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The Queensland Main Roeds Depariment s the design cnd
consouction awhority for a cenmral ciy dypess project (m 3ris-
bane. A major compoaent of ke project iz the New Fam
Bridge. This bridge wdl be of balanced cznrlever corroruction.
some 508 m (2000 ft) long, with @ 2!5 m (705 }t) m=a ;cen
for navigadle river ciezrance. The bridzc ceeure lire les on a
2300 m (7500 ft) radizs kronzomicl curve, zrd i3 3emerzly
201 m (659 fr) wide except toward the soubern end wrere i
widens by 2.5 m (82 ft). It wiil de of presrxt segmental zon-
srucson, eoch 3 m (9.8 ft, length of Sox being Lited n wo
helves. This pepea Jdescribes thr selection of the arvizuizion,
longzudingl profile, the Fomsveorse derding anciysis of the suzer-
structure, end the main pier crclysis where he weds e (2 m
(40 ft) deer.

INTROCUCTION

1. The New Farm Brdge s the oy
Bek in the proposed Czawal Fresway, oow
in fts planning stages. which will join we
Northern and South-Eastern Frezsways @
form the major north-south bypass aof the
czutral dry ares of Brisbane. Undd this
conreczion is completed, trafic congestica
m the Forutude Valley arex cinaot be
relicved. The pisnning is accandingly being
given 1 high proricy.

2 The ultimate fresway development
az tae dridgs s the provisicn of lour lanes
i each dirccdon. However, ia the imigal
stages. the Arst bridge will be planned for
2 resgicted 3 & 3 lane configuration with
a second structure 0 e built at 3 luer
dace. This paper disc sses the choics of

bridge tyve, artcuaton, and mzthods of
analytiny, he super-stucTIre.

CMARACTERISTICS CF SITE

i Ths gorthern baxk of e rver is 2
low food plaig with rock at 2bout 25 =
(about 85 f{r) dzpdh, while the soutzem
bank rises 20 m (835 [t) :bove waizr lzvel
with weathered conglomerate exposed on
the sutface (Fig. 1) Adjaczmt 10 the
southcra abuutment s Wynrum Rozd, 3
major anerial sevizg e south-casiern
suburbs. .

4. Ceomeurical design of the [recway
sited the bridge just ugswsam of 3 right-
angle bead 8 te rver (Fig. 2). This
increased tie maun sgan quite soasidsraply,
as it placsd the bridgs oa a2 30° skew 1o tae
shippiag chaanel




SRALTON, FENWICK — DEIIGN ASPECTS OF SOX CIRDER SRIDCK

(Q Preseat bew prefnte
QD Bearesn

Mg, 1 == Bovpon of New form Brdge

DESIGN REQUIREMENTS

s. The major requements of the

bridge wers to:

(2) provide 2 road faclity 20.1 m (659
ft) wide between suter parapets,

(b) conform w the freeway alignment,
which placed the bridge on a hon-
mutal carve of 2,500 m (7,500 fr)

pi

(c) provide river clearance w0 allowr the

pessage of a p:.mzﬂ completed ship
270 m (320 f1) loag by 33 m (!08

213 m (GO &),

(d) keep the river opea to nocmal traific
az all omes, and

(¢) minimie disrypton o Tadic on Wyn-
oum Road

6 Itermn (¢} above crmbined with he

river bead necessicated a2 maia spaa of 215 -
@ (705 &) with bok piers 2 ad 3 in:

the water and hence sudject 0 ship impact
Itexps (€} aad (e) lead to a2 scuewre Wil
the roadway az approximately RL 33 m
(108 &) at c=nmre spaa.

7. Because of their posilicn, the piess
were designed (o withstand the [orcss
cawsed by impact of a saip of 32.C00 ¢
(31,448 won) displacsmenr Taveiling 1z tidal
velocity, and also for impact of aormal
diver Tadfic (5,000 ¢ displacement) at cruisicg
speed.

