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Sydney Harbor Bridge 
By J. J. C. Bradfield, D.Sc., M.E."' 

Historical 
The first definite propo al for the bridging of 

Sydne)' l1arbor was n1ade in 1815 by Francis H. 
Greenway, governn1ent architect, who proposed 
to btlild a fort on Observato1·y hill, 'vith an 
adva.nced redoubt on Dawes point, and to con­
stI1.1ct a bridge thence to the northern shore of 
the harbo1·. Little is k11own, hov;ever, of the 
details of this proposal. The earliest recorded 
dra\ving of a bridge to connect Sydney 'vith 
i - or th Sydney was n1ade in 1857 by a Sydney 
engineer, Peter Henderso11, who had served nis 
apprent iceship in t l1e English \VOrkshops of 
Georg·e Steph enso11, and 11ad been associated '\vith 
Brunel. For over 20 years tl1ere ,,·as no further 

Public inte.rest in the 1natter 'vas now gre>wing, 
and in 1888 Sir Henry .Parkes was urged to build 
a bridge to commemorate the centenary of tl1e 
colony. Nothing \vas done, but the agitation 
co11tinued, and in 1890 a royal commission of 
inqt1iry was appointed. Eight schemes, including 
J)I'oposals for connection by tunnel, \Vere exam­
ined. AlthDugl1 it \Vas deemed inexpedient, for 
the time being, to connect the northern and 
southern shores by either bridge or tunnel, the 
commission arrived at the in1po1'tant conclusion 
that, in the event of it bei11g found necessary 
to make the con.nection, "it hould be by means 
of a high-level brjdge, and that, if it \Vere pvs­
sible to thro\v a bridge across in one span, such 

Fig . 1. T he :\lain Arch o.f 1he Sydney .Harbor Bridge 

The i;1,an is 1. 650 ft . : the width, 160 ft. ; :ind the clearance above hi~b ·w ter, l ?O ft. 

definite proposition, but in 1878 lVIr. W. C. 
Bennett, commissioner for roads and bridges, 
sug·gested a floating bridge. A year later, Mr. 
J. E . Garbett offered to build a hig·h-level bridge 
on bel1alf of a company at a cost of £850,000J 
This offer vvas accepted in 1881, and 1VIr. Garbett 
deposited £5,000 as security. Owing t o a change 
of gov-ernment, however, the matter \Vas not 
proceeded with, and the deposit \Vas returned in 
the follov•ing year. Later, Sir John Fo,vler 
pla.i. n"d a suspension bridge at an estimated cost 
of £ 400,000. In 1885 tl1e idea of tunnels, in 
contradistinction to a bridge, was b1·ought for­
ward by ~Ir. C. O,Neill, in association \¥itl1 l\ir. 
Gipps. 

*Chief En;,!ineer, Sydney H~n·bor Bridge. 

plan should be adopted." A period of inaction 
followed until 1896, wl1en fresh proposals eman­
ated fron1 private enterprise, and bet\;veen that 
year and 1899 four private bills to cover the 
construction of eitl1er bridges 01· tunn.els \Vere 

brougl1t before parlia111ent. Sir John Suln1an 
was responsible for tl1e presentation of plans for 
tunnel construction, and i1essrs. B. 0 . Sin1pson 
and W. l(enwood designed bridges. 

The fu·st definite action towards building a 
bridge was taken bj-• the late 1\>lr. E. \\1

• 

0 1Stlllivan1 "''hen miitister for \Vorks, in 1900. He 
called for con1petitive designs and tenders, and 
in response 24 schen1es were subn1itted. Tl1e e 
\Vere given n1ature consideration, but \vere all 
rejected. In the year following, a11 ad\~:-.or .. -
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board was appointed wl1ich called for new de­
signs and tenders. Twelve -vvere received, and in 
November, 1903, the board recomn1ended the 
acceptance of a tender bv J. Stevvart and Co. for 
a cantilever bridge fro1n Dawes point to 
l\1cMahon's point, estilnated to cost, \vith ap­
proaches, £1,940,050. A change of government, 
however, caused the matter to be dropped, which 
was perhaps just as well, for subsequent in­
vestigations have disclosed that the locatio11 
\Vould not have been satisfactory, and that the 
proposal vvould have been a menace to naviga­
tion. 

. ~ 0 

ing navigatio11. He submitt ed designs and esti­
mates for three types, cantilever, suspension and 
ca11tilever arch, and recommended the adoption 
of the first. rrhe report of the public works 
committee recommending· construction of a canti­
lever bridge from Dawes point to Milson's point 
was submitted in July, 1913, but it was not 
until 1916 that an enabling bill was brought 
down in par1ian1ent. This was twice passal by 
the legislative assembly, and on both occasion·s 
rejected by the legislative council. In September, 
1922, however, a con1prehensive measure passed 
both houses. 
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1'' ig. 2. The Central Roadway 1>f the Bridge 

The roadway. 57 ft. wide, provides for six lines of vehicles ; i t is bounded on eacb s ide by two lines of electric 
railway, and a 10-ft. footway, 

In May, 1908, the vVade ministry appointed 
another commission of inquiry. This commission 
r econ1n1ended railvvay and road tunnels instead 
of a bridg·e, but another change of government 
interrupted the investigations. In July, 1911, 
however, Mr. W. A. Holman, who ~;as then act­
ing premier, announced that the cabinet had 
decided on a bridge for tra1nway, vehicular · and 
pedestrian traffic, ai1d on a subway for railway 
communication. Both proposals were referred 
to the public \Vorks committee for inquiry, but 
the nlinister \Vas advised that the bridge and 
sub\vay \vould not be suitable and would menace 
navigation. The writer, ~1ho had submitted this 
advice as principal designing engineer, was then 
given permission to prepare counter proposals 
for a bridge to span the harbor without obstruct-

2. 

Preparations for building the bridge now 
began in earnest. While the measures had been 
before parliament, the writer had been investi­
gating bridge construction abroad, and had come 
to th.e conclusion that there were no insuperable 
difficulties to the erection of an arch bridge of 
the span required, and that an arch bridge would 
cost £350,000 less than a cantilever. Accord­
ingly, world-wide alternative tenders were called 
in 1923, on plans and specifications prepared by 
the writer, for the construction of a cantilever 
bridge or of an arch type with abutment to,vers 
and pylons. The tender of Dorn1an Long and 
Co. Ltd. for a two-hinged arch bridge in con­
formity with the specification was accepted by 
the government on March 24, 1924. Tl1e con­
tract price was £4,217,721, and the period for 



co111pletion \vas six years from date of accept­
ance: A great deal of the material was to be 
obtained, and 1nost of the fabrication performed 
locally. ' 

The first sod for the construction was turned 
on July 28, 1928; the official opening will take 
place on. March 19, 1932. The actual cost of 
construction was £6,250,000, and the total cost 
of the enterprise, including cor1struction, resump­
tions, . etc., JS about ~10,000,000. The principal 
mate!1als of construction are steel, concrete and 
grarute. The steel was fabricated in workshops 
established by Messrs. Dorman Long and Co. 
Ltd. near .the north abutment, and the granite 
was q uarr1ed at Moruya, on the south coast of 
N.S.W. 

