130
ton. 2 trackS.aeesesssnnescines i Mexican Central R. R. San Bartolo Bridge 1 43 43 «“ ¢ «“ ISycamore West Creek. we| 2 150 300
Houston, up 1st Ave. to 23d St ! ¢ e “* 1 28 28 « “ ¢ ‘SacoR..Blanco R., Lindsey's Cr....| 3 120 360
Sid 2 co. Li f al'g 231 St. 10 2d Av. ( prnpor- o avess . 112688 “* ¢ ‘“ D ridge. 1 33 33 * “* ¢ Main Elm River and Pinto River..| 2 100 200
Eust Side. 24 Avo, Line fr7 ) \ioned to cnery 3 k). 2 Tks. ; Wallkill Valley R. R... --|Springtown Bridge.. 2 146 | 292 || Albany Bridge... AWVest APDIOACesverneerasermmseronns 3 36 | 108
Manhattan Ruilway Co., N.¥. 2d Ave. to 129th St,, or Harlem : New York, Lack. & Western R R. Susquehanna Bu(lgo 2 tracks [} 160 1920 Great Western le“nyofC.nmd.\ Keme Cr, hmluct at St. Thomas 133
River (prupnnmned to carry 4} O 55834 || A. G. Menoeal's..ooveeeeeerssenssnsae, Nicaragua Bridge, C 1 128 128 R 687
tracks). 2 tracks ceecens aene Philadelphia, Wil. & Balt. R. R...|Bellevue Station.... 1 13 13 Morgan s La. & Tex.R.R. &£ 8.S. Co.' Ber \nck’s Bay Bridge... 3 158 474
Between 59th and 67th Sts., and 1943 “ “ “ ...|lavre de Grace... 1 18 18 “ “ “ s East end of Berwick’s By 1 140 140
between 85th and 86th Sts } - 20 & “ “ ga.\' Vie;\rl Sg;’tion......L N 1 18 18 Ricl‘x'nd, F'd’ksb’g & Potomac R'y. appnhanncck Be 1dge 3 123 369
Oscar von Nostitz....eeneser -.(Coban, Guatemala, C. A. 1 1 130 N { ridge No. 396G, over L, N. A, } ¢ «“ “ « 2 109 218
Hibernin Mine . R, N. J ROCKAWAY, N. Joroserrs s ol G| Wabash, St. Louis & PacificR. & 3 170 5 ¢ — 1 1 2{5); b4 New York, Ontario & West'n R, R.|Moodna Creek Viaduct.. il 690
Great Western Railway of Canada.| Wortley St. Bridge. London Out,. 2 3 . . . . — . [, 160
Philadelphia & Reading R, B [ Niootoun, 2 rrocks 1 145 | ggo || City of Winnipeg.ccowesssssseesoenn.| Louiso Bridge over Red River.....| 2 {1—203 408 || Great Western Rnilway of Canada.|Cayugn Bridge.....o... 8 48 | 48t
Boston, Hoosac Tun, & Wes’n .|Hoosac Falls Bridge. 1 32 64 || Boston, Hoosac Tun. & Wes'n R'y. Bndge at Statmn 2024-50. 2 T’ks.| 1 22 44 || Mexican National Construct'n Co.|Armerin River Bridge No. 4 200 800
o o o ¢ o Junctxon Bridge. 2 tracks.| 1 36 72 | “ «“ “ “ 241+4-66. 2 T'ks.|" 1 20 40 € o ¢ |Chinns River Brulrre. 1 151 151
“ o “ “ N Y 1 43 43 “ « u“« «“ “ o 272. 2 tracks..] 1 20 - 40 “ s ¢ Comala  “ 1 135 135
Great Western Railway of Canada.| Dundas Bndge 1 67 67 “ “ @ « “ o 219+34 2Tks| 1 ~ 10 20 . “ “  |Periquillo River Brldges 1 135 135
Wabash Ruilway...ccccceoseessssraanses | 11linois River Bridge. 3 160 480 “ o “ “ « o A 1 17 17 “ “ ¢ 1Colima River Bridge.. 1 102 102
Great Western Railway of Canada.|Oakville Bridge, 1714 M. P 5 90 450 “ “ “ “ “ " 410+’%0 2Tka| 1 22 44 || New York, West Shore & Buf. R"y.|Catskill Bridgo. Ztra 6 167 | 2004
“ “ ‘ Bronte Bridge, Torontv Div. 6 84 504 1| Philadelphia & Reading R. R......Over Penna. C'lat Harrisb’g. 2Tr.| 1 108 216 “ “ “ “ “ “ 1 104 208
Hoosac Tun & Troy & Gr'nf’ld R'y|North Adams....eeuee. ol 1 26 26 || Mexican Central Railway - Rooffor Eng. Repairs‘p. 6 trusses. 83 138 L & “ “ “ “ 1 100 200
Great Western Railway of Cnnadn Public Road Bridge, 130 M P ...... 1 22 22 [N 3 31 66 || Kentucky Central Railway........... Kentucky River Bridge.... 1 300 300
Hoosac Tun. & Troy & Gr'nf’ld R'y|Braytonville, Hoosac River. 2 Tr.] 4 % 603 [ Philadelphia, Wil. & Balt. R. i Bridge at Quarryvnlle. 2 tracks..| 1 15 30 || New York, West Shore & Buf, R’y.{Schoharie Bridge. ¢ trucks 3 163 678
Philadelphia, Wil. & Balt. R. R .. 1 40 40 “ “ v . 2 tracks...] 1 27 54 “ “ o Glenarie “ 1 163 326
Wabash, St. Louis & Pucific R’y 1 30 30 “ “ “ ] “ atPerking' Creek, 2 T'ks.! 1 29 58 L * o« Over Black Creek. “ 1 98 196
ine Railway, N. J g | {110 25 “ “ “ . % at Quarryville. 2 tracks..| 1 43 86 “ s “ Glenarie Bridge, « .2 98 392
Hibernia Mine Railway, N, J...... 1—15 Morgan’s Ta, & TeX. R.R. &S5 G0 corusevreesovrvesetrnsevreesmreserorens 4 33 | 132 t u “ Q “ « i 84 [ 168
“ ¢ C " oo |Rockaway Bridge, N, J.. 4 50 200 u“ o i “ 1 270 270 Kentucky Centr’xl leway....... - Kenmcky River Bridge 1 2 304
Caitarien & Santo Espirims‘ ry \,uba. Brldrve Ilgo Gg % 2471 Y Pl ‘l‘ delphi “Wl & }‘3‘ 1t. R I‘!‘. B id No. 35, tII de G . g lgjg 7;’2 .y Dev. Riv.,P'd Cave C ! 204 ot
* * s . 0. 6 i 24 hila e ita, Wi it ridge No. 35, at Havre de Grace... N S "o ev, Riv. Jave on, 2.
« “ “ % No. 0. 1 13 13 P .|Claymouth Station. 2 tracks, 1 10 4o || Galv'n, Wsb'g & San Antjo Ext. { P'd Cave C'n, 2d C'g, Pecos Riv, } 9 150 | 1350
s Lo “ 1 ‘ 23 23 Morgan s La. &Tex R.R. &S 8. Co. voref 1 33 33 ¢ " “ . [0Ver Pecos River....iveiennen. 1 225 225
Hibernin Mine Railway, N.J 1 26 26 (| Old Colony R. R..... . ger 1 41 82 w“ « «“ { Painted Cme(/mnn 1~4t Cross ;! 3 100 300
Nortl Pennsylvania B. R, P. & zmdy 2 gG 14 i £ Canada.| 16-Mile Creek Bri '11—192 51 ! Main Elm Cling, Pinto Cing.
Great Western Railway of Cmmd'\ 1st Crossing Fairchild's Crcek...'... 1 Vi a}h?c'“ }32 Great Western Railway o ;‘:‘“ a./16-Mile Cree! rldgel-;...;;...... ..... ] Uz 82 « “« « { |Patli‘:l)tneq ICRJ;HS,?‘?,S;O]S ;]'?’ﬁlS' : } 3 225 675
“ 7 77 || Philadelphia, Wil. & Balt. R. R... Brldgu No. 9,atDarby, Roadway| 1 32 32 “ “ « Painted Cave Caifion, 34 Cross-
* " “ a T 1 1 viaduct. 420 L“ P e oo o ‘No.]O at Sharon Hill, © 1 38 38 ing Seminole Cave Creek. } 3 150 760
“ . “ Grand River Crossing. 3 80 240 © “ “ .« % No.ll,atNorwood, * 1 38 38 1« 1 w ...|At Station 11,590, 1 120 |-120°
“ “« " “ “ . 2| 37 74 || New York, Lack. & Western R'y.. %mign s Clrvek Bﬁldg% ..... s 1 50 50 “ “ “ «. Over Pecos River.. 1 1?0 150
New York, Drawspan. 2 tracks.| 1 360 600 . . anding Pierat Brighton ench 6 5014
WO rans b and 6, 2 Tro.| 2 100 | oo || Drighton Pler & Nav. Co, N. Y. | ™60y Taland, 50 ft. wideower f | = |+ | 1000 5| o007
“ 2 tracks.. . 1 89 178 || Mexican National Construct’n Co.{Dos Rios Viaduct [N 183 1} New York, West Shore & Buf. R.R.IRondout Creek Viaduct. 2 Tr... 1 1934 | 1166
“ Span 1, 2 trag 1 60 120 “ “ ¢ |Ferrocarril Manzanillo y 22 434 953 : 1 60
o Spans?2,3,4,7T&8. P 5 58 580 || Galv’n, 'sb’g & San Antonio R'y,|Bridge over Medina River.. 2 50 300 3 18
¢ Span 9, b tr'u:ks 1 62 124 “ “ «“ ¢ Hinda “ 1 150 150 o “ “ Rondout Creek Bridge, 2 tracks.| 1 264 528
. “ Span 10, “« 1 o1 182 “ @ “ “« Medina “ 3 130 390 « “ “ “ @ « do1 241 482
L “ B “ Approaches 2 tmckq 11 25 550 s « « o Hinda « 2 130 260 * ' o “ ¢ “ 1 163 326
Quebec & Lako St. John Railway. | Jacques Cartier.euemeessmueasein 6 43 258 « It “ « Chacin ¢ 1 , 15 75 || Galv'n, H'sb'g & San Antonio R.R.|At Station 11,892.. 1 150 150