s Adequate prorection of the ers
using iarge diameter shes: pile caissons as
recomuaeaded by Osteafaid (1965) was a0t
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ecopomical because of e inceased span
iced
STRUCTURAL ARVANGEMENTS
9. Since 2 hegvy subsguchme was
pecessary for impace resistiace, 2 logicxl
form of supersgucure was a balasced
canulever ersction out from e piers with-
out-of-balance d=ad- and live-load moments
. direcdly to the sub-struccure. This allowed
captilever crection cat from the piers with-
.~ any intermedizie props in the dver, a3
swould be required in an anchor<antlever
spen arruggement Because of the loads
and beight (27 @ (30 &), such props would
be expesiive and in coastant danger of ship
tmpact,
10.  Suspended spans varying in leagdh
from o o 60 m (200 f) were igvest-
Jited, aod over this raage there was lnle
eflect ¢n ol cost, including erectica
tusses The ceatral hinge arrangemest,
uwsed on the Bendorf and other Eurcpean
briiges was considered to have several dis-
advaatages, the mzjoc gues being the sharp
change in verucai alignment at the i due
‘m eep and shrinkage, and the momesnt
reversal which occurs in the cantievers
under live lcad.
11. The souctumal depth 2t midspan
was selected 23 25 2 (320 ). A deptd
moch less than s was scucturaly pos~

Tysiewl vee protil e

sible, but would have {ead 0 lesthedc prob-
lems ic 2 215 m (FOS &) span. Toe
!eaho(:hcmpendedmnmsda:ed
47 m (155 %) after coasidering ersce

as
dom T3 (Bquiremeacs, ecomomic span/
depth ados, and the modular araggesent
cf box segmencs in the super-suructare.

12 To save weight in the most crideal

cegion, e susceaded span has So Tags-
verse diaphragms, and e douom Jange of
the ceatrs ceil was remgved !eaviag 2
dexible twin-box configuradon (Fiz. 3).

To Limit the weight and siz= of

dme 1s the transverss [oint. Tie fufl wideth
Qnulever box s thea suexsed cuto e
previous seczon. Precast segmeam we 2.5
= (3352 ft) long, allowing a reicforced
jotag of 0.4 m (1.32 f) betwesuy unmirs. All
precast segment: are recaaguiar 1 plan
and the herizontal cervature is produced by
varying e joint width Sy approximately
30 mm (12 in).

14.  Several aternative designs tave
been comidered, including 1 comosite
steel box-conerete deck suspended span
save weight, 1 full steel box drder armange-
Zent, and 3 =uble stayed comcve:z box
dmign. Naae of these aleermagves was

TSROl SVengomust of o s ents

Tor suane Treme taeiTos

p Sraga

|
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GRALICN, TENWICK, — JESIGN ASFECTS OF JOX GIRDER SRIDGE

ecoramically compecdve with e il

cacrete box girder arrangement

SELECTION OF 30X CRCSI-SECTIGM FOR
MAIN $SPAN CANTILEVERS

15. Prelimipary designs indicusd e
geaeral magnitude of crestress required it
the base ol the cagnjever. From sxperience
with previous Uridges and studies by
C'Ceoaror (1972), & can bYe shown dhag te
optimum @oss-secdol 3 gezerilly <m-
posed o/ mmimgiz ickpess webs and
fanges.

16,  The top lagge was mads 200 mm
(3 in) drck between the large dlless at e
op cf the webs whicd conuia ail Be zre-
stressing cables aad anchorages. The webs
of the candlever spags are in geaeral 2350
mm (10 in) wthick, exceor at the top wiere
they thickea to reduce the princpal teasiie
stresses (0 within ailowaole Lmits /g, [2).

17. The Qaulever box formwork s of
constant shape, the culy variable dimex-
gcas being e depth of the swmaight portoca
of wed and Souom dange ‘thickaer. The
botiom fange varies from (30 mm to 620
mm (7 1o 24 in). This compares #dy 1
maximumm bocom Jaage tickgess of 2.5
@ (3.20 &) lor e Bezdorf 3eidge which
bas 2 2C8 m (632 [1) span

LONGITUCINAL PRCFTLE CF MAIN SPAN

18. The swucomal dspth of &e Sox
secion was defined by 1 Jaradoiic urve,

depte = X = (=) (1),
w2 3 the distages !rem span c=aome
ey w04 2 b and ¢ are constaness, which
twe  med 0 give different prodles and
aspths - e gier. Prziiminary designs were
compler-y for maany didereat prodies, and
from these it was obvicws thar (e main
amrol o1 the canalever was the sompres-
sive stresy in the boaont lange.

19. The most significant oroperdes of
the section were e bocom Jange section
Soduins Z,, box depth, borrom flaage thick-
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zess and ueit weight of coss-section. Usizg

a srogrammed desk ¢riculator, trese vani-

ables were ploted ever e gracScal minge

of values, 29 dlustrated iz Fiz. 4. Oa s
Zapa, vaious lcagitudinal crodles Souwid Be
plotted.

