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Span. pan. Span. 
L = total river span = 2m + l 1,000 ft. 1,500 ft. 2,000 ft. 
l = suspended Spall . . '. 500 650 800 
m = cantilever arm ... 250 425 600 
n = ancbor arm ... . .. 400 600 800 
w = width C to C of trusses 50 60 80 
d = depth of suspended trusses 50 - 85 75 - 110 100 - 131) 
1~ = depth at towers ... 150 
Load L L = 1 ,000 lbs per lineal foot. 
Wind = .30 Ibs pel' square foot. 
Working stresses for ma.in members Tension. 

tructural St~eI 20,000 

Nickel Steel ' 30,000 

225 300 

Compression. 

20,000 
1 + t2 

000r2 
30,000 
l--=t=l' 

OOOT~ 

COMP ARI 0 BETWEE CANTILEVER AND 
SUSPEr SIO J BRIDGES . 

.A great deal of contr oversy had raged over ' the re­
spectiv.e merits of 0antilever and suspension bridges. In 
the main, a ' cantilever was far more rigid, the stresses 
could be fully determined, and it was more suitable for 
heavytraffic, being rigid and only deflected to a small 
extent . .A suspension bridge, on the other hand, was 
more graceful, cheaper to build for light traffic, and could 
be constructed in a shorter time, and, if suitably stiffened, 
would carryall moderately heavy t raffic. .As regards 
limiting spans for both types, a table was given below 
for comparison. The theoretical limiting span was that 
length of span when the d<ead-load ratio to live-load be­
came infinitely great, and the bridge was only just self­
supporting. The practical maximum span was the great­
est length of span which it would be practicable to build 
in order t o oorry traffic. The maximum economic span 
marked the limiting span as regard cost and ea.rning 
power, beyond which the bridge would very probabl 
be a financial failure, although constructed successfully. 
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Susp-en- Oanti-
sion. lev'er. 

Theoretical linUting span 14,700 5,600 
P ractical maximum pan 4,900 3,060 
M'aximum e'conomic span 3,170 2,700 
Span of equal co t 1,670 1,670 

'Jlhe suspension bridge- was calculated for ample 
rigidity f or railway traffic, in order to :eliminate the ad­
vantage claimed for the cantilever (Steinman) . 

DEOK SYSTEMS. 
In order to calcul,ate and design the decking, the 

amount and kind of traffic must be known ip. order to get 
the maximum possible loadings. Gen.erally, railways and 
vehicular traffic wer e the only things to consider . I n the 
case of railway loading, due provision hould b e made 
for traffic expansion and increased locomotive and t rain 
weights, and as there was a ]>robability that electric locos. 
will corne into more general use, the wei'ghts and whool 
bases should be con idered, and a typical wheel base 
diagram showing axle loads drawn out. F rom this and 
the weight of heaviest train per f oot run, the loading 
would be adopted. Th~ the r ail troughing system was 
worked out, this being carried on cross beams resting on 
floor stringers, which in th.eir tu rn were carried by the 
main cross girders. This seemed to be the best system 
{If carrying the live and d-ea;d loads to the main trusses. 
The advantage of the railway troughing was that in case 
()f a derail the wheels would run along the longitudinal 
sleepers inside the troughin g, and no great damage would 
be done. The roadway decking could be worked on simi­
lar lines t o the railway, care being taken to place the 
traffic in each 'case in such positions as would give the 
worst possible maximum stress. 

For girders of short 'Spans OTdinary medium steel was 
used, but long spans cali fOT a stronger and high-class 
steel 'such as high grade carbon, nick el, nickel chrome, 
and vanadium steels, etc. Nick el steel ad only been 
recently used to .any extent. and it would be preferable 
to construct the cantilever trusses, suspended 'and stiffen­
ing trus es of this material. Oarbon steel, however, was 
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more suitable for decking owing t o cheapness and to 
l esser secondary stre se induced on account of smaller 
deflections than if nickel steel were used. 

A rough or trial estimate was required, first of all in 
order to get some idea of weights, and cost, then a sec~nd, 
.or eveJ?- a third, '~stimate might prove necessary to get 
.a suitruble design. One of the foremost bridge engineers 
in the United States, Ralph Modjeski, stated, "While it is 
·ea y to .draw a diagram and a few of the principal 
.details, it bakes months of study of retracing one' steps, 
of tests and calool'ations, to make a c'omplet~ design, and 
t o learn that the prelimioory -diagram and sketch details 
.must often be chaDlged entirely to make a practicable and 
·efficient st ructure." 