Mexican Central Railway...... . b .20 100 “ o « “* Francisco * 1 70 70 a« ¢ “« At Stations 11,939 2 200 400
“ o eereonen i) 25 125 || Albany & Greenbush Bridge Co... Albnny Bridge. 2 tracks R 249 990 « “ s At Station 11,968, 1 225 225
“ “ 5 30 150 #“ “ “o Drawbridge. 2 tracks. 1 1 397 94 N :: ‘: «“ 12. Bl 1 260 260
“ “ 2 40 80 s —165 “* b “ 12,01 1 300 300
“ « 2 50 100 Great Western le\vuy............. Thames River Bridge...ccomrevnraee] 3 2195 415 Great \Vestem Rail\\'ay... Grand River Bridgo... n 29 398
Quebec, Montreal, Ottawa 10 150 | 1500 || New York, Lack. & Western R'y..|Ellis Creek Bridge....coneee ..0 1 5 50 .|Over McGregor's Creek, 2 tmcks 1 126 252
1 160 | 160 Mexican National Cunstruct‘n (Jo Ferroc'\rnl Mnnz'millo y Laredo 1 29 29 |f Ode F. de Mnrmhe . .[Rio de Janeiro, Brazil | 2 185 270
“ “ 1 185 | 135 1 33 | 3 . unbury Bridge.........., 10 192 | 1920
s o 1 L 255 | 255 || Morgan" sLouxsmﬁu&Texas R.R. o e { l?g 133 :: 1 156 156
N —150 G.H. &£S5. A. R. R....... ..Hondo wer ri ge....... ¥ 60 1 156 156
Great Western Railway of Canada, = j11-133 | 283 Oregon Navigation Co. Snake River Draw. 1 333 333 “ 1 156 156
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Spas.  |§ % Spans. |E 3 Spans. % 3
= ] - K=
FOR WHOX BUILT. LOCATION, f§§ FOR WHOM BUILTL. LOCATION. = Ei: FOR WHOM BUILT. LOCATION, — —2 ;.:i'
Ay Chaley . o P
No. {Length, Feet.| S E’ No. |Length, Feet.| 5 g No. |Length, Feel.| & §
q S.&L.R.R....... . Sunbury Bridge, Span No. 14 1 156 156 || International Construetion Co...... Sabinas River, Mexico...ocuennn 3 250 750 1411 Ve ) SPIApN 5 P N 1— 23 1
.G, o & N 1y O Crockery Creok.. 1 128 | 123 || New York, West Shore & Buf. I'y. 34 Crossing of Clyde River. 2 Tr| 2 190 | 760 || Penna. Schuylkill Valley R. R..... Main 8t. C'ng, Phacuixville. 2Tr} 2349 gy 172
Stony Creek 1 80 80 “ «© “ Over G. & L. R, R, 2tracks.......f 1 155 210 || Norfolk & Western Railway. ch Crossmg of Peak Creek.. 2 68 136 .
\\ LSt L & PR R Approaches to St. Charles Bnd-'\, 130 16 2080 | Louisville Elevated Railway....... |2 tracks...... YL T 9376 “ “ 4ti Holston Creelx 1 85 85
tentral Pacitic R. R . Bear River, Utuh . % 223 224 New}'ork,West‘Shoro & Buf.“ . Sl:l.‘tiun %07, 1 32 66 {| C. P, Huntington, New York.. Imke Amatlllnn Guatemala., 1 5 f])g 08
Great Western Bailwa 1 Paisley Bridgo.... 13 L ¢ 50, 1 3 68 | ! —
» i Viaduet for Paisloy 23 20 §60 G B &LIT Devil's Gate. Colorado o |{8=300] oo Seaboard & Roanoke R. R. teersestasitb it atessaett srenss sevene 7 {2__ ”} 114
« “ « Wingham Bridge... 1 133 133 . B, O e . 3 esresasesaren, 1— (‘y()f « €, Shingle Creek Bridge. 3 44 132
s “ ‘ * Viaduet.. 8 30 240 1 B,C.C.& 8. W.R. R... ..., Bald Eagle Creek. 2 182 264 || Wabash, St. Louis & Pac, R. R, Cv. Lagro Creek Viaduct., e | e - 421
w« “ v Catfish Creek Bridge 1 50 150 woow ‘ .1Fishing Creek 3 50 150 5 40
“ « « « Viaduct. g z: 38 430 Gett);x‘shurg & Hm-r‘)‘sburg R.“R. } i(l)g }1])8 Norf?lk & Western R, R....... ......[Little Otter Viaduct...coisverrrer creeen 10 gg% 716
“ “ “ Mimico Bridge....ce.s 1 94 04 || Philadelphia & Reading R. R.......|Port Richmond Branch. 2tracks.| 1 115 230 oo € 1st Crossing of New River...........| b 168 840
“ “ o “ Viaduct at 6514 M. i 30 214 |} Commissioners of Chester Co., Pa.jGay St. Bridge, Phoenixville.. 01 165 165 | Seaboard & Roanoke R. R. Crossing over Petersburg R. R.. 1 39 39
Galv'n, I'sL'g & San Antonio R'y.[San Felipe Bridge.. 2 80 160 “ « * iSouth Approach of Ga) 8t. Bridge.} 1 307 307 |{ Recife & Carnaru R, R,. Capibaribe River.... 1 192 192
i . “ Leona Bridge. 1 5 75 ¢ o # {North “ 1 450 450 || La compafiia de Almacenes o} 4 Iron Piers at IIaV'\na, 1314
Petersburg R. R. Co.. f 37 74 [ R. & P. R Ruvievrennvnscrseeneennecenee. | Jumes River, Va 1 1 liig 138 o depi)sito 1dc l:\CIIabuna “di feet \ucde“ e D R - X
" ¢ 29 29 1 Now York § : _— — ape May Pier Co........ ar, P’r at ay, BT W e | e 900
Chesapeake & Ohio R, R . Guyandotte Bridge. 2 154 308 New York,West Shore & Buf. R. B.|Station 457, Cayugn Co.. 2 {1—- 2()} 38 Norfolk & Western R. R. 2d Crossing of New River.. 4 140 560
“ * ' “ “o 1 146 146 |} Central Pacific R. R.......... Truckee River... N | 208 208 || L I, Todd........... Port Kenunedy.... 1 7 7
“ “ . . Coal River Bridge.. 1 152 152 [t Philadelphia & Reading R. R .[Perth Amboy Br Sum Bige. 2'1' 1 38 76 {| G. W.Div. G. T. R.. Jeannette Creek Br ulrve 3 41 123
« “ . ' “ “ . 2 102 204 i) Phila, Ger'n & Chestnnt Hil R LI2, thh St. & Indmn Avs, 1 71 Seaboard & Roancke R. R Mchcrrm Bndgc 25 40 4 1000
Morgan’s Louisiana & Tex. R. R.."Bayou Ramos Bridge. 8 34 272 || Penna. Schuyikill Valley R. R..... “ 2 21 278 8 “ 1 154 159
R. & P.R.R. .|Near Ellicottv'e, Cat'gus Co., 3 63 189 v “ O “ “ 2 13 G.W.Div. G. T. R... Bc]le River Brid 3 41 123
© Yo - . “ “ * } 7 71 s It «“ . é‘[\h St. Trles]tleb EXnRE " 8 195 380 || Norfolk & Western R, Reed Island Crossing . | 2 120 240
Pheenixville & West Chester R, R, French Creek Dridge 110 110 “ « “ [ACrossing Phila ,G'n & NX'n R R, 1 163 326 : Foot Bridge between two Hotel
“ * *  |Pickering Oreek Bridge. 1 1to 110 «“ « I Allezhany Ave. Crossing. « 2— 6% 360 Mr. George Harding..... Builllings, Catskill Mouut’ns.} 4 25 ioe
Memphis & Vicksburg R.R.. 1.!700 Rivi er Bndgo 2 300 600 ghany - * 1—111 h Philadelphia & Reading R. R...... 2 Bridge, South of Pencoyd.......i 1 28 28
s “ o, . J 1 271 271 || Wilmington & Northern R’y Co...|Kennet Plke..s .............. C ...... 1 24 Ju “ o #® - Lovers’ Leap Bridge. K 170 510
3 k, West Shore & Buf R.R. Eric Lan(tl,ac Station 346. 2 tracks] 1 166 332 . o P Moutgomery Siation, on ata- o . uragua Iron Coueennrcerrervennns Cuba..,. 1 53 53
NNX York, We “ . o “ “ 403, « 1 207 414 Philadelphia & Rcadmb L. R.. wissa and \Vllh.umport Br'ch, 1 " 34 Alf. B, Bollar, Engineer, N. Y 1 31 31
“ “ ¢ s « “ 558, « 1 114 228 « “ ‘“ JACTR.RNJ D'no'r Mid. B'k.47T 1 128 512 || Coplay Branch Phila. & Read, R. %.|Over Lehigh Valley R. R.. 1 107 107
P.&W.C.R R... .OverP.V.R. R... 1 6 76 || Houston & Texns Central Ry 2 100 200 || W. H, Croseman & Bro,, N. Y Rio Parabyba, Brazil 4 141 564
New York, West Shore LR .‘Seneca River Bridg 2:1) 54 | 2160 || W.&N.R.R.Co 1 g;l 41 Soutlxem Paciﬁc“R. R... Santa Clara Creek“B fid ; 100 3(4)10)
« u I o o7 ) : 55 o . o
[ ?fl‘;’;ﬂ“ﬁgﬁlgﬂf‘mn 1497' 5 Fe, 1 2? zég Plulzu]elphm & Reading R. R...... Over Creek. E. of Bound Br'k. 4 Tr.| 3 {;_ 51 628 « “ « « 9 ]98 180
New York, West Shore & Buf. | Smith Street € 1623, 1 40 80 1| Boston, Hoosac Tnnnel & W. R'y...|oosac River at Eagle Bridge 2 82 164 o “ o * 3 80 240
