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PHCENIXVILLE BRIDGE WORKS. 
OFFICE OF 

THE PHCENIX BRIDGE COMPANY, 

Successors to CLARKE, R.~~V~S & CO., 

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

No. 410 WALNUT STREET, PHILADELPHIA. 

~INCE the presentation of our last album in 1873, the rapid increase in the variety 
~ and amount of our business, in the design and manufacture 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 ft'iends and customers particularly, the present state' of constructive 
engineering as existing at the works of The Phcenix Bridge Company. 

By a recent reorganization the Phcenixville Bridge Works, heretofore known under 
the firm-name of Clarke, Reeves & Co., are conducted under the corporate title of The 
Phcenix Bridge Company. By this reorganization we have assumed the entire business 
of that firm, and have perfected arrangements with The Phcenix Iron Company, which 
give us additional facilities for concentrating- the productive plant of that company upon 
the construction of our bridges, roofs, viaducts, piers, etc. Our present capacity thus 
reaches a yearly amount of 30,000 to 35,000 tons of finished matm'ial, 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 Phcenix Bridge Company has unexcelled, if, indeed, equalled facilities for 
meeting the demands of the most advanced engineering practice. 

It 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 very best quality, and which, 
by its nature, is best adapted to the resisting of the 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 
Phcenix Iron Company, whose resources are so extensive 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 reimtation of " Phcenix" iron for constructive purposes is ~mdoubtedly due to this 
unity of design governing the effects of the different stages of production for the purpose 
of securing 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 'Vhipple in iron, when designed in proper proportions, combines the 
greatest number of advantages for all usual circumstances. Our early 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 we have developed our designs. 

Extraordinary circumstances, such as those of unusual length of span, difficulties of 
erection, etc., render advisable other types of truss, like the cantilever, or those with 
varying contours, or those having chords wholly .01' partially continuous. 

Our varied facilities and extensive experience with sueh unusual structures, both in 
designing and erecting, enable us to meet the exigencies of those cases where they are 
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4 THE PHCENIX BRIDGE COMPANY. 

required, without loss of time and with the greatest economy, and by methods based 
upon the most advanced engineering practice. 

DETAILS. 

The design of details has received f.·om us especial attention. 'Ve have regarded it 
as 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 
modern bridge-practice. It has been our endeavor to give the greatcst possible simplicity 
to details, and so to dispose the material in them as to transfcr stress in the most direct and 
simple manner, and by such a method to give to each main mcmber prccisely and only 
that kind of stress which it is intended to take. 

All increments of chord stress are brought to bear directly and symmetrically upon 
the full chord section, thus completely avoiding all bending and cnmulative stresses. 
This result we deem of great importance in constructive design, though it frequently 
fails of that eonsideration which its importance demands. 

By the attainment of these ends we are enabled in tension members to concentrate 
the metal truly along the centre lines of stress, and in compression members to so dispose 
the sectional area as to enablc it to act in the most advantageous maimer possiblc, and 
thus to secure thc most economical design. 

Our forms of cross-section for compression members, chief among which is thc wcll­
known" Phronix" section, have been developed on the basis of the latest and most com­
prehensive column tests, in combination with the results of many years of experience in 
American practice with open and closed columns. 

Whenever" Phomix" columns are used, effective preservative processes are employed, 
before the column is closed, on all surfaces that arc not afterwards open to inspection and 
painting, the columns are then closed absolutely tight. Such colnmns have been ex­
amined after fourteen to twenty years' use, and found to be not in the slightest degroe 
affected by oxidation, though in some cases the columns had occupied most exposed posi­
tions in respect to extreme hygrometric changes in the atmosphere, and, in fact, had at 
times been under water for several days. 

Tn open columns built of plates and angles, or of channels and plates, we dispose the 
metal in the most judicious mannel', in view of the duties which it has to perform. By 
the use of well-designed lutticing the requisite stiffness is secured, with ample facilities 
for constant inspection and painting nt proper intervals. 

In all cases, whether of closed or open columns, we aim to form a member in which 
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 m·oiding a weakness quite common to many 
latticed or other columns. 'rhe" Phronix" column is, howevCl', the only fOl'm which en­
tirely fulfils this condition. 

Although much yet remains to be done in the empirical determination of the re­
sistance and proportions of long columns with various end conditions, yet sufficient tests 
have already been made upon full-size" Phcenix" and upon latticed and other forms of 
columns OJ) the Government machine at \Vntel'town, .1\lass., and at Phcenixville and eh~e­
where, to obtain correCt ideas of the relative merits of some of the principal forms of 
section. 

The following formulro are expressive of those experimental res':!lts, which can be 
relied upon by engineers: 

P = ultimate resistance in pounds per square inch of section. 

l = length of column in inches. 

/' = radius of gyration in inches in direction of fuilure. 


Flat Ends. Pin Ends. 

Phcenix Column. r=~~
1 [2 

1 + ---­50,0001.2 

P = __3_9-,--,0_0_0_Latticed, or Common Column. 
1 l2 

1 + 300001:2, 

p=~~Angle-Iron Struts. 
1 {2 

1 + 16 000 1:2, 

The great superiority of the" Phcenix" column in resisting capacity is well shown 
by a comparison of these formulro. They give results a little too low where the lengths 
become less than about 30 radii of gyration, with the exception of the last two, and a 
little too high when the lengths exceed 135 to 150 radii. . 

'rhe formula for pin-end angle-struts is to be used only when the length exceeds 120 
radii of gyration, as below that length the values of P for pin and flat ends are shown 
by experiment to be the same,-i.e., for the pins used in the tests. 

EYE-BARS. 

In order to bring the design of eye-bar heads to a state of perfection, we have made 
many hundred tests on full-sized bars, and secured such a contour of head that the full 
resistance of the body of the bar will always be developed if it be tested to failure. 

'Ve arc now prepared to die-forge the eye-bar head under the steam-hammer, 01' to 
form it by hydraulic pressure, as may be preferred. 

RIVETED WORK. 

In the design of riveted work we aim to produce results of the same general char­
acter as those obtained in the best pin-work. 'fhis is accomplished by placing the metal 
truly along the centre lines of stress, alld causing the latter to intersect as nearly as 
possible at a single point at each joint. 

The influence of the bearing pressure of the rivets against the intrados of the rivet_ 
hole on the tensile resistance of the bars and plates, as well as the shearing of the rivets 
and other methods of rupture of the joints, are carefully considered in all designs. Bend­
ing and other secondary stresses, so prevalent in nearly all riveted work,and constituting, 
to some extent, at least, unavoidably inherent defects, are thus reduced to a minimum. 

~------------------------~------------~--------------------------~, 




5 THE PHCENIX BRIDGE COMPANY. 

FLOOR SYSTElll. 

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 duly 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 u judicious rigidity as to secure 
complete lateral stability und a perfect attachment to the truss proper. This attachment 
consists of two suspension loops at each panel point, by means of which the floor-beams 
are dralvn tightly up against the posts, materially increasing the lateral stability of tho 
truss, and effectually preventing any motion of the floor system as a whole or in any of 
its parts. 

WIND PRESSURE. 

During the past few years American experience has shown that high-wind pressures 
cannot be safely neglected in the design of any bridge structure. All our lateral and 
transverse systems of brucing arc carefully designed both in reference to the highest 
recognized wind pressure and the luteral vibrution caused by rapidly-pussing trains. 

ROLLING LOADS. 

The steudy 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-buse of 14 f~et 
9 inches, or 111,000 pounds on u wheel-buse of 22 feet 10 inches; or, uguin, 171,000 
pounds on a base of -15 feet 3 inches. This corresponds to about the heaviest patteI'll of 
"consolidation" engine at prcsent in use. 

The moving or rolling load, howev'er, should depend on the length of span, for the 
following simple reasons: If the span is very short, the four dl'ivers (or u 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 the other hand, the span has a length- of 100 fuet and upwards, the general 
rolling load pel' foot will fall to an average of 3200 pounds, even if loaded with u train 
of consolidation locomotives. Hence it is that the rolling loud varies from a very high 
value per foot for short spans to a comparatively low one for long spans. 

But, ugain, a l;ecognition of this differenco is not sufficient. Tho 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 correct system 
of computation, therefore, demands that tho actual moving load, concentrated at drivers 
and other points, should be so placed as to give the greatest possible stress to the different 
trnss 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 the 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 screw-ends are from one-sixteenth of an inch to one-eighth of an inch 
larger at the bottom of screw-threads than tho diameter of the rods, the ends of the rods 
being upset before the threads are cut. :Many tests have shown the necessity of this 
arrangement, 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 the case of rolled beams, and, 
further, that tho stress in the cover-plates must be carried fl'om 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; hence, if there arc 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 fl'e­
quently forbid carrying the full centre section of the chord to the ends of the beam. The 
most judicious design is that one which avoids piling a number of thin plates at the centre 
of the span, but at the same time makes such u proper selection of angle-iron for chords 
that reduction to their section nt and ncar the ends of the girders will produce the most 
economical construction. 

Tests on full-sized girders have shown that, when the rh:eting 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 full-sized girde~'s have also shown that a comparatively thin web 
will safely resist a much greater sheur than is frequently allowed by many engineers. 
Indeed, it is u questi~n whether there is not frequently a waste of material in the webs 
of large girders. Very thin webs arc not permissible, on the ground that a very little 
deterioration, from corrosion or other causo, produces the destruction of a relatively large 
amount of metal; but web-plates of moderate thickness ure not open to that objection, 
and if weU stiffencd at the ends, as well as at intervals of about one and a half times the 
depth, are sufficient for the heaviest girders. 

l~,17­
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·The number and pitch 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 elsewhere in this album. ",Ve 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 which has ever 
characterized the bridge-work of tbis Company. 

We haye three t~sting-machines of large capacity at the works of the Phronix 
Iron Company, which are always in' readiness for testing full-sized pieces or prepared 
specimens. 

GENERAL DIRECTIONS. 

Invitations 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 
abutments. 

Angle betwee'n centre line of bridge and centre line of piers. 
'Vhether 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 upp.er or lower chord. 
Soundings along centre line of bridge, with the character of the bottom. 
Specifications covering charac:ter and amount of moving load and limiting stresses. 
A general statement of the character of the structure.. ' 
The nearest point of deliYery to site of bridge byrail or water, and distance of haul, 

if any. 
'Vhether railway company will furnish staging for erection or not. 

-~----------------------------------------------------------------~-------------------~, 
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LIST OF 

WROUGHT-IRON BRIDGES, VIADUOTS, AND PIERS, 

BUILT AND NOW BUILDING BY 

F:a:CEJ~I:X: B~IDGE 

Successors to CLARKE, REEVES & CO., 

FROM 1869 TO 1885. 

.!oi 
i Spans. !-: ~ I 
 Spans. /:1 ~ _--,-s_p_an_s_.__ I,] .r~ 

L001TION. FOR WlIOM BUILT. LOCATION. FOR WHOM BUILT. LoomON.FOR WHOM BUILT. :---i~1ir: I
is~~ 
I No. Length, Feet. i~ lao]'No. Length, Feet.:.:! ~ ',·1"",,Ib, FMC ~.!i
I 


------------1---- ­ 112


ChiCag~, Burlington & Quincy ...... IBUrlington~~~~~.~.~.~.~.~~~=•• -'~I~~ 
 1 56
 
Illinois celltral. .......................... \La Salle, Ill............................... 18 160 2880 

Chicago & North Wef;tern ............ Clinton, Iowa ......... '" ............... 2 150 300 


01!:0 & Miss:.ssippi Ro'. R ............... S-c-o-U-S-':i-ll-e-...-..-..-..-..-..-.. -..-..-.. -.. -..-..-.. -..-.. -.. ~ - ~~~I'i :i~1 
Philad.~lphia, Wil..~ Balt. ~~ R:::: :~..t.~~.~~:~::::::::::::::::::::::::::::::::::::: 
I{6-~~~} 22 


Philadelphia, Wilmington & BaIt.\Chester, Pa. 2 t\'nclis ................ 1 154 30'; 

::::::::::::::: i1~~s~~~:;,::::: •.:::::::::::::::::.::::::::: 11 13163 131?> .. ..•. IIIlavl'e de Grace.......................... 


! 1-307 
 1837 

" " .. "" Dmw. 2 tracks..... 2 127 508 


, .................1Lit tIe Sui!ar............................... . > 

" ............... :Little Wabash............................ 1 96 96 I. Ohio & Mississippi n.. R ............... !Laugl,ry Cr<'ek........................... 
 3 58 
 17-1 


1 130 
 laO 
" "............................. .. ............................... 1 5.') 

Reading R. R ........................~ .... IFlowertown............................... 1 82 
 82 
 . I {1-124} I'. I MiIlville .................................... ;lIIi1lville. Roadway Draw.......... 

55 
 Granu Trunk Railway ofCanada· .. I'St. llyacinthe............................ 3 1-12" 372 I Utica, Ithaca & Elmira R. R ........ IDepp Gurge Viadnct.. .................. 
 480 


Bridgeton, N. J ........................... Bridgpton. Draw...................... I 1 1:39 
 1:39 570 

North Pennsylvania It R ............ Saucon Creel"..... ....................... 2 77 


1-124 """ !Block House Gorge .................... .
I' ........ 


4 150
1M GOO· .... 155} 155 Balt. & Ohio R.R., Valley R.R. Br................................................. ..
..... IIB,I~allcilt;;e nRii~e.err •.•.•.• ........ ••••·•·.·•·.·.·•·•·.·.·.·.·..•.....•.•.•. 
 3 50 
 150 


IRt F . 78 310 Washington Chaiu Bridge...........·I'vashington ............................... 


U. S. ArSenal.. ............................ \ROCk Island, Ill. Highway......... \ 4 150 
 GOO .•'. 2 {I-1M 234 .. .. .. ..1'VolfCrt'ek .............................. .. 

