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I 3c m c o c c n c i

Tb<« paper d Lacunas the j u l p  aid cm stTuctioa of 
the S t r t l l i  Haviet 3 ritg s  scrota cbe r littery t iv « r  
la  lockbanptm. The dvslga fsatursa tvtn potc- 
taeiloeeJ eooerete box f l r d s r j  v ltb  a conseaac 
depth of 2.1 a sad s s jo r  spans of 71 a.

I .  1 locxh-aapcoa Tranaportacloe Study

la  January 1*71 Cabinet approved tba uader» 
taking s i tbe Xockhaapcoa Transportation Scudy. 
Consulting Engineers. lanslne sad KlAi wars 
vsgagad to carry out the >e9rk.

\
Tba aajor ;s t 3 a s n d s :in  of cbe Is port vms cbe 
early conseruetioa oi a caw bridge across tha 
H o rs y  L * i r  sa tbe iligruoeot of Albert 
Scree: aod cbe construction of a aev accsss 
highway i n *  this bridge to Join tbs Pacific  
Ilgtrvey sc cbe northern outskirts ot the city. 
31s proposal cscsrrd oast effectively (oi 
aotlclraced (ra f f le  flow* vltb ¿3.300 vpd 
u s l p ^  to Che oev brldgs la  l i f t .

Tbs recosavtndscLoo to construct a bridge sc 
Albert S c tn t  was accspcsi and routs d«sign  
«a s  ceoc.sced by tbs T lacricc Engineer tor 
the bala toads Oepertaenc. ; « s l j a  oi the 
bridge us a undertaken by the Special ?roJeets 
Ssrtlo s  o t  tbs Tspartneoc.

J . 2 F ra lla laa ry  Design

X to u r  laaa fa c i l i t y  v ltb  divided carrlagevays 
«as  tba basis  o i tba design v ltb  «scb l . i  a 
vide carriageway providing a cycls lane ot
1.4 a sad (vo t r a f f ic  Iansa of 3.3 a sod 3.7 a. 
la  .addition a .socvxy of 1.8 a videb vas to 
b* provided oo tba upatrsa» aide of tba bridge. 
Tba o vars ll length of structure <us fixed 
SC 4QQ a f iv in ;  tba ssoa vntsruay arts  as tba 
axisclog bridge fo r s design flood bavlug s 
l la  250 year return perlc-'.

la  tba sai oc ci m  o i  bridge Cype, 
vara scudlad:

(1 ) 30 a spasa ualag 2 seetion bassa.

( i l )  30 a spsnn usine pcst-ctn jìeced boi ss 
l i 't a d  Inco placa cn tbs p ls r i and sa 
I s s i la  deck (valghe o t  boxai vculd 
bava baca approxiaatsly 230 to se ** .)

(H O  71 a ! ;tn  p is c is i ,  f u l l  я и > ,
post-Ctnsioned.

Costine o t  z io  p rs lls tn sry  desijr.s shcved no 
c lasr  preferente (o c  asy o t  tbs a l t i r u t lv t s  
altbeugb ebara vas s aliene sdvascage for tba 
30 a spasa. Kovavar, Va 71 a spaa alttmacnra 
vas eboseo because It  baa co l у ma piar la  tba 
sa ia  r i  o re  ehaenel and. v ltb  fsvar p ia t i avar
i l i , .ffarod  s lassar flood r is e  durlng 
caostructlca ss v a l i  ss a ln is ia in g  cotiacruecipn 
problaas. Tba heavlar losds se tba p ltrs  bave 
tba sddad ad vaccata of g rsstsr  flood r is ia  cacca. 
Tba arraogrcvnc a a l vetro censisca of tuo 
separata box glrdars Is  d o s a  p ro s is i:/  v l;h  a 
iu— iju e sacrai para рас.

Tba f in s i b ridg i adopead vsa a eantipucua 
Liaocr scs bos g lrdar, 2.3 a dsss, fiord at tbs 
Sorti Aiuta ree . I t  boa tour naia spana of 
71 a sad evo rad spana of 33 a glvtse a tata ! 
o i  400 a. Га sedicina. aa l.nsiru rnlaforcsd  
ceree".sta portai spana v ie ta r la  Parale oa tbe 
scuci back. Tbs gm sra i arraageocnc of ebe 
bridge la sbovo la f i g .  I .