The Design 
Th~ bridge, as now con1pleted, consists of a 

two-hinged arch with five steel approach spans 
at each end. The main arch, Fig. 1, has a clear 
span of 1,650 ft., a width of 160 ft., and a clear­
ance above high water of 170 ft. It contains 
37,000 tons of steel, and is the larg·est arch 
br~dge in the world. The total length of the 
bridge 3:nd all approaches is 2! miles, and the 
total \ve1ght of steelwork is 52 300 tons. In ad­
dition to being the larg·est a~d heaviest arch 
bridge, it is the widest bridge of any kind in the 
world. Its provision for traffic comprises fo ur 
lines of electric railway, a roadway for six lines 
of vehicles, Fig. 2, and two 10-ft. footways, a ll 
on one deck. The maximum hourly traffic 
capacity is 128 electric trains, 6,000 vehicles in 
each direction and 40,000 pedestrians. In build­
ing this great structure members have been 
fabricated and erected of a size and weight never 
before attempted for any bridge in any part of 
the world. 

The main span comprises two silicon steel 
arches spaced 98 ft. 6 in. apart , centre to centre, 
set in vertical planes with a span of 1,650 ft., 
and a rise of 350 ft. at the centre of the lower 
chord at the crown. The depth of the truss at 
the crown is 60 ft., and at the end posts 187 ft. 
9 in., while the highest point of the steelwork 
at the centre of the top chord is 440 ft. above 
standard datum. 

Each arch truss is divided into 28 panels with 
a single s~rstem of bracing, t he two trusses being 
braced together by systems of laterals in the 
planes of the top and lower chords. The lower 
chord varies in depth f rom 48 in. at the crown 
to 99 in. at the hinges, the width 11 ft. overall 
being uniform throughout. The cross sectional 
area at the crown is 1,060 sq. in., and at the 
main bearing· 2,700 sq. in. or about 19 sq. ft. 
of solid steel. The top chord is 40 in. deep and 
11 ft. wide throughout. All main members are 
of silicon steel. The heaviest angle used is 12 x 
12 x 1! in.; tl1e thickest plate 2 in., and the 

la1·gest. rivet · 1. ~2 !11. in diameter, with a grip 
of 9fr in., all o! which are larger than hitherto 
required for brtdge or other steel construction. 

Tl1e thrust of 44,000,000 lb. (approximately 
20,000 tons) from each arch truss js transferred 
from the lower chord to the concrete skewbacks 
thr?ugh the steel pedestals described below 
which reduce the thrust on the concrete immedi~ 
ately under the pedestal~ to 800 lb. per sq. in. 
The upper steel saddle is fixed to the bottom 
c~ord and t~ansmits the thrust through a 14!-in. 
diameter i;nn, . 13 ft. 8 in. long, to the lower 
saddle, vvh~ch .1s attached to the two main webs; 
these are 1ncl1ned at an angle of 54 deg. to one 
a:iother and secured together by 10 cast steel 
d1al?hrag1!1s. These webs are of forged steel 
9-! in. thick and vveigh· 33 tons. They transfer 
the arch thrust to the six steel castings which, 
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Fig. 3. Main Bearing fo r Southe rn Half-a rch 

bolted together, form a base 24 ft. by 21 ft., 
that is, an area of 504 sq. f t., r esting on the 
inclined face of the skewback. The height from 
base to centre of pin is 13 ft. lli in., and the 
weight of the bearing is 296 tons. 

The main bearings transmit the ,~·hole pres­
sure through the skewbacks to the solid sand­
stone of the foundations (Fig. 3). The pressure 
on the inclined face of the reinforced concrete is 
800 lb. per sq. in., but, when this thrt1st reaches 
the sandstone foundation through the concrete, it 
will not exceed 200 lb. per sq. in. , or about 14 
tons per sq. ft. Each skewback is 40 f t. wide and 
90 ft. long, and is founded at least 30 ft. below 
ground surface into solid rock. 

The granite faced towers and pylons, simple 
and elegant, are the architectural features of the 
bridg·e and l1armonise with the lines of the arch. 
They give the touch of distinction to the bridge, 
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\Vl1ich would otherwise be an immense utilitarian 
steel structure. The top of the tower of the 
post office, tl1e top of the flagstaff on the Sydney 
Church of Eng'land grammar school at North 
Sydney and the tops of the bridge towers are all 
at approximately tl1e same level. These pylons, 
t11e tops of \Vhicl1 are 285 ft. above mean sea 
level, by their vveigh t, steepen the resultant arch 
thrust, and so ininimise the size of the skewback 
four1dations. From g·round to deck level the 
abutment towers are hollO\V rectangular concrete 
chambers 223 ft. face width, and 162 ft. long, 
stiffened by interior co11crete walls. The pylons 
above deck level measure 81 ft. by 47 ft., and 

W .. ers ft-.t.• 

hall. The four tracks then traverse the bridge, 
run underground in pairs on either side of the 
bridge highway near Argyle Cut and junction 
witl1 the city railway at Wynyard Square, a total 
length of 2 miles 33 chains from the offtake 
near Bay Road station. At the outset the 
eastern pair of tracks will be used to take the 
trams across the bridge to Wynyard station. 
The tramways from Miller street and Lane Cove 
road will be deviated to Blue street, and thence 
the trams will traverse the eastern pair of tracks 
into the city. 

The roadway approaches on the city side com­
mence at Wynyard street; York street has been 

• 
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Fig. 4. Location of Bridge and Approaches 

are also of l1ollovv reinforced conc1·ete construc­
tion. Each is pierced by an arch opening through 
whic}1 the outer railway track and a f ootway 
pass. 

The general location of the bridge and ap­
proaches is sho,vn in. Fig. 4. _The, four. bri~ge 
rail tracks connect with the Milson s point line 
about 200 ft. on the Milson's poi11t side of 
W averton station. The rail\.vay tracks are carried 
over Eureka street by a reinf 01·ced concrete ar~h 
bridge, and Bank street is ta~en ove! the rail­
way by a reinforced-concrete girder bridge. Soon 
after leaving Bank street they enter two dou.ble 
line tunnels, a11d, passing under Graytl1wa1te, 
t11e Church of England grammar school grounds 
and Blues Point road, they emerg·e at the first 
station-North Sydney-situated in open. cut 
between Miller and Walker stre~ts, as ~o~r. si.ng~e 
line tunnels. The next stat1on-K1rnb1ll1-1s 
situated in front of the old North Sydney town 

vvide11ed to 81 ft. north ward from Wynyard 
street; Kent street widened to 81 ft. northward 
from Napoleon street to Gas lane, whilst York, 
Clarence and Kent streets are connected near 
Grosvenor street by a crescent to the bridge 
highway, constructed as an 80-ft. roadway, and 
two 16-ft. footpaths along the line of Princes 
street to the arched viaduct in approach to the 
main bridge. Between York stTeet, l(ent street 
and the crescent will be two parklets. This 
necessitates the remodelling of Princes street 
and Upper Fort street. A connection to the 
bridge highway will be made from Watson road, 
thus affording direet access to the bridge for 
vehicular and pedestrian traffic from the low 
levels at Miller's point. From the end of the 
steelwork tl1ere are three concrete arch spans, 
a length of retaining wall, then a concrete arch 
bridge across Argyle Cut, after crossing which 
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the four t1·acks are tucked u11der tl1e road\.vay 
aventle. 

After traversing the bridge to North Sydr1ey, 
~he road".vay. approac~es reach tl1e existing· sur­
face at tl1e intersect1011 of Alfred and Junction 
streets, and are continued along Junction street 
to the i11ter·section of Blue street with Walker 
street, and ther1ce to the Lane Cove road. From 
Alfred street, North Sydney, via the North Coast 
to Brisbane tl1e roadway is named the Pacific 
Ilighvvay. As 011 the southern side, extensive 1'.'e­
rr1odelli11g is taking place and the character of 
the district "''ill change from a residential to a 
business area. 