8 {G-172} 1352 


'" rancls ................................ . 1-155
0.;. 2-lGO
Portland & Kennebec R. It......... Angusta, Me.............................. 1 
 {t=~~~} 975 
 '" !Ingog....................................... ]24 248 


1 
 1- 55 
 ... lI[as~awippl................................ 1 12~ 122 Maine CentI'al R. R .................... 'VaterviIle................................. 4 
 G13 

Connecticut Air Line R. R ........... Viaduct ..................................... ! 3 


{i=igg}
... Coaticoke................................... 1 ]')0) Flo'} 
 1-113
17 
 51 


" " "..........." ..................................... 
 48 
 599
::: ~!I~~~arr:,~.~.:::::::::::::::::::::::::::::: ~ I gt g: .. .. .................... Biddeforu Branch ...................... .
120 
 120
" ........... North pond ............................... 1 
 ~;=~~l(1-1(35" ........... Baileyville ................................ . 
 79 
 79 
 ... Gorham....... ............................. 1 156 15G Ph • I Co 11'1 . '11 5 

262
... 'V. Paris...... ...... .................. ...... 1 132 13~ OOlllX ron ......................... loonlXVI e ............................. .
.. .. ......... S.\ddle Hill ............................... . 
 ~l- 97..' 

" ........... 
1 Pistol1<'actory............................ , 
 ... S. Paris ..................... :...... ........ 1 1:18 1:18 Ch . 1 V· d t Ip
1~~ 11~~ 3G6... lIIechan's Falls........................... 1 15G 15G uplclaca 13 IlC ..... .............. eru ......................................... . 3 
 l~=~gg...... 2224
.. .. ......... ILyman Viaduct. 2 tmc1is ......... .. 

... N. yarmouth.............................. 1 108 108 Philadelphia &; Reading R. n. ..... Richmond St., Phila. 205 ft. wide.
" ........... Rapallo" " ........... 
 1~44 

::: ~~~~~~~rfie~.i.~.~:::::::::::::;::::::::::::: ~ 1~~ 1~~ r I~.~.~~.~~~:::::::::::::::::::::::::::::::::: 1 

285
... Northumberland......................... 2 84 168 North Pennsyh'allia R. n......... ~ I·......................................·....·J:. 
 {~= 1111
{ f~~~~} :::Hudson River Bridge Co............. Albany. 2 trac1is....................... 
 15 
 1-110 
 1-18 


1- 48 
 ... LittleAndroscoggin.................... 1 {2-;;~} 128 ll~..t.~~.~~.~:::::::::::::::::::::::::::::::::: : 
 2- 34 

Ll- G5 
 ... Big Androscoggin................. ...... 3 1-102 40G Peru, Lima & Oraya R. R ............ Rio Remac ................................. 
 204 
 204 


Portland & Ogdensburg R. R ....... Hiram. !Ie................................. 
 185 185 
 ... Dummer No.1........................... 1 83 83 " .. .. ............ Capa Crossing ........................... . 
 125 
 125 

Cambria Iron Co ........................ Johnstown.............................. .. 
 .. No.2............... ............ 2 75 150 ............ .. Viaduct ................. 
 150 


... 'Vindsor Creek... ........................ 1 75 75 .. ' ............ Anche Crossing.......................... 
 ]20120
North Pennsylvania R. R ............ 1Saucon Creek ............................. 
 180
"'I'VillOW Brook............................ I 1 74 7! .. Viaduct.. .............
: 1{~2~} :: ... 'Vest 1'aris................................. 1 81 8·1
Chesapeake & Ohio R. R ............. INew River................................ . 
 {2- 75} . .. 'lI[oo~e Hiver............................... 1 65 G5 .......................................................... .. 
 104 

Portland & Ogdensburg R. R ....... Conway..................................... 


3 
 {~='~'~}
2 i 158 31G 
 '" LeWistown Canal. 3 traclis......... 1 G5 195 I 
 1- 33 


Catawissa R. R ........................... Viaduct................................... .. 
 22G IG 23 
 3G8 
Intercolonial Railway Co............ l\liramichi.................................. 

. ••. ... R~yal River at Yarmouth ............ I 1 1 ]25 125 CIlZCO R. R ................... :............ IPeru ......................................... . 

210 2alO11 
 2 4G 92 


" "." ............. Restigouche ............................... 
 5 
 212 1060 
 2 42 
 84 

Wheelock Bridge Co................... Terre IIautt'. Highway ............ .. 
 50 50
1 
 2 175 
 350 