1.3 Seiiga I s s i

Tbe «crac tur a vai deslgr.ed for УЛЛЗХА 4323 
l iv e  laad as givea la tbe 1970 Jrldgs Tenga  
3 pentii l a  e im a laersaavd by TC2. Sucb a 
loadlng vai tbe forer-unner la osa i, bue noe 
d lacnbucloo. co tbe T—  load spse lfisd  la  ite 
corrane 3XXSIX. la a d d it i la , tbs arructnra* 
vua • w v « s  for a ICO Clune Ai no m a l load.
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:  SUfERSIRVCT.-RX DESIGN

2.1 Cross fe e : ion -  General

Studies conducted by Special Projects sr.d by 
others, including C'Connor (1572) shov thst 
the epeimua section for cencrece box girders 
is  thst bssed on minimum thicknesses of webs 
end flanges and varying the overa ll depth.
For longer spans, variab le depth is essential 
but for 71 a spans, eccnosles can be achieved 
in formwork by keeping a constant depth and 
increasing the bottom flange thickness over 
p iers . Due to congestion of ducts and 
anchorages in the p ier region, loca l videoing 
o f the vebs is  also necessary.

2.2 Cantilever Design

Maximum weight saving on the cross-section is 
achieved by using the v ldest possible canti
levers . Hence an accurate analysis of these, 
u t il is in g  the s tiffen in g  e ffe c t  of the edge 
beam, is essen tia l. The cantilever p ro fi le  
is  determined by the wheel spacing o f the 
design ax le, v 'ich  represents quite accurately 
rea l truck loadings. A chin section is  used 
to carry the outer wheel, end a strengthening 
f i l l e t  Is used once the cantilever is vide 
enough to accommodate both wheels o f ooe axle. 
A f in i t e  eleaent sodel was used to analyse the 
can tilever for Che HS20 design load which has 
wheel loads o f 72 kit Increased 30Z for Inpact 
g iving. 94 hX. The model used r e e lia t lc  web 
ro ta tiona l s tiffn esses , and a comparison of 
the f in it e  element resu lts (on which the 
design was based) and the simple HAASRA (1970) 
code formula are given in Fig. 2.

Rotational spring stiffness— • 
equal to web -ind flcnge. !

A B
_r r  ' '1__ 1
e : i r  . :  : ; ; ; r I 1

¿ s i

30C 2100 Cantilever 1 500 ¿
1250 Cantilever 2

Section
i i ' *5

Cantilever|FE.analysis (q ) ! Code(b)| Ratio

A
A

1
2

3 0 0  
21 9 •

68-2 
46 5

2 27
2-12

B
B

1
2

82-3
A7-2

115-4 1 1-40 
62 7 I 133

Fig. 2 Comparison o f Design 
lending Moments for Cantilevers

2.3 Shear Lag at Piers

elementary calculations showed chat shear lag 
nay be e problem over the p iers. The simple 
engineering theory o f bending indicaras that 
bending stress is proportional to Che distance 
from Che neutral axis. This is aecurata 
enough for the design of stocky sections. For 
sections with v id » .hln flanges, the sheer 
e tlffn ees  o f the «lemencs is small enough chat 
bending aereases drop o f f  in Che flarges 
further out from the webs.

This e f fe c t  is accly ca lled  shear lag and is  
worst in regions of high moment gradient, such 
at the region between the piers and cne point 
o f contraflexure, approximately o n e - fif th  o f 
th- span away.

A f in ite  element model o f this region wax 
developed using the Stardyne program on the 
CDC 6600. Very s ign ifican t shear li.g was 
discovered as predicted by the simple rules 
a f  in the NAASHA (1976) code. F ig. 3 shove 
the ra tio  o f actual bending stresses to the 

stress in a top flange over a web.

f ig .  3 tac lo  of calculated stress 
to calculated stress over the inner 
web.

Fortunately, the d istribu tion  of stresses 
Induced by the draped prescressing cables 
had a sim ilar cranrverse d is tribu tion  and 
hceca the combi-icd shear lag e ffe c ts  of dead 
load and presciess d i f fe r  by only a few 
percent from the simple bending theory. A 
d lffe ten t prestress arrangement uxing stra igh t 
cables in top and bottom flanges wou.l not 
necessarily balance the dead load shear la g . 
and careful analysis would be required.

2.4 D istortion and Warping o f box 
cross section

A box glvder d is to rt» due to asymmetric ’ lve 
loading. This d istortion  causes additional 
longitudinal v.irplng stresses which add to 
Che normal bending stresses.

This e f fe c t  cen be analysed using the "beam 
on e la s tic  foundation" (SEF) analogy, where 
Che croea secclonal d is to rtion  sc iffn ess  la 
represented by cbm fourCation modulus o f the 
analogous beam aad the warping s t iffn e s s  of 
the box is  represented by che bending s t i f f 
ness o f the enald-goms beam. A fu ll  
description of th is method la given by 
Wright ec. e l .  (I9A>).

Tim e ffe c ts  of diaphragms and chnnges in box 
cross section sre eeslly  modelled by this 
method and maximum box d is to rtion , with 
resu lting transverse bending moments, 
calculated. These are then added to the 
local place bending e ffe c ts  of wheel load 
to daslgn the cranaeerse reln f reeaent of 
the box.