The building of the i1ortl1ern approaches neces­
sitat ed the closing of some streets, the deviation 
of others and the formatio11 of new avenues 
which will greatly improve the existing traffic 
facilities. Junction street, between Alfred and 
Walker s treets, has been widened to 100 ft., the 
north-eastern building· line ren1aining as at pre­
sent; Willoughby street is closed between Bris­
ba11e and Alfr~d streets, whilst Alfred street is 
deviated between Junction and Willoughby 
streets. From t11e intersection of Alfred and 
McDougall streets to the intersection of Burton 
and Brotlgl1ton streets a new roadway has been 
constnicted which will be of great conve11ience 
to the residents of Kirribilli. 

At Kirribilli station the bridge roadway is 
57 ft. wide, located between the two pairs of 
railway tracks. Kirribilli station has one island 
platform on each side of the roadway, the plat­
forms being connected by a concourse under­
neatl1 the roadway. The road'\vay is graded more 
steeply than the railway, and just before reach­
ing t11e existing surface near Junction street it 
passes under the two easternmost tracks. 

The crossings of the tracks over the roadway 
and over Alfred street are made by a steel 
bridge of 220-ft. span and a reinforced concrete 
arch, 120-ft. span. Between Arthur and Alfred 
streets, t11e tracks and goods' siding are carried 
on a viaduct, which, supported on piers, consists 
of steel girders encased with concrete; the whole 
is waterproofed, enabling a ballasted track to be 
used and space below formed into shops. Access 
to the footways on tl1e bridg·e, which are each 
10 ft. wide, is made at Burton street. 

The wearing surface of the bridge roadway is 
Neuchatel asphalt laid on coke concrete, and of 
tl1e f ootways mastic asphalt carried by the 
rough decking. 

Fabrication of Bridge 
Dorman, Lorrg and Co.'s tender provided for 

tl1e fabrication of the bridge in Sydney, and, in 
accordance vvith the terms of the specification, 
the abandoned pas-senger station and an area of 
land at Milson's point were made available for 
the erection of the workshops. After the con-

tract had been sigr1ed, the company excavated 
t~e cliff face, levelled the sit~, reclaimed a por­
tion of tl1e foreshores by stra1gh.tening the shore 
line, constructed a wharf and erected the work~ 
shops. The entire fabrication of the steelwork 
for the bridge l1.as bee11 carried out in these 
shops, which, wit~ the machiner.y and equipment, 
are th.e fines~ bridge construction shops in the 
world. The light shop, in which the material is 
straightened, cut to length, planed and drilled 
and the lig·hter members assembled and riveted' 
is 600 ft. long and 130 ft. wide, and is divided 
into two bays each 65 ft. wide. Above portion 
of the shop is tl1e template shop, 200 ft. by 
130 ft., where the rr1en1bers of the bridge have 
all bee11 marked out full size upon the floor a11d 
templates made of each member. The heavy 
shop containing the pla11t to assemble and finish 
off the heaviest members is 500 ft. long an.cl 
14 7 ft. wide. 

The steel was brought to the site by steamer, 
unloaded by the travelling wharf cranes, each 
of 10 tons capacity, and placed on skids in the 
stockyard adjacent to the wharf. The material, 
from the B.H.P. Co.'s steel works at Newcastle, 
was sorted and stacked by the five-ton semi­
Goliatl1 travelling cranes, and, as required, was 
transfer1·ed to the light shop by a double five-ton 
travelling crane. If necessary, the plates were 
passed through the plate mangle, which will 
straighten plates 12 ft. wide and 2! in. thick; 
a press machine straightened the rolled sections, 
i11serted tooth blades, and cut sections up to 
24 in. by 7 i in. Cutting the plates to length 
'vas done with the plate shears, which v.rill shear 
plates 9 ft. wide and 2-l in. thick. The edges of 
the steel plates \Vere planed in two edge-planing 
machines; the smaller is 28 ft. long and the 
larger 66 ft. long with rack and pinion drive. 

The material thus cut to length and width and 
edge-planed was marked out for drilling from 
the drawings and from templates made in the 
template shop, thence passed on to the drilling 
machines, which ensu1·es that all similar mem­
bers are uniform. This equipment consists of 
18 7-ft. 6-in. arm radial drilling machines and 
eight gantry-type travelling drilling machines, 
each mounting two 6-ft. arm radial machines, 
each with individual drive through a four-speed 
gear box. 

After being drilled, the various parts of tl1e 
members were assembled and held together by 
pins and bolts, then riveted by hydraulic riveters 
weighing 4 to 12 tons each, and carried by 
electrically-operated travelling gantries. The 
power of these riveters is supplied by an accu­
mulator working under a pressure of 1,500 lb. 
per sq. in., so that the rivets, heated in oil 
furnaces, are pressed into the holes and com­
pletely fill them. The pressure on each rivet 
was 80 to11s, with the 12-ton gantry, and 45 tons 
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vvitl1 t11e other riveti11g gantries. Air-driven 
riv ters ,,. re al::;o used. 

Th ends of t h 111 n1bers thus a~sen1bled were 
next planed to a true surface by the end-plani11g 
1nach i11e i11 th l1eavy shop. The ordi11ary diffi­
culti s of .fabrication \Vere greatly increased 
O\ving· to th type ·:i.nd unprecedented size of 
niost of t l1e bridge rnen1bers, but eve11 more so 
on account of the accuracy required. 

Construction 
The erection of the approach spans presented 

no prolJlen1s of u11due n1agnitude. Comn1encing 
fro1n the extren1e end of the approach on either 
side, a11d wo1·king· in\vards towards the harbor, 
the neces ary excavatio11 vvas perfor111ed for the 

Fig. :>. A CrC'ep<'r Crane on the Sted Ramp 

app1·oach piers _and t?e tvvo abutment towers. 
Concurrently vv1tl1 this work on ~he soutl1ern 
side, a r etaining '"all so1:1e 40 ft . h1gh ~as con­
s tructed on the eastern side of Da,ves .Point park 
along llickson road. The '";all embodies as part 
of its structure the concrete bases of approach 
piers Nos. 2 and 4. . 

The app1·oach spans v,1ere supported on timber 
falsev.'Ol'k erected lJy n1eans of .five-ton stean1 
locomotive cranes, '"hich n1oved for,vard on the 
falsework so erected. At the extren1e. end of 
the approach, n1ean,Yhile, a 25 -~on elect~1c crane 
\V::ts erected on ti1nber trestl1ng. This crane 
erected the steel,vork of tl~e appro~ch spans on 
the falsework in front of it, 'vork1ng down to­
wards the harbor, and was so arranged to travel 

ont on t11e deck of the spa.11 wh icb was being 
erected in front. 

On each sid e, the approacl1 spans were l>uilt 
successively towards the harbor, and in the 
meantilne the abuln1ent to,rers 011 each shore 
were constructed, so that the fifth approach span 
on either shore \Vas completed, resting on the 
back \Vall of the abutment tower. 

The 25-ton crane, having completed the steel~ 
V.'ork of the approach spans, then constructed 
the steel deck above the abutmen.t towers, and 
erected the steel ramps for supporting the 
creeper cranes, Fig. 5, the top surface of the 
ramps corresponding to the level and plans of 
the top chord of the arch. The 25-ton cranes 
were required to disn1antle the creeper cranes, 
and for constructing the pylons and removing 
the erection cables. 