'Vest Ohester R. R...................... Glen !1ills ................................ . 
 ~~~~;:~~~~~;~~:;~::.:;~:~~ ~;~;;;:;::;~;~~~~.:.:.::~:~~:::~~::~:~i ; IH=,!E 1;; n.,"; C,";;~\~~::~:L::E::::::::: T;;~~i</;::;:~ii;;:;::i~~~H::~~::::~II·83 83 
 ] 172
1 
 172 


1 115 
 ]15{I- 41}5 
 149
North Pennsylvania R. R ............ Ft. Washington Station ............. .. 
 North Pennsylvania R. R .. • ....· .... lselll'rsVllle .................................. ' {!= 3Y;I~} .228 S I' 1 & R' d J . R I'
4- 27 
 u 1\0 au 0 10 e ltllOlrO .... ' ................................................. 
 2 70 
 140 

Camden & Amboy R. R .............. Hightstown............................... 
 1:~9 139 
 Geneva & Ithaca R. It................. Tanghannock.............................I 102 102 \v. ,,'. Harding.......................... IManayllnk. Roadway................ 
 1 90 
 90 


.. .. ................. Sheldrake 1<'erry ........................ I 101 104 Philadelphia, 'Vil. & BaIt. n. R ... LalOokin ................................... 
 1 58 
 58
2
Alex. T. Stewart......................... Long Islanu......................: ..... .. 
 .. .. ................. \Trumansbllrg Viaduct ................ .1 300...." ... Sharon Hill. ............................. .
1- 84 
 1 61 
 Gl 

{ 4-104

{l_ 138
Ml 

" .. .. Senpca Canal I 88 88 Washington. D. C ....................... IAnaCOStia ................................... 
 12 99 
 1188
8' 908
Chesapeake & Ohio R. R.............. GreenbrierRiver........................ 
 4-123 
 1 30 
 30 
............... , . .. ........:.................. i q=I~~11 310 l'hilad·~IPhia, ,~·i1:·&·ll~~it:·R·:R::: Clll::rts. D~~;~~k~::::::::::::::::::::: 
 2 15 
 GO{2-183 I
730
4
Maine Central R. R .................... IBrunSwick. lIIe ......................... .. 
 Costa Rica Jtai way ..................... Costa Rlca ................................. \' iL~= ~~ ...... I" ..
2-182 
 2 8 
 32 

Chesapeako & Ohio R. n............... lmvanna Creek.: ......................... 
 1 
 97 97 
 2 {i-1M}Eastern & Mnine Central R·y...... Lewiston................................... 
 317
1 
 93 93 
 A 1-153 

Ohio & Mississippi R. ll............... Cochran ................................... . 

A. SchOfield............................... I!1auayunl;:. IIlghway................ 
 City of Philadelphia................ Girard ve., 10.0 ft. wide. 7 trusses, 3 197 ~ 5190 I 


]4.'; 145
1 
 { equal to G railroad tracks.......... ! 2 137 J Quebec, ![ontreal. Ottawa & C. R'y Riviere des Mille Isles.............. .. 
 5 154 
 770 

" " " ............... No. 11. .................................... .. 
 1 
 147 147 
 Philad.~lphia. Wil .•~ Balt. ~; R .... Grny·s. Ferry. Itoadway.............. 1 120 120 .. .. .. ".. Prairies..................... 
 3 {2-155} 513
1-203
{1-147} 310
2
" .. " .... : .......... !Iedora .................................... . 
 .. .. .. .... 2 tr~cks:::::::::::::::::::::::::::::·:.:::::1 ~ ~6~ ~~~ I .. .. .. [Mill Rare ..................................
1-]63 1 55 55 


( 7 ) ,,, 
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8 THE PHCENIX BRIDGE CO MPANY. 

Spans. : ~Spans. ~ ~.1_ ] i~Spans. I 
 1- ~ ]-:;ft:~-:;f.,':: FOR WHOM BUILT. LOCATION.LOCATION.FOR WHOM BUILT. LOCATION. FOR WHOM BUILT. --'-1----1 ~ in -;;~~I I -;;~..!2 
 3 
 No.No. iLength, Feet. ~ ,;j Length, Feet.,~ 1
: No. ;Length, Feet. ~ EI 


-------------------------1---------------------- ­ ---,--------- ­C-h-im-b-o-t-e-&-I-I-U-ar-e-Z-I-ta-i-h-~.a-y-.-..-..-..'.lls-a-n-t-a-R-i-ve-r-'~N-o-.-7-"-"-"-"-"-"-"-"-"-"-..!-I I---~ ~ 1 
 1 i U5 95
Toledo, Wn!.ash & Western R'y ... Logansport, Span I .................... 
 J4-160}GSeaboard & Roan~lil' R. R ........... iW.eldoll, N. C.............................. 
 840 
., •. "..." "II................... . 
 (2-1001 I 158 158
" " " ........ " No. 6""'''''''''''''''''.1 11 100100 

" ., Ill .................... 
 1 146 146 
 Camden & Atlanhc R. R ............. Kirkwood, N. J .......................... 
 1
Great Western Railway............... Thamesville, Ontario•. 2 trac\{s ... , l' 184 il68 
 1 
 25 
 25 


Philadelphia, Wil. & BaIt. R. It... Cattle GUllrds UII line. 2 tracks ... 2 
 6 
 24
30SIntercolonial Hail way .............. { IROt?f for214Iatlitf:lasXsePsassenger Sta-} i 80 400!1 
 " IV.................... 
 2H=Ug} Great Western Itailway of Canada. Over WeIland CanaL................... 
 38
IOn. r ................... 
 76
l 
" ., " Desjardins C'), Hamilt'n,Ont. 2 Tr. 1 
 66 
 1:~2'{1- 861 17U 1
New"Orlpans ~ 1tIobile"Railway... CR~efl1\tlenteur............................. i 188 lI ll?' 1~8800 
 Portland & Rochest('r Uailway ..... Portland, 1\Ie........................... .. 
 2, 1- 9:J) :l" " " .Brandford, Norfulk & Port D. Di\'. UU 297 
.. " " ... Ig~,e s ................................... , 1 ~l3 ~",'~g I 
 1 87 87 
 Boston & Hoosac Tunnel Railway.' :.\Iecllanicsvillr, N.Y.,Caual. 21'r.Span 11................... 
 1 
 83
•••.•.••.••••••••••••••••••.•••••••. : 4 
 166 


a , 87 2(il 1
..... " III., IV., V.... .. 
 " " " IIndson River. 2 tracl,s............. 
 50 
 100 

1:1 !J 130
Baltimore Central Railway......... 
 Avondale Station ........................ 
 :" " 2 " ............ .
1 i 1:J 
 23-10
::: peal:i m~·~~·:·:·:·:·:·::::·::..~::::.:.::.:::::::::::::[ i ~~g i~ 1 
 -1 , 162 648 
 " " " :Wrought Tron Viadnct. 2 tracl,s.Quebec, 1\Iontreal, Ottawa &O. R'y l.latiscan Bridge....................... .. 
 1:l81i 

Great Western Railway of Callatln.' Thames Riwr llridgc.................. 
 1 
 Ilia lli:JSte. Anne's River....................... . 
 6 : n=~g~} UIO 
16:J" " " 1 
Kpttle Creek Bridge.................... 
 1 
 Ilia 

::: paSC;gOUI~:::::::::.:.:.:.:.:.:.::.:.::.::::::::::J 1~ ~~ 1~~g 1 
 4 : ~o4 816
Gatin{'an a 40
:Bri.~ge ~os; 2, 5, and !J ............... 
 120 

a ! 11\0 450
Rouge... " ................................. ! 2 120 240 
 1 
 22 
 22
I. ~~·.t:::::::::::::::::::::::::::: 1 
 70
1
Philadelphia, Wil. & BaIt. R. R ... Culverts. 2 tracks ...... ·.............. 2 14071 I 
 i{I-150} 70
250
An Lievre q 
- 1-100 1 
 Nos. 6 nnd 7.................... 
 2 
 ilO" " " ... Red Clay Creek. 2 tracks........... 1 
 60 

1 100 100
Blanche ................. 
 i No.8 ............................. . 
 1 
 201
.. " " ... Culvert. 2 tracks...................... 1 1 il3 I 
 201 

1 100 100 
 Sraboard & Roanoke R. R ............ :Weldon. N. U..............................
Salmon ..................
New London & Northern Railway. Norwich Falls ........;................... 1 148 148 I 
 2 
 7U 158 

1 100 100 
 New Orlpans & 1\lobile R. R ......... ,Penrl River. lJraw.....................
Nation ................. .
Allison &Sons............................ Philadelphia.............................. I 1 58 58 I 
 1 
 6U 69 

1 100 100 
 New London Northern ................ :.................... ~ ......................... .
Upper Blanche ................ .. 
 1 
 35
Great Western !tailway............... Uritlge No. 1............................. 1 2:J '2~32 1
1
 35 

1 1!JO 100 
 Philadelphia & Readillg R. H ...... :5chnylkill River, Rellding. 2 Tr..Calumet Hivel' ................. .
" ." ..............." No.2............................. 1 22 
 2 
 145 
 580 


" " ..............." No.4............................. 1 ilil 33 
 1 
 157 
 314
2 fl-150} 350 
 " " "······1 " ".,North Nation .................. 
 \'1-2UO" " ..............." No. 10................. ...... ...... 1 26 26 
 1 
 174 
 348 

Boston 'Hoosac Tunnel & W'n'ii\ 'Schaghticoke. 2 tracks............. .
Little Upper Blanche............... ) 
 G67 
 U24 

" " " ITomhanock Creek. 2 tracks....... 66
Salmon Creek......................... jl 
 1 
 132
4 50 200
"" :: ~~: L::::::.:.::::::::::::::::::::! ~ ii ~~e Little Blanche...................... .. 
 :Antllony's Kill, IIlech'ville. 2 Tr. 1 
 66 
 1:.12 
Puinte an Chene..................... 
 ." .; " I' Near Valley Falls. 2 tracks........ 3 
 107
" No.5............................. I il 22 66 
 642 


2 108 216 
 Philadelphia, Wil. & BaIt. R. R ... Iron Hill. Roadway ................ ..
Missouri Pacific Railway ............ 
1\Iorean Hiver.......................... .. 
 42
1 
 42 

Philadelphia, Wil. & llalt. R. R ... Ed~~stO~~·B~id·g·~: ..·3·t;~~k~:::::::: ~ ~~ 1~~ 2 22 44 
 Metropolitan Elemted Jt'y, N. y .. ll\ad St., fr'm 6th Av. to 9th Av. 2 1'1'.Great 'Vestern Rllilway .............................................................. 
 5400
r-166
 Celltral Vennont Railway............ !Willuosld HiYer Bridge No.5 ......
" " ... lIavredeGrace Br., No.:lG.2 tracks 1 15 30
I 
 162 
 162
2 :H4Wabash Railway ........................ 
Bridge lU8, Wabash River........',.. 
 1-148 }... BeIlpview Bridge, No. 53. 3" 1 !J 27 
 {1-140}........... 1 

1 

No.4 .... .. 
 2 
 268
Grand Trunk Railway................ 
Star1, Grade BriJge...................... 1 127 127 
 1-128
" " No. 23. 2 1 11 22 

1 10:3 10:.1No.2~. 2 1 10 20 
 " " ........'! ....... 
NullH'gan.................................. 
 ........... ! Trestle .... 
 21
2 
 42 

1 12U 129
No.21. 2 1 7 14 
 Quebcc, 1\Iontreal, Ottawa & 0. R'y Batsican Draw........................... 
 Mobile & Ohio nai1way ............... \TUmIJi gbee Riv"r Bridge ........... .. 
 206
1 
 20G 

u,,· "" ... North East. 3 trackR.................. 1 12 31i 
 " " " :5te. Anne's Bridge...................... 1 1~!' 1:l!J 
 1 
 IH" " •••••.••••••.•• 'e ,e •.•••.••••••. 17-1 

" "." ... lIavretleGrace BI'., No. 37. 2tracl;s 1 10 20 
 " " " Ste. Maurice...... ............ ...... ...... 5 21U 10U5 
 1 
 67 
 67 


l'assenger Railway Co................. Ridge Avenue, Phila. 5 trusses...I 70 101 
 Central Vermont~. R.::.::::':'::::::'lwin~08ki River llrhlge .. ::::::::::::: 2 
 137 
 27-1
Philadelphia, Wil. & Bait. R. R ... Newark, Del....................."...... a {2- G) 28

Kent Co. Bridge......................... Cauada ...................................... ' 1 205 2U5 
 1- llif {1- 15}Camden & ~tlanhc It. R ............. rOn lllle of Camden & AtlantIC R'y 
 35
Great Western Railway............... " No. U............................... , 3 41 123 
 GI'and Trnnk Railway ................. 
'Vorthley Creek......................... :ll 31 
 1- 20 


"" ................. 
Swift's Creek............................ .. 43 4:1 
 Portland" atpr Co..................... Portland, 1\le..............................
1' "" ...................................... : l! ~2 44 
 1 
 ill :n 
Qtll-bec, l\Iontrelll,Ottawa, & O. R'y Terrel.onne Bridge..................
1 50 50 
 ................. 
Oxford...................................... . a!J au 
 4 
 150 
 600 


Philadelphia, Wil. & B,;it·...ii: 'ii::: Coaling'B~i'dg~'::::::::::::::::~::::::::::: 1 104 104 
 :17 il7................. 
Compton ................................... . 
 .. " •• L'Assomption " .................. 
 1 
 215 
 215 

26 26
1 21 21 
 ................ 
At 2:3U% Mile Hoard................. .. 
 " " " lIIascollche " 100
1 
 100
" " " " :" "i B~yonno ,,:::~~::::::: ••.....North Pennsylvania R. R ........ ::: O~~i~·~·d"iil:idg~:::::.:·::::·:::.::·::.:·:.:::' 1 a8 38 
 120
1 
 120
{1-147 } 240
New London Northern Railway... ................................................ 2 
 l-U:IGreat'Vesteru Railway............... Bpar Creek............................... : a 41 l~a 
 " .. "IUAchigan " .................. 
 120
1 
 120 

46 46
............... .................................. 1 88 88 
 Grand Trnnl;: Railway................ 
 Port Britain ............................. 
 !St. Esprit .................. 
 1 
 80 
 80
"" " " 

............... Bridge No. 12............................. , 1 lU3 1O:~ 
 Quebec. Montreal, nttawa & O. H'y Aux Lievres............................. . 14~ 2U6 
 {1-138}Canada Central R. R ................... ··Pdcwawa.................................. 
 3 
 2(;0Philadelphia, Wil. & Balt. R. R ... Moore's Station .......................... i ~ 10 20 
 Great 'Vestern Railway of Canada. Galt Branch ............................. . 4-l 401 
 2- 61 

New London Northern Railway ................................................ ..
" " ".0. IJamokin................................... . 1 40 40 
 " " ". At 65~ and 67% lIl.1'. l\1ain Lille. 18 3G 35
1 
 35 

llostun Uoosac Tunnel & W'n It'y. Pownall. 2 tracks.....................
Maine Central Railway............... Gardiner Briflgp......................... i 1 :n 31 
 " " " Baptiste Creek ......................... .. 41 41 
 135
1 
 2711 


Cayuga...................................... 97 !J7 
 " " "', " " 155
l)hllad.~lphia, Wil.,~ llalt. I~.. It.. lIav;.e de G~~ce........................... i 1 2501 254 
 1 
 il10 
U6 GreatW(>stern Railway ofCanada.. 21i% 1\1. P .............::.:::::::::::::::::::
............................ 1 307 307 
 Philad!'lpllia, Wil. & Balt. R. R ... 2 tracks..................................... 6: 8 
 40
1 
 40 

74 
 " " ,. ..,OVPI· 'Vaterdowll Road................
... Gray's ·Ferry.............................. : 8 16 
 " " " ... 2 tracks...................... ............... 1 37 
 26
1 
 26 


" ... Harford Rnn, Baltimore. 4 tracks. 1 a2 128 . " " " .. !li7% and 60,J1 M. P ..................... 
 22
2 
 44
" " ,,{ Roof for ltound·lIous{', GraY's) , 67 150 
 152
}'erry. 7 trusses.................. , 
 Caibarien & Santo Espirito !t'y.... lIlanacas Hivel', Cuba.................. 1 152 
 {2- a6}" " '" .. [Dundas Gorge, 48% 1\1. P ............ 
 3 
 105
r New Church St., from Morris to l 1- 33
" " ,,{ Roof fo~ Fr~ight Deput, Phila­ 57U:.!U7 35U 1 l\Ietrop'n & ~reenwich St. EI. R'ys !Jth Av., from 5:.1d to 5Uth Sts., N. Y.del [lllIa. 21 trusses............. . 
 1600
Ffo~;~!;·St~!f~~~~~~;·CI·I;~~~i; i
Marietta & Cincinnati R. R ........ Cincinnati, Ohio......................... I 2 14.5 2UO
i 
 ',:,aba~h RaIlway....................... IGeorgeto~vll Cr?ssing.................. 
 26 
 182
7 

. . St., through Little Church St. City of Brantffll'd, Ont................. Gmlll! River Highway, N. Y ........
}'lIirlllouut ParI" l'hiladl·lphi:1..... OIlservatury Towers, 10 Sturies..... : 217 
 2;i42M1


Gllll('rt Elp.yated Railway, N. Y. to 1\lurmy, along Murray to l201 72 
 Grea~,'Vestern !,{ailwayo.~Canl\da.. 1 ~I~nt.icol,e Br!t1ge....................... 
 U:JU:l1
9lGo1l'hilad.~lphia, Wil.,~ llalt. I~.. R::: ~g:~~~~~i:::::::::::::::::::::::::::.::::::; i 
 Collpge Place, nloug West I 
 .. l\llIlllCO Creek ...........................
il6 36 
 84 
 168
2 

Wahash Railway........................ Trpstle-work tit Sagamon Hiver... 
 480
" " ,,{ Hoof for Engine·Honse, Wi!-} i 
 68 343 
 t Pr~I~~~~~·~:...~~...~~.~~:~..~~:.....:J Philadelphia, Wil. & Bait. R. R ... Port Deposit ..............................
nllngton. 18 truss!'".... ......... ' 
 1 
 40 
 40 


27 
 Boston J100sac 'funnel & 'V'n R'y. Wallool1Jsic River. 2 tracks...... ..Great "'estern R'y of Cana(la ...... Jarvi~ ........................................ 1 27
". . " " ... Front fol' Passenger Depot, Philn.. , 150 
 75
2 
 300 

28
Intercolonl/II Railway................. Halifax, N. S............................. : ~2 2~ 
 New London Northern Hnilwny.................................................. . 1 28 
 Centrlll Vermont ullilway........... ILUlIl.lrook Bridge No. 1............. 
 1 
 70 
 70 


128
N. Y., N. II. & II. Railway........... North Haven. 2 tracl,s............. ' il:.l 264 
 Houston & Texas Centrnl HaiIway................................................ . 1 128 
 " " ..........."" No.2............. 
 150
1 
 150 

lU2Toledo, Wabash & Western R'y.... DallViIle, 111., Viaduct................. ' 330 
 Philadelphia. Wil. & Bait. R. R ... Cattle Guards. 2 tracks............ 12 8 
 " " ..........."" No.3 ............. 
 IOU1 
 IOU 
!J6Phila. & Head. R H. G.,~ N. Br'h. Dny·s Lane. 2 tracks................. 1 48
Great Westel'l1 Railway............... IBridge No.1.............................. ,' 1 liO 60 
 {3- 20}Guatemala Central Railway... :..... Naranjo River Viaduct............... 
 4 
 UO 

1 
 40
Caz'vi:l, Canas'a & De Huyter H. R................................................ . 1 40
" "................. No 2. 2 tracl,s....... ......... 1 22 44 
 1- 30 

366
Philad{'lphia, Wil. & Bait. R. H... l3ig Ell, Creek. 2 tntcl,s. ........... 1 104 208 
 Gr{'atW(>stern RailwayofC,mada.. .Teannette's Creek, No.7..............
Pittsburgh, Cill. & St. LOl1i~ R'y ... Raccoon Cre(·k ........................... :3 122 
 41 
 41
1 

17 
 Philallelphia, Wil. & BaIt. It. It... Bellevue.................................. ..
Great Westt'rn Ullilway............... I Bridge No.3............................... ' :I 
 New Loudon Northrrn Rail wily... Palmer..................................... 1 17
41 12.J 10
1 
 10 


)(j 16 
 Fralick, Murphy & Co................. Puira River............................. ..
" "..............." No.4............................... ' 3 
 41 12:J Caze:.via, Cana.~'11 & De ~!Iyt('r ~:y............................................... . 1 
 71i 150
2 

40
40 
 W(>stpl'n R. R. of Cuba............... Rio San Diego...........................
Philadelphia & Reatling R. It ...... :5hur's Lane. G. & N. 2 tracks... 2 
 1
40 160 
 1 , 1!J7 1!J7.. 95
U5 Philadelphia, Wil. & Ilalt. R. R... Chester. 2 trarks.......................
1
" " " ...... Washington St. G. & N. 3 tracks. a 40 360 
 26
13
1 

70
:15 Pbcenix Iron Co......................... French Creek, Phceuixville.......~.
" " " ...... Sicetown Lane. G. & N. 2 tracks. 2 
 :H l:36 U6 96
1 


New IJondon Northern Railway:.. B;··idg~..·N~~...i;·7;·;;;;:tio:.:::::::::::: 2 

36
1\lr. Dempsey (Thos. Holt, Agent). Lewiston, Me ............................ 1 
 12
il Philadelphia & Reading It. R ...... Broad St. Crossing. 2 tracks.......49 49 
 1 
 187 
 374 


Great Western Hallway............... Hamilton,Ont. Bay Street........ 3 
 Ii 6
" " " "No.2.......•.....•.....•.......... 1
3U 117 
 122
1 
 244 
" ., " ......I" " 2" .......Philadelphia, Wil. & Bait. R. It... Wilmington, Del. 3 tracks......... 1 
 No.il.............................. 1 
 7
7
2-l 72 
 " " "......" " 2" ...... . 3 
 25 
 150 

44
11
Nos. 4, 5, 8, and U............ . 4
Quebec, Montreal, Ottawa &0. H'YI Belle Hiver.............. .................. 1 
 55 55 
 {:3- 12}Boston, 1I00sllc Tunnel & W'n R'y. Stations 800, 776, 630, and U!JO.... .. 
 49
4
8
No.6.............................. 1 
 8
" " " 1 Span West, 2 Spans North River. 3 
 104 312 
 1- 13 


Great Western Railway............... ,Stony Creek Station, Can............. 1 
 201 2-1 J, 
 No.ll. ......................... . 1 
 14 
 14 
 " " " " "708 and 3UO.................... 
 2 
 23 
 46 
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THE PHCENIX BRIDGE COMPANY. 9 


I •Spans. '" ~ I Spans. i ~ Spans. ';!.lo4 
LOCATION. I-.-,-----I~ ~~FOR WHOM BIDLT. FOR WHOM BUILT. LOC!TION. I ]~t: FOR. WHOM BUILT. LOCA.TION.~~~ 

No. Length, Feet. ~ E i Ro.ILength, Feet. ~&!j ".I",gth,f".iliI en ____________1___________1_ ___ en