The worst longicudlmel warping stresses ere 
caused bv one eccentric design truck. The 
section cen accommodate these scre-ites aa che 
normal bending screeses ere only t a l f  chat 
caused by the fu ll design load oi two trucks
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The bo* ha* a high cransverse d istortion  
s tiffn ess  and doe* noc need internal 
diaphragms to prevent discorcior.-

2.5 Longitudinal Sending Design

Saving proved that jhear lag of dead load and 
preseress vaa "balanced” , the longitudinal 
snxlysls via baaed on a ample bean n odd lin g  
the variab le a tiffneaa of the bo* aection to 
determine bending moments, and the simple 
bending seres* theory.

Design o f a preatreased concrece bo* g irder 
1* heavily  dependent on the conatruction 
sequence and mechod. Various methods of 
construction were considered. Including

(1 ) Frecast segments erected on a truss 
and stressed together in 71 a 
lengths extending to the dead load 
con trsflcxur* point, 0.2 of the span 
pest a p ier.

(11) Cast lnsitu  on falsework., but
stressed la  sections as In (1) anove.

( I l l )  Cast In sections at an abucaenc
casting arts  and "ro lle d  out" into 
position  -  the incremental launching 
method.

I t  was considered that method (1) would be 
most economical due Co the advantages of 
" fa c to ry " production In fixed sceel forms 
using sttaa curing and da lly  production In 
ea syecce js  working areas. Several con* 
tractors did consider incremental launching, 
but th is method appears uneconomical unless 
ground access beneath the structure is  quire 
d i f f i c u l t ,  a i In mountainous terrain . Also, 
the superstructure muse be sp ec if ic a lly  
proportioned and designed for incremental 
launching, with a much smaller ipan/scructural 
depth ra tio  than normal (e .g . 12 to 15 
instead of 25 for th is design).

Jointing o f prscasc segments can be done in 
thgee basic ways:

(1 ) Clued vepo*y) Joints o f a few m i l l i 
metres i hickness, rsquiring mateh- 
castlng of s l l  segmencs and very 
carefu.' p ro fi le  control on pre-set 
s o f f i t  forms.

(11) Harrow mortar Joints 75 to 100 an 
wide without reinforcement.

( i i i )  Wide lnsitu  concrete jo in ts  (400 mm) 
allowing fu l l  lapping of longitudinal 
reinforcement.

A ll  .three methods have been used widely. This 
Department's experience ha* lead i t  to favour 
the la tte r  mechod bee-use of Che additional 
strength of the fu lly  reinforced Joint in case 
o f unexpected overloading,and its  a b il i ty  to 
cater more eas ily  v lth  normal construction 
tolerances.

The ccmetructioo mechod and sentence having 
been determined, the longl~ -ual design 
proceeded by analysing eat.' construction 
¿cage Including fin a l completion and 
proportioning Che preseress accordingly.

I t  i t  possible to build such a structure with a 
wide range o f fin a l bending moment p ro f i le s .  
However, the e ffe c t  o: creep
Co a lte r  the bending aosencs back, cowards chose 
occurring ic  Lbe simple continuous bean on 
unyielding supports. Therefore, i f  the 
structure is  bu ilt to achieve th is aoaer.c 
p ro file , cieep w i l l  noc a lte r  support reactions 
and the stresses w ill  rscc change with cine. 
Stress and deflection  calcu lations can then be 
xade with confidence.

To achieve cbe "correc t”  fin a l bending acaents, 
i t  is necessary, at each new construction stage 
to transait the correct shear and bending 
•otsent to the can tilever jnd of the previous 
stage.

Since the cantilever end o f each stage is  
t i l t e d  up s ligh tly  (as ic  has no end shear 
load) the next stage can be b u ilt  up at a 
s ligh t angle so that, on lowering, at the 
leading p ier, the correct aoaent *od shear 
is  transmitted. See T ig. 4.

STAGE A

Tig. 4 lowering o f each stage 
to adjust dead loan bending 
mamcnx p ro file .

2.6 Presrres* Arrangeswn-.

Prestress layout should also a lr ro r  the dead 
load noeu-AC p ro file  c lose ly  to achieve a 
concordant cable. That la , a cable p ro f i le  
which, on arresting, does noc a lte r  the 
support reactions and hence create "p a ra s it ic *  
SOMntl.

Preliminary design was based on 12.7 sb 
regular strand with in '. . fe c t iv e  prestress 
a fte r  losses ef 6CI of u ltim ate. More 
detailed calculations la te r  showed rh*£ the 
e ffe c ts  of relaxation ard creep, on the 
widely varying cable stress p ro f i le  a fte r  
Jacking, was to reduce the stresses to an 
almost unifora stress p ro file  ranging from 
53 to 627. of ultimate.