R.R. Allin Syracuse, N. Y.} |Geddas  “ “ 1140, ¥ i 59 118 (| Philadelphia & Reading R, R......(Newark Bridge. 2 tracks... 1 164 328 “ i “« “ [PTRTURRIN B | 57 17
Sand =« L 1 a8 | 76 « “ o . N 1 9% | 188 1| pvors Ford Bridg Co. Sel'k’l Riv. Br. at Royer's ¥°d, Pa.| 3 | {27 11711 a53
Iuternational Construction Co...... Rio Escondido Crossing 1 200 200 || Wilmington & Northern R. R... [. Popl]a;r INoc}l’i B,rid;;,e ........ 5 2 163 320 oyer’s Ford Bridge Co.ceveer ovv. chid v, Dr.at Royer's 17d, Ta. 1—119}
“ “ e “ i L e J1 120 120 j P Sunfl’r R., Hushp’kana ., Yazoo o I, & 8. Branch C. R. R. of N. J.] :Coal Port Bridge over Lehigh P
New York, West Shore & Buf. It.12.|Station 1473, Onondago Co. 2 Tr..| 1 164 | 32 || Now Orleansand M‘”;‘ alzk.q Puss, BTk R, I thmo Ryl 8 HT TS5 iy, Phila. & Read, R. R } Valley R. R. 2 tracks.., } 1 125 550
« “ “ Qe . ol 1— 38 “ “ ¢ Sunflower iver n ge 2 123 246 |} Philadelphia & Reading R. Over Lehigh R, at Turnb 2 122 88
¢ Y Skaneatelos Creck. 2 tracks....... 3 {2— 28 188 i« “ “ “ Hushpuckana « 2 98 196 | Trenton City Bridge Co Delaware Riv. Br nt'l‘lcnton N. J K 180 | 1260
“ i “ ¢ ICarpenter Creek. 2 tracks. 1 33 G6 “ « V o R ‘;{ Big Bl{;{cl}{l Ri « “ e 2 gé 146 || Gay Manufact'ng Co, Suffolk, Va.'Over 8. & R, R. [ 11 15 15
S.S.&L.R.R 3 123 369 Penm Schuylklll alley Schuylki wer Bridge. 2 Cl.lcl\s 1 163 326 . ) - ] 284}
Chesnpenke & Ohio K. T. I)unhp s Orook 19 80 160 : i 164 56 P. & 0. R. Rovevrennnnn cernanaans Centre Conway Tustle. 1 297, 495
New York, West Shore & Buf. R.R [0. & 8. R. R, Cro=z5mg 2 tracks..| 1 Kt 156 ¢ “ “ . “ “ 4 95 380 || Richmond & Alleghany R. R.......| Reid’s Creek Bridge. 1 od 54
Galv'n, ll'sb‘g & San Antonio R. R, Rxo Gmnde Bnd&,c 3 230 690 {| Seaboard & Roanoke R, R... .| Blackwater Bridge.. 1 144 144 || 8 G. R. R,, Huntingdon Co,, Pa.. |Bridge No. 1... 1 54 54
& o s 2 120 240 | Southern Pacific R. R...... .\San Jacinto River... 11> 154 154 “ o % .. % No.2 1 23 23
Seaboard & Roanoke R. R, Weldon Bridge. 10 80 800 || Oregon Extension of C. P, R. R....|4th Crossing of S'u,mmento River. 2 130 260 s « “o ¢ Nos.3and 4. 2 33 66
Yuza R. R., Cuba....... Cuba.,. 1 58 58 « s u 3d « “ " 9 1152 261 & i o “ Nos.5and 6 2 23 46
New York, West Shore .1Cold Sp 1 54 108 1—109 John W, Berry.. ... Pittston, Pa.. - 2 87 174
“ “ 118t Cr ossmg of Clyde Rlver 2 Tr 1 217 434 |} Carolina Central R. R... ... Buffalo Bridge,. 3 197 381 | Grand Trunk Rai way of Canada..|Brock St. Bridge.. 1 167 167
[ o “ 8, C. R, R. Crossing, Station 435...; 1 82 82 || Gaatemala Central R, R.. .|Rio Michatoya . J1 52 52 || Portland & lluchcst(r R.R. Ou line of P. & R. R. . 1 13 13
“ “ “ Owasco Creek....covneeeess 1 89 89 || Juragua Iron Co... .{Wharf at Santiago, Cuba. 3 Tr.....| 3 122 | 1098 |i Philadelphia & Reading R. R Lehigh Gap., 2 tracks....... 1 90 180
, L & St Touis & Pac. R’ { Charley Creek deuct 33 16 528 Plnlade]phm & Reddlug R R......IClegg’s Mill Road. 2 tracks........ 1 34 68 || The Allison Manufacturing Co....|Flue Mill, Phila. 10 trusse! I8 9 219
Wabash & St, Louis & Pac. Y- {|fletms” ¢ 16 16 256 1} poleioh & Augusta R. R Crane's Creek Bridee 9 1— 20 66 |l Central Vermont R. R. Barron's Road Crossing, Whm,} 8 4—108} 592
New York, West Shore & Buf. R. R.|New York Central R.R. C'ng 2Tr 1 130 260 alelg g : T S e 1— 45 b ¢ o e River Junction.. 4— 40
“ “ o Station 383, Cayuga Co. 2 tracks.] 1 ' 28 56 || Philadelphia & Reading R. R......|Canal Bridge at Coplay. 1 1067 | 106 “ “ Davis Road Cmssmg 1 44 44
¢ “ “ Lyons Mill Ruco. 3 tracks J01 33 99 || Chesapeake & Ohio R.R.. .|Christinn’s Creek. 1 85 85 {| Thos. Ricart, Agent... I'n R'f for Th'tre, Hav.,C, 6 tr” ses 70 105
Seaboard & Roanoke R. R...vuene Goose Creek.. . 1 23 23 || Penna. Schuylkill Valley l{. k. .| Approach to Schuy o1 69 - 69 || Pottstown Bridge Co.. Scl’yl River Br'ge at Puttst’n Paj 2 180 360
" o ¢ ..Canal at Weldon.. g1 33 33 || Philadelphia & Reading R. R......|Grove 8t. Cr's'g, E'zal’ h N J. 4 T 1 32 148 || W. B. Wilkins, Agem, Rio Pyranga, Brazil... 1 134 134
New York, West Shore & Buf., R.R 2d Crossing of Clyde River. 2 T ks.j 1 187 374 “ “ ¢ |Bayway 8t ¢ 2T 1 32 G4 Braco do Rio, * . 1 53 53
State Line & Sullivan R, Revevvvien! eneens eneeerssas srsrarese rerenierei i 1 154 154 “ ‘: ‘: . (I“hr;ton A(}'e Plamﬁeld N J. 4";: 1 :3;.). 64 l‘lulndelplna & Reudmg R R Nenr Spring Mill.. :i ?;g gg
, P 3— 43 v h * .{Richmond 8t., T.| 1 32 128 | E. P. & H. N. Almy......... Footway DBridge...
Cumberland Valley R. It. Co........ Ap'ches to Susquehanna Riv. B'ge.) ¢ {l-- 39} 168 s “ « .|Park Ave., “ “ 1 32 128 || Seaboard & Roanohe R. R . Meherr)i’n SloEgh Bridge.. 1 60 60
New York, West Shore & Buf, R, R. Station 591, Cayuga Co. thcks 1 33 G6 “ ¢ “ ./Berckman St., o . 1 a2 128 | New London Northern R. R........[Stafford Bridge............ 1 3 3
Richmond & Petersburg R. R...... J'lmes Rn er Brld;:,e ki 151 “ “ “ .|Plainfield Ave,, © “ 1 32 128 || Louisville, New Orl’s & Tex. R. R.[Bayou Perre Bridge 2 123 246
“ “ o . 4 148 > ! 2063 i« o “ .|Madison Ave, '« “ 1 32 128 {| W. H, Crossman & Bro,, N. Y Brazil. 2 115 230
“ “ “ . ¢ “ 3 138) | o “ “ .{Leland Ave, “ 2Tr.| 1 32 64 || Central Pacific R. R... .|Cape I 1 120 120
Great Western Railway... .|Credit River........ 1 200 200 “ u “ .[Central * e 4Tr) 1 32 128 || Baldwin Locomotive Works .{Footway Bridge... 1 51 51
“ “ .JPuco River Bridge....... 3 41 123 “ e “ .| New St., “ “ 1 32 128 || Cincinnati, Wash. & Balt. R. R...|Muskingum River Bridge 2 187 374
“ “ .|Ruscom River Bridge... 3 41 123 “ t “ s " o 1 32 128 || Glendon Iron Co.... ceensaes 1 87 57
“ “ v .|Baptista Creck Bridge..... | 8 41 205 “ f “ . s o 1 33 128 Phlh Bramh of B:th & Oluo R, R Over Watson's lsland Va ceense | 1942
Philadelphia & Reading R. R. .|Canal at Pheenixvitle, 2tracks...{ 1 140 280 “ “ 4 ......|Washington St, ¢ “ 1 32 128 East Approach to Susqnchannn B 1 242 242
International Construction Co......|Sabinas River, MeXico...cccoeninnieen. 1 100 100 “ “ *  ...iGrant Ave., o 2Trd 1 32 64 || Johu W. Berry.vissecerinneceess] Wash, Ave, Bridge, Scranton, Pa..t 1 110 110
Fotal number Single-Track Railway Spans........ 370,400 lineal feot — 70 miles.
SUMMARY: < Total number of square feet of Iron Roofs 187,546
Total number of squure feet of Ocean Piers...... reresraesite tesarenssantesnes seanesanaesnes eane o o 164,880
N nY
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GENERAL SPECIFICATIONS FOR RAILWAY BRIDGES.