--------~----------~I----------------------I--~--------- ------------I~----------·- ------- ­
Great Western Rail way of Canada. St. George Viaduct....... ....•. ••••••••• 
 8 50 
 400 
 1-150} lIIexican Nat'l Construct'n Co... { East Sec., T~luca Dlv., BridgeS} I 4 
 23 
 92
Greai Western Railway of Canada. Delhi Viaduct............................ 1-133 283
{Quebec and LakeSt. John Railway Jacques Cartier Bridge............... 
 2 120 
 240 
 Nos. 7, 29, 30, 31. ..................

Sobral R. R., Brazil..................... Rio Camocim Bridge................... 
 21 185
I· 370 
 Philadelphia, 'Vii. & BaIt. R. R... ........................ ............... .••...••. 3 12 36 
 " " "'V.Sec.,TolucaDiv.,B·dge.No.32. 24 
 24
Philadelphb & Rpading H. R. ...... Mahanoy Plane. 2 tracks........... 
 16 
 32 
 " " " ... Back River Bridge. 2 tracks....... 37 14 to 22 1320 
 East.. "No.12. 53 
 53
Great Western Railway of Canada. Copetown................. ...... ...... ...... 1 14 i G3 
 Ila " .. " ... Roof for Eng. House, 'Vii. 9 tru'~. 67 170 
 Gl'eatWestern Railway of Canada. Irvine River Bridge.................... 
 150 
 150
93 
 372 
 1Ifexican Central Railway............ .•••••••• ....................................... 2 65 130
" " " Grand Hiver at Cayuga..•· .. •••••..··1 I 
 " " " Conestoga River Bdge. at Drayton. 150 
 150
Baltimore &Harford Turnpike Co. GunpOWder River........... .••.•• ...... 1 
 122 
 122 
 Hoosac Tun. &Troy & Gr'nfld R'y. 2 tracks..................................... 1 6 12 
 Galv'n, H'sb'g & San Antonio R. R.............................................. .. 
 160 
 G4080
Great Western Railway of Canada. Thames Rh'er, Ont...................... 2 
 IGO Quebec & Lake St. John Railway. Portneuf River.......................... 1 GO GO 
 130 
 1820
" " " 46
" " " 91~ M. I)., Cedar Creek............... 2 
 92 
 " " "Over Lake St. ,John Discharge.....: 1 80 80 
 225 
 900
9th Ave., from 83d to 91st Sts. 2 Tr. , 4224 
 Wabash Railway........................ Vermilion River......................... 2 2oo 400 
 200 
 200
9th Av., fr'm 91st to 104th Sts. 3 Tr. '10296 1Ifain Frio Uiver...... ::::::::::::::::::: 180 
 180
1IIexican Central Railway............................................................ 2 {1-150} 250
9th Av.,from 104th to 109th Sts., '1 1-100 
 Petersburg R. R. Co., Va............. Nottoway River Bridge............. .. 
 93 
 93
thence in a reversed curve to I 
 Philadelphia. Wil. & Balt. R. R ... Bay View Round House. 9 trusses 67 170 
 JIIexican National Construct'n co.\Bridge NO.8............................... 
 65 
 65
8th Ave. and.11lth St.; along f IG704 Boston & JlIaine R. R .................. Haverhill Bridge. 2 tracl,s......... 4 147 1176 
 " " •• Pipe I,ine Viaduct.......................
Uarlpm Extension for 1\1etro· 150
" ",' .................. " " " ......... 1 117 234 
 County Roadway Bridge............... Burlington, N. J ........................ 1
politnn Elevated R'y, N. Y••.• 120 
 120
~t:~~~~~~~~.l.~.~.~~~~.~~.~.~~~.~.~~:J lIIexlcan Central Railway............................................................ 3 30 90 
 Boston, Hoosac Tunnel &'V'n R'y OYer Highway east of IIud~oll R.. 2 
 23 
 4G" " " :~ 40 120 
 " " "IBridge at Station 122.................. 1 
 17 
 17
i 31G8AIS~~ 8~ht~:·:~~~.~~~~.~~.~.~:.~~~I 
 ................................................ 5 50 2.~0 
 N.Y., L. Erie &W'n Coal &R.R.CO.IKillzua Viadllct.......................... 
 2050
Along 8th Avenue from 137th to I " "" Goods Shed. 12 trl1ssps............... 62 300 
 Albany & Greenbush Bridge Co.... East Approach ofAlbany Bridgl' ... 3 
 36
~23392 108 
. Harlem mver. 4 tracks........ 
 " .,,, " " "2 Tr 2
33}) 9G7 150 
 600
Great.~Vestern ~aiIwllY o.~ Canada. ~~;~rt~!~I1~{~~~~.~.:::::::::::::::::::: ~~ I
Chatham Square, rnnning Up} 33Y:i 7G7 Galv'n, H'sb'g & San Antonio R'Y:\B'dg't! over Chacin & Franc'o Riv'~ 2 
 SO IGODivision St. to Allen, to Hous· I 9842 
 Philadelphia, WiI. & BaIt. R. R ... Coa1in~ Brid~e at Bay View......... 1 86 86 
 " " "San l<'elipe Hiver........................ 1 
 130 
 130
ton. 2 traclts....................... 
 Mexican Central R. n................. San Bartolo Bridge............ ......... 1 43 43
I 
 " " "Sycamore 'Vest Crepk............... .. 2 
 150 
 300
Honston, up 1st Ave. to 23d St.,} " " " ................. ................................................ 1 28 28 
 " " "Sileo R.. Blanco R., Lilldsey's Cr.... 3 
 120 
 3flO" ................. Tlalnepantla Bridge................... 1 33 3a
112688 
 " " "IJllain Elm RI\'erand Pinto River.. 2 
 100 
 200
East Side. 2d.Ave. Une for ~ ~l~~;J~o~;:~/g t~~)~P~i-~~~ Wallkill Valley R. R................... Springtown Bridge..................... 2 146 292 
 Albany Bridge.... :...................... 'Vl'st Approach ........................... 3 
 36 
 108
1IIanhattan Railway Co., N. Y' 2d Ave. to 129th St., or Harlem} New York, Lack. & Wl'stern R. It. Snsquphltnna Britlgl'. 2 traclts.... (; IGO 19:!0 Great.~Vestern..Railway <![Canada'iKettl? Cr. Viad.~lct Ilt St..rhomas.. 133


I 
River (proportioned to carl'y 4 
 '55884 A. G. ]IIpnocal'fI.......................... Nicara~lla Bridge, O. A............... 1 128 128 
 687
tracks). '2 tracks .............. .. 
 Philadelphia, WiI. & Balt. U. R ... nellente Stanon............. ............ 1 1:3 1:~ 
 Morgan's La. & Tex. R.R. &S.S. Co. 'Berwick's Bay Bridge...............::, 3 
 158 
 474


l B~tween 591h and G7th Sts., and} " " " ... Havre de Grace... ....................... 1 18 18 
 .. .. " .. Ellst end of Bprwi!'k's !lay Bridge. 1 
 140
1943 
 140
betwepn 85th and SGth Sis..... ... Hay View Stlltion......... ...... ......... 1 18 18 
 Rich'nd, F'd'ksb'g & Potomac R·Y. RapPllhannock Bridge................ : 3 
 123 
 3119
O~car von Nostitz ....................... Coban, Guatemala, C. A............... 
 1 
 130 
 130 
 109 
 218
" " "" " " ' 2
Wabash, St. Louis & Pacific R. It. { Blb~~. ~~:.~~~:.~~.~~.~'..~:.~:.~} i 1 51 54
6.5lIibemia lIIine R. R., N. J ........... Hoclmway, N. J ........................ .. 
 1 
 6ii New York, Ontario &West'n R. R. 1I100dna Crpek Viaduct:::::::::::::::: i 
 690
32
Great Western Railway ofCallaua. Wortley St. Bridge, London, Ollt.. 1 
 32 
 2 {1-205} 408 
 lGOCity of Winnipeg........................ Louise Bridge over Red River.•••.. 
 " " "" " "" I
Philadelphia & Reading R. R....... Nicetown. 2 tracks.................... 
 145
1 
 290 
 1-203 
 Great Western Rnilway of Canada. Cayuga Bridge...........:::::::::::::::: 8 
 48 
 384
32
Boston,lloosac Tun. & Wes'n R·y. Hoosac Falls Bridge. 2 tracks..... 1 
 G4 Boston, Hoosac Tun. & Wes'n R'y. Bridge at Station 202+50. ,2 T'lts. 1 22 44 
 1IIexican"National.~nstrllct'~.Co. Ar!lleria ~iver ~ridge No.3......... : 4 
 200 
 800
36
" .. " .. "Junction Bridge. 2 tracks. 1 
 72 
 1 20 40
" " " " " "241+G6. 2 T'k~. Chmos River Brulge................... 1
1 
 151 
 151
43
1
" " " " " "y..................... . 
 43 
 " " " " " .. 272. 2 tracks ... 1 20 40 
 135 
 135
" " "Comala"" ...................1 1
Great WeRtern Railway ofCanada. Dundas Bridge........................... 
 1 
 67 
 67 
 219+34. 2 T·ks. 110 20 
 :: :: :: Per.iqlliIlo Rlyer. Bridg('s. ...... ...... 1 
 135 
 1:-J5'Vauash Rllilway ........................ Illinois Riv('r Bridge.................. 
 3 
 IGO 480 
 122................... 
 1 17 17 
 Cohma Rh'er Bndge................... 1 
 102 
 102
Great Western RailwllY of Canada. Oal,ville Bridge, 17% 111. P.......... 
 90
5 
 450 
 410+30. 2 Tits. 1 22 44 
 New York, West Shore &Buf. R'y. Catskill Bridge. 2 tracks............ 6 
 167 
 2004
" .. .. Bronte Brhlge, Torontu Div....... .. 
 6 
 84 
 604 
 Philadelphia & Reatling R. R ...... Over Pl'nna. C'l at IIarrish'g. 2 Tr. 1 108 216 
 104 
 20M" " " " " " "............
" " "u " 11
lIoosac Tun & Troy & Gr'nf'ld R'y North Ad"mR ............................. 
 26
1 
 26 
 Mexican Central Railway ............ Rooffor Eng. Repair S'p. Gtrusses. 
 83 138 
 100 
 200
Great Western Rail WilY of Canada. Puulic Ro"d Bridge, laO Ill. P .... .. 1 
 22 
 22 
 " " ............" " " 3 " 
 31 6G Kentucky Central Railway.......... Kpntllcky River Bridge... :::::::::::: 
 1 
 300 
 300
Homme Tun.& Troy &Gr'nf'ld R'y Braytonville,I1oosac River. 2 'rr. 4 
 71l 608 
 Philadelphia, Wil. & BaIt. R. R ... Bridge at Quarryville. 2 trnck~ ... 1 15 30 
 New Yorlt, West Shore & Buf. R'y. Schoharie Bridge. 2 tracks......... 
 3 
 163 
 678
1
Philadelphia, 'Vii. & Balt. R. R ................................................. . 
 40 
 40 
 " .. " " " 2 tracks... 1 27 54 
 " " "Glpnarie" .. 1 
 163 
 326
'Vabash, St. Loui~ & Pacific R'y... Toledo, 0 ................................... 
 1 
 30 
 30 
 at Perldns' Creek. 2 T'kR. 1 29 58 
 Ovpr Black Creek. 1 
 98 
 19G ... at Quarryville. 2 tracks... 1 43 86
2 {l- lO}Hibernia 1Iline Railway, N. J ...................................................... 
 98 
 392
25 
 GIe.~arie B~!dge. . i
1-15 
 Morgan's La. &Tex. R. R. & 8.S. Co................................................. 
 4 33 1:l2 
 84 
 168 
. " ••.••• Rockaway Bridg£l, N. J ............... 
 4 50 
 200 
 " .. .. "Berwick's Bay Bridge. Draw...... 1 270 270 
 Kentucky Central Railway.......... Kentucky River Bridge......::::::::: 
 1 
 304 
 304
Caiharien & Santo Espiritus R'y... Cuba. Bridge No. M.................. 
 1 27 
 27 
 5 158 7!J0
" " " " " " 254 
 254
" "" """ 1
" " " U "No. 66................. . 
 1 I 24 
 24 
 Philadelphia, Wil. & Balt. R. R ... Rrldge No. 35, at Havre de Gracl'... 1 15 15 
 Galv'n H'sb'g &San Ant'iO'~~;~'{" Dev. Riv.• P'd Cave c'on:'i~i'c:g:'}"No. 70 .................. 
 1 13 
 1:3 150 
 1350
" " " ... Claymouth Station. 2 tracks....... 1 10 ~O 
 ;, .. .. P'd Cave C'n~:d C'g, Pecos RIV. ... No. 88................. 
 1 2'3 23 
 IIforl!an's La. &Tex. R.R. & S.S. Co................................................. 
 1 33 33 
 ... Over PeCtl8 Rner...................... .. 
 225
1 
 225
IIiberni:~ 1\line Railway, N. J .................................................... 
 1 26 
 26 
 Old Colony R. R......................... Bridge at Braintree. 2 tracks..... 
 1 41 82 
 Painted Ca\'e Cafton, ht Cross'Jr,}North Pellnsylmuia It, It. P. &R. Sandy Run Bridge No.2. 2 traclis. 100
2 26 
 104 
 3 
 300
{ 1IIain Elm C·inK. Pinto C'ing.
Great Western Railway of Canada. t6-1I1i1e Creek Bridge................. . 
 6 Jf=1~} 531 
 !Painted Canon, 3d Cros~inll:. Sta- }Great Western· Railway of Canada. 1st Crossing Fairchild's Creek...... 1 {Yia~~?ct. ~g~ 3 
 225 
 675
{l1- G3 I tion Il.4H2, Station II.5M.••..•
Philadelphia, Wil. & BaIt. R. R ... Bridge No.9, at Darby. Roadway 1 32 32 
 palntPd Cave Cafton, 3d Crt'ss-}2d 1 
 {Viad~;ct. 4~b 150 
 750
. " " .. •.• .. -No. 10, at Sharon Hill... {1 38 38 
 ing Spminole Cave Creele.... ..., 

3 
 80 
 240
Grand:~i ve~.Crossing.................. 
 " " "..." No.l1,atNorwood. " 1 38 38 
 ·120 .... At Station 11.590......................... 
 120
1
\2 
 37 
 74 
 New York, Lack. & Western R'Y.. Smith's Crpek Brid~(1 ................. 
 1 50 50 
 ... 'O\'er Pecos River....................... 
 150
1 
 100
Harlem River Bridge.................. New York. Draw span·:··2 ·i;·~~i~~:: 1 
 300 
 600 
 . C N Y { LandingPieratBri~hton BeaCh,} G1000
Brighton Pier & Nav. 0., •• Coney bland, 50 ft. wide....... ...... 1
" " .................. 
1 

" Spans 5 and 6. 2 Tr... 2 
 100 
 400 
 50~15 
 29Y:i" " ...... ...... ...... " 2 tracks........ •••••. ...... 1 
 89 
 178 
 1IIexican National Construct'n Co. Dos Rios Viaduct........................ 
 ...... 183 
 N,wyo,k. W",Sho,,& But. n.n. nondon' C",k Viadn," 2 T,... { 1 
 1166
19% ......... ......... Span 1. :.! tracks....... 1 
 60 
 120 
 " " "Ferrocarril 1IIanzRnillo y Laredo.. 2l 43% 953 
 1 
 60
••••••••• .•.•••••• Spans2,3,4,7 & 8. 21'r. 5 
 58 
 580 
 Galv'n, n'sb'g & San Antonio R'y. Bridge over Medina River......... 
 2 150 3oo 
 a 18 J .................. Spall 9. 2 tracks....... 1 
 62 
 124 
 " " .. "Hinda" 1 150 150 
 " " "Rondout Creek Bridge. 2 tmcl,s.. 264
1 
 528 
.................. Span 10. .. ....... 1 
 91 
 182 
 JIIedina 3 1:30 390 
 241
1 
 482
"" " .. .................. Approaches. 2 track-q. 11 
 25 
 5!iO Hinda 2 130 260 
 163 
 3~6Quebec & Lake St. John Railway. Jacques Cartier........................... 6 
 43 
 258 
 Chacin 1 , 75 75 
 Galv'n, ll'sb'g &Sail Antonio R. R. At Station 11.892......................:: 
 ~ 150 
 150
20 
 100 
 Francisco " ......... 
 1 70 70 
 .. .. "At Htatlous 11.939 and 11,988....... 
 2 
 200 
 400
Mexlcan.~entrn~.Railway:::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::: g 2fJ 12fJ Albany & Greenbush Bridge Co... Albany Bridge. 2 tracks ............ 
 249 996 
 At Station 11 ,9GB.................. ...... 
 1 
 225 
 225
5 
 30 
 150 
 " ""..." Drawbridge. 2 tracks..... 397 79! 
 " 12.061........................ 
 1 
 2GO 2GO2 
 40 
 80 
 12.01:-1........................ 
 1 
 300 300
Great Western Railway............... Thames River Bridge.................. 
............ 
...................... .......... .............. 2 
 3 g=l~n 415
50 
 100 
 Great Western Railway............... Grand River Bridge.................... 
 4 
 82 328
Queuec, Montreal, Ottawa & O. H'y Chaudiere Bridg;e....................... 10 
 150 
 1500 
 New York, Lack. & Western R'y.. Ellis Crepk Bridge..................... 
 1 50 50 
 .. " ............... Over 1IlcGrl'jror's Crpek. 2 tracks. 
 1 
 126 252
" " " " ".................. ... 1 
 1GO 160 
 1IIexican National Construct'n Co. Ferrocarril 1IIanzanlllo y Laredo.. 1 29 29 
 Ode F. de 1\lnriahe...................... Rio de Janeiro. Brazil................. 
 2 
 185 270
1 
 135 I 13fJ 
 1 33 3:3 
 S. S. & L. n. R ............................ Sunbury Bridge......................... 
 10
" " " " " " 192 1920
1 
 255 2fJ5 1Ilorgan's Louisiana &Texas R. R...............................................:: 
 1 33 33 
 " "............................ " Span No. 11.••••• 
 1 
 156 156
G. H. & S. A. R. R...................... Hondo River Bridge.................... 
 1 160 160
1-150} ............................ " No.12...... 
 1
Great Western Railway of Canada. Tilsonburg Viaduct..................... 
 156 156
{ 1-133 283 
 Oregon Navigation Co................. Snake River Draw...................... 
 1 333 333 
 ............................ .. No. 13...... 
 1 
 156 1M 
= 

http:nstrllct'~.Co
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10 THE PHCENIX BRIDGE COMPANY. 

LOCATION.FOR WHOM BUILT. 

S. S. & L. R. R............................ ,Suni>ury Bridge, Span No. H ..... .. 

D.:. G., 11 .•~~ 111. n... It::::::.:.:::::::::::: .~:~I~;ege~~~.~~::::::::::·.::::::::::::::: 
W., St. L & P. n. It .................... 'Approaches to St. Charles Bridge. 

Central Pacific It. n .................... 
Bear River, Utah....... ................. 
G ..eat Wl'stel'll Hail way of Callada. Paisley Bridge........................... 

.. .. " Viaduct tor Paisley llridge. ........ 
" " " Wingham Blidge........................ 


" Viaduct...................... 

Catfish Creek Bridge.................. 


Viaduct................ 


1\limico Bridge........................... 
. Viaduct at 6.,>% 1\1. P ............... . 

(jnlv·n. Il's1J'g &San Antonio R'y. San }'elipe Bridge...................... . 
".. .. Leona Bridge.............. ., ............ . 


I'etersburg R. R. Co.................................................................. . 

.................... 
................................................
" " 

Chesapeake & Ohio It. 1t............. IGuyalldotte Bridge................... .. 
.. ., ............. " " ..................... 

:: ;: :::::::::: :::ICoal"River•.Bridge::::::::::::::::::::::: 

Morgan's Louisiana & Tex. It. R.. Bayou Ramos Bridge.................. . 
R. & P. R. IL............................. ll'Iear Ellicottv'e, Cat'gus Co., N.Y. 


&. U 	 ,,"" 

Phoonixville ·&·,\;~~tCi;~~t~·l:·ii·:ii: French Creek Briolge ................. . 

" •• " IPickering Creek Bridge.............. . 


Memphis & Vid:suurg R. P. ......... Yazoo River llridge ................... . 

" " .........1"" .................... 


Ne:~ York, Wes~.SllOre ~ Buf ~; It' Eril·.~_'anal, ~.t Station t~~: 2.~rat'ks 
l 

" I 558. " 
P. &; 'V. C. It R .......................... Over P. V. R. R............. ....... ...... 

Now Yorl" Wl'st Shore &; Buf. It.U,'Seneca River llridge. 2 tracks..... 


" "" •• I!Ollontlago Creek.:................. ...... 
r Marsh Roftd StatIOn, 1497. 2 Tr... 

Nl'w Yorl,. West Shore & Buf. tI~mith Street " l1i2:1. "... 


It. R. All in Syracuse, N. Y. Geddas" "11,10." ... 

Sltlld" "11:32."... 

Illternatioual Construction Co...... Hio Escondido Crossing ..... ......... 
u "h "" 

New York, West Shore & Buf. Itji: Station 1473, Onondago·C~:·2·;i;:.: 
" Skaneateles Creek. 2 tracks....... 


i 

" """ Carpenter Creek: 2 tracl's.......... 1 

S. S. & r,. R. It............................ ................................................ 
Chpsapeake &; Ohio R. IL............. Dunlap·s Creek........................... 
New York, West Shore & Buf. It. RIO. & s. R. U. Crossing. 2 tracks... 
Galv'n. II'sb'g & San Antonio R. R. Hio Grande Bridge...................... 

" " " " " ...................... 

Seaboard & Roanoke R. R............ 'Veldon Bridge........................... 
Yaza R. R., Cuba........................ Cuba......... ................................. 
New York, West Shore &; Buf. R. R. Cold Spring Brook Bridge. 2 T'ks 

" " "1st Crossing of Clyde River. 2 Tr. 
S. C. R. It. Crossing, Station 435... 
Owasco Creek.. ........................... 

•. St- L . •. P R' (Charley Creek Viaduct................ 

'YabasI1 ,\,: • OU1S ,\,: ac. y. t Helms" "................ 
New Yorl, , 'Vest Shore & Buf. R. R. New York Ct'utral n.R. C'ng. 2 Tr. 

" " "Station 38:1. Cayuga Co. 2 tracks. 
Lyous Mill Race. 3 tracks.......... 

Seaboard & Roanoke R. R............ Goose Creek... .............. .............. 
" "" ............ Caual at 'Veldon......................... 

New York, West Shore & Buf.It.R. 2d Crossing of Clyde River. 2 T'ks. 
State LUle & Sullivan R. R ...........I.................. .................. ............ 
Cumberland Valley R. R. Co........IAp'ches to Susquehanna Riv. B·ge. 
New York, West Shore & Buf. R.R. Station 591, Cayuga Co. 2 tracks. 
Richmoud & Petersburg R. R .•••.• James River Bridge....................

" "" ······1 " 'e •.••••••••••••••••••
" "" "" Great 'Yestern Railway............... Credit River............................. .. 


" " ............... Puce River Bridge.................... ..


" " " '''''''''''''''1 Ruscom RiYer .............. ~ •..
" .............. Baptista Creek BridgeBridge................. 
l'hiladl'lpiJia ,t Reading R. R. ..... Canal at Phoonixville. 2 tracks ... 
International Construction Co...... Sahinas River, l\Iexico................. 

Spans. ~ ~ 
~~~ 