An allowable tone for the prestressing cables, 
to give zero concrece stresses, was calculated 
at each 1 a section ss fo llow s. Due to the 
need for a discrete number of cables, the



e f fe c t iv e  prescress, ? is always greater c*.an 
tac th tc re : ;c i :  z i r .u ja  pre jcrea i,  f sin.

_ „ _ Maxiaua variarían in nc-nenc? >  ? v * ------- » » —■ 7  —----------------^ aic wepch oí acra u n e

1 — r — r

i j

^ mex I M
i mai

1 p ! p1 r  mm
t 1 ♦
1
1 1 t allowable tone
1 M n«n f  M , 1P
1 t ^ min f  ?

I f  ? • P * in, the Allowable rone diminishes to 
ft point. (K en  points kc (top ) and k  ̂ (bottom) 
Arc defined as the points at which an applied 
force would cause zero stress at the opposite 
face in the absence o f other forces or moments.

. section modulus, 
section area, A

Note Chat the sign of the bending moment is 
important and that the allowable cable zone 
is  not necessarily within the kern zone.

Stress cc -iieions were checked at each 3 s 
section for a l l  construction stages using 
modified Magnel diagrams. Due to symoetry 
and rep e tit iv e  construction process, only 
stages one a..d two had to be checked in minute 
d e ta il.  Later stages then repeated the 
construction moment p ro file s  quite c lo se ly .

The modified Kagnel diagrams were developed lc  
the Special Projects design o f f ic e  and 
graph ica lly represent every moment, code stress 
condition and geometric lim it  applicable to e 
cross section. The diagrams are formed by 
taking the basic stress equations at each 
construction stags

Span T \ Seen 2

D ;C
r r

7 ¡
¿ c r it ic a l

section

Z» .  5 2 4 m 2
Zb * 4-22 m 2

Area - 5-52 m 2

h .  1 25m

*max s I'OAm

Cobles ~ 27 i 12-5 mm régu la i s trand . 
6QV u lt im ó te  * 2980 kN.

p
Minimum Prestress y  .7 -1  M °a

A
. .Required P :  7-1 x 5-52 x 1000 

.3 9  200 kN 

.  13-2 cables

APPLIED MOMENTS (kNm)

Stage 1 Dead Load !5 850

Stage 2 Dead Load 63 590

Stage 2 + Bax moving 77 920

Final D.L. *  Secondary 0.L, 54 100

D.L.+ max Live Lead 61 200

D.L.+ m n. Live Load 80 100

Fij. Î Mod If i,d K.gn«l d i ^ g t t a  for t t c z ' . a n  » z Pl«r 1 lo Sp.n 1
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2.10 j«rv ic< *

The bridge iws s tree t ligh tin g , in terna l pcver 
for aeincenance end added provision  for 
decorative ligh tin g . Telecom have in s ta lled  
ducts Co u t i l is e  the crossing and e le c t r ic i t y  
authorities plan future in s ta lla t io n s .

and re-arranging in the form

where ? ■ prestress, A ■ cross section art*
f  • stress at top, 2„ * section modulus
e ■ eccen tric ity , -----  various
applied bending moments.

P lo tt in g  this 3ine in Pe space gives 
various lines o f slope — corresponding to the 

2t
lim its  placed on f  (e .g .  i't ■ Q or 
f  • 16 MPa). A sim ilar formulation for 
^bottom coepletes the basic diagram, lin es 
corresponding to various eccen tr ic it ie s  pass 
through the orig in  and a l l  the intersections 
on the diagram have v is ib le  properties which 
enable easy checking o f the accuracy o f the 
p lo t.

The allowable region is  marked o f f ,  the mini
mum possible prestress is obvious, the lim its 
o f eccen tric ity  are c lea r ly  shown, and in i t ia l  
and fin a l prestress can be checked.

A typ ica l Hague! diagram is  shown in F ig. 5.

Due to lim itations in anchorage positions, a 
tru ly  concordant cable layout cannot be 
achieved, bu- calculations showed that the 
**parajlclc" bending moments were quite small.

2.7 Deflection  Calculations

Extensive calculations were carried out to 
ascertain a l l  the stage construction and 
f in a l deflections due to dead loads, prestress 
parasitica  and creep. The construction 
p ro fi le  was preset to cater for these. Design 
values of c la s tic  modulus were assumed, and 
Chen corrected a fte r  carefu l measurement of 
e la s t ic  modulus on test cylinders and a load 
test on the f i r s t  stage measuring the d is
placements under a 40 tonne box.

Due to Che age o f the concrete at this stage, 
a high value of E • 42700 MPa was measured in 
the actu.nl structure in bending, compered 
with cylinder measurements averaging 39000 MPa.