20.  The minimum weight pradle caa b=
seisczed direcuy {rom tais grach, curve M.
which passes through the peaks of 2 'iso-
Sars” Zving maximum seczon =odulus for
amimum weight However, curve M lezds
0 much larger Crder depths han © aevss-

ary. Thws same efes: was zowed by
C'Czancr (1972).
21, Sincs the river dlearance depends on

the depth of the super-structurs adjscsac @

the piers, the Most sconogucal Jier lept
must be s thaa the mmimum-wveiznl
desth. Kzowing tle Minimum-weight sree
le. the box depth uf he pier was reducsd
uouf e ol weight of the sanalever began
10 rise dramadcaily (Fig. §). From these
Soasiderazions, 2 wed depth of 12 m {39.36
ft) at the pier ceno: line was seleczed.

2. Varfation of Qe index b in 2qn (1)
jeads to diferent prodles (as showm ia Fig.
6). The greater the value of b, the dater
we sodit prodie cear cznoe span, wad reacs
the cpumum saving of dead weight How-
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ever, the flatter srodles lead o shear probe

lewas iowards e dp of :he Aanulever which

require crzaced web hickness, or depih

or vertical preswessing T3 avoid zdditional

complicatens in Sox gredle, the depth was

varied, [eading to 2 value of index b slighdy

goater thag 2

TRANSVERSE ANALYSIS OF SOXES

23, Zven rnith Bs mont soohisticated

computers and srograms, it i3 30¢ cssibie

10 investigate witn 1 singie waalydeal modei

the following: .

(2) 'ocal beading =decs of wnesi loads,

+(b) local distcruon of 1 Yox cress seczon,
m . .

(¢) ‘nteraction of wansverse and !cogi-
tdinal bending.

24.  The analysis was thus divided into
several sub-sections. A Sroad outline of le
procedure for Qe suspended spans {oilaws.
(a) A transverse seclon of the swucure
was anaiysed a3 2 plane {rame. From
this analysis, sdnesy values were ob-
taired for use in subsequent phases.
Where there %13 5o e doudt as o the
currest stiffnexs for a parucuiar mode.
cpper and lower liupits were invest-

el

(b) A Snite ziement zpalysis of 3 ectiaon
of :hs deck slab was dourded by Two
planes of symmexy. The deck is sup-

Yy e wvebs whicl have infnis
vertical sSffness 1ad 3 Taosvesse toQ-
donai sdfoess sguivaient o ke r=al
box web. This amaiysis gives ¢
“ocu--dec? beading zorents o Qs
deck.

(c) ReacZicus o e webs Zom () wers
divided into various couipogents as
flostiated i Figs 3 aicd 7. The om-
pouneat of (0ad, Fig. 55} cuses disoc-
ton of the box cross sechom Tae
asociated Tacsverse beading Romeass

were calculated usioy the ‘beim 2a-

elasde foundation’ (BET) anaicey de-
veloped by Wright er al. (1967).

(d) The differ=mcal bending of e Two
woxas of ie susceacsd span. iy 305)
¥3s apaiysed by 1n ideaiised spacs-
frarne and by 1n igalydeal soluticn 0
he differsnuial -guadoes <dzveuiceed Sy
Mehmal and Beck (1953). Clese <cr-
respondence #3s aciieved ScTwesn e
two methods.

{¢) Rezctions, rowutions and disciacements
fora (3), () acd (d) wers [=d Sack
nto e slanefrmme anzivsis f3)
sbain fz various wmgoneats 3 2
‘raggverse Sending Jemenl or van-
ous cicz] poiats inotle TUSS section.

PLANEFRAME ANALYSIS

- 28, A typical armargemeat of plans-
frame cements used o deve e stidness

P teoth 5 an¥eq LY

doplh

Satfit Profiles

PG, € waVartanen o p._ar Yelle wvR imeezs 3
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srogerdes of le swspended ipam s showm
m Fig. J. Behavicur of the {uil coss-section
(two boxes) was czicuiatad 3y adding syme
Tetrical {30 oration A sawe Gue) and
aog-symuzemical (2o verdaal dispizcemeng
1t ceame lne) load scmoogeats. Tile foa-
tonz] sudzess of he wers was cotined hv
piyiog ot WUrque 0 <ach of e wedb-
dange intersoctons in turm TS aisc Zives
the momeats it agy point o be IUm-
secon due o unit roadons of the webds
dange nodes. and hencs he momenss for 2
pardcular (oad Qase o these acdal rotadons
e own. A iumple program was whicea
an 1 desk computer o prmt il idal
momentts or Zvea rowations.