Each creeper crane weighs 605 tons, of which 
the undercarriage weig·hs 330 tons. The main 
hoist will lift 122 tons through a height of 480 
ft., being operated by two 120-11.p. motors. At 
the real(1 of the traversing carriage are two 
2 l1-ton derrick cranes for handling n1aterial, 
stagings, etc. The five-ton "walking crane" on 
the front of the undercarriage is indepe11dent of 
the i11ain crane, and is fitted with hoisting, 
traversing, and slowing 1notions. 

Tl1e main span was erected by cantilevering 
out from each shore, the half-arches on each side 
being held back by n1eans of a cable anchorage 
of 128 cables, attached at the tops of the end 
posts, passing over steel saddles supported 
rigidly on the floor of the abutment to,ver i11 
eig·J1t rows of 16 cables, thence (to ensure that 
the cables did not touch other) through i11-
di vid ual \;t,il'Ought iron pipes in the concrete 
tnnnel saddles at the mouths of the cable tunnel 
in 32 rovvs of four cables each. Tl1e cable tunnel, 
120 ft. long on the slope, is inclined at 45 deg. 
to the vertical, and meets to forn1 a loop en­
closing· a n1ass of solid sandstone, the weight 
of which resists the upward pull of the cables. 

6. 

The abutment towers are required for the 
erection of the arch. The reinforced concrete 
slabs forming the floor of the abutrnent towers 
at R.L. 155.50 supported tl1e tower saddles, 
through which the 128 cables were rooved. in 
eight rows of 16 cables each, and formed in1-

movable supports for the cables, as the abut­
ment towers are unaffected by wind and ten1-
perature, whicl1 were important factors in the 
erection of the arch. The floor of each abutment 
tower was also utilised as a working platfor1n. 

The scheme of erection in the early cantilever 
stages consisted of attaching numbers of cables 
to the tops of the end posts to balance tl1e arch, 
tl1e number of cablef' being increased as the load 
on the arch increased. The solid mass of the 



abnt1n '11t lo\\' ,,. f'orn1 'U a support f'or a te1n ­
porarv raking ~trul b tween th~ top or th e n<l 
pos_t and Lhe top of th~ abut1nenl to\.ver, against 
-vvh1ch the able:s :strained back. 1:h e cabl s and 
struts arc cl a l·ly seen in !1~ig-. 6. This "tem­
porary raking strut," rigidly supported at its 
bas , forn1 <l a steady s upport for the arcl1, and 
enabl d Lhe stress per cable to be increased con­
sict rably in excess of tl1e a1nount necessary to 
balance the arcl ; t he frictjonal resistance of the 
caules i·pund the tunnel face was thereby in­
creased, and the possibility .of the cables slipping 
in tl1e tunn(tls under the action of wind and ten1-
perature on the structure became negligible. 
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Fig. 6. Comm<!nccm<·nl or A1C"h. E1·c c11on, sh.ow.ing ~training 
f'<tl>l cs allu Raking Sf ru Is 

For the first few panels of the arch il was 
i111practicable to u e ten1porary S'v\ray fra1nes at 
each vertical, as was done later, and if the arch 
had on ly been hanging from cables without the 
raking struts, the relative deformation of one 
arch truss in r egard to the other wl1en the jib 
of the creeper crane \¥as traversed and a heavy 
n1ember lifted directly over one truss would have 
been sufficient to produce heavy bending stresses 
in the top a nd bottom lateral bracing, sufficient 
tu bring about collapse of the structure. Many 
of the n1e1nbers lifted in the first few panels of 
the arch \Veighed about 100 toris; the main jib 
and its carriage, \vith the member lifted, weighed 
about 400 tons-a heavy eccentric load. By 
r.1eans of the r igid support formed by the raking 
sl:ruts, the def orrnations were reduced to a mini­
nium, and the lateral members were not over­
s tre sed in bending. The raking strut 'v\rith its 
r igid base \.Vas vital in the early stages of the 
erection scheme, and "'ithout the rigid support 
formed by the abutment to'v\'er its use would 
have been impracticable. 

The cables :required for the anchorage were 
threaded into position round the cable tunnel, 

LltrouglJ lhc~ tunnel saddl<' and pylon saddl{;, aud 
Lhe fr ' ends \.Ver laid over lbl' front \vull 'JI 
the abut1t1<'nt· tower. 1 ~~acJ1 cab lc> if-I 2.7() i11. in 
diameter, approx ima lely J .~00 rt. long fron1 end 
to end, and js n1ade up of 21 7 wir ' i-> , on 1 centre 
wi1·e 0. 20 in. diameter, and 2 J G \Vires each O,l (j 
in. diam eter. r[ he ultimate str"ngth of a cal>l<:: 
is 360 tons as a minimun1; the fi11al load carried 
per cable vvas 125 Lons. Each cable 1,:vas 
cut to the correct length and fitted " ·ith 
a cast s teel socket. To connect the cable 
to the socket, the cable was passed throuc,,h the 
ocket; the wires were opened up and clean.ed 

some wires being bent over at the ends, and t~ 
socket torced upwards on the cable until the 
opened wires filled the bell-shaped moutl1 of the 
socket. The vvhole of the socket, \vith its con­
tained wi1·es , \.vas heated by blo\v-lan1ps, an<l 
molten white inetal of compositio11-lead 86 per 
cent, antimony 11 per cent, Lin 3 per cent wa 
then poured into the socket. When solidified 

' tl1e socket connection developed tl1e ultirnate 
strength of the cable itself. All socketing of 
cables was perforn1ed in sheds erected on the 
end of the pylon cros~ girder. 

The final anchorage consisted of 128 cables, 
arranged at the end post in eig·ht 11orizo11tal 
rows of 16 cables each. The cables had tvvo 
3-in. bolts per cable fitted 'v\'itl1 special thread, 
i1uts, and spherical-seated vvashers; the bolts 
passed thl'ough the socket flange and on either 
side of a pin 11 in. in diameter, which \vas 
grooved to allo\.v t11e passage of the bolts. At 
the back end of the pin, the bolts passed through 
a rectangular forged steel saddle, and projected 
beyond the saddle a sufficient distance to allo\v 
the nuts to be slackened off when the cables 
had to be removed after the arch had 1net at 
the centre. The 11-in. diameter pins bore on 
large fan-shaped built-up steel link plates; five 
links to each anchorage were connected to the 
top chord by means of two pi11s 27 in. in 
diameter, each 6 ft. 1 in. long. The pins passed 
through holes 27 in. diameter in the \velJs of the 
top chord, suitably reinforced by pin plates. The 
\veight of the link plates is taken b)' the joist 
on the encl of the end post bracket. 

As the erection proceeded, panel by panel, only 
sufticie11t cables vvere attached and tensioned up 
to balance the arch and to ensure th.at the 
per1nissible load on the raking strut \Vould not 
be exceeded under changes of ten1perature. 
Eventually, at the sevent11 panel, tl1e \\'hole of 
the 128 cables were in action, and the raking 
strut '\\>·as no longer required. 