2.Z  bearings

The bridge Is a continuous bridge fixed at 
Abutment 3 with slid ing bearings at the 
remaining piers and abutments. The fixed 
beering is a s lid  steel bearing designed for 
the required Load:.. The s lid ing  bearings art 
pot bearings with teflon  on stain less s tee l 
s lid in g  surfaces. They have runner bars to 
prevent la te ra l movement. They are supplied 
by Che manufacturer to a performance 
sp ec ifica tion .

2.9 Expansion Joints

The expansion jo in t ac Abutment V is a finder 
Joint catxrJng for approximately 22b  am cot-1 
movement. Only sou 11 movements occur at 
Abutment 3 and a Waoo jo in t has been used.
Boen jo in ts  were insta lled  a fte r  bituminous 
•urfacing was complete.

2.11 Substructure

Design of the substructure is f a i r ly  con
ventional. P ie r  1 a id Abutment S are supported 
on 1.2 m cast insitu  rein forced  concrete p ile s  
using s a c r i f ic ia l  lin e rs . Abutment S has 
16 p iles  with a wtaTi-nm length o ' 14.5 m.
P ier 1 has ! 0 p il- s  with e maxinut length o f 
20 m. The remainder o f the substructure 
eonrlsts of spread footings onto moderately 
weathered mudstone.

2.12 Road^'ics and Drainage

Roadworks and drainage from Denison Street on 
the gouthside is  also Included In the contract. 
Pavement consists of 150 as of bituminous 
concrete and 350 am o f cement s ta b ilis ed  crushed 
rock on a c lay subgrade.

Drainage was designed fo r  a \ In 10 year 
in tensity for the c o lle c to r  system and 1 In 
50 year in tensity  for the sain drain.

In January 1978 a contract was le t  to Pearson 
Bridge (Qld) Pty. Ltd. fo r  5-4,6^5,623 to construct 
the bridge and associated roadworks.

CorstrucMon j f  the p ro ject can be divided into 
f iv e  major sections:

Access across r iv e r  to foundations and to 
fa c i l i ta te  erection

Foundations and p ier stem construction 

Precasting operation

Erection falsework and method o f construction 

Hiscellaaeome operations

3.1 Леса— across River

A major prmblem was res id ing  an access system 
to foundarimns which could also be used fo r  
erection. Several a lte rn a tives  were considered.

For the sect loo from p ier  5 to p ie r  2, i t  was 
f e l t  thet only two p o s s ib i l i t ie s  were v ia b le , 
and they were causeway or bridge. The section 
from pier 2 to southern abutment appeared co^be 
capable of construction from the water or froa  
a bridge.

The decision м ое  was to construct a low le v e l 
access bridge fu l l  width of the r iv e r  along the 
bridg* centre lin e  beewsen the p ie r  stem 
positions, the influencing fa'-to^s being;

(1) Fernowl of a causeway and possib le
delays to construction due to wash outs.

( l i )  Deng-rous situation  of having floac in g  
plant in the v ic in ity  of sharp rocks 
not v is ib le  except or, extreme low i .d*s.

( i l l )  Separate foundation* would not be 
required as the bridge was to be

3 CONSTRUCTION
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suppcrted cn the erecclcn falsework 
fo*uiditiccs.

The access bridge insta lled  was to ter. metre 
spans consisting of three ^60 *J3's complete 
with bracing ar.c timber decking, and designed 
to support a -5 tonne crawler crane working 
Co nariaua capatity. As mentioned, the bridge 
vms supported or. the erection falsework 
foundations which were in s ta lled  progressively 
from the end oi  the access bridge.

3.2 Foundations and ? ie r  Stem Conscructioc

(1 ) Northern Abucaetc

Foundations for the northern abutment 
consisted of 16 1200 diameter encased 
cast iasitu  p iles  founded on moderately 
weathered sudstone. These were 
constructed by preioring through the 
overburden approximately three metres, 
standing Che casing in the hole and 
driving to in i t ia l  refusal with a fcell- 
aouch heinet and #122 d iese l hasaer. The 
p iles  were then excavated using j 4 tonne 
gessoco harcser grab and then a lte rn a tive ly  
redriven and re-excavated u n til acceptable 
founding material was reached. Sockets 
end be lls  at die p ile  toes were hand 
excavated where required.

0d several p iles  a reverse c ircu la tion  
d r i l l  r ig  was used tr excavate the socket 
below the casixg. 1, )ubles were 
encountered with th l . in the fora of 
blockages which were due to the highly 
fragmented state o f the lnsltu  rock.

Once exes vs ted, the rein iorceaent was 
placed, prefabricated using stain less 
s tee l spacers welded to the cage to 
aelnealn position, and concrete poured.