HE moving load for each track shall consist of two consolidation locomotives, cach
with weights distributed according to the following diagram, followed by a train

! 54 8

weighing 3000 pounds per lineal foot. In the case of double-track bridges, this moving
load shall be taken as moving in either direction on either track. :

The lateral bracing between the chords which do not carry the moving load shall be
designed to resist a wind pressure of 150 pounds per lineal foot of span. N

The lateral bracing between the chords which carry the moving load shall be
designed to resist a wind load of 450 pounds per lineal foot of the span, 300 of which
shall be treated as a moving load.

In all viaduets and trestle towers the wind load shall be taken as follows:

On the unloaded structure, 50 pounds per square foot of surface projected on the
vertical plane through its axis.

On the loaded structure, 30 pounds per square foot of the same surface, in addition
to an equal amount per square foot of train surface; the latter to be treated as a moving
load. )

In all cases the projected surface of two trusses and two sides of towers is to be
taken as the surface of action of the wind. The overturning effect of the latter on both
trusses and train shall be considered.

The weight of ties, guard timbers, rails, spiles, ete., shall be taken at 400 pounds per
lineal foot.

The greatest working stresses in all tensile members of railway bridges shall be
taken as follows:

In counter-web members 8,000 pounds per square 1nch

. In long verticals 8,000 «
In main web members (eye-b: nrs) . 10,000 « It e
In suspension loops 7,000 ¢ “ “

«5'0/"-> g 1" s 87 46" L7 4. 10™ 58" 4105 o4 ' 0, ]
. I & 3
}=4 [ o [=] o
g g 8 g g g g g g ‘
w o B > & 45. 8' 2 e 0 _“L’j

In tension members of lateral and transverse bracing
(including 10,000 pounds for initial tension) . . 15,000 pounds per square inch.
In counter-rods and 1ong verticals of lattice-girders

(net section) 7,000 « t
In lower chords and main tensxon members of lattlce-

girders (net section) 8,000 ¢ « n
In bottom flange of plate-girders (net sectxon) 8,000 ¢ « «
In bottom flange of rolled beams . 8,000 t @

The greatest working stresses in compression members shall be the following, in
which P is in pounds per square inch:

Flat Ends. Pin Ends.
Phenix Column. P = ———840012 . . . . P= —8400l?

1+ 755,000 72 1+ 36,600 72
Latiiced, or Common Column. P = 7800l2— . . . . P= 780%2_

1+ 40,000 7t 1+ 50000 7%
Angle-Iron Struts. P= ——7800l2 . . . . P = 780012

1+ 30,000 »2 1+ 16,000 72

I is the length of column, and r the radius of gyration of section in direction of
failure; both are to be taken in feet, or both in inches.

The formula for pin-end angle-struts is to be used only when the length e\ceeds 120
radii of gyration; below that value, the formula for flat ends is to be used in all eases.

In the compression flange of plate girders and rolled beams, the working stress shall
not exceed 8000 pounds per square inch of gross section.

If the web-plate or plates in the upper chord of latticed girders are not both sup-
ported by angles and latticed, their working stresses shall be determined by the formula
for angle-struts; if, on the other hand, they are so supported, the formula for common
columns shall be used, the gross section being talken in both cases. In all eases the
length, /, shall be taken cither between points of attachment of lateral bracing, or
between panel points, as may make I + r the greatest possible.

If the upper chord of a deck structure supports the ties (or its own weight) as a

(11)




12 : THE PHENIX BRIDGE COMPANY.

transverse load, such a member shall be designed to sustain the combined stresses arising
under such circumstances of loading.

All members sustaining alternate tension and compression shall be designed to carry
the largest stress added to six-tenths, the smallest.

The greatest shearing stress in any rivet or pin shall not exceed 7500 pounds per
square inch.

The greatest bearing stress allowed on any rivet shall not exceed 12,000, multipliéd
by its diametrical bearing area before driving. This clause shall also apply to the bearing
of pins,

The bending stress of tension or compression on the extreme ﬁblcs of ping shall not
exceed 15,000 pounds per square inch for wrought iron, nor 20,000 pounds per square inch

for steel.

All structures whatsoever shall be provided with complete and efficient systems of
lateral and transverse bracing.

OUALITY OF MATERIAL.

Wrought iron shall be uniformly tough and fibrous in character, and shall possess a
limit of elasticity of not less than 26,000 pounds per square inch.

The ultimate resistance of prepared specimens of 1 square inch in sectional area
for a length of 10 inches, taken from full-sized bars of not more than 4 square inches in
area of section, shall be not less than 50,000 pounds per square inch. A reduction of 500
pounds per square inch for each additional square inch of full-sized bar area will be
allowed in similar specimens taken from bars of greater sectional arca than.4 square
inches, down to a minimum ultimate resistance of 48,000 pounds per square inch. In
all cases the stretch shall be not less than 18 per cent. in 10 inches.

Specimens not over 1 square inch in area of- cross-section, taken from shapes and
plates under 24 inches wide, shall give an ultimate vesistance of not less than 48,000
pounds per square inch, and a final elongation of 15 per cent. in 8 inches; all tests being
made in the direction of the fibre.

Similar specimens from plates over 24 inches in width shall give a resistance of not

less than 46,000 pounds per square inch, and an elongation of not less than 12 per cent. in’

8 inches; tests being made, as before, in direction of the fibre.
All iron used in tension must bend cold 90 degrees without cracking to a curvature

whose radius is about the thickness of the metal, and not less than one-third of such speci-
mens shall bend to 180 degrees under the same conditions. Plate and shape specimens
must bend cold 90 degrees to a radius one and a half times the thickness without
cracking.

All iron, when nicked and bent by blows from a hammer, must show a structure

nearly all fibrous.

HIGHWAY BRIDGES.

All highway bridges shall be proportioned to carry their own weight, added to 80
pounds per square foot of clear roadway and sidewalk, as moving load for spans of less
than 125 feet, or 60 pounds per square foot for spans over 125 feet. In all cases the floor
system shall be designed for a moving load of 100 pounds per square foot of clear roadway
or sidewalk.

The greatest allowable stresses of the various kinds shall be detel mined by increasing
those for railway structures to the extent of 20 per cent.

The general excellence of the work and material shall fully equal that required for
railway structures.

THE WEIGHTS OF LOCOMOTIVES AND CARS.

Although the weights of locomotives and loaded cars vary widely according to cir-
cumstances of location and traffic, the more common values found in connection with the
heaviest as well as the ordinary traffic carried by either the standard or narrow-gauge
roads are completely given on the adjoining plate. These values are not only of very
considerable interest in themselves, but are of the greatest importance in' the design of
bridge structures. The old method of a uniform moving load with locomotive excess in
front no longer mects the requirements of the best structural design. The wheel con-
centrations must be taken as they are, and that position assumed which will give the
greatest value to the stresses sought. These observations possess special force in connec-
tion with the design of the floor systems of railway bridges.

The wheel concentrations shown on the plate give correct ideas of the proper
weights or loads to be taken, in addition to the weights of structures, within the ordinary
limits of the best practice for either standard or narrow-gauge roads, :

[an)
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)GH WORKS.

I-IE Works of the Pheenix Iron Company, at Pheenixville, Pa., are conveniently

situated with respect to the ore-beds and coal-fields of the eastern part of that

State, and within easy reach of the markets of the country by means of the
admirable systems of transportation afforded by the Philadelphia and Reading and
the Pennsylvania Railroads. Not only because of the quantity and high quality of
their product have these Works won a world-wide reputation, but also by reason of
the large extent and the well-planned arrangement of the many furnaces, mills, and
shops that constitute the plant of the Company. Beginning on a small scale in the
year 1790, these works were materially enlarged in 1827. In 1842 very cxtensive ad-
ditions were made in the shape of a complete puddling-mill with six single furnaces,
a Burden rotary squeczer, and a train of rolls, this being the first establishment in
the Schuylkill Valley to begin the puddling of iron on a large scale. In 1845 two
blast-furnaces 15 by 59 feet were built, and in 1846 a third blast-furnace 15 by 59 fect
was put up. These furnaces are still in operation, but have been very greatly improved
by the addition of such modifications as have been brought forward-from time to time
and approved by the usage of the best iron-workers. In 1846 a large mill for manufac-
turing railway iron was crected and equipped with a complete set of furnaces, engines,
and 1olls requisite for the production of such material.