The methods of erection of a cantileveT bridge were 
v.ery simple. The anchor was, first of all, built out 
·on :fialsework from the anchar pier to main pier. Then 
·the harbour, or cantilever, arm was built out, cantilever 
.fashion, without the necessity fQr further falsewark and 
consequent blocking .to shipping. Cranes could be run 
·out oIl. arm alr·eady 'built, an~ by hoisting the v~rious 
members into place .and rivetting up, the structure grew 
'until the rurm was completed. l 'he Suspension pan 
-could then be erected . by building out from both end 
-of cantilevers and joining up in the middle, or the span 
could be erected on large pontoons and floated on to 

·the site. The former way was, perhaps, preferable, 
-especially where the height eJbove the water was COIl ­

.siderable. 

Befor e erection of any part of bridge erection stresses 
'were carefully calculated, and where working stresses 
.might be exceeded, temporary members were put in to 
take the added load. When completed all these tem-

::porary members WeTe removed. When finally completed, 
-with all the decking in place, a test load was: generally 
..:p1'3.Ced . in certain fixed positions, and by means of 
-extensometers the actual deflecti()ns were noted in 

arious members and compared with those calculated. 
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EXAMPLE OF DIFFERE T BRIDGE 

(1) uspen ion Bridge over the Hudson River at 1 ew 
York (proposed)-Fig. 4. The Inter-St·ate Commission 
r ecommended a stiffiened cable suspension 'bridge with 
eyebar cables. The distance, centre to centre of towel's, 

TOWER 

.. liNES 0,. RAILWA. 'W' TRACK8 

4 . TR" "" ...... y 

2 ROAOW'AV~ 

2 tOOTPATI15 

• 

Fig, 4 

would be 2880 feet, and clear height over fairway f.or 
navigation of 170 feet. The troffic service to be carried 
consisted of four lines of. railway, four lines of tram­
way, two roadways, and two footways, the total maxi­
m~ loading amounted to 20J OOOlbs. peT lineal foo t of 
bridge. This bridge wa e timated to cost £8,400,000, 
and would be the largest bridge, by far, if constructed. 

(2) antil.ever Bridge, 'Over the t . Lawrence River at 
Quebec-Fig. 5. This 'bridge was located eight miles 
west of Quebec. The river, at this part, was /lib out 1800 
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feet wide and 200 feet deep in the centre channeL In 
1907, when the original attempt to construct a bridge 
was made, the south anchor a rm and nearly half of th E> 
main span wer e erected, when t he lowel' chord . of the 
am.chor larm truss failed and 17,000 tons of superstructure 
fell, killing 75 workmen and injuring a number of others .. 
This was, later, regarded as scrap and cut up by means. 
of acetylene blowpipes. 

The building of the n ew. bridge was assumed by the 
Canadian Department of Railways and Canals. A board 
of engineers was appointed to take charge of the design 
and construction. Several % -size model tests were made­
of the comp1"essio!ll memb()rs, and thus much useful 
information gained. The St. Lawrence Bridge Co. ten­
d'ered a design, which was accepted, anq.. this firm was 
now building the structure. The. clear span was 1800-
feet, with ,a, headway for shipping of 150 feet, for a 
length of 640 reet. The main trusses wer e braced with 

the "K" 'system, the top wind laterals being omitted. 
Carbon tool anchor arm spans were 515 feet. ickel 

" . steel, cantilever arms 5 0 feet long, 310 feet deep, at 
towers, and suspended span also of nickel steel 640 feet 
long, a modified Pratt truss. Trusses were 88 feet apart 
centre ' to centre. The decking, however, was of carbon 
steel. The tension top chords were built up members. 
The service oo.rried was two reil tracks and two side· 
walks. Railway l,oadings on each track ·adopted from 
two E 60 locomotiv s, follwed by a train load of 
5000 ~bs . pel' lineaiJ. foot, and the total tMffic weight 
was 10,000 p er foot run of bridge. It was estimated 
t o cost £2,400,000. To mcilitate the fabrication of the 
bridg-e membeT'S, a workshop was erected close to the 
site, which, including land, shop, and equipment, cost 
£200,000. E lectric power was used throughout, aggre-. 
gating 1000 h.p., and the output eX{Tected was 2000 
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t ons per month. The main shop was 660 feet long, by 
160 feet wide, with a comprehen ive By tem of surface· 
tracks and cran e runways. The layout of the machinery 
was so systematically arranged that the raw mat erial 
entered the shop at one end and passed right through 
in successive stages. This descript ion gave some idea 
of the l'llrge plant necessary in the manufacture of big 
bridges. 