(2) Tier 5

Pier 5 foundations consisted of tvin 
spread footings each with a 3700 x 1700 
x 11.3 Ww.-. high p ier stem. As this 
p ier vaa located on the r iv e r  bank in 
the tide zone, the area was f i l l e d  to 
above high tide and the footings 
excavated through the f i l l ,  founding 
le v e l was a proxlm-otely 5 metres below 
top o f f i l l ,  the founding m aterial being 
■oderateiy w ith ered  mudstone.

The excavation was carried cut conven
tio n a lly  In open cut using a hydraulic 
excavator, hand trimming a^d sow  
d r il l in g  and b lasting. Footings were 
then constructed in the ur.^ai manner.

The p ier stem* were poured in two l i f t s  
each, the f ir s t  l i f t  being a make up 
aectlou approxla*, ly  2 aetres high and 
the second l i f t  o f 9.5 metres was poured 
vrxlag a ply faced steel backed 4 piece 
form which was used for a l l  the pier 
stems.

(3) Pier 4

Although similar to p ier 5 in arrangement, 
pier 4 was located in tne r iver  between 
two inlands and the founding le v e l was 
approximately f 5 aetres below HHW$. 
Natural rock surface le v e l 'j3 the tooting

area varies by 3 metres.

To construct these footings a sheet p ile  
cofferdam was insta lled  iron the er.d of 
the access bridge. Sheets were driven 
using a spudded template frame and had 
an average rock penetration of 720 am.

Excavation of each footing was cone using 
a backhoe lowered i.itc the cofferdam, with 
a grab and by hand. Construction o f the 
footings then followed generally  along the 
lin es of p ier 5.

{4 } P ier 3

This p ier was sim ilar to p ier 4 in 
arrangement and location  except chat 
founding leve l wax 8.5 metres below MHVS 
and natural rock surface le v e l across the 
cofferdam vidth o f 8 metres varied 
9 metres. To overcome th is problem, the 
hi¿h areas were d r ille d  and blasted from 
a barge down to a depth of 2 meerg^ above 
founding le v e l. The area was then drag- 
lined from the end of the access bridge 
aad the cofferdam and structure constructed 
as fo r  pier 4.

(5 ) P ier 2

This pier was sited  wholly on an island 
with Che founding leve ls  being vichln rhe 
tid e  range. A simple sandbag and mass 
concrete cofferdam was in sta lled , the 
excavation carried out using d r i l l ,  blase 
and grab and the structure completed as 
before.

(63 P ier 1

P ier 1 foundations consisted of ten 1200 
diameter encased cast lnsltu  p ile s , a 
single pllecap at mean tide le ve l with 
precast sk irts , and twin p ier stems as 
fo r  the ocher p iers . This pier Is 
situated In Che main r ive r  channel and 
access was provided by constructing the 
access bridge past the p ier location . A 
template frame wee sec up on spud p iles  
end the 1200 diameter casings pitched 
th ro^h  fixed guides. These cajings were 
then a lte rn a tive ly  driven and excavated 
un til acceptable founding maceriai was 
reached. Driving, was done with c b e ll-  
mouth hrlmer and K32 d iese l hammer, end 
excsvatlcn carried out using s 4 tonne 
Ewnoto haimer grab and 4 tonne 1120 
diameter rock ch ise l. As fo: the north 
abutment, s.<k*is anu be lls  were hand 
excavaieo *o the required depths. Good 
seals were obtained on a l l  p ile s , the only 
trouble experienced being one distorted 
p ile  toe. On a ll p ile s , driving shoes 
war* «(cached to the outside of the casing. 
Reinforcing cages and concrete were placed 
conventionally la the dry.

To construct the p llecap, a s a c r l f ie i  1 
s o f f i t  was used supported from (he p ile s , 
the s o f f i t  le v e l being 4 metres below KHWS 
but 0.8 a above KLWS. ~hus, Che s o f f i t ,  
elds forms and reinforcement were placed 
during periods of low tide and concrete 
poured on a fa llin g  tide to give enough 
time to complete the pour. The pllecap 
was poured in evo sections, the constvrct- 
icra Jolot being v e r t ic a l along the bridge



centre line. Each peer vas approximately 
60 cubic metres.

P ier stems were then constructed ir. a 
sim ilar manner to previous foundations.

(? ) Southern Abutment

The southern abutment vas suppcrtec cr. a 
spread footing and construction of the 
abutment and associated overpass and 
overpass rear wall was carried out using 
open cut excavation and normal aerhocs 
fo r  formwork, formwork support and 
concrete placing.

3.3 Precasting Operations

The bridge is composed of ce llu la r box sections 
a to ta l of 274 sections for both bridge*. It  
vas decided to cast these- units on s ite  and 
in the upright position . Choctin% the s ite  
fo r  the casting yard had to be tied in with 
the erection method as handling the units and 
transferring them from yard to bridge vas of 
prise importance.