In this mill was rolled much of the railway iron that was used in the construction of
the pioneer railroads of this country, and its products were well known in every State of
the Union. In 1855 the ownership of the works was merged into a stock company under
the title of “The Phoenix Iron Company,” and the manufacture of beams, channels, tees,
and a variety of shapes of iron was begun.
having been enlarged, they entered upon the construction of bridges, roofs, and other
varieties of structural iron-work, and this department of their business has steadily in-
creased .in importance since its cstablishment. During the civil war many hundred

. ~wrought-iron field-guns wore made at these works, as well as Iarge quantitics of material

for ordnance service and naval stores.

In 1862 the Phenix column was introduced to the market, and in 1866 the manu-
facture of eye-bars forged by hydraulic pressure for bridge-links was begun

These two important factors in the construction of bridge-work, in furnishing enrrl-
neers with their material arranged in the most perfect fmms for resisting the strains of‘
compression and tension, have performed signal service in developing the American type

of bridge, and have made practicable the rapid and economical manufacture of engi-
(14)

The capacity of their shops and foundry .

neering structures adapted to a great variety of purposes. In 1870 the works occupied
an area of about 30 acres, but so steady bad been the demand for their product, and so
wide was the field for its employment, that it was then considered advisable to make pro-
vision for such enlargement of their capacity as would enable them to meet the require-
ments of their business in a more satisfactory manner. A large building, covering about
G} acres under a single roof, was crected, and a complete outfit of gas producers, regener-
ative furnaces, compound engines, and trains of rolls planned for its equipment in the
most thorough manner. This building served as a model for the architects of the Cen-
tennial Exhibition buildings, and is admirably adapted to the special requirements of a
large rolling-mill. It is 928 feet long, 288 feet wide, and 30 feet high to the square. It is
built almost wholly of iron and glass. Two long parallel sheds connected by four spacious
transepts, and enclosing three interior courts, will convey, in brief description, some idea

.of the general plan.

Two views of the Works are presented in this album, from photographs, which give
some idea of the general arrangement of the plant, but necessarily omit much, and but
inadequately represent its magnitude. One of them shows, in part, the new rolling-mills.
Back of this building is that of the gas-producers, 60 feet wide, running the length of the
main building and separated from it by a passage-way of 150 feet. The second view
represents the blast-furnaces, puddling- and old rolling-mills. On the opposite side of
the creek, in front of them, but not shown, are the various shops, foundry, and other
buildings used in the manufacture of bridges. _

The drains, water-pipes, steam-pipes, and gas-passages form an intricate system under
the iron floor that is quite hidden from the visitor, but, like the circulation of a living
organism, a system most essential to the vitality and action of the body that is dependent
upon it. The recent adoption of gascous fuel has enabled manufacturers to regulate much
moroe satisfactorily the quality of their iron by keeping it clean and free from ashes or
dust during the process of heating, as well as by giving a thorough control of the temper-

ature desired in the furnace, and these advantages are obtained in this mill by the use of

all of the appliances yet devised for the purpose.

From these furnaces the iron is rolled into the various forms required in n the construc-
tion of buildings, bridges, and ships by passing it between rolls having in them grooves of
the form it is desired to give to the bars. I'rom the mills such bars as are to'be further
worked up into the construction of bridges or buildings are taken to the machine-shops.

These buildings, the largest covering about an acre and a half of ground, contain
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the various machines and tools by which the iron is planed, turned, drilled, and handled
with expedition and accuracy. Steam-riveting and air-riveting machines replace the din
of the hand-hammers and sledges of a decade ago, and do more than double the amount
of work almost noiselessly. In an adjoining building special attention is given to the
riveting of the Phenix columns, large numbers of which in a great varicty of sizes can
be very quickly produced by means of the tools specially adapted for the purpose. The
heavy links for bridge eye-bars are forged by bhydraulic pressure in another shop which
is sot apart for this particular work. The heads upon these bars are made by a process
that insurcs the development of the full strength of the bar when under strain in a
structure. The end of the bar having been heated to a white heat is upset by pressure
between dies, and then shaped by reheating and further pressure into the desired form.
After cooling and trimming, the pin-holes are bored, both holes at one operation, thus
insuring an accuracy in the distances from centre to centre of holes that is essential
in the manufacture of work of this character. Powerful testing-machines stand ready
to prove by actual pull the strength, of the bars thus made, and to enable inspectors to
determine the elasticity and ductility, as well as the ultimate strength of the material
called for by their specifications. Adjoining the hydraulic forge a hammer-shop, with a
6-ton steam-hammer and gas-heated furnace, has recently been put up, and will greatly
add to the power and capacity of the forge. Hecre can be handled and made any parts
of a bridge requiring heavy and accurate die-forging, and the usc of gas for heating the
material will give the same advantages of clean work and control of temperature that is
obtained in the mill-furnaces.

The foundry of the Company is a spacious stone building with iron roof-frame and
ample light from all sides. It is served with steam-cranes and all modern appliances for
producing the best material at the lowestcost, and is kept constantly busy in turning out
the various forms and shapes of iron that the ingenuity of the millwright delights to
design and tho skill of tho workman takes pleasure in constructing.

. throughout the yards and reaches every part of the works.

The old frame building that was used for foundry purposes was destroyed by fire
April 23,1882, and the first casting made in the new foundry was in the afternoon ot
June 16, 1882. The numerous and valuable patterns belonging to the works are stored
in a brick building put up expressly for the purpose of affording protection against the
risk of their destruction by fire. It is four stories high and is lighted from a skylight in
the roof by a céntral shaft, about which the shelves and passages ave arranged in such a
way as to afford the greatest amount of storage room with easy access to the patterns
and ample light in every corner. The distribution of material from the mills to the
shops and about the yards is effected by a system of narrow-gauge railway that ramifies
Four locomotives are con-
stantly employed in the service of this system of distribution, and have with great
economy taken the place of the many mules and horses that formerly attended to this
very nccessary duty. ) : )

A large stock of beams and shape-iron of cvery variety of size and weight is kept
on hand for supplying promptly orders for such material, and telegraphic orders from
New York, Boston, Chicago, or Baltimore can in this way be filled with accuracy and
despatch, and the iron loaded and shipped in a fow hours after the receipt of specifica-
tions.

For supplying the many boilers, for cooling the furnace sides, for the service of the
condensers, and for a great many other purposes, an abundant supply of excellent water
is obtained from the Saukanac, or French Creck, along the valley of which the works
extend for nearly a mile. A Worthington pump of 2} million gallons capacity raises
this water to a storage reservoir on the hill-side, whence it is distributed by a system of
mains and service pipes to all parts of the newer works.

Thus the whole establishment is arranged for the production of iron of high quality
on a large scale in a great variety of shapes by means of the most modern and improved
appliances, and claims to occupy-a place among the foremost American mills.
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DESCRIPTION OF DESIGNS
14 A4 X .
DESIGN ¢ A,” DESIGN ¢“C."
é‘@‘“ HE general style of girder shown in this design is well adapted to spans under 18 or The general character of our deck lattice-girders is well illustrated by this plate,
S 20 feet. It is composed of two cye-beams, 15 inches deep in the present case, which represents the 60-fect span of the Kinzua Viaduct.: The upper and lower chords
weighing 200 pounds to the yard. These beams are thoroughly braced in two are alike, and are composed of two angles and a decp web-plate extending throughout the
panels, 8o as to securc perfect lateral stability. length of the span, reinforced over about the central half by a cover-plate. A sufficient

The lateral struts are 6-inch eye-beams, and the tics are rods 1} inch in diameter. depth of web-plate in the chords was taken to properly resist the bending action of the

This simple structure is specially adapted to loeations in which the head room is moving load in combination with the direct compression, as well as to sccure sufficient
very limited. bearing surface for the rivets uniting the web members to the chords.

The plate represents a girder p]accd on the line of the Seaboard and Roanoke Rail- All the web-braces are arranged in pairs, so as to take hold of both sides of the
road, at Suffolk, Va. chord-plate, thus sccuring double shear in the rivets, and completely avoiding all twisting

of the chords. Both the rivet shear and the bearing capacity of rivets against the plate
DESIGN ¢“B.” and angles are cavefully consideved in’all our riveted work ; and when, as in the present
instance, the ties rest dircetly on the chord, the latter is designed to resist the combined

This design shows the adaptation of our plate-girder system to a span of about 40 stresses arising under such circumstanices, ’
feet. In the vicinity of the ends the chords are each composed of a pair of angles, which By our system of construction we are cnabled to make, the centre lincs of stress of
are reinforced for somewhat more than the central half of the span by a heavy plate. As members meeting at one place interseet as nearly as possible in one point, thus cssen-
there is only one cover-plate, it may be depended upon to perform its functions with the tially avoiding those sccondary stresses which frequently constitute such an objectionable
greatest cfficiency. feature in riveted work. :

The stiffness of. the intermediate portion of the web is sccured by pairs of angles The vertical end-posts are made very heavy, as they are exposed to very sovere duty.
(one angle on cach side of web) riveted at sufficiently frequent intervals. As the ties are The transverse and lateral systems of bracing are of heavy angle-iron and in short panels,
placed on the top chords, the ends of the girders are subjected to very severe shocks and and so attached to tho chords as to develop the full resistance of cross-section in the
consequent fatigue. This is amply provided against by extra heavy vertical end-stiffeners most direct and effective manner.
riveted over fillers reaehi.ng from upper to_ lower chord-angles. . At and near tho centre of the span, wherc the web members take both kinds of