When attaching cables, fi1-st the ancl1or bolts 
and saddles \Vere put in position, and the cable 
socket '''as threaded 011 to the ends of the bolts 
to a calculated distance, so that the stre , in 
each cable V\1as about 10,000 lb. ln order to 
tension up the cables, hydraulic jacks v\'ere u ed, 
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operating on the back e11ds of the bolts bel1jnd 
the saddles, the jacks thr ust against a cross­
head bolted on th e ends of the bolts and pushed 
back against the saddle, so that tJ1e nuts on the 
saddle -v.rere relieved of stress. When tensioning, 
th~ \Vl1ole cable vvas jacked up in this way, the 
bolts n1oving through the saddle, and the nuts 
vier~ turned by h·and following tl1e 1noven1ent of 
the Jacks, u11til the desired load was in the cable, 
as 1neasu_red by the pressure gauge on tl1e jack. 
T.he t~ns1on \vas checked f ron1 tin1e to time by 
v1brat1ng the cables over the length of 133 ft. 
between the er1d post and pylon saddle. Accord­
in~ to the properties of the cables, its span, 
\Ve1ght per ft., etc., the stress in the cable is 
related to its rate of vibration per minute. This 
forn1ed a check on the equal distribution of load 
in the cables. 

The heavy men1bers of' tl1e fi1·st panel on the 
Dawes' poi11t side were landed \vithin reach of 
the creeper cranf' by the "Titan" floating crane. 
The first member lifted into place \Vas the sec­
tion of the first panel of the lower chord adjacent 
to the western bearing at Dawes point. This 
n1ember \Vas put in place on October 26, 1928. 
It \Veighed 88 tons. rrhe arch trusses v,1ere com­
pleted on Septen1ber 10, 1930. The correspond­
ing member of the eastern truss at Da-v.res point, 
was placed in position on Novembet 7, 1928. 

The arch was ca11tilevered out panel by panel, 
the cables supporting· the steelwork as it was 
built out. When 13~ panels l1ad been erected on 
each side, the weight of steel-v.1ork in each half­
arch was 13,670 tons, supported by 128 cables, 
the tension on each cable 107.2 tons, the total 
pull on each system of cables being 27,440 tons, 
and the thrust on each of the four main bear­
ings being 17 ,660 tons. 

To offset the stretch of the cables and the 
deformation of the structure as erection pro­
ceeded, and to allo\v a sufficiency between the 
lower chords for the 1neeting on the centre pins, 
the end posts of the arch were set back at the 
top \Vith a rake off 30 in. from the vertical. At 
the completion of the cantilever stage of the t-vvo 
half-arches of 131 panels each, tl1is backward 
rake \Vas reduced by the stretch of the cables 
and the deformation of the structure to 18 in. 
on the south side and 14* in. on the north side; 
the gap between the ends of the lower c11ords 
at the centre to allo\.v for the meeting of t11ese 
chords on the centre pins was 31 ~- in. on the 
east, and 31 ft in. on the west side. These gaps 
were affected by temperature and could have 
been 4 ft. 3 in. at lTiinimum temperature, due 
to contractions of the cables and steelwork, and 
1 ft. 9 in. under maximum conditions, due to 
elongation of the cables and steelwork. 

Both half-arches -vvere finished off identically 
at the centre joint, and the lower chord on each 
side was fitted with a heavy forged steel saddle 

to enclose a pi11 8 in. in dian1eter. Before closure 
was commenced th e 8-in. J)ins were set-screwed 
into the saddles on lhe southern sjde, and t u 
provide for the half-arches being out of alig·n 
ment horizontally and vertically, lateral adju8t 
n1ent was provided by n1eans of 10-in. square 
locking bolts. The pin, saddles and locking bolt 
for one half-arch are sho'"'n in Fjg. 7. 

The .fabricated steelwork of each lower chord 
at tl1e ce11tre joint -vvas machined to :receive the 
steel forging·s which enclo:ed the centre ' pins 
8 in. in diameter. On the northern half-arches. 
eac.h steel forging was carried by t\vo of the 
four web plates, and between eacl1 forging a 
heavy steel diaphrag111 was built, having an open­
ing 10 in. square, into \vhich the locking boll 

'- . . 
\.'. 
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Fi .it. 7. Closing of One Half-arcll showi11g t.he Pin, Saddles 
and Locking Bolt 

from the truss opposite could engage. On the 
southern half-arches the 8-in. pins in two lengths 
\\1ere set-screwed into the steel forgings, and the 
locking bolt, 10 in. square with tapered point, 
was placed in the centre bet\veen the t'vo 8-in. 
horizontal pins, and could be thrust for,vard by 
an hydraulic jack into the opening of the dia­
phragrn, whicl1 vvould bring the opposite half­
arches into line and level. 

To close the gap of ·about 31-4 in. between the 
half-arches the nuts on each pair of link bolts 
connected \vith a cable were run forward one by 
one in successive fleets of 3 in., 4 in., 5 in., and 
6 irL respectively. A fleet forward of 3 in. at 
each end of tl1e arch closed the centre gap by 
nearly 12 in. Each cable Vi'as adjusted indepen­
dently by means of a high-pressure jacking 
equipment \Yorking up to a pressure of four tons 
per sq. in.; and to ensure that each cable wa 
let out the exact a111ounl detern1ined on for each 
fleet, special g·auge::; \Vere used to n1easure the 
distance the nuts had to be 1noved back on the 
3-in. link bolts. For tl1e first three fleets the 
hydraulic jacks operated against the back face 
of the saddle and pushed the 3-in. bolts upwards 
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by thrusting again~t a cros -head attached to 
the ends of the boltR. For the later ft eet s ex 
tension bolts '~1 ere fitted over the ends of the 
3-in. bolts ~1h en the outstanding length of th se 
'"as too short for the jack. 

The \Vork wa carried out in t\vo 12-hour 
s}1ifts until contact was made on tl1e centre pins, 
\\'l1ich took p lace after the first ar~d the second 
fleet of 3 in. and 4 in. respectively had been 
con1pleted on all the 128 cables at each end of 
the bridg·e, ai1d the tl1ird fleet of 5 in. \Vas in 
progress, 37 cables being let out on the north 
side a11d 5;j on the sout11 side. At 11 a.n1. on 
Aug·ust 19, when the gap was 4j in. betvveen 
the eastern and 4J in. bet,veen th e western lovver 
chords, the locking bolts were fa.reed home by 
the hydraulic jacks to bring the half-arches into 
correct line and level. In1n1ediately prior to the 
jacking, the half-arches-1nostly caused by ten1-
perature-~·ere about 3± in. out of line 11orizont­
ally a11d 2 in. vertically, the sun influencing the 
half-arch and cables on the northern side n1ore 
than on the southern and the eastern truss very 
slightly rnore than the western truss. 

The fleeting for\vard of the nuts ~'as continued 
until, at 10 o'clock p.1n., August 19, at a n1ean 
temperature of 62 deg. F., full contact ~1as made 
on the pins. The circumstances proved ideal, as 
the temperature continued constant throughout 
the night, until it began to i11crease with the 
sunrise, wl1ich ensured that the 11alf-arches did 
not draw apart, as would have happened had a 
fall in temperature caused the cables to contract. 
Once full contact ~1as made, as tl1e slacking· of 
the cables continued, the half-arches bore on the 
centre pins with an ever-increasing intensity. 

T he arch "''as now in a tl1ree-hinged condition 
except for the residual tension still in the 
anchor age cables. The rake-back of the end 
posts at th is stage 11ad been 1·educed to 5£- in. 
on the south and 5& in. on the 11orth side; the 
half-arcl1es l1ad dropped 4 ft. 1± in. at the centre, 
due to the fleeting forward; and i1n1nediately 
prior to meeting, the centre pins \\'ere 348 ft. 
6 in. above the level of the centre of the pins in 
the main bearings at the abut1nents. 