(3 ) Oantilever Bridge over the Firth of Forth- F ig. 6. 

This bridge contained two sp-ans, each 1700 feet clear, 
the length over all being 8295 feet. Senice car ried was 
a dOulble line of railway, and two footways, these. latter, 
not being opened to the public, were for the sole use 
of railway officials ·and maintenance men. The ratio of 
depth of tru ses at pier to depth at centre was 7 to l. 
The main compression members were steel tubes rang­
ing up to 12 feet diameter. Thi was a very strong 
con tructio.n, and reduced the amount of stiffening and 
secondary bracing to. a minimum. Wind pressure was 
provided for in the calculations in exposed p~sitio-ns, and 
W'a:s tq.ken at 561bs. per square foo.t over twice the who.le 

area of gir'deT exposed. The rail level was 157 feet, and 
clear headway 151 feet a bove high water. Under full 

loading o.f t~o trains the deflection calculated at th(} 

centre was 3Y2 inches. Each tower consi -ted of four 

columns built up on circul'llr granite piers. The cen­

tral to.wer had an extreme height of 361 feet, and had 

an inwaord batter at the top of 1 in 7lh. This tower, 

sit uated on Inchgarvie Island, had a very big base to­

counterac.t t he overturning moment when loads were­

placed unsymmetrically. The total weight of traffic 

allowed for was 44 Olbs. per foot run. ·'rhe bridge was 

completed in 1 90 at a cost of over £3,000,000, and was 
the most impo.rtant yet constructed . . 
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(4) Williamsburg Suspension Bridge ove'r the East 
River at New York- Fig. 7. "ix yelllfs were taken in 
the completion of this br idge, the cables taking twelve 
months t o manufacture. It as thrown open to tr'affic 
in 1903. 'Centre to centre Qf towers measur d 1600 feet. 
and clea-r h adway of 135 feet . Traffi c served was a 
double line of railway, four lines' of t ramway, two road­
ways, a-nd t wo footways, inclu ding cycle t rack. 

(5) Bro~klyn Suspension Btidge over the East 'River 
at Jew York. This took f ourteen years to build, the 
ca'ples occupied t wo years,> and traffic was opened in 
18~: lear span, 1595 feet 6 inches to centre of towers. 
and clear height, for navigation of 135 feet . IJoading 
wa ' derived from a double line of railway, a double line 
of tramway; two r oadways, and one footway. 

(6) Manhattan Suspension Bridge over the East 
River, New York-Fig. 8. This bridge W8iS completed at 
the end of 1909, and ,owing to impr oved m.ethods of 
manufacture, t he ~es only occupied four months to 
manufacture. Clear span 1470 feet centres of towers, 
headway for shipping 135 feet . The tIlaffic carried 
includes f oor lines of railway, fom" lines of tramway, 
one roadway, and two footways. 

(7) Blackwell 's Island, or Queensboro' Cantilever 
Br idge, over the East River, ew York-Fig. 9. Com­
pleted in 1909. Centre to centre of piers measures 11 2 
feet, an d headway for ~hipping 135 feet. The bridge · 
was designed to oorry a double line of railway, four 
line of tramway, a ro~dway, and two footway . 'I'he 
calcula ted loading was 16,000 Ibs., but P rofessor Burr 
estimat ed that the safe load was only 4421bs. per lineal 
foot. 