A casting yard running at righ t angles to the 
bridge centreline with gantry tracks running up 
to the outside edge of the bridge vas chosen. 
Units could be zrrnn itrred  from the stacking 
area onto the erection falsework or onto 

.stage 1 o f the competed bridge quite eas ily . 
Access from the back o f the abutment, "here 
Che rtap was steep and turning space Limited, 
vas not required for erection .

The casting yard, under the gantry vas 
approximately 20G metres ior.g comprising 
30 metres material storage area, 65 metres 
work area and LC5 metres stacking area.
Outside the gantry, on the north side there 
was a reinforcement scacking area with its  
own unloading gantry and on the soutnslde there 
was a be iiershed/workshop/office building and 
access for concrete placing equipment and 
concrete d e livery .

The gantry was purpose-made with a 15 metre 
span, 15 metres hign and a capacity of 
50 tonnes. Its  operation vas a l l  hydraulic -  
hydraulic drive  motors on each side for 
gantry tra ve l, hydraulic crabbing operation, 
and hydraulic ram for hoisting. The hoisting 
speed of the -* in  rau was quite ilo v . Tor 
faster working, a small three tonne e le c tr ic  
hoist vas added which handled a l l  the ligh t 
l i f t * .  Units were l i f t e d  using a four point 
l i f t in g  beam and 43 ca 0 h e llca i anchors.

As the upstream aid downstream bridges have 
d iffe ren t cantilevers due to the pedestrian 
footway, i t  uas necessary to have equipment 
for two separate cashing operations. I t  was 
decided to have four complete moulds, each 
mould having its  own reinforcemert fix in g  * ig , 
core anc co re tra ve ile r  except that the core 
unit used for casting units with rrised 
stressing anchorages was used for both 
upstream and downstream units.

The external moulds were completely fixed 
with the exception of the vertica l kerb face 
which was bent to the stripped position and 
was jprung into the ve rtica l position for 
pouring

The ceres were carried on a counterveighted core 
tra ve lle r  vnich was v.r.ched into the mould ir. a 
collapse*: position . TT* core tb *" expanded
cc fina l position by using two hydraulic rams. 
Ir.d forms were placed and the sides fixed  to 
the external mculc and the fora v;.s ready for 
casting. Or. stripp ing, the reverse was 
carried out. Ort ra^cr problem with the moulds 
vas how :.-«rc:ce the fact that there were 
setae cvc hundred and twenty bars protruding 
through the scoper.ds on each side. This was 
solved by «airing s te e l sropends with T-1 sms 
holts to take the 12 aa bars. P la s tic  
Champagne corks with holes punched through the 
cap were placed on the bars and then pushed 
into the stopend from the ins ide. Thus the 
st op end was sealed and stripp ing o f i t  vas 
turned into a ainor operation only.

Units were stacked up to three high in the 
stacking area where there was wsrklng capacity 
of 96 units and a maximua possib le capaciey of 
1C8 units. A s ingle erection  sequence tsquired 
43 units, thus coe span reserve storage was 
ava ilab le.

Manufacturing capacity in the yard was nine 
units a week but had i t  been necessary to 
increase th is, minor mod I f  icatiotis  would have 
brought production up to twelve units per week.

In order to achieve this turnaround, each unit 
vas steam cured to g ive the required l i f t  out 
strength of 30 MPa within twelve hours. To 
steam the units a Presha 50 H? steam generator 
vas in sta lled . The steam covers were bu ilt 
as a complete unit cr. a pipe fraae, so that 
covering s unit a fte r  pouring was qu ite  o 
simple matter.

To eliminate the use o f  the gentry fo r  pouring 
concrete in the casting yard, .. Morgen mobile 
conveyor was used. This unit had an articulated 
boom and the a c .iita ^ c  of being s e lf  propelled 
in any d irection . It  had a p lacing .apacity  
of 75 m-* an hour ; nd a v e r t ic a l l i f t  c f 
7\ metres. A sw ivelled d is tr ib u tin g  chute 
allowed a radius Ot pouring of IS metres.

Vibration o f *he concrete in the casting yard 
was achieved using eight -acker high frequency 
external form vibrators on each mould, 
complimented with internal v ib ra to rs . The 
external units were 200 Hertz 55 v o l t ,  with a 
speed o f 6,000 RPM and a maximum cen trifu ga l 
force of 3,000 newtons, and operating over an 
area of. approximately 1.3 a diameter.