The third, fourth and fifth fleets of the nuts 
were completed ~1hen the tension in the cables 
\Vas reduced sufficiently to adn1it of their being 
det ached from the link plates at the ends of the 
top chords. This ~1as carried out by means of a 
special frictional gripping device attached to the 
cables son1e 20 ft. behind the arch, and then by 
pulling on this grip with the 25-ton crane 
th rough a heavy block-ai:id-tackle purch~se! and 
\Vorking in conjunction \VIth the hydraul.1c Ja~ks, 
the cable bolts being released from the hnk pins, 
and the cables were allowed to slide back until 
the socketed ends rested against the pylon 
saddles. When the operation \vas completed at 
one set of link plates, there \Vas practically 110 

lension al Lh e other encl o( each cable, \.vhich 
vvas rein.oved from the link plates and run do\vn 
Lo th · pylon saddle by means of a light .electri~ 
cally-dr iven winch. Whilst the cables were being 
oi sconnected from t he link plates, the erection 
of the centre posts, top chords, and top lateral 
bracing of the 14th panels \vas undertaken . 

During the erection of the half-arches the 
structure consi ted of t wo cantilevers, in \Vhich 
the top chords ,~·ere in tension. In order to 
\vithstand the high-tension erection stresses, tl1e 
four vertical webs of the top chords of the first 
five panel ...., \Ver e strengthened by lneans of ad­
rlitional plates attached thereto by specially­
fttted pins and bolts. The 'veigh t of thi s ad­
ditional erection material was 798 tons. 

f'ig. 8. Lifting ol Vertical Hani:rer by S tel'I Cradle 

Before the final jacking operations \\·ere under­
taken to change the arch fron1 the three-hinged 
to the t'vo-hinged condition , it ~'as necessary for 
each n1en1ber of t}1e arch to have its final eff ec­
tive ection, so that, 'vhile the cables ~·ere being 
disconnected, the pins and bolts connecting the 
te1nporary tension plates in the five end panels 
~'ere driven out, so that the ten1porary erection 
n1aterial ,,rould not take any of the jacking 
stress. The arch \Vas converted into the t\vo­
hinged condition by jacking the top chords apart 
at the centre top chord joint 

'rhe pern1anent joint at the centre of each t op 
chord consists essentially of four forged steel 
saddles enclosing tvvo pins, each 10 in. in 
dian1eter. 'fhe r:;addles and pins \Vere hung jn 
the gap bet'vveen the chords in a r>ecial fra1ne 
before the four hydraulic and eight cre\\· -jack 
\Vere assen1bled. As the force v.'as applied by 
the hydraulic jacks, the screvY-jacks were Jnade 
to follo,.v up the motion, as the gap between end 
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plates of the chords ope11ed out. The difference 
bet,¥een the overall width of the permanent 
saddles and pins, arid the dista11ce betwee11 end 
plates of the t-vvo chords after jacking, was to 
be n1ade up by parallel fitted filler packs 
~easurerl off and machined out of forgings pro­
v1de_d fox the purpose. 
. ~he calculated tl1rust depended upon the elas­

t1c1ty of the structure, the loads upon it, and 
the temperature of the structure. The members 
of the arch had to be brought into their proper 

to 4 tons per sq. in. Two screw-jacks were 
placed alongside each hydraulic jack to follow up 
the movements of the latter, eight hydraulic and 
16 screw-jacks being employed in all for the 
jacking. The screw-jack consisted of a central 
cyljnder into which left- and right-hand buttress­
threaded l'~ms vve_re screwed. By rotating the 
central cyhnder w1th capstan bars, the required 
movements vvere obtained. The hydraulic pres­
sure on each truss was supplied from two hand­
operated pumps with the necessary g·auges. Each 
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elastic condition> and to effect this the tem­
porary reinforcinL plates in the first five panels 
of the top chords on each side were disconnected; 
as the cables were being removed, the tension in 
the chords was relieved sufficiently to allow this 
to be done. 

The cables were ren1oved as rapidly as pos­
sible, careful note was made of the load imposed 
on the structure by the erection equipment, and 
thermometer stations had been established at 
24 points throughout the structure. Meanwhile 
the jacking· equipment was assembled in the 
space between the ends of the top chords at the 
centre. This consisted of four hydraulic jacks, 
each 950 tons capacity, two operating near the 
top and tvvo near the bottom flange of each. top 
chord. Each jack was made of 3 per cent nickel 
steel, 2! in. thick, and worked at a pressure up 

1 0. 

jack and gauge had been calibrated under the 
specification in the 1,250-ton testing machine 
provided by the contractors under the specifica­
tion for testing model members for the bridge. 

On Monday, September 8, 1930, the cables had 
been all ren1oved except 37 on the southern side 
and 15 on the northern side, and some of these 
were hang·ing slack. The day was cloudy and 
extraordinarily well suited for the performance 
of the final jacking operation, on account of tl1e 
equable temperatu1·e and the extremely small 
variations in the temperature of the various 
members of the structure as indicated by the 
24 thermometers. It was accordingly decided to 
perform the jacking before the remaini11g· cables 
were released, as the possible error i11volved in 
the calculation of the effect of the weig·ht of the 
cables was less than that 'vhich 'vould have been 



caused i11 detern1ini11g· the n1ean ten1perature an·d 
its effect had not uch perfect ten1perature con­
ditions prevailed. Tl1e jacl{i11g force, as calcu­
lated for a ten1perature of 60.5 deg·. F. was 
3,272 tons per truss, corrected by -22 tons for 
the cable effect, and so at 5.15 p.m. the 3,250 
tons force \Vas applied by the jacks to each arch 
truss. 

During tl1e operation the chords were forced 
apart a total distance of about 5! in. The total 
gap on completion of the jacking was 20 9/16 in. 
on the eastern trtlSS, 20 25/32 in. on the vvestern 
truss. The space occupied by the saddles and 
pins v;ras 24 in. Tl1e remaining space was filled 
\vith fitted packs in pairs. Three were macl1ined 
to size, and 011 the morning of September 10 the 
packs \Vere fitted in position, the load on the 
jacks released, and the jacks removed. 

From the tin1e the lovver chords met on the 
8-in. pir1s until tl1e top chords were jacked up 
and all cables removed, the centre of the lovver 
chord rose upvvards a distance of 1 ft. 1 ~ in., 
the elevation of the centre pins at a ten1perature 
of 65 deg. F. being· 349 ft. 7-! in. above the level 
of main beari11g pins. With total dead load the 
structure assun1ed its geometrical form; v"ith 
the elevation of tl1e lower chord centre joint 
350 ft. above tl1e level of the main pins at a 
temperature of 72 deg. F. 

As soon as the arch was completed the erec­
tion of the deck was unde1·taken. Tl1e hangers, 
42 in i1u1nber, vary in length from 192 ft. at 
tl1e crown to 21 ft. at the fourth panel poi11t 
fro1n eitl1er end. The hangers are of box sec­
tion, 3 ft. t in. x 2 ft., and bored for the 14-in. 
pin which connects the cross girder to tl1e 
11anger. 

Tl1e long, slender hangers had to be lifted 
from tl1e horizontal to the vertical position by a 
speciall}r-designed steel cradle 110 ft. long, as 
sho\vn in Fig·. 8. The hanger V\' as secured to tl1e 
cradle by n1eans of a pin 6 in. in diameter. The 
creeper crane lifted tl1e cradle which supported 
the hanger, and tl1e cradle was tilted fro~ the 
horizonta.l into the vertical position by the Jlgger 
hoist of the creeper crane as the cradle was 
lifted by the main 11oist. 