Transverso stiffness is sccured by latticed struts of equal depth of the girders, which stress, both bars and angles are provided, the former to take the tension and the latter to
take hold of the angle-stiffener throughout the entire depth of the main girder. These resist the compression.
transverse struts also serve as the compression members of the lateral system, the latter All intersections of web members are riveted, in oxdel to shorten the struts and give
being completed by the ties as shown. The most thorough lateral and transverse stiffness general stiffncss.
is thus secured, and the girders enabled to sustain in the most efficient manner that severe
use under rapidly-passing heavy loads to which all short spans are unavoidably subject. DESIGN ¢ 1.%»

This particular structure was built for the Seaboard and Roanoke Railroad, and _
forms a part of the “ Mcherrin Bridge.” Our type of ordinary through bridge for railway traffic is well exemplified by theso

These plate-girders may be advantageously used under ordinary circumstances for trusses of 120-feet span, built for the Norfolk and Western Railroad, and forming a part
spans running from 20 to 50 feet, although they have been constructed for spans of about of the bridge at Reed Island crossing. In each span there are six panels of 20 feet, and
70 fect. the trusses are 21 feet deep. The chief characteristics are the single system of triangu-
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lation with long panels, and consequently small number of parts, great simplicity of
details, and the use of “Pheenix” columns as compression members. The long panels
reduce the number of parts, and hence the tendency to vibration, to a minimum, while
the economy of inclined end-posts is considerably increased.

The top and bottom lateral bracing is designed for a total wind pressure of 530
pounds per lineal foot, in addition to which there are heavy transversc knec-braces. The
lateral stability is still further materially increased in an incidental manner, both by the

. floor-beams being drawn tightly up against and into recesses at the bottom of the posts,

and by the ties and struts between the stringers, which really constitute an independent
lateral system. These latter give the requisite lateral stiffness to the long track-stringers.
Both the truss and floor system are thus seen to be peculiarly well adapted to a heavy
and rapidly-moving traffic.

DESIGN “E.”

The adaptation of our system of construction to an extraordinarily heavy structure
is shown by this span of a two-truss double-track railway bridge, with a span of 264 feet
and % of an inch from centre to centre of end-pins. It forms one span of the Rondout
Bridge, on the lino of the New York, West Shoré and Buffalo Railway; the complete
structure will receive a full description on another page.

As the total load is divided between two tirusses only, the members of each are
unusually heavy; consequently, the economic depth of truss takes a comparatively high
value.

The depth of 45 feet fixed upon in the design involves the incidental but important |

advantage in such a length of span of a small deflection and correspondingly increased
stiffness.

Heavy upper and lower lateral systems of bracing are provided, in eonnection with

_transverse bracing, in the vertical planes of each pair of opposite panel-points, besides

portals of unusual stiffness. The gencral stability of the bridge is still further increased
by bracing the upper half of the third panel from either end in each truss, and connecting
the lower transverse bracing-points of all the posts. .

There are fifteen panels of 17 feet 74 inches each, which, in connection with the three
systems of triangulation, unites the advantages of an economical angle for the ties with
those of long panels.

The converging of a large number of eye -bars at the upper extremity of the end-post
presented a problem which is effectually solved in a very simple manner by a massive
plate hung on the end-pin in the manner shown.

The transverse floor-beams are necessarily of unusual depth, and their lower chords
are held rigidly in place by tie-rods reaching from each pin to the lower extremity of each
adjacent pair of hanger-loops.

In the centre panel of each truss there are ten eye-bars, giving rise, unless prOper]y
designed and arranged, to excessive pin bending. As in all our designs, the eye-bars and
pins were here so proportioned that the extreme fibre stress does not exceed 15,000
pounds per square inch.

DESIGN “F."

In many cases it is desired to connect masonry piers across an opening where the

clear space below is not limited. Under such circumstances this type of truss can be
most economically employed.

There are six panels of 13 feet 4 inches each, and the depth of truss is equal to the
panel length. The trusses are placed 10 feet apart centres, so that the ties rest directly
on the upper chord. The latter is so proportioned as to resist the consequent bending in
combination with the direct compression. A judicious selection of panel length cnables
the proper balance to be maintained between chord-bending on the one hand and the
advantage of a long panel on the other. Effective systems of upper and lower lateral
and transverse bracing are easily seculed in such a bridge, and give the requisite general
stability.

This bridge carries the linc of the Chesapeake and Obio Railway over Dunlap’s
Creek.

DESIGN “G.”

The application of our system of construction to a long deck span is well shown by
this bridge, built for the Galveston, Harrisburg and San Antonio Railroad. The length
of span, which is 300 feet, necessitates such a distance between the trusses that it is im-
practicable to place the ties directly on the upper choxds The usual transverse floor-
beams are placed directly at and over the panel-pomts, and held rigidly in place by
inverted loops.

Two lines of longitudinal stringers, 6 feet apart centres, carry the single line of rails,
while two other lines over the two trusses make ample provision for the sidewalks.

The stringers are placed on the floor-beams, and braced firmly in position and
stiffened by the heavy brackets, as shown.

The depth of the truss is 37 feet 8 inches, and length of panel 17 feet 8 inches. The
advantages of a long panel, combined with an economical angle of ties, are thus secured
by employing two systems of triangulation., -

Complete transverse and lateral stability, both upper and lower, are effectually
obtained in the usual manner.

Although there are eight lower chord eye-bars in the centre panel of each truss, they
are so proportioned and arranged tbat the stress on the extreme pin-fibre does not exceed
the proper-limit.

DESIGN ‘‘H.”

The distribution of material in a long span drawbridge, so as best to subserve the
purposes of its construction, is a problem requiring the most careful consideration in all
its details. It may be safely asserted, however, that the objeet of structural design has
rarely, if ever, been accomplished in a more satisfactory manner than in this particular
case.

The heavy bending over the centre pier is controlled by a comparatively small
amount of metal, in consequence of the increased depth of the truss at that point; while
the stresses in the web members in the vicinity of tho centre are materially relieved by
the greater chord inclination at the same place. The outer portions of the two arms, in
which the stresses change in kind under the passage of the moving load, possess a depth
of comparatively small and ncarly uniform value. This meots in a most rational and
effective manner the requirements of the relatively small stresses existing in these parts

7N

&

Pan
L




o
\iJ

Yy L0
v/
18 THE PHGENIX BRIDGE COMPANY.
of the structure. Thé curved upper outline of the trusses thus combines the excellencies " The towers are divided into stories of about 33 feet each, at the extremities of which
of an economic system with a remarkably graceful appearance. the column sections are joined by interior wrought-iron sleeves, forming a complete
As the bridge carries a double-track railway, with two trusses 26 feet apart between " cylinder. . By means of these cylindrical slecves each column is made absolutely contin-
centres, it is readily seen to be a very heavy structure. The end and centre depths (20 uous from the top of the tower to the masonry at its base.
and 40 feet respectively) are so taken in connection with the panel length of 17 feet 53 The lattice-girders forming 1he superstructures are of the deck varicty and 10 feet
. inches, however, that the greatest economy is attained. apart centres, but possess no specnl characteristics other than being remarkably substan-
The turn-table is wholly rim bearing, and the drum, 28 feet 2 inches in diameter, is tial siructures,
carried on forty-two 24-inch rollers. DESIGN (U R
This type of structure is peculiarly adapted to the purpose of securing that degree of |
cconomy in construction and ease and stability in turning which are so essential in a long This design ShOWS a highway budge built by us f01 the Pottstown Bridge Company,
and heavy drawbridge. of Pottstown, Pa., and the structure crosses the Schuylkill 1.%n er at that place There
A further description of this bridge will be found on another page. are two spans of ]79 feet each from centre to centre of end-pins. The tr usses.are 21 feet
4 inches apart centres, with two sidewalks about 5 fect each in the clear. This bridge is
DESIGN L% typical of our usual hlghway construction. :
It will be observed that the marked advantages of long panels and a smgle system
The most economical method of ecarrying a railway across a wide gorge in which firm of trinngulation are secured by the use of a system of inter medmte transverse iron beams,
pier foundations are easily secured at all points, is illustrated in a remarkable manner by one resting at the centre of cach panel on a pair of main longitudinal iron stringers.
this structure. The total width of gorge is divided into twenty-one open spans and The latter are supported on the main floor-beams a short distance from the points of
twenty tower spans, the former of about 60 feet, and the latter of about 40 feet. The - support of the latter, thus adding very little to their bending movements. 6-inch eye-
greatest height is about 300 feet. beams and the two main stringers just mentioned form the joists which carry the floor-
Each of the towers are thoroughly braced longitudinally and transverscly in order plank. Two lines of light timber joists, one outside of each main stringer, receive the
to resist not only the wind pressure, which acts with great severity on a structure of such spikes which hold the plank in place.
extreme height, but also the thrust and vibrations caused by the moving loads. The sidewalk railing acts as a truss, with a span of one pancl length, for half the
The lateral pressure of the wind against a passing train at great elevations produces sidewallk and its load. The sidewalk plank are spiked to the top of the guard-timber as,
an overturning effect of unusual magnitude, which in this case has been amply pro- shown; in this manner the footwalk is raised an agreeable distance above the roadway.
vided for by the inclination of the columns and the anchorage at their feet. By this method of construection a permanent, light, and economical iron-floor system
The wind pressure on the structure and its train-load was taken at 30 pounds per is obtained, the only inflammable portion being the necessary plank floor.
square foot, and 50 pounds per square foot for the unloaded structure. Subsequent tests Efficient systems of upper and lower lateral and transverse bracing give in them-
on large surfaces, at the site of the Forth Bridge, have demonstrated that these values selves completo stability against moving-load vibrations and the wind, though they are
give abundant security against wind stresses. very materially reinforced by our system of floor construction.
WO
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PLATE I

MIDDLE BROOK BRIDGE.