-----;-----I~~~ 

No. 

~ 
130 

1 
1 

22 
1 
8 
1 

8 

1 
7 
~ 
1 
~ 
1 
2 
1 
1 

1 
{ 

1 
1 

2" 
4 
1 
1 
1 
1 
1 
1 
1 

3 

1 
3 
2 
1 
3 
2 

10 
1 
1 
1 
1 
1 

3:3 
16 
1 
1 
1 
1 
1 
1 
1 
4 

1 
7 
4 
3 

51 

~I 


Length, Feet. ~ N 
156156 
12:l 

80 
12:3 

80 
·16 2080 
224 2:24 
U3 n;J 
30 fWO 

1:3:3 
30 

13:3 
240 

150 150 
{7- 30} ~301- :W 

!J4 !J-1 
30 210 
80 160 
75 75 
37 74 

2!J 
154 
29 

308 
146 146 
152 152 
102 20-1 
34 272 
63 189 
77 77 

110 110 
110 110 
:~OO 600 
271 271 
lG6 3:12 
207 414 
II-! 228 
76 76 
54 21H0 
6!J 276 
41 82 
40 80 
59 118 
38 76 

200 200 
120 120 
164 328 

188r- 38 
}2- 28 

33 66 
123 369 

80 160 
71l 156 

2:lO 690 
120 2-10 
80 800 
58 58 
54 108 

217 4:H 
82 82 
R9 89 
16 528 
16 256 

1:30 260 
28 56 
33 !J9 
23 2:3 
3:3 ~3 

187 374 
154 15-1 

{3- 43} 1681- 39 
33 66 

151}148 2063 
138 
200 200 
41 123 
41 12:3 
41 205 

140 280 
100 100 

Spans. I~ ~ 0:1 _s.. 
FOR WHOM BUILT. LOCATIO~. --;----- ~ ~ r: 

_______________----------------I~N--O. Length'Feet'l~ Jf 
International Construct;on Co...... ISahinas River. l\le~dco................. 
 3 
New York, West Shore & Buf. R·Y. 3d Crossing of Clyde River. 2 Tr. 2 

" " " . Over G. & L. R. It. 2 tracks........ 1 
T~ouisvil1e Elevated Railway....... 2 tracks..................................... 174 
NewYorl" West Shore &Buf. R. R. Station 207, ~;ast Wayne Co. 2 Tr. 

" " " "250," "2Tr. 
G. B. & L. R. R................ -.......... Deyil's Gate, Colorado................. 


B., S; C.. ~ s. W;. R. R. ................. ,B~ld. Eagle Creek........................ 

. .................. \FlSluug Creek..................- ......... 


Gett.};~burg & IIarr.~sburg R."R::::: I::::::::::~:::::::::::::::::::::::: .. :::::. :::::: 
Philadelphia & Reading R. R....... Port Richmond Branch. 2 tracks. 
Commissioners of Chester Co., Pa.JGay St. Bridge, Phcenixville...... .. 

" "" 'South Approach of Gay St.Bridge. 
" "" North" "" 

R. & P. R. R................................ James River, Va......................... 


New York,West Shore &Buf. R. R. Station 457, Cayugll. Co............... . 

Central Pacific R. R.................... Truckee River........................... . 
PhiladeJplJia & Reading R. R....... Pl'rth Amboy Br., Snm B·ge. 2 Tr. 
Phila., Ger'n & Chestnut Hill R. It. 16th St. & Indiana Ave. " 
Penna;.SchuylkilI•.valley It... R..... " " 

" ..... 17th St. Trestle. 
" ..... Crossing Phila ,G'1l & N'n R R. " 

" ..... Alleghany Ave. Crossing. 

Wilmington & Northern R'y Co... Kennet Pike.............................. 
. '.' { llontgomery Slatioll, on Cata-}

PllIladelplna & Readlllg R. R... wissft and Willialll"port Br'ch. 
" ." " ...... C'I n.n.N.J. D'uo'r1\lhL 8'k.4'1'r. 

lIouston & Texas Central Ify...................................................... 
'V. & N. R. n. Co........................ Public !toad............................... 

Philadelphia & Reading R. R ...... Over Creek. E. ofBound Br·k. 4 Tr. 

Boston, I100sac Tunnel & W. R·y... IIoosacRi\'er at Eagle Bridge...... 
Philadelphia & Reading R. IL.... INewark Bridgl'. 2 tracks............ 

" "" " " 
Wilmington & Northern R. R::::::' Poplar Nrck Bridge.........::::::::::: 

.11\1' VIR I' f Snnfl'r R., Hnshp'lmna n.,YaZIlCl}New 0 rIeans anu ISS. a. . "1 I'ass, B.BI'k It., U'lII'chitto It 
" " " " Sunflower River Bridge......... . 
" " " " IIushpnc\,ana" " 

Big Black" ......... . 
Penna. Schuylkill Valley R. R..... ~chnylkill River Bridge. 2 tracks. 

" " " ••.•• Ie" 	 .••••••.••••• 

Seaboard & Roanol,e R. R .......::::: 
Blackwater Bridge....•.. ::::::::'::::: 
Southern Pacific n. R.................. Sau Jacinto River....................... 
Oregon Extension of C. P. R. R.... 4th Crossing of Sacramento River. 

•.•• 3d 

Carolina Central R. R .................. Buffalo Bridge........................... 

Guatemala Central R. R .............. 
Rio 1\lichatoyll. .......................... 

Jnragua Iron Co....................... 
Wharf at Salltiago, Culm. 3 Tr... .. 
Philadelphia & Reading R. R ..•.•. Clegg's 1\1111 Road. 2 trac1{s...... .. 

Raleigh &; Augusta R. R ............. Crane's Creek Bridge.................. 

Philadelphia & Reading R. R ...... Canal Bridge at Coplay............... 

Chesapeake & Ohio n.R.............. 
Christiau's Creek........................ 
Penna. Schuylkill Valley R. n ..... Approach to Schuylkill It. Bridge. 
Philadelphia &; Reading R. R ...... Grove St. Cr'd'g, E'zab'h; N.J. 4 'l'r. 

" "" •...•. Bayway Bt." "2 Tr. 
" ...... Clinton Ave., Plainfield, N.J. " 
•• ...... Richmond St.," 4 Tr. 
" ...... IPark Ave., " 

...... Berckman St., 
" ...... Plainfield Ave., 
" ...... Madison Ave., 
" ...... Leland Ave., 2Tr. 
" ...... Central " 4:fr .
" ...... NewSt., 
" ...... Liberty St., 

...... /peace " 

...... Washington St., 

.•.... Grant Ave., 2Tr. 