In the shops the cradle and hanger \Vere 
handled by the 125-ton overhead craD:e attached 
to V-links near the centre of g·rav1 ty of the 
hanger. The hoisting arran.ge1nents in the fie~d 
consisted of a special link attached to the ma1_n 
122-ton hoist of the creeper crane. From this 
link a bridle made of sections of the arch 
anchorage cables and U-bolts \Vas connected to 
7-!--in. diameter pins in tl1e head end of the ~radle 
lOk in. above tl1e top flange of the cradle girder. 
For tiltinO' jnto a vertical position, the 20-ton 
jigger hof'st was connected to a l;>ridle. \vit~ a 
double purchase betV\1een the n1a1n l101st hnk 
a nd the pulley \vheels on the top of the l1orn 

bracket. The main hoist and jigger hoist travel­
ling at the sa111e speed (12~- ft. per m.in.) lifted 
the tOJ? end t\vice as fast as the bottom end, 
until the hanger became vertical. 

\V'hen the hanger was vertical, the jigger hoist 
vvas slackened off, and the cradle took up a 
po~ition sucl1 that the hanger was balanced verti­
cally but offset about 9 ft. 6 in. fron1 the line 
of the n1ain l1oist. The \V}1ole \Vas then S\vive11ed 
round at rigl1t angles so that the }1anger \\'as jn 
position i1nmediately under the lower c11ord. 
From this position the top end of the l1anger \ii,ras 

entered into tl1e gussets. 
" rhen the first pair of l1ang·ers vvere in place, 

the centre cross-g·irder \Vas hoisted from the 
pontoon by botl1 cranes, each crane hoisting one 
end of the girder. The V\1eight of the main cro s­
girder \Vas 95 tons. For subsequent cross-girders, 
one crane on1y could be e1nployed, lifting from 
the centre of the girder. 

As three sets of hangers and cross-girders 
vvere co1npletely erected, forn1ing tl1e t'vo ce·ntral 
panels of the deck, all the steel stringers, joists, 
handrails and trougl1 plates 1'.·ere l1oisted by the 
creeper cranes and :fixed in position co1nplete. 
Tl1e deck \vas erected in tl1is \Yay, panel by 
panel on both sides of tl1e centre, until the 
creeper cranes reg·ained their origi11al situation 
on the first panels of the arch. 

The 25-ton cranes \Yhich had orig'inally erected 
the approach spans \Vere set up on timber 
g·antries to dismantle the creeper cranes, and 
then ~rere themselves taken dovvn by seven-ton 
cranes erected on timber trestles fo1· the con1-
pletion of the pylons. 

Deck details no\;\,>' remained to be finis11ed. The 
pipe handrails on the parapets \Vere fitted into 
place throughout the length of the bridge, and 
overhead "'·iring structures ~'ere erected on ap­
pr0ach spans, pylons, and n1ain span. 

Coke concrete \.Vas poured in tl1e steel troughs 
of the roadway deck, a11d for a thickness of 4 in. 
above the troughs. The concrete was poured ]n 
three strips, commencing on the northern ap­
proach spans, then t11e southern approach pans, 
and the main span ~'orking fro111 the centre. 

The coke conc1·ete vvas of a type specially de­
veloped for the bridge, using metallurgical coke 
from the south coast and high-strength cen1ent. 
On account of the large span of the arch, every 
lb. per ft. run of b1·idge requires J1alf a ton of 
steel in the bridge to carry it, so that lightness 
was an essential feature of the co11crete. 

After an exhaustive series of tests, the con1-
position and grading of the coke concrete ~-a 
finally determined. The co11crete consists of 
fot1r parts of lnetallurgical coke, 1-! in. in size 
down to & in., 2{ parts of fi11e coke, fron1 .t ~n. 
size down to dust, and one part of special 
cement, giving 7,000 lb. per sq. in. crusl1ing 
strength \Vhen mixed ¥.1itl1 standard sand in a 
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3 : 1 n1ortar at 28 days. The laboratory tests 
?f the co:icrete g·ave results of 3,000 lb. per sq. 
in. crushi11g strength at 28 days. Some field 
t ests actually cut out of t11e pavement gave 4,000 
lb. strength. 

.(\ pavemer1t of natural roclc asphalt, 2 in. 
tl11ck, followed closely behind the concrete and 
a,sphaltic concrete on the foot\vays, 1 in. 

1

thick 
above the troughs. 

The completed roadway was now utilised as a 
.. vorking space for the timber decking on the 
railway tracks. The ironbark transoms and 
sleepers were dressed and lifted over the para­
pets, bolted in place on the steel stringers carry­
ing the tracks, and f ollo\ved by hardwood plank­
ing forming the decking between the rails. 

Rail and guard rails were delivered on the 
roadway, with all permanent way material, 
sleeper plates, bolts and spikes, hoisted over the 
parapets and spiked in position. The permanent 
\Vay details call for rail expansion joints to take 
llP the movements of the bridge, the main joints 
allo\ving an expansion of 12 in. 

The rail expansion joint between approach 
spans consists of a cast manganese steel expan­
sion bar bolted against the web of the rail on 
the outside and projecting slightly on a ramp 
~.bove the top of the head of the rail, part of 
which is cut away on the .outside. The tread 
of the wheel is can·ied by the bar over the rail 
<Tap the bar having slotted holes on one side 
for' the purpose of allowing the expansion to 
take place. When the wheel has been carried 
over the gap, the ramp of the bar allows the 
true rail to take up the load. The car wheels 
will thus be carried over the rail gap smoothly 
without any pounding. Heavy built-u.p. checks 
guide the flange of the 'vheel. pas~ ~he ~01n~. . 

The main span rail expansion Joint is s1m.1lar 
in principle to a switch except that the switch 
can never open, but sliding motion is allo":"ed 
between the fixed switch rail and the moving 
rail alongside. The switch rail is bolted ?o,vn 
to a solid base plate by means of steel cast~n~s; 
similar castings provide a guide for ~he sl1d1ng 
rail With this arrangement there is no ~ap 
to be traversed, and continuous smooth runn1n.g 
is assured. Heavy built-up chec~ angle~ ~nsu1 e 
the alignment of the wheels passing the JOint. 

The bridge will have been thoroughly tested 
b~fore opening for traffic by means of locomo­
tives and tender.s .place~ on the bridge to develop 
the w~rst cond1t1ons likely to occur jn regard 
to loading. After a full series of deflections and 
exten~ometer readings ttnder the weight of the 
ar~h itself t~e locomotives were placed on the 
bridge, covering all four tracks for a distance of 
1,100 ft. over the centre of the main arch, and a 
further set of deflections and stress measure­
ments were performed. The most severe test 
was that which followed, viz., to place the loco­
motives on all four tracks so that they covered 
one-half of the arch span only, when deflections 
and stresses \Vere observed. The testing occupied 
about four weeks in the month of February, 
after which the locomotives were \Vithdra\vn 
ready for the opening day on March 19. 

For the present only two of the four t!·acks 
will be used for railway traffic as the. max~mum 
number of trains passing over the. bridge in .an 
hour will be 24, which. can be easily dealt with 

t o tracks. Not until the traffic reaches about 
~~ t;ains per hour will the oth~r two tra~ks be 
necessary for the trains. Cabinet . has given a 
d. t• that trams as well as trains shall ~un 

irec ionth bri"dge The trams will be carried 
across e · l · th the two easternmost tracks, eav1ng e 
on . of tracks for the railway traffic. 
western pair 
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Asphalt Construction on the Syd11.ey Harbor Bridge 
On the main arch.1 steel approach spans and 

roadvvay approacl1es of the Sydney harbor bridge, 
three types of asphalt co11struction 11ave been 
en1ployed. These include natural rock asphalte, 
standard .:l1eet asphalt and mastic aspl1alte. 