" HIS structure carries the four tracks of the Now Jersey Central and Bound Brook
Divisions of the Philadelphia and -Reading Railroad across Middle Brook, near
- Bound Brook, N.J. The trusses are 28 feet apart between centres, and the span
is 128 feet, divided into seven panels of 18} feet. The depth of 32 feet is so taken as to
preserve the proper balance between economy of material in the bridge as a whole and
judicious design and arrangement of the individual truss members. The extraordinarily
heavy load carried by the eentre truss, as well as the somewhat unusual characteristics
of the traffic, give to the design of this structure more than ordinary interest. The
anthracite coal region finds onc of its main outlets over the New Jersey Central Division,
and thus puts upon the bridge a continuous and very heavy traffic, while the New York
and Philadelphia express trains over the Bound Brook route move at a speed certainly
not surpassed in this country. There is thus combined in the duty performed by the
structure cssentially the highest limits of requirements respecting rapidity of movement
and weight of passing loads. The floor system, composed of twelve lines of longitudinal
stringers rigidly secured between the transverse floor-beams, admirably fulfils the require-
ments of such exceptional conditions. The depth of trusses gives very stiff transverse
bracing, and the construction of the floor system increases very materially the lateral
stability.
The heavy loads carried by this bridge involve the use of the eight segment Pheenix

. eolumn and a number of heavy cye-bars of 12 square inches in sectional area.

PLATE 1L

SUNBURY BRIDGE.

The single track of the Mahanoy and Susquehanna Division of the Philadelphia and
Reading Railroad crosses the Susquehanna River at Sunbury, Pa., on the through struc-
ture shown in this plate. Ten spans of 192 feet each are on a tangent, while four of about
156 feet cach are on an eight-degree curve, making a total length of about half a mile.
All the trussecs ave 32 feet deep, but a separation of 16 feet between truss centres for the
spans on the tangent is changed to 21 feet for those on the curve. The 192-feet spans
have each cleven panels of 17 feet 53 inches, while each of the other spans are composed
of ten panels 15 feet 7 inches in length. The bridge was designed to meet the require-
ments of the heavy traffic of the Philadelphia and Reading Railroad, and its general
proportions are such as not only to fulfil those conditions, but also to form a most grace-

ful structure, adding a very agreeable feature to its picturesque location. The pleasing
effect is increased by the ornamental character of the Pheenix column.

The principal features of the construction are sufficiently well shown by the photo-
type to render unnecessary a detailed description. Perfect lateral and transverse stability
aro secured, and the floor system meets the highest requirements of the best practice. It
is an excellent illustration of the most modern form of single track through bridge.

PLATE L

CHAUDIERE BRIDGE,

The Ottawa River is spanned at Ottawa, Ontario, by this bridge, which was built for
the Quebee, Montreal, Ottawa and Occidental Railway, now forming a portion of the
Canadian Pacific system. Although the plate shows but six spans, there are thirteen,
seven of which are separated by an island from the six that are shown. In all the spans
the trusses are 16 feet 6 inches apart centres, but the depth of 34 feet 6 inches of the
255-feet spans is reduced to 30 feet for the others. The pancl length of 17 feet 1 inch is
uniform for all the spans except the longest, in which it changes to 17 feet 3 inches.

It is a “ through” structure carrying a single track, and is nearly 2100 feet in length.
The method of sccuring the floor-beams to the posts, by riveting just over the lower pins,
is the only peculiar characteristic of the construction, and was required by the Railway
Company. This feature. in connection with the placing of the stringers between the
floor-beams, gives rise to a very stiff floor system, and materially increases the lateral
stability.

The track rests on ties carried by a system of four longitudinal stringers, consti-

tuting a floor of sufficient continuity and strength to provide for any ordinary derailment.

These stringers are 4 feet apart between centres; the two adjacent to the centre of the
track are, therefore, heavier than the others.
The track is about 25 feet above the water at ordinary stage.

PLATE IV.

CATSKILL BRIDGE.

Of the many picturesque locations along the line of the Now York, West Shore and
Buffalo Railroad, there is, probably, none in which the art of the engineer combines more
harmoniously with the quiet beauty of the natural scenery than at the site of this struc-
ture. The village of Catskill, prettily located on the bank of the Catskill Creek, and at a
considerable elevation above it, in one of the most charming portions of the valley of
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the Hudson, looks down upon this bridge as it carries the railway line over the creek and
adjacent valley

As the plate shows, the bridge is a double-track deck structure in eight spanps,—six
of 170 feet, and one each of 100 and 106 feet, with a total length of 1250 feet. The
depth of the long spans is 26 feet, and panel length 16-feet 8 inches, while the depth
and panel length of the short spans are 21 and 171 feet respectively. The trusses are
20 feet apart centres in all the spans, and the track is 85 feet above the water. Lile all
constructions for the New York, West Shore and Buffalo Railway, it was required to
meet in all respects specifications based on the demands of the most advanced bridge
practice of the present day. By the use of an independent floor system, with transverse
floor-beams resting at the upper chord-panel points, a length of panel could be selected
which would be productive of economy in trusses, and leave all stresses well defined.

As the two trusses are 20 feet apart centres, with depths of 21 and 26 feet, excellent
proportions for effective transverse bracing are secured. The economy of oblique end-
posts is attained by using ve1t10a1 columns at the feet of the end-posts, which carry a
panel moving load.

This br ldge meets the requirements of a heavy and rapidly moving traffie, with a
high degree of constructive cconomy:.

PLATE V.

HARLEM RIVER BRIDGE.

The graceful outline of this drawbridge indicates that the demands of the loca-
tion involved not only considerations of structural economy, but those of an ssthetical
character as well. It is a double-track structure, crossing the Harlem River at Eighth
Avenue, Now York City, and connects the West Side and Yonkers Railway with the
Eighth Avenue Elevated Road. ‘

With a centre depth of 40 fect, and 20 feet at the end, the intermediate depths are so
talken as to sccure both beauty of outline and a proper regard for economic considerations.
In fact, the varying inclination of the upper chord not only produces an agreeable impres-
sion on the eye, but is in reality a true expression of a correct distribution of material.
No structure could be more admirably adapted to the complex requirements of the loca-
tion. Theroe are sixteen panels of 17 feet 53 inches, and one of 18 feet 5§ inches.

The trusses are 26 feet apart centres, and carried at the pivot pier by a wholly rim-
bearing turn-table fitted with the proper appliances for steam as the motive power. The
diameter of the drum is 28 fect 2 inches, and turns on forty-two 24-inch rollers. Although
a single system only of triangulation is used, by proper trussing the entire weight of the
bridge and its load is equally divided between eight points of support on the drum, equi-
distant from each other. ,

The locking-gear and turning machinery, with engine and boiler, are of the most
approved character. They are located in the turn-table, and operate with great cxpe-
dition and efficiency. '

PLATE Vi.

ALBANY AND GREENBUSH BRIDGE,

The Albany and Greenbush bridge shown on this plate is the second one built by this
Company across the Iludson River at Albany; it connects the village of Greenbush with

the city of Albany at a point just south of the freight station of the A. and S. Division
of the Delaware and Hudson Canal Company.

The necessitics of this particular case are a combination of those usually found in
separate structures; the difficulties presented, therefore, were of a correspondingly com-
plicated character. A roadway with sidewalk on either side is carried along the lower
chord, while a double-track railway is placed 19 fect above the lower chord-pins. The
structure is, therefore, obliged to do double duty, and, with the length of spans required,
it becomes unusually heavy.

The trusses are 28 feet apart centros, and the entire structure is composed of four
“through” fixed spans of 150 and 250 feet in length, combined with a “through” draw
span 400 feet long, and three plate-girders at cach end of 36-feet span, making the total
length 1430 feet. The depth of the 250-feet spans is 45 feet, and that of the 150-feet
spans 22 fect. The panel length is 16 feet- 7 inches for the fixed spans, and 18 fect 3
inches for the draw, cxcept at the drum, where there are two panels of 16 feet each.

The problem of placing a double-track railway platform midway of the depth of

* the long span trusses and draw presented some interesting points of design not usually

cncountered in bridge construction. All vertical compression members in the bridge are
of the ordinary latticed channel specics above the railway platform, but below tho latter
cye-beams take the place of the latticing, and furnish points of support at their upper
cxtremities for the railway floor-beams. The end-posts of the 250-feet spans are eight
segment Pheenix columns of the heaviest section ever rolled; they possess a cross-sec-
tional area of 104 square inches.

The draw span has a depth of 25 feet at the ends and 50 feet at the centre. The
resulting inclination of the chords produces considerable relief of stress in the web mem-
bers. The four main posts at the pivot pier, with the double cancellation, made it neces-
sary to consider cach main truss as composed of two separate trusses, cach continuous in
itself, with one system of triangulation and two points of support at the centre.

The weight of the trusses and superincumbent load is distributed at ten points on
the drum of the combined centre and rim-bearing turn-table.