1 
1 
9 

2 
3 
1 
1 
1 
1 
1 
1 
1 
2 

1 
1 
1 
2 
2 
8 
1 

1 
2 
1 

3 . 
2 
1 
1 
2 

5 

2 
1 
4 
4 
1 
1 
2 
2 

~ 
:l ' 

250 750 
190 7GO 
155 :~lO 

9:37G 
33 . (j6 
34 68 

{8- 30) 300 
1- 60J 

1:12 2G4 
1i0 150 

100 100 
110 110 
115 2aO 

1(1)165 
3&7 307 
450 450 
13H 1:38 

{1- I8} 381- 20 

208 
 208 
38 76 

278 
13 

195 

~~} 
390 

163 326 
2- (j9} 360{ 1-111 

2-1 24 
3-1 31 

128 512 
100 200 

44 H 

{ 1- 55} 6._'8
2- 51 


82 
 164 
164 ;{28 

94 188 
11i:3 326 

1-17 7;)5 
12:3 24G 

98 196 
73 146 

l(j:l :126 
164 656 

!J5 380 
144 144 
154 154 
130 260 

{1-152} 261
1-109

Ig I 3~~ 
122 11098 

21 I{1- ~~}
1- 45 

G8 
65 

1 lO6 106 
1 85 85 
1 69 69 
1 :32 128 
1 :32 64 
1 32 64 
1 ~2 128 
1 32 128 
1 32 128 
1 32 128 
1 32 128 
1 32 64 
1 32 128 
1 32 128 
1 32 128 
1 3~ 128 
1 32 128 
1 32 G4 

FOR WHOM BUILT. LOCATION. 

Penna. Schuyl1dll Valley R. R..... Main Bt. C'ng, Phoouixyi1le. 2 Tr. 

Norfolk & Western Railway......... 9th Crossing of Peak Creek......... 

" .. ......... 4th . " Holston Creek...... 


C. P. Huntington, New YO ..I,........ ILake Amatillan, Guatemala......... 


Seauoard & Roanoke R. R............ ................................................ 


............IShingle Creek Bridge............ ...... 

'Vauash, St. Louis & Pac. R. R. Co. Lagro Creek Vimhlct............... ;.. 


Norfolk & Western R. R............. Little Otter Viaduct.................... 


.............. 1st Crossin~ of New River........... 
Seaboard & Roanoke R. R............ Crossing over Petersburg R. R.... 
Recife & Caruaru R. R................ CapiLariLe River......................... 
La compailia de Alnmcenes dO} .j, Iroll Piers at Havana, Cuba.} 

deposito de la HaLalla........... 3:\ feet wide........................ . 

Cape lIlay Pil'r Co...................... :\Iar.l"r at C. 1\Iay, N. J. 30 It. w·e. 

Norfolk & Western It. R.............. td Crossing of New River............ 

I. II. Todd.................................. Port Kennedy................ ............ 

G. W. Div. G. T. R. ..................... Jeannette Cre!'k Bridge......... ...... 

Seaboard & Roanoke It. R............ 1\1eherrin Bridge................ ......... 


"., ",' 
G. W. Div. O. T. R.......... :::::::::::: Belle River Brid·g·~::::::::::::::::::::: 

Norfolk & Western It. R. ............ Reed Island Crossing ................. 
1\1 Gild' { Foot Bridge Lptw<'en two Hotel}

r. eorge ar lllg.... ............ Buil,lings. Catskill 1\1oullt'ns. 
Philadelphia &; Reading R. R ...... 2!1 Bridge, South of I'ellcoyd........ 
." ".. ...... Lovers' Leap Bridge.. ...... ...... ...... 

Juragua Iron Co........................ Cuba.................. ........... ............ 
Alf. 1'. BolhU', Engineer. N. Y...... ................................................ 

Coplay Branch Phila. & Read. It. 11. Over Lehigh Valley R. R....... .•.... 

W. H. Croseman & Bro., N. Y...... Hio ParabyLa, Brazil................... 

Southern Pacific It. R ................ ~"nta Clara Creek Bridges........... 


" "................."" 


Royer's Ford Bridge Co.............. Seh'k'l Riv. Br. at Royer's }"d, Pa. 


L. & S. Branch C. R. R. or N. J.} Coal Port Brid~e over Lehigh} 
Div. Phila. & Reao!. R. It........ Valley R. R. 2 track!!.......... . 

Philadt'lphia &: Headillg R. lL.... Over Lehigh R. at 'I'urnhole. 2 Tr. 
Trenton City Bridge Co.............. Delaware mv. Br. at Trenton, N. J. 
Gay 1\lanufact'lIg Co, Suffoll" Va. Over S. & It. n. n......... ............... 
P. & O. R. R. .............................. Centre Conway Trestle............. {I 1~ 

Richmond & Alleghany R. R....... Reid's Creel, Bridge.................... ! 1 

S. G. U. R.,lJuntillgdon Co., Pa .. Bridge No. 1.. ............................ ' 


" •• " "No.2.............................. 
... Nos. 3 anll 4.................... 

" " "..." Nos. 5 and G.................... 
) John 'V. Berr.V........................... Pittston. Pa....... •.. ..................... 


Grand Trunk Hail way .of ClIlI!ula.. Brock Bt. BridgA........................ 

Portland & R'lchest('r R. n ......... On line of P. & R. R.IL.............. 

Philad('lphia & !teading R. n ...... Lehigh Gap. 2 tracks................ 

The Allison l\lanufacturing Co.... J!'luo Mill, Phila. 1(J tl'l1sses........ 

Central Vermont R. R.............. { Bar~on·s Itoa~ Crossing, White}


Itlver JunctIon .................... . 

" " ................. Davis Road Crossing................... 


Thos. Ricart, Agent.................... I'n !t'ffor Th'tre, Hav.• C. 6 tr'8es. 

Pottstown Ihidge Co................... Sch'yl River Br'ge at PoUst'n, Pa. 

W. B. Wilkins, Agent, N. Y.•••••••. Rio l'yranga, Brazil................... . 


" •. " ......... Braco do Hio. " ................... . 

Philadelphia &; Reading R. R. ..... Near Spring Mill ........................ 

E. P. & H. N. Almy.................... Footway Bridge........................ .. 

Seaboard & Uoanol,e R. R............ 1\leherrin Slough Bridge............. 

New London Northern n. R ........ Stafford Bridge............ ,. ............ . 

Louisville, New Orl's & Tex. R. R. Bayou Perre Bridge.................... 

'V. H. Crossman & Bro., N. Y...... Brazil....................................... . 

Central Pacific R. R.................... Cape IIorn Bridge...................... . 

Baldwin Locomotive Works......... Footway Bridge ......................... 

Cillcinnati, Wash. & Balt. R. R ... Muskiugum River Bridge............ 

Glendon Iron Co .. ~ ..................................................................... 

Phila. Branch of Bait. & Ohio R. R. Over Watson's Island, Va ....:.••••.• 


" " " "East Approach to Susquehanna B. 
John W. Berry........................... Wash. Ave. Bridge, Scranton, Pa.. 

Spans. Qt ~ 
-------~~~ . o;~.~ 

No. Length, Feet. ~ ~I 
-2­

1H= ~n -:­
2 68 136. 
1 8.'> Sf> 
1 !J8 !J8 

7 {~= ~~} 	 114 

3 44 	 1:\2 
421 

716~·i I{ ~g~} 
5 

4 
1 
3 

25 
1 
3 
2 
4 

1 
:l 
1 
1 
1 
4 
7 
2 
2 
a 
3 
3 

2 
7 
1 

1 
1 
2 
2 
2 
1 
1 
1 

8 

1 

2 
1 
1 
2 
1 
1 
1 
2 
2 
1 
1 
2 
1 

1 
· 1 

52Y,l 
11i8 840 

3!J :39 
1!J2 1112 

1314 
!Jon 

140 oW 
7 7 

4t 12:3 
40 1000 

15!' 159 
41 12:\ 

120 240 

25 10l' 
28 2S 

170 510 
. 5:j 5:\ 

:-H 31 
]07 107 
141 564 
100 700 
120 240 

!lU 180 
8f) 240 
57 17l 

{2-117} 3531-119 

125 250 

122 488 
180 1260 
15 15 

28~} 495
29i4" 

li4 54 
54 54 
23 23 
33 66 
23 46 
87 ]74 

167 167 
1:3 13 
90 180 
79 21!J 

4-'108 } 592{ 4- 40 
44 44 
70 105 

180 360 
134 134 
53 5a 
30 60 
35 35 
60 60 
'13 73 

123 246 
115 230 
120 120 

51 51 
187 374 

57 57 
1942 

242 242 
110 110 . 

Total number Single-Track Railway Spans.... • ............................................................. ......... 370,400 lineal feet = 70 miles. 

SUMMARY: Total number of square feet of Iron Ito~fs........................................................................... 187.546


{ Total number of square feet of Ocean PIers .................. :..................................................... 164,880 




GENERAIj SPECIFICATIONS FOR RAILWAY BRIDGES. 


~HE . movin.g load ~or .each track s~all consist of tw~ con~olidation locomotives, ea~h 
. wIth WeIghts dIstrIbuted accordmg to the followmg dIagram, followed by a tram 

~ g g g ~ g g ~-' ~ 
~~________~~+-____~~+,____~~~__~-~~4~a~8~~__~~~__~~+-______+-__~~ 

weighing 3000 pounds per lineal toot. 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. 

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 viaducts and trestle towers the wind load shall be taken as follows: 
On the _unloaded structure, 50 pounds per square foot of surfac~ 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 lattcr 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 tho surface of action of the wind. The overturning effect of the latter on both 
trusses and train shall be considered. 

The weight of tics, guard timbers, rails, spikes, etc., shall bo 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 inch. 
, In long verticals · 81000" " " 
In main web members (eye-burs) · 10,000" " 
In suspension loops · 7,000" I. 

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 long verticals of lattice-girders 
(net section) . 7,000 " " " 

In lower chords and muin tension members of lattice­

girders (net section) 8,000 
 "" " 

In bottom flange of plate-girders (net section) 8,000 " " " 
In bottom flange of rolled beams 8,000 " " " 

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

Flat Ends. Pin Ends. 

8400p = _8_4_00-=-­Phrenix Column. p=
[2 l2 

1 + 50,000 r2 1 + 30,000 r2 

p=_7_80_0~Latticed, or Common Column. 
l2 

1 + 30,000 r2 

p = __78_0_0-,,-­ p = _7_8_00--,-­Angle-Iron Struts. 
l'l. l2 

1 + 30,000 r2 1 + 16,000 r2 

l 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 uscd only when the length exceeds 120 
radii of gyration; below that value, the formula for flat ends is to be used in all cases. 

In the compression flange of plate girders and rolled beams, the working stress shall 
not exceed 8000 pounds per :;qual'e inch of gross section. 

If the web-plate or plates in tho upper chord of latticed girders arc 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 taken in both cases. In all cases the 
length, l, shall be taken either between points of attachment of lateral bracing, or 
between panel points, as may make l -;- r the greatest possible. 

If the upper chord of a deck structure supports the ties (or its own weight) as a 
(11 ) 
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12 THE PH<ENIX 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, multipli~d 
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 fibres of pins 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. 

gUALITY OF MATERIAL. 

'Yrought 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 pel' square inch for cach additional square inch of full-sized bar area will be 
allowed in similar specimens taken from bars of greater sectional area 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 resistance of not less than 48,000 
pounds pEW 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 determined by increasing 
thos'e 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 fmind 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 meets 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. 

~he wheel concentrations shown on the plate give correct ideas of the proper 
weights or loads to be taken, in addition to the weights of stt:l1ctures, with~n the ordinary 
limits of the best practice for either standard or narrow-gauge roads. 

-ID--------------------------------------------------~-------------------------------------~ 
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TH E PH CEN IX BRIDGE CO MPANY. 

PHILADELPHIA"READING. RR~ "'cLASS 1­
160·tso 

PENNA. R.R, CONSOLIDATION. 


DENVER.t.RIO GRANDE RR. NarrowGa*Consolidalion. 
iOQOOO . 

PULLMAN PALACE SLEEPER. 
67.800 

FHILADELPHIA & READING RR. 'CLASS D44~. 
151.soo 

ACTUAL WEIGHTS-r ENGINES t. TENDERS. 

PENNA.~R. PASSE.NGE~.PENNA·R·F?. PUSHER.. 
176.000133;.,006 

64.000 80.000 
~ 

LIGHT PASSENGER~CENTRAL VERMONT RR "MOGU~. 
130.790

176.000 

WEIGHTS efLOADED CARS. FHILADELPHIA& .READING R.R. PARLOR CAR. 
84.000 

PHILADELPHIAt. READING R.R. PASSENGER CAR~ 
~________________________~A~________________________~60.000 

, 30.000 30.000 'I 
I QQ M 
I '~.. .~.. 'at: gl!o' ., 5· ...• I :7.'!{~':

C::;~~.~~:~~':~=:-::-::~~~'?:::__-:.:~i~~:=~=~~::.::::__-:~~~:r-' --- :J
I 

PENN~ B. R •. PASSE:NGER CAR. 
'50.000 

P.&R.R.R.GONDOLA CAR. 
60.~OO 

PENNA.A. R. SOX CAR.. 
48.000 

F.&.R.R.R. COAL CAR. 
78.000 

PE:NNA~R.R. COAL CAR. 
69.6'00 

~----------------------------------------------------------------------------------~-
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PHCENIXVILLE BRIDGE WORKS. 


WIlE ",Yorks of the Phcenix Iron Company, at Phamixville, 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 tbe Philadelpbia and Reading and 
the Pennsylvania Railroads. Not only because of the quantity and high quality of 
their product have these 'Yorks 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 enlargcd in 1827. In 1842 very extensive 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 Yalley to begin tbe 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 feet 
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 erected and equipped with a complete set of furnaces, engines, 
and rolls requisite for the production ofsuch material. 

In this mill wag rolle~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 "1'he Phronix Iron Company," and the manufacture of beams, channcls, tees, 
and a variety of shapcs of iron was begun. The capacity of their shops and foundry 
having been enlarged, they entered upon the construction of bridges, rooH:l, and other 
varieties of structural iron-work, and this department of their business has steadily in­
creased in importance since its establishment. During the civil war many hundred 

. wrought.iron field-gt~ns were made at these works, as well as large quantities of material 
for ordnance service aDd naval stores. 