Natural rock asphalte, a pu lverised limestone 
naturally impregnated with bitumen, forms the 
\Vearing· surface of the main road\vay 57 ft. in 
vvidth extending· over the arch and approach 
spans, a total leng·tl1 of 3,770 ft. The area in­
volved is 24,000 sq. yd. Tl1e surface of the con­
crete previously laid in the steel troughing of 
the bridge deck v;as first lightly waterproofed 

Fiit. I. Southt>rn Approac.h C'1c ·cent of 3- in. $ h c: t Asphalt 
LaHl hy 1h~ S><lney C'ily !l•uncil 

\Vitti Curcrete, a natural bitu1nen en1ulsion. On 
this, the rock pov;·de1·, heated to a temperature 
of about 250 deg. }.,., vvas spread a11d screeded 
evenly and ·lightly rolled with a h.and :roller 
weighing about 6 cwt. It v;ras tr1en compressed 
by ramming with l1eated 60-lb. tampers and 
afterwards rolled with a heated hand roller 
v1eighing about 16 cwt. A final smoothing and 
finishing \Vas effected 'vith heavy, hot smoothing 
irons the compressed thickness being 2 in. 

Ar{ important feature of the bridge roadway 
is tl1e mastic asphalte margin or gutter. Tl1is 
is laid 9 in. \Vide on both. sides of the road 
throughout tr1e entire length of the bridge and 
provides a :run-off for surface \vat~r. Floated 
into place by hand in advance of the compressed 
asphalte 1ivork, this ~astic c~nstructi.on e11aJ)'les 
accurate setting· of 1ron gulhes leact1ng to the 
do\vn-pipes. 

Footways 
Over the foot,vays of tl1e n1ain arch and steel 

approach spans a sheet asphalt wearing su~--fa?e 
has been provided. 1,hese footways are 10 ft. in 
vvidth, one each side of the bridge, their area 

totalling 8,400 sq. yd. 'rhe steel troughing which 
forms the deck was first painted with bituminous 
paint and t hen filled vvith the hot sheet asphalt 
mixture. Upon th.is \Vas placed the 1-in. asphalt 
surface, care being observed to n1aintain the re~ 
quisite camber. Compression was effected with a 
21-to·n tandem roller which was found to be better 

~ 

suited than the three-vvheeled type for preserving 
the surface contour in the confined space ir1 which 
the ' vork h ad to be done. The fillet along the 
edges, where t11e pavement meets the steel, is 
composed of hot mixture v,rorked jnto place with 
'vooden floats, t11us providing a ,;yatertight joint. 

The asphalt n1ixture for the footways com­
prised approxin1ately 11 per cent of bitumen 
(soluble in CS., ), 10 per cent of filler passing 
200-rnesh, and w 79 per cent of sand complying 
\Nith tl1e requirements of standard sheet asphalt 
grading-. The pe11etration lin1its of the asphalt 
cement (Trinid~d ) vvere 35 to 40 (100 g., 5 sec., 
77 deg·. F.) . 

Fiir. :!. C'on1prcssing Trinidad Sheet Asphalt \\'earing Stlrlace 
on th<: North Ap~ll"oach :Ro<ttlWa)' 

Roadway Approaches 
Sheet asphalt of the standard type, comprising· 

a 1!-in. course of close binder over which is -laid a 1 -~- -in. course of sheet asphalt topping, 
carries vehicular traffic over the northern and 
soutl1ern a1)proaches, each approximately 16,000 
sq. yd. in area. The road foundntio11s and the 
gutters and kerbs are of ceme11t concrete. 

For the northern approacl1, the binder as laid 
consists of 4 to 5 per cent of soluble bitumen, 
approxin1ately :20 per cent of asphalt sand, and 
the balance stone up to 1 in. in largest dian1eter. 
Upon the binder is placed the sl1eet asphalt 
\-vearing· course, composed of 9.5 to 10.5 per ·" ent 
of bitu1nen (soluble in CS2 ), approxirn.ately 10 
per cent of filler passing 200-.rnesh, and the 
balance asphalt sand carefully g·raded to comply 
vvith Richards.on's lirnits 111odified to suit rnodern 
traffic req11irement.s. 'fhis n1ixture \Va d livered 
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at a temperature of bet\veen 300 and 320 deg. F ., 
raked evenl y and rolled \vith an eight-ton t andem 
stean1 roller, the binder lai.d each day being 
covered wit h surface insofar as practicable. 
Especial ca r e was observed to adjust the rolling 
to smooth out any m inor ir regularities in raking. 
To accomplish this, t h e first passage of the roller 
was usually in a diagonal di r ection, this being 
quickl}r follo\ved by longitudinal, transverse and 
circular rolling. A 1i gl1t dusting of cement was 
svvept over t h e wearing surface just prior to final 
compression, to in1part close textur e and uniform 
fi11ish. For the nortl1er n approach a daily aver­
age of 665 sq. yd . of completed 3-in. surface 
''as m aintained. 

Fig. 3. Placin g S heet Asphalt Surface Mixture in the Bridge 
Footways 

South Approach Crescent 
The roadway of the southern approach cres­

cent comprises about 6,000 . s~. yd. of two-coat 
sJ1eet asphalt construction s1m1lar to that of the 
nor t hern approach . The bi~umen content of the 
surface m ixt ur e is approximately 10 ~er ~ent 
(soluble in CS ,) , filler 12 per cent passing 200-
m esh · and the- balance asphalt sand ?f stand.ard 
gradi~g. Special care in the regula~1on ~f time 
of mixing was observed to secu!e un1form1ty. A 
tandem roller of 8-10 tons weight was used to 
obtain consolidation. An average of 640 sq .. yd. 
of completed 3-in. surface per day was attained 
for this section. T · · 

The penetration of the asphalt cement ( r1n1-
dad) for the northern approach and. souther~ 
a roach crescent was 40/ 50 for the binder, an 

PP . t ly 35 for the topping under standard a ppro.x1ma e ' F 
test conditions 100 g., 5 sec., 77 deg. · · 

In addition 'to the mastic asp~alte marg1~s 
la id on the bridge roadway, mastic asphalte I~ 
also employed for the balconies of the pylons·l~~s 
the transverse crossings between t~e PY 
underneath the roadway level. The thickness as 

laid is 1 in. h b ~ bridg·e 
As chief engineer of the Sydney ~r 01 ' 

D J J C Bradfield was in supervisory ch~rge 
of. ali a~phalt work. The concrete foundat1~~! 
for the approach roadways and crescent w 

placed by the public works department, and for 
the roadways over th e main span and steel ap­
proaches by J\1essr s. Dorman, Long and Co. Ltd., 
th e contractors for the bridge. 

The Neuchatel Asphalte Co. Ltd ., as con­
tr actors to Messrs. Dorman, Long and Co. Ltd., 
laid th e compressed asphalte and sheet asphalt 
footways over the main arch and steel approach 
spans, and also the mastic gutters a nd mastic 
asphalte in and around the pylons. As con­
tractors to the public \Vorks department, the 
Neuchatel Asphalte Co. also carried out t he 
asphalt work of the northern approach road\\•ay. 
The W. B. Carr Construction Co. laid the asphalt 
of the southern approach roadway. Asphalt con­
struction of the roadway of the southern ap­
proach crescent was completed by the Sydney 
city council under the supervision of Mr. A. H. 
Ga1·nsey, as city engineer. 
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