(8) S dney H ar our Bridge-F igs. 10 and ll- (propos­
ed) between Dawes P oint and Mil on's P oint. The bridge 
will consist of nickel steel cantilevers, having a shore 
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Plan ,19-Williamsbur'g Bridge. 
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Plan 20.-Cross Section. 
Plan 19.--<:ross Section. 
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Plan 20-Broo klyn Bridge. 
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arm length of 500 feet, and harbour arm length of 520 
feet, supp'orting a suspended span 560 feet long. The 
cl ear span, centre to centre of pIers, 1600 feet, and 
headway for shipping of 170 feet above high water; for 

•• ·0'- · - ----.f-- ------24·'.,'·--- ----, 
Rail •• , Tracks 
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Plu Is--cn.. Secuon of Mow Roe<fwa), 

Fig. 11 



THE DBSI GN AND OONSTRUCTION 0 1' LONG SPAN BRIDGlIS. 111 

a central 600 feet of 'bridge; dimi!li hing down to a 
headway of 156 feet at the tow rs. It was designed to' 
carry f our lin es of electric railway, and a 35 feet road­
way between the trusses which would 'be spaced 94 feet 
6 inches apart, whilst outside would be carried a mmor­
way 18 feet wide, and footway 15 feet wide on canti­

leve'!.' brock ets. The main trusses at the towers would 
be seated on cast steel bea;rings, which distribute the 
reactions evenly, through rolled steel joists and concTete 
t o the t ops of pieTS. · way bmcin g would be provided 
between vertical memb:ers, and both top and bottom 

chords would be braced to 1Jalre wind loads. The main 
trusses would h'ave a depth of 270 feet at the towers, 
diminishing to 100 feet at the suspended span; the bot­
t om chord would be st raight up, but top chord (com­
posed of two tiers of eyt900r ) would describe a para­
bola. Th~ contpur of top booms in the ·.shore arms, 

however, wouJd 00 ta circular arc, the ttangent to which, 
at ·extremity, would not be horizont~l. 

'The floor ysOOms, with t he exooption of the main cross 
girder, would be . constructed of C'ar-bon steel. The rails 
f-or truck would be fixed on longitudinal wooden sleep­
ers set in t roughing, very imilar to the con tnlction on 

the Forth B1'Iidge. This t r oughing would rest on cross­
beams,camed in their turn on longitudinal stringers at­
tached to the cross IgiTders. RaadWlay, mmorway, and foot­
way constrnctioo was similar, there being ' a top wearing 
surface of la'3phalt ov.er concrete, c'atrried on buckle plates 
attached to crossbeams. 

Latticework handroils werp provided for the safety of 

vehicle an~ pedestrians. 

The loading adopted on the two W1estern tracks, to 
C'3Jl'Iry heavy traffic, was a conv·entionral train, 615 feet 
long, consisting o~ an electric loco., 65 feet long, weigh-
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ing ] 60 t ons,and cars f or length of 550 feet, weighing 
2000lbs. per f oot . The ubUT'ban railway tracks were to 
car ry a t rain 500 feet long, weighing 2240 lbs. per foot. 

Concentrated loading for main r dadway and motorway 
could be derived from conventional traffic loading. The 
footway loading adopted WaJS 100lbs. per squar e foot for 
deck system, reduced to 80lb, per square foot for can­
tilevers and suspended span. 

For length of span the proposed Sydney R arbour 
Bridge ranked third in the wt r ld; viz., (1) Quebec 
Bridge 1800 f.eet, Forth Bridge 1700 feet, Sydney Har. 
bOUT Bridge 1600 feet, Williamsburg Bridge 1600 feet, 
whilst f or amount of headway it would rank first, viz., 
(1) Sydney R a't bour Bridge 170 feet, as aga,inst 150 feet 
headway f<or Que'bec and F orth Bridges, whilst the 
traffic it was de igned to caITY aggregated . 14,60QI.bs. per 
lineal foot , as against 10,OOOlbs. per lineal foot for 
Quebec Bridge, and 4,4 Olbs. for F orth Bridge. 

In conclusion the author wished to -stMe .that all 
information and illustrations of the Sydney Harbour 
Bridge, and . otheu.' .e amp-les of long span -bridges, wen~ 
extracted from the paper prepared <by J. J.. C. Brad­
field, M.E., M.Inst. C.E ., · <on "Linking Sydney with 
North Sydney," and rea:d befor e the Sydney Univ-ersity, 
Engineering Society, in November, 1913. 

Discussion. 
MR. T OURNAY-HrNnE said he desired to propose a very 

hearty vote of thanks to Mr. Fry for his intere ting and 
descriptive paper, to which he was ure everyone present 
at the reading thereof had listened with the k eenest 
pleasure. 

It wa not his intention to attempt anything in the 
way of critici ill upon the various matters embraced by 
the paper, but only to secure, if possible, a,little more in-