In 1862 the Phcenix c01umn. 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-,vork, in furnishing engi­
neers with their material arranged in the most perfect forms 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 ) 

neering structures adapted to a great variety of purposes. In 1870 the works occupied 
an area of about 30 acres, but so steady had 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 
6t acres under a single roof, was erected, 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 whol1y of iron and glass. Two long parallel sheds coimected 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 arrnngementof 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-produccr~) 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 roIling-mills. On the opposite side. of 
the creek, in front of them, but not shown, are the various shops, foundry, and otber 
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 gaseous fuel bas enabled manufucturers to ;regulate much 
more .satisfhctorily_ the _quality of their iron by keepinK 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 t~e appliances yet devised for the purpose. 

From these furnaces the iron is rolled into the various forms required in 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. From 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 speeial attention is given to the 
riveting of the Phcenix columns, large numbers of which in a great variety 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 hydraulic pressure in another shop which 
is set apart for this particular work. The heads upon these bars are made by a process 
that insures the development of the full strength of the bar when under strain in a 
structure. The end of the bar having heen 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. Here can be handled and made any parts 
of a bridge l;equiring heavy and accurate die-forging, and the usc of gas for heating th~ 
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 sef\yed with steam-cranes and all modern appliances for 
producing the best material at the lowest'cost, 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. 

The old frame building that was used for foundry purposes was destroyed by fire 
April 23, 1882, and the first casting made i'n 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 tho 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 central shaft" about which the shelves and passages are arranged in such a 
way as to afford the gl'eatest amount of storage room with easy access to the patterns 
and ample light in every cornel'. 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 

. throughout the yards and reaches every part of the works. Four locomotives are con­
stantly employed in the servico of this system of distribution, and have with great 
economy taken the place of tho many mu]es and horses that former]yattonded to this 
very necessary duty. . . 

A large stock of beams and shape-iron of every variety of size and weight is kept 
on hand for suppl)~ing promptly orders for such material, and telegraphic or4ers 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 few hours after tl;e 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 Saulninac, or French Creek, along the valley of which the works 
extend for nearly a mile. A "\Vorthington pump of 2! million gallons capacIty raises 
this water to a storago reservoir on the hill-side, whence it is distributed by a system of 
mains and service .pipes to all parts of the ne,\yer 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. 

http:ingenuity.of
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DESORI.PTION 

DESIGN· " A." 

~HE general style of girder shown in this design is well adapted to spans under 18 or 
" 20 feet. It is composed of two eye-beams, 15 inches deep in the present case, 

weighing 200 l)ounds to the yard. These beams are thoroughly hraced in two 
panels, so as to secure perfect lateral stability. 

The lateml struts are 6-inch eye-beams, and the tics are rods It inch in diameter. 
This simple structure is specially adapted to locations in which the head room is 

very limited. 
The plate represents a girder placed on the line of the Seaboard and Roanoke Rail­

road, at Suffolk, Va. 

DESIGN "B." 

This qesign shows the adaptation of our plate-girder system to a span of about 40 
feet. In the vicinity of the ends the chords are each composed of a pair of angles, which 
are reinforced for somewhat more than tho central half of the span by a heavy plate. As 
there is only one covor-plate, it may be depended upon to perform its functions with tho 
'greatest cfficiency. 

The stiffness of the intermodiate portion of the web is secm'ed by pairs of angles 
(one angle on each side of web) riveted at sufficiently frequent intervals. As the ties are 
placed on the top chords, the ends of the girders are subjected to very severe shocks and 
consequent fatigue. This is amply provided against by extra heavy vertical end-stiffeners 
riveted over fillers reaching from upper to lo,ver chord-angles. 

Transverse stiffness is secured by latticed struts of equal depth of the girders, which 
take hold of the angle-stiffener throughout the entire depth of the main girder. These 
transverse struts also serve as the compression members of the lateral system, the latter 
being completed by tho ties as shown. 'fhe most thorough lateral and transverse stiffness 
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. 

This particular structure was built for the Seaboard and Roanoke Railroad, and 
forms a part of the" :Meherrin Bridge." 

These plate-girders may be advantageously used under ordinary circumstances for 
spans running from 20 to 50 feet, although they have beon constructed for spans of about 
70 feet. 

(16 ) 

OF DESIGNS. 

DESIGN "C." 

The general character of our deck lattice-girders is well illustrated by this plat"" 
which represents the 60-feet span of the Kinzua Viaduct: The upper and lower chords 
are alike, and are composed of two angles and a deep web-plate extending throughout the 
length of the span, reinforced over about the central half by a cover-plate. A sufficient 
depth of web-plate in the chords was taken to properly resist the bending action of the 
moving load in combination with the direct compression, as well as to secure sufficient 
bearing surface for the rivets uniting the web members to the chords~ 

All the web-braces are arranged in pairs, so as to take hold of both sides of the 
chord-plate, thus securing 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 
and angles are carefully corisidered in' all our riveted work; and when, as in the present 
instance, the ties rest directly on the chord, the latter is designed to resist the combined 
stresses arising under such circumstances. 

Byour system of construction we are enabled to make, the centre lines of stress of 
members meeting at one place intersect as neal'ly as possible in one 'point, thus essen­
tially avoiding those secondary stresses which frequently constitute such an objectionablo 
feature in riveted work. . 

The vertical end-posts are made very heavy, as they are exposed to very severe duty. 
The transverse and lateral systems of bracing arc of heavy angle-iron and in short panels, 
and so attached to the chords as to develop the full resistance of cross-section in the 
most direct and effective manner. 

At and near the centre of the span, where the web members take both kinds of 
stress, both bars and angles are provided, the former to take the tension and the latter to 
resist the compression. 

All intersections of web members are riveted, in order to shorten the struts and give 
general stiffness. 

DESIGN "D." 

Our type of ordinary through bridge for railway traffic is well exemplified by these 
trusses of 120-feet span, built for the Norfolk and Western Railroad, and forming a part 
of the bridge at Reed Island crossing. In each span there are six panels of 20 feet, and 
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 "Phamix" columns as compression members. The long panels 
reduce the number of parts, and hence the tendency to vibration, to no 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 550 
pounds per lineal foot, in addition to which there al'e heavy transverse knee-braces. The 
lateral stability is stm further materially increased in an incidental manner, both by the 
floor-beamR being drawn tightly up against and into recesses at the bottom of the posts, 
and by the ties and struts between tho 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 t of an inch from centre to centre of end· pins. It forms one span of the Rondout 
Bridge, on the line of the New York, West Shore and Buffalo Railway; the complete 
structure will receive a full description on another page. 

As the t<;>tal load is divided between two trusses 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 conneetion with 
. transverse bracing, in the vei·tieal planes of each pair of opposite panel-pointR, besides 

portals of unusual stiffness. The general stability of the bridge is stm 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 foet 7t inches each, which, in connection with the three 
systems of triangulation, unites the advantages of an ecoilOmical 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 mas~ive 
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 properly 
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 ~any 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 feot 4 inches each, and the d.epth of truss is equal to the 
pan~l 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 enables 
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 secured in such a bridge, and give the requisite general 
stability. 

This bridge carries the line of the Chesapeake and Ohio 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 chords. The usual tI'ansverse floor­
beams are placed directly at and over the panel-pornts, 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 that 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 object of structural design has 
rarely, if ever, been aecomplished 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 consequenee of the increased depth of the truss at that point; while 
the stresses in the web members in the vicinity of the 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 nearly uniform value. This meets in a most rational and 
effective manner the requirements of the relatively small stresses existing in these parts 
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of the structure. The curved upper outline of the trusses thus combines the excellencies 
of an economic system with a remarkably graceful appearance. 

As the bridge carries a double-track railway, with two trusses 26 feet apart between 
centres, it is readily seen to be a very heavy structure. The end and centre depths (20 
and 40 feet respectively) arc so taken in connection with the panel length of 17 feet 5} 
inches, however, that the greatest economy is attained. 

The turn-table is wholly rim bearing, and the drum, 28 feet 2 inches in uiameter, is 
carried on forty-two 24-inch rollers. ' 

This type of structure is peculiarly adapted to the purpose of securing that degree of 
economy in construction anu ease and stability in turning which are so essential in a long 
and heavy drawbridge. 

A further description of this bridge will be found on another page. 

DESIGN "I." 

'fhe most economical method of carrying a railway across a wide gorge in which firm 
pier foundations arc easily secureu at all points, is illustrated in a remarkable manner by 
this structure. The total width of gorge is uivided into twenty-one open spans anu 
twenty tower spans, the former of about 60 feet, and the latter of about 40 feet. The­
greatest height is about 300 feet. 

Each of' the towers are thoroughly braced longitudinally and transversely in oruer 
to resist not only the wind pressure, which acts with great severity on a structure of such 
extreme height, but also the thrust and vibrations caused' by the moving loads. 

The lateral pressure of the wind against a passing train at great elevations produces 
an overturning effect of unusual magnitude, which in this case has been amply pro­
vided for by the inclination of the columns and the anchorage at their feet. 

The wind pressure on the structure and its train-load was taken at 30 pounds pel' 
square foot, and 50 pounds per square foot fl>r the unloaded structure. Subsequent tests 
on large surfaces, at the site of the Forth Bridge, have demonstrated that these values 
give abundant security against wind stresses. 

. The towers are divided into stories of about 33 feet each, at the extremities of which 
the column sections are joined by interior wrought-iron sleeves, forming a complete 
cylinder., By means of these cylindrical sleeves each column is made absolutely contin­
uous from the top of the tower to the masonry at its base. 

The lattice-girders forming the superstructures are of the deck variety and 10 feet 
apart centres, but possess no special characteristics other than being remarkably substan­
tial structures. 

DESIGN "J." 

This design shows a highway bridge built by us for the Pottstown Bridge Company, 
of Pottstown, Pa., and the structure crosses the Schuylkill River at that place. There 
are two spans of ]79 feet each from centre to centre of end-pins. The trusses are 21 feet 
4 inches apart centres, with two sidewalks about 5 feet each in the clear. This bridge is 
typical of our usual highway construction. 

It will be observed that the marked auvantages of long panels and a single system 
of triangulation are secured by the use of a system of intermediate transverse iron beams, 
one resting at the centre of each panel on a pair of main longitudinal iron stringers. 
The latter are supported on the main floor-beams a short distance from the points of 
support of the latter, thus adding very little to their bending movements. 6-inch eye­
beams and the two main stringers just mentioned form the joists which carry the floor­
plank. Two lines of light- timber joists, one outside of each main stringer, receive the 
spikes which hold the plank in place. 

The sidewalk railing acts as a truss, with a span of one panel length, for half the 
sidewnlkand its load. The sidewalk plank are spiked to the top of the guard-timber as, 
shown;, in this manner the footwalk is raised an agreeable distance above the roadway. 

By this method of construction a permanent, light, and economical iron-floor system 
is obtaineu, the only inflammable portion being the necessary plank floor. 

Efficient systems of upper and lower lateral and transverse bracing give in them­
selves complete stability against moving-load vibrations and the wind, though they are 
very materially reinforced by our system of floor construction. 
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PLATE I. 

MIDDLE BROOK BRIDGE. 

~HIS structure carries the four tracks of the New 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 18t 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 centre 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 one of its main outlets over the N ew Jersey Central DiviAion, 
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 essentially the highest limits of requirements respecting rapidity of movement 
and weight of passing loads. The floor system, composed of twelve lincs of longitudinal 
stringers rigidly secnred betwcen thc transversc floor-beams, admirably fulfils the require­
ments of such exceptional conditions. rrhe dcpth of trusscs givcs very stiff transverse 
bl;acing, and the construction of the floor system increases very materially the lateral 
stability. 

The hcavy loads carried·by this bridge invoh'e the use of the eight segment Phcenix 
column and a number of heavy eye-bars of 12 square inches in sectional area. 

PLATE II. 

SUNBURY BRIDGE. 

The single track of the :Mahanoy and Susquehanna Division of the Philadelphia and 
Reading Ra!lroad 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 each arc on an eight-degree curve, making a total length of about half n. mile. 
All the trusses arc 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 eleven panels of 17 feet 5~- inches, while each of the other spans are composed 
of tcn pancls 15 feet 7 inches in length. r~rhe bl'idge was designed to meet the require­
ments of the heavy traffic of the Philadelphia anq Reading Railroad, and its general 
proportions are such as not only to fulfil those conditions, but also to form a most grace-

OF PLATES. 

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

The principal features of the construetion are sufficiently well shown by the photo­
type·to render unnecessary a detailed description. Perfect lateral and transverse stability 
arc 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 III. 

CHAUDIERE BRIDGE. 

The Ottawa River is Apanned at Ottawa, Ontario, by this bridge, which was built for 
the Quebec, ~fontreal, Ottawa and Occidental Railway, now forming a portion of the 
Canadin.n Pacific system. Although the pln.te 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 arc 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 securing 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 tbe 
track are, therefore, heavier thn.n the others. 

The track is about 25 feet above tbe wn.ter at ordinary stage. 

PLATE IV. 

CATSKILL BRIDGE. 

Of the many picturesque locations along the line of the New York, 'Vest 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 spaQs,-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 I6-feet 8 inches, while the depth 
and panel length of the short spans are 21 and 17t feet respectively. The trusses are 
20 feet apart centres in all the spans, and the track is 85 feet above the water. Like 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 wou1d be productive of economy in trusses, and leave all stresses well defined. 

As the two trusses are 20 feet aparteentreR, 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 vertical columns at the feet of the end-posts, which carry a 
panel moving load. ' 

This -bridge meets the requirements of a heavy and rapidly moving traffic, with a 
high degree of constructive economy. 

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 resthetical 
character as well. It is a double-track structuro, crossing the Harlem -River at Eighth 
Avenue, New York City, and connects the West Side' and Yonkers Railway with tho 
Eighth Avenue Elevated Road. ' 

'Vith a centre depth of 40 feet, and 20 feet at the end, the intermediate depths are so 
taken as to secure both beauty of outline and a proper regard fur 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. There are sixteen panels of 17 feet 5~- 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 feet 2 inches, and turns on forty-two 24-inch rollers. Although 
a single system only of triangulation is used, by'proper trussing tho 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 tho most 
approved character. They are located in the turn-table, and operate with great expe­
dition and efficiency. 

PLATE VI. 

ALBANV AND GR.EENBUSH BR.IDGE. 