This drum has a diameter of 34 feot, and depth of 42 inches.

The entire mass of drawbridge and turn-table weighs about 1000 tons, and is turned
by steam in less than two minutes. :

PLATES VII. AND VIII.
KINZUA VIADUCT.

The structure from which the views in these two plates were taken has attained
celebrity from its great height, and stands as one of the most remarkable examples of
modern construction. It carries the single track of the New York, Lake Eric and
Western Coal and Railroad Company across the Kinzua Valley, in Bradford County, Pa.
The superstructure is composed of latticed deck-trusses, 10 feet apart centres, and alter-
nately of 61- and 38}-feet spans. The towers vary in height from 20 to 280 feet. To this
latter height is to be added the depth of the latticed trusses and height of masonry,
making a total elevation of 301 feet above the surface of the water in Kinzua Creek.

The towers are each composed of Pheenix columns for the main compression mem-
bers and transverse struts, with longitudinal struts of four latticed angles and diagonal
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tension-rods arranged in pairs as shown. Both longitudinal and transverse bracing were
designed in view of the extraordinary circumstances of the location. Very high winds
sweep through the gorge and produce conditions requiring the most carcful consideration
in connecction with such an elevated structure, while its vibrations, caused by moving
trains, call for scarcely less-attention.

A train of consolidation engmcs formed the moving load under which the viaduct
was designed.

The following is a lecapxtuhtmn of tho main data:

Number of iron towers . . . . . . . . . . 20
Number of columns e e e .. 110
Number of spans . . . . . . . . . . 41
Total length of iron-work . . . . . 2053 feet.
Length of each clear span . . . . . . . . . 6L u©
Length of each tower span . . . . . . . . . 381 «
Highest tower .~ . . . . . . . . . L2971 ¢
Average height of towers . . . . . . . . . 170 ¢
‘Width of top . . . . . . . . . .10 &
Width of base (widest pm‘t) . . . . . . . . . 108 «
Pounds of iron in viaduct _ . 3,500,000
Pounds of steel in track and fastenings . 100,000

Besides the railway track, the viaduct is provided with a sidewalk on each side.

PLATE IX.
RONDOUT BRIDGE.

One mile south of Kingston, N. Y., on the line of the New York, West Shore and
Buffalo Railroad, the railway pierces the rocky ridge just north of Rondout, then emerging
from the tunnel, it is carried over the creck by the viaduct and through spans shown on
this plate. The viaduct is adjacent to the tunnel, and the southern portion of it consists
of eleven lattice deck-girders, alternately of 51- and 30-feet spans, with one exception of
20 feet and another of 60. '

The northern portion consists of a series of three pin-connected spans, and the entire
superstructure is carried on the top of towers varying from 32 to 140 feet in height. As
shown on the plate, the two longer spans are over Rondout Creek, and at an elevation of
155 feet from base of rail to surfuce of water.

The separation of trusses in cach through span is 29 feet, and the depth of the two
longer spans 45 feet ; the length of panel is 18 fect.

The general de51gn of the structure is such as to sccure the greatest cconomy of
material, in combination with the requisite stability at such an elevation. As there are
two trusses only to each pin-connected span, and a double track to be carried, the con-
ditions to be fulfilled were such as are not ordinarily found.

The construction of the towers is admirably adapted to the requirements of stability
and economy. Phenix columns are used in compression, and all details are so formed as
to act in the most direct and effective manner. The three through spans are so placed
on the towers that their weights are equally distributed on the four legs.

The viaduct is 531 feet long, while the whole structure has a length of 1244 feet.
The total weight of iron is about 2000 tons.

PLATE X.

METROPOLITAN ELEVATED RAILWAY,

This plate shows somo features in the construction of the Metropolitan Elevated
Railway of New York City. The requirements of this work were certainly most
unique, and at its inception the difficulties of design were unusual in engineering ex-
perience. The construction of an entire railway line on an elevated iron structure, to
be subject to the demands of steam traffic, would give rise to more than ordinary engi-
neering problems, but when these conditions are coupled with others, required by an
almost absolutely continuous use of the structure, the difficulties encountered are very
materially increased. Although the speed of the trains on the elevated railways of New
York are not high, yet the short intervals of time between them permit scarcely any
rest to the metal of the viaduct. Hence the fatigue of the iron becomes an important
consideration. '

This incessant use also gives rise to very wearing demands on the connections of
the lateral and transverse systems of bracing, especially on the curved portions of the
line, some of which are reversed.

This plate shows a portion of the road where the design was such as to meet the
difficulties arising from a combination of greatly-increased height with a reversed curve.
Tho inherent stiffness of the Phoenix column in all directions, as well as its superior
capacity for resisting compression, render it peculiarly adapted to such extraordinary
conditions ag these. The transverse and lateral bracing, as well as the longitudinal
bracing of the towers, were made sufficiently heavy to permanently meet the require-
ments of the circumstances. The whole amount of eclevated railway built by this
company in New York City up to the present time is 30.3 miles of single track.

PLATE XI.

METROPOLITAN ELEVATED RAILWAY,

This plate shows the general character of the same structure as the preceding, but
on the tangent along Ninth Avenue.

The superstructure is composed of lattice-girders of a heavy type, carrying the
railway lines, while a very firm system of transverse bracing is sccured by the pairs of
latticed struts in combination with the curved knee-braces at the tops of the columns.
The latter, as shown, are of heavy Pheenix section. In short, this structure is built to
secure that unusual degree of strength and stiffness that is necessary to withstand the
extraordinary demands upon it. :

The general methods employed in the erection of the structure were also somewhat
peculiar to its character. After the vertical columns were firmly anchored in place the
longitudinal girders were raised into position from the traveller resting on the portion
already constructed. The transverse and lateral bracing were then completed. The
structure was thus made to serve the purpose of its own false works.
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PLATE XIL
GIRARD AVENUE BRIDGE.

The Girard Avenue bridge is one of the most celebrated roadway structures of its
kind. It-spans the Schuylkill River, in the city of Philadelphia, on the line of the
main avenue of approach to Fairmount Park, and it is remarkable as the first attempt in
this country to combine the American system of pin-connection bridges with a solid
roadway of stone constructed in the most massive and substantial manner.

There are seven lines of trusses placed 16 feet apart centres, and united by horizontal
and vertical bracing. All compression members are Pheenix columns. Upon the top of
the posts, and transversely, are laid heavy 15-inch cye-beams, and on these are placed
longitudinally 9-inch beams 2 feet 8 inches apart centres. Transverse corrugated plates
rest on the latter and support four to five inches of asphalt concrete, making a water-
tight surface, The roading is 100 feet wide and paved with granite blocks in the usual
manner, except that it is divided into seven ways by two lines of iron tracks, adjacent to
the sidewalks, for horse-cars, and five lines of carriage tramways made of cut granite
blocks 1 foot wide and laid to a 5-feet gauge. The total width of 100 feet is divided into
one carriage-way of 674 feet and two 16} feet sidewalks.

The moving load of 100 pounds per square foot, in addition to the weight of the
structure, constitutes a total load of 30,000 pounds per lineal foot of bridge.

PLATE XIII.
TRENTON CITY BRIDGE.

This roadway bridge was built for the Trenton City Bridge Company, of Trenton,
N. T, and crosses the Delaware River at that place. There are seven spans with a total
length of 1280 feet. Kach span contains nine panels of 20 feet each, and the depth of
truss i8:26 feet. There is a clear width of 20 feet for the roadway, and 6 feet for each of
the two sidewalks. ‘

The design of this structure represents the most advanced system of construction
as applied to the ordinary roadway bridge. Two lines of iron stringers extend the entire
length of the seven spans, and carry at the centre of cach panel an intermediate trans-
verse beam, on which rest iron joists of half a panel length. All the economic and
other advantages of long panels were thus made available, besides eliminating everything
combustible, with the unavoidable exception of the floor-plank and three lines of light-
timber stringers to which they are spilked.

The sidewalk railing serves the double purpose of a guard and trussed stringer for
a portion of the sidewalk load. With its lines plainly expressive of the purpose of its
construction, it materially contributes to the light and graceful, yet most substantial,
appearance of the entire structure.

PLATE XIV.

CAPE MAY FPIER.

During the past few years the field of engineering construction has been extended
50 as to cover ocean piers built entirely of wrought iron, with the exception of the timber

floor, and that at Cape May is one of the finest examples to be found en the Atlantic coast.
With its length of 1000 feet, and pavilion located at the outer extremity on an extent of

26,000 square feet of floor, there is ample space not only for the demands of business, but

for the gratification of the crowds of people who delight to make the pier a promenade.
Its adaptability to the latter purpose makes it one of the principal attractions of this
popular summer resort.

The width of the stem of the pier is 30 feet, and the size of the head 130 by 200 feet,
while the centre bay is 60 by 80 feet. The entire floor is elevated 21 feet above low water.

The columns are all of the Pheenix section and fitted at the lower extremity with -

cast-iron feet 24 inches in diameter. These were sunk 10 feet into the sand, and so rigidly
braced together, both longitudinally and transversely, that the pier would stand firmly
in position with no support but its own bracing.

The columns were sunk to the required depth by the water-jet process.

FRONTISPIECE.
PHILADELPHIA AND READING RAILROAD BRIDGE,

OVER FRENCH CREEK, AT PH@ENIXVILLE, PA,

This bridge carries the double track, main line of the Philadelphia and Reading Rail-
road, across both the canal of the Pheenix Iron Company and French Creek, at the con-
fluence of the latter with the Schuylkill River. The span of 140 feet is divided into seven
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