3 . 4  tree Lima Falsework and Method of tree cicn

The supersTTmcture design ca lled  for a staged 
erection sequence commencing at the northern ' 
abutment, each stage for each bridge comprising 
the erection of 24 units from the previously 
cos*pl«ted section to a distance o f approximately 
16 mecres past the next p ier. The method of 
erection chosen was one which used a falsework 
system wide enough to take both bridges and 
moved *t the end of each stage by pu lling 
forward onto another set of supports for the 
next stage erection . This system enabled the 
erection of both bridges siaulteneoualy and 
thus reduced the cycle time for an erection  
sequence.

The falsework i t  showh in Fig. 6 and consisted 
of a series of frames spaced at 10 Metre 
in tervals along cne centreline of each brlcge
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each fraae supporting two continuous 760 US's 
tO aetres long. The frames were in Cura 
supported on varying types of p ile  foundations, 
the type being dependent oo the rock le v e l, 
depth of water and nature c i founding aaceria l. 
The most coenon type of p 1< used was a 
500 tm diasecer & за s tee l tube dDwelled or 
socketed into rock and ccoc.-ce f i l l e d .

The 4 runs of 760 US's were Joined la te ra lly  
into a horizontal truss wich the centre beass 
designed to res is t flood loading by spanning 
between the bridge p iers, and bolted bracing 
between the centre and outside beans. The 
reason for th is configuration was that once 
an erection stage was conplete. Che falsework 
"superstructure" was winched forward onto the 
next stage fraaes, the horizontal truss passing 
between the concrete p iers and the bolted 
bracing being successively reooved jnd 
replaced to enable the falsework со pass Che 
concrete bridge p iers.

In general, the erection sequence was as 
follows:

1. Sat up falsework superstructure to le ve l.

2. Erecc precaec units.

(s ) Transfer units fros  casdng yard 
onto tranaier steelwork using 
casting yard gantry.

(b) Slide units across onto completed 
bridge using skates.

(c ) Winch units along tht completed 
upstrasa bridge or. a r a i l  aounetd 
tro lle y  to underneath a can tilever 
gantry which was fixed to the end of 
Che completed upacrcaa bridge.

(d) Lower units ooco falsework on up- 
scresa side, s lid e  sideways (required 
fo r  downstrea» erection only) and 
to v i out along falsework using skates.

3. Sec units to line and leve l using packing 
and sundjacks.

4. Pull cables and construct jo in ts . The 
closing Joint beeween the new section and 
Che old section and the Joints in the 
staged stressing sequence were steaa cured 
using a portable 15 HP steaa generator and 
a ligh t steel fora incorporating an 
external stein Jacket.

5. Stress and grout.
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6. -Brrr^ri|*rcRocve packing, lower Í a.sevorx onto fixed 
skates sec on top of falsework francs and 
winch falsework forward onto the t ix .  stage 
frases for the neat erection sequence.

7. Sec falsework to le v e l, aove can tilever 
gantry forward and star: next erection 
sequence.

The design o f the bridges called for the 
erection of each stage above its  fin a l pcsiticn  
and lowered at the completion o f stressing.
This the fin a l operation co perform in an 
erection sequence was Co louer each bridge 
into its  fin a l position or. the bearings. To 
do th is, four 300C 10* hydraulic Jacks were 
set up on frases around Che p ier, Che we.ghc 
taken, packing removed and the bridge lowered, 
the maximum distance being approximately 
230 a*.

The f i r s t  erection sequence took approximately 
12 weeks, the second 7 weeks and the remainder 
6 weeks each, these does being to ta l for both 
bridges in each sequence.

3.3 Miscellaneous Operations

(a ) Parapeta

Prxapets wera constructed using é metre 
long sceel forms, one form ea.h for the 
upstream section, the downstream section 
and median. Production in chis arca vas 
interm ittent due to ocher const.aincs but 
with the reinforcement fixed in advance, 
i t  was possible to pour 6 aetres o f each 
parapet per day.

(b ) Painting

Painting of the bridge external fac.s 
was done from an overhang sca ffo ld , the 
operation consisting of lighc sand b last, 
f i l l in g  of Che larger a ir  holes, prising 
and f in a l cose application using a ir ie s t  
spray. Average production achieved here 
was 1 week per span of I bridge to 
complete the box s o f f i t ,  outside face 
and underside o f cantilever. Palndng 
o f parapecs and handrails was done . i  a 
separate pase.

(c ) Miscellaneous Trades

Roadworks, drainage, blockvork, land
scaping etc. were a l l  done in a 
conventional manner on a subcontract 
basis.

* CONCLUSION

A ll major works in preparing Che bridge and 
approaches for t r a f f ic  were completed by the 
end of June, 1980, approximately 7 weeks prior 
Co Cha dace for practica l completion, leaving 
only minor cosmetic work co be done. The bridge 
was opened to t r a f f ic  on the dace for practica l 
completion, the 16th August, 1980.
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