The Albany and Greenbush bridge shown on this plate is the second one built by this 
Company across tho Hudson 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 necessities of this particular case arc 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-tracpk railway is placed 19 feet 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 centres, 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 each end of 36-fcet 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 feet. The panel length is 16 feet' 7 inches for the fixed spans, and 18 feet 3 
inches for the draw, except 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 n_ot usually 

encountered in bridge construction. All vertical compression members in the bridge are 
of tho ordinary latticed channel spocies above the railway platform, but below the latter 
eye-beams take the place of the latticing, and furnish points of support at their upper 
extremities for the railway floor-beams. The end-posts of the 250·feet spans are eight 
segment Phamix columns of the heaviest section ever rolled; they possess a cross-sec­
tional area of 104 squaro 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. 1'he four main posts at the pivot pier, with the double cancellation, made it neees­
sary to consider each main truss as composed of two separate trusses, each 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 contre 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. 

Tho structure from which the yiews 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 tho single track of the New York,. Lake Erie and 
Western Coal and Railroad Company across the Kinzua Valley, in Bradford County, Pa. 
The superstructure is composed of latticod deck-trusses, 10 feet apart centrcs, and alter­
nately of 61,- and 38t-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 masolll'y, 
making a total elevation of 301 feet above the surface of tho water in Kinzua Creek. 

The towers are each composed of Phronix 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. V cry high winds 
sweep through the gorge and produce conditions requiring the most careful consideration 
in connection with such an elevated structure, while its vibrations, caused by moving 
trains, call for scarcely less' attention. 

A train of consolidation engines formed the moving load under which the viaduct 
was designed.· , 

The following is a recapitulation of the main data: 

N urn ber of iron towers 20 
Number of columns 110 
Number of spans 41 
Total length of iron-work . 2053 feet. 
Length of each clear span 6t " 
Length of each tower span 38k II 

Highest tower .. 297 " 
A verage height of towers 170 " 
Width of top . 10 " 
Width of base (widest part) 103 " 
Pounds of iron in viaduct _ 3,500,000 
Pounds of steel in track and fastenings 100,000 

Besides the railway traek, the viaduct is provided with a sidewalk on eaeh side. 

PLATE IX. 

RONDOUT BRIDGE. 

One mile south of Kingston, N. Y., on the line of the New York, 'Vest Shore and 
Buffalo Hailroad, the railway pierces the rocky ridge just north of Rondout, then emerging 
from the tunnel, it is carried over the creek 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-conpccted spans, and the entire 
superstructure is carried on the top of towers v~rying from 32 to 140 fcet 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 surface of water. 

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

The general design of the structure is such as to se(;ure the greatest economy 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 adaptcd to the requirements of stability 
and economy. Phcenix columns are used in compression, and all details are so formed as 
to act in tho most direct and effective mannoI'. 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 striIcture has a length of 1244 feet. 
The total weight of iron i·s about 2000 tons. 

PLATE X. 

METROPOLITAN ELEVATED RAILW A V. 

This plate shows some 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 ordillary engi­
neering problems, but when· these conditions are coupled with others, required by an 
almost absolutely continuous use of the structure, the difficulties encountered arc very 
materially increased. Although the speed of the trains on the elevated rail ways of New 
York are not high, yet the short intervals of time bet.ween them permit scarcely any 
rest to the metal of the viaduct. Hence the fatigue of the iron becomes an important 
consideration. . 

This incessant usc also gives rise to very wearing dem-ands 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-incr~ased height with a reversed curve. 
The inherent stiffness of the Phrenix column in all directions, as well as its superior 
capacity for resisting compression, render it peculiarly adapted to such extraordinary 
conditions as 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 elevated 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 RAILWAV. 

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 secured 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 Phrenix section. In short, this structure is built to 
secure that unusual degree of strength and stiffness that is necessary to withstand the 
extraordinary dem~nds 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 construeted. 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 XII. 

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 Phrenix columns. Upon the top of 
the posts, and transversely, are laid heavy 15-inch eye-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 hoi'se-cars, and five lines of carriage tramways made of eut granite 
blocks 1 foot wide and laid to a 5-fcet gauge. ~rhe total width of 100 feet is divided into 
one carriage-way of 67} 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 CITV BRIDGE. 

This roadway bridge was built for the Trenton City Bridge Coml)any, of Trenton, 
N. J., and crosses the Delaware River at that place. There are seven spans with a total 
length of 1280 feet. Each span contains nine panels of 20 feet each, and the depth of 
truss is,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 each panel an intermediate tr:ans­
verse beam, on which rest iron joists of half a panel length. AU 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 spiked. 

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 MAV PIER. 

During the past few years the field of engineering construction has been extended 
so as to cover ocean piers built entirely of wrought iron, with the exception of the timber 
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floor, and that.at Cape May is one of the finest examples to be found on the Atlantie eoas~. 
'Vith 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 U~O 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 Phrenix 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 PHCENIXVILLE, PA. 

This bridge carries the double track, main line of the Philadelphia and Reading Rail­
road, aeross both the canal of the Phrenix I1'on Company and French Creek, at the con­
fluence of the latter with the Schuylkill River. The span of 140 feet is divided into seven 
panels of 20 feet each~ The centres of the trusses are 28 feet apart, while the depth of 
truss is 32 feet. Each track is carried on three lines of iron stringers resting on tl~ans:­
verse floor-beams. 

The proportions of the bridge and its Yario-us parts are thus seen to fulfil the require­
ments of the heaviest traffie, and at the same time answer every demand of economy. 
The location of the structure at a sho1't distance from the Phrenixville depot is such as to 
constantly subject its floor system to the traction of the locomotives of all outgoing trains 
to the north, and the violent thrusts induced by the air-brakes of all trains bound soutb. 
These circumstances, in connection with the high speed of the·passenger trains and the 
extraordinarily heavy coal traffic of this road, render the service of this bridge very try­
ing in its character. But its design was undertaken in view of these conditions, and its 
remarkable stiffness and stability under moving loads in every variety of motion show 
how perfectly the end was aceomplished. 

The depth of trusses was so taken that the requisite systems of upper and lower 
lateral bracing could be supplemented by the transverse system shown in the plate. That 
degree of stability necessary to the circumstances of the location was thus effcctually 
secured. 

Shqrtly after its completion,the resistance of the floor system was severely tested. by 
a derailed locomotive and car, which ran nearly half-way across the span on the ties, but 
eventually came to rest without material injury to the structure. 

The bridge was designed to carry, in addition to its own weight, a .moving load on 
each track of two coupled locomotives, each weighing 177,800 pounds, in 54 feet 2 inches, 
or 106,000 pounds on a driving-wheel baseof 14 feet 9 inches, followed by a uniform train 
of 2240 pounds per lineal foot. 
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THE PHCENIX BRIDGE COMPANY. DESIGN A. ' 
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EYE BEAM SPAN, 
FOR PORTLAND AND ROCHESTER RAILROAD. 
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THE PH<ENIX BR1DGE COMPANY. DESIGN B. 

c:========~[~tl [c~~~========== 

J7'o"' Ctear 

r '-'- 4 ' 8~'_"_' -1 
, i 

! 

I I 
~._ . _. _. 8·O~._._ . ~ 

PLATE GIRDER SPAN, 
FROM MEHERRIN BRIDGE, SEABOARD AND ROANOKE RAILROAD. 
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THE PHCENIX BRIDGE COMPANY. DESIGN C. 

(j() , ()' Clear 

LATTICE GIRDER SPAN. 
KINZUA VIADUCT. NEW YORK, LAKE ERIE AND WESTERN RAILWAY. 





THE PH CE N I X B RID GEe 0 M PAN Y. DESIGN D • 
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SINGLE T·RACK THROUGH SPAN, SINGLE INTERSECTION. 
REED ISLAND BRIDGE, NORFOLK AND :VESTERN RAILROAD, 2-120 FEET SPANS. 





THE PHCENIX BRIDGE COMPANY. DESIGN .E. 

264Ft. C~ (0 C~Endpin3 
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DOUBLE TRACK THROU.GH SPAN. 

264 FEET SPAN OF RONDOUT BRIDGE, NEW YORK, WEST SHORE AND BUFFALO RAILWAY. 
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I 

http:THROU.GH




/
/ 

=-~~~~~r ~~==========~~==~~~==~~~========~~~~_~__~ 
~ 

9.k"~~=~~ 

THE PHCENIX BRIDGE COMPANY. DESIGN F. 

76Ft (Jlear, 
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SINGLE TRACK DECK SPAN. 
DUNLAP'S CREEK BRIDGE, CHESAPEAKE AND OHIO RAILWAY. 
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300Ft. Colo C. Enrlpinlf 

~I----------------------~--------------------------~----------------------------------+H-~ 
THE PHCENIX BRIDGE COMPANY. DESIGN G. 

300 FEET SPAN. 
BUILT FOR GALVESTON, HARRISBURG AND SAN ANTONIO RAILROAD. 
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THE PHCENIX BRIDGE COMPANY. DESIGN H . 

.seeM" at Cenlre. 
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..Plan. of7lPper .ur:tleraLBracing'. 

LONG SPAN DRAWBRIDGE. 

WEST SIDE AND YONKERS RAILWAY. 





THE PHCENIX BRIDGE COMPANY. DESIGN 1. 

Total LC"!JI" 2052 Fl. 

KINZUA VIADUCT. 
NEW YORK, LAKE ERIE AND WESTERN RAILWAY. 

CASEl 
lviAx:MUM CoMm£SSlON 

{rol"t ____ J 

DATA. FOR STRESSES. 

Live Load: Consolidation en­
gines having 8S,UOO Ibs.on drivers 
in a space of 14 ft. 9 in. Total 
weight of engine and tender, 
lUl,:HO Ius. Length over all, 
51 ft. :~ in. 

Dead Load: lOOOlbs. perlin. ft. 
CASE I. 

Gives maximum compression. 
Structurc loaded. Wind pressure, 
30 Ius. per sq. It Wind I'ressurtl 
at top, 20,000 lbs.: on each story, 
611bs. per vertical ft., or I9So ILs. 
per story. 

CASE II. 
Gives maximum ten sion. 

Structure unloaded. Wind press­
ure at top, 15,O.)() Ibs.; on each 
story. 11.16 ILs. per vertical ft , or 
3300 ILs. per story. 

Stresses indiagonals and struts 
nre the maxima which can arise 
from either case. 

Alllongitudinal rods, J~ in.­
:! rods. 

All st.;!~ts ~;l~cep~ SI S2 S3) of -l 
aug!es. -/2 x -/2 X 1.llbs. per yard
latticed. 

SI S~ Saof BI column. Area, 6 
sq. in. 

Ultilllate strength of PhO'nix 
colulllns, :~5.UI)() Ibs. per sq. in., as 
per experiments at United States 
Arsenal, 'Vatertown, JIIass. 

Factor of safety for live and 
dead loads~5, equivalent to jUliO 
lbs. 'per sq. inch. 

Factor ofsafdy for wind press­
ure, 3Yo, equivalent to 10,000 lbs. 
per sq. inch. Diagonals strained 
15,000 Ibs. per sq. inch. 





I 
~~--------------------------------------------------------------------------------------~ 

THE PHCENIX BRIDGE COMPANY. DESIGN J. 
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HIGHWAY BRIDGE, 
POTTSTOWN, PA. 
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PLATES 

SHOWING 

F:B:OTOG:RJ.AF:B:IO "VIE\J\TS OF B:RJIDGES 

AND 

-+OTHER STRUCTURES-E­

DESIGNED, CONSTRUCTED·, A.ND ERECTED BY 

THE PHCENIX BRIDGE COMPANY. 


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





THE P H CE N I X B RID GEe 0 M P AN Y. PLATE 1. 


FOUR-TRACK RAILWAY BRIDGE OVER MIDDLE BROOK, 
CENTRAL RAILROAD OF NEW JERSEY DIVISION PHILADELPHIA AND READING RAILROAD. 





THE PH<ENIX BRIDGE COMPANY. PLATE II. 

SU SQU E.HAN N A RIVER BRI DGE, 
SUNBURY, PA. 

SINGLE-TRACK THROUGH BRIDGE OF FOURTEEN SPANS. 





THE PHCENIX BRIDGE COMPANY. PLATE III. 

CHAUDIERE BRIDGE, 
ACROSS OTTAWA RIVER. OTTAWA, ONTARIO. 





THE PHffiN IX BRIDGE COMPANY. PLATE IV. 

CAT SKI L L B RID G E, 
NEW YORK, WEST SHORE AND BUFFALO RAILROAD COMPANY. 

DOUBLE TRACK DECK BRIDGE OF EIGHT SPANS. 

Ee­
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THE PHCENIX BRIDGE COMPANY. PLATE V. 

H A R L E M R I V E R B RID G E, 
WEST SIDE AND YONKERS RAILWAY, 

EIGHTH AVENUE, NEW YORK. 





THE PHCENIX BRIDGE COMPANY. PLATE VI. 

ALBANY AND GREENBUSH ERI DGE. 
DOUBLE-TRACK RAILROAD ABOVE. ROADWAY AND TWO SIDEW ALKB BELOW. 





THE PHCENIX BRIDGE COMPANY. PLATE VII. 

KI N ZU A VIADUCT, 
NEW YORK, LAKE ERIE AND WESTERN COAL AND RAILROAD COMPANY. 
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trlKINZUA VIADUCT, 
~ 

NEW YORK. LAKE ERIE AND WESTERN COAL AND RAILROAD COMPANY. ­-5 





THE PHCENIX BRIDGE COMPANY. PLATE IX. 

RON D 0 U T B RID G E, 
NEW YORK, WEST SHORE AND BUFFALO RAILROAD COMPANY. 

DOUBLE TRACK THROUGH BRIDGE AND VIADUCT. 

~I------------------------------------------------------------------------------~-----ffi-
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THE PHCENIX BRIDGE COMPANY. PLATE X. 

METROPOLITAN ELEVATED RAILWAY, 
NEW YORK. 





THE PHCENIX BRIDGE COMPANY. PLATE XI. 

METROPOLITAN ELEVATED RAILWAY 
NEW YORK. 





PLATE XII.THE PHCENIX BRIDGE COMPANY. 

GIRARD AVENUE BRIDGE, 
PHILADELPHIA, PA. 





THE PHCENIX BRIDGE COMPANY. PLATE XIII. 

HIGHWAY BRIDGE, 
ACROSS DELAWARE RIVER, TRENTON, N . •T. 





THE PHCENIX BRIDGE COMPANY. PLATE XIV. 

OCEAN PIER AT CAPE MAY, N. J. 
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