FINITE SLEMENT ANALYSIS CF DECX

26,  The il Sending momests ia We
deck slzp werz analvsed usicg a Saite els-
ment model shown in Fig. 7. Sincs the
webs have 3 verdcal sdfness in ‘he order
of one hundrsd tmes ziar 3f the deck siab
with respect t0 locai tending, e vebs may
be assumed as ngid ige supporm. Raiative
deflections of the webs due o disterticn.
er are wrated jepamtely. Symamesy and
WwWo-syTunery wers used ‘o rTducs s
mode! to cze uarer sms. T2e lmmgth of
model was seiccted 0 2t the ‘fres’ zad
had 7o edect on the peak Sezding Moments,
md so that the edect of wheel loads a2
the normal spacing of standard wuck axles
couid be obtained.

27.  Axie loads were plavd ig 12 difer-
@t positions icross We half-widia of deck,

fo——— _(t—.—.-m--u-‘
~

> an

znd influezcs izes drawm for =ighe midzai
seTicas. From tese, witend load zxm-
Smadons tuid Se clearly sesa. Hcoweves,
sioee tiese local bezding zemezm due o
wheel icads wers ouly one of severa -
pooess of the otal Tunsverse Seuding
nements, 3 =dious froesss of summuing Al
possibie comipations was sgil secsssary.

Tre ez of oeks oo e sther side of -

e loogitudingl ceame ine was cotuned

directy by subtractng, racter han ddiaz -
he symmerical agd and-symmesicai lcad.

compctens.

28.  Sipce thers s 20 simpie analytcal
qethod whick can rake iccount of dousle-
2pered candlever slats (Sawko azd Mils
1971). 3 separxce Snite siemeny meodsl iy
2 much Sner mesa was Isen w acaivse e
aaclever slabs, nciuding e regicn arouzc
expagsion [oints whers an edge scfeming s
required. The 3 m (9.34 &) parzzer unut
wers oot inciudad 1 hese anaiyses 3 ulew
or construction and rzpair cindidens, Tae
parapet units <0 30t gt iz iz overail Sexd-
g of tSe super-strucTurs 2ue 0 22 7acs

left becwe=n uniis. Tasv J0 Zave 1 marxed
loczi sademing :dem 2n Be sigver. Sut

s Ais lz=Cs 'O rITucs 2
Seading momens gver fe adjiceat weZ,
the =det cax Se safziy gnorsdh The sdgs
sufeaing aso cusss ugmicont fouiuve
bending momiezts o e =noulever dabd.

3. The smail !dngirudi::nl edgs zeam

integral Wit the canuiever slab i3 very

sfecuve iz distnbuung <cocoamasd wads

Fg, 7 Mrte siemem atdal of vvien of lexx wad
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g has e same cdesz a3 zwending e
cxniever siab 1s suggesied 3v Somervils
e o (1965). Comparng the Izite ciement
resyits #ith simpie tieories such g e
NAASRA formula and Westerzaard, it vas
dear that he inite siement zedied s Be
only sue suitabie {or 3 r=ascuanly accwracs
amaiysis of varanie hickmess <anfever
siabs,

CISTCATICM ANALYSIS

"30. Tke Taosverse distortional Sharac-

‘teristics of e suspended span box Fers
obtained &om 'te plaseframe model The
depth of the secfon changey only siighdy
over the leagth of He suspended span
Heocs the box was wrzated 33 1 consmant
ross seclon.

31. The distordonal [cads wers obrained
by summing the wei reacdions due 0 de
truck locds oa the deck 4nite element model
orer 2 leagth egqual o the degth of e
wxdon, These were then divided into vari-
ous componeats as in Figr & azd 9. Tae
distortional componeat of Tuck ioading wvas
then applied to the analogous beam on
elastic foundadoa (BET).

32, The most imoportant cRaracteristic of
the BEF analogy is e 31 facter, 1 zco-
dimeasional zressure of the reiagve Tans-
verse and [ongitudinal sufaenes of the
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sox. Tte 31 niue lor =e wmspeaded span
box was agproximately eigde, whicd signi-
fes & hizgh zaasverss sdfuess. Tais =eans
that longicudinal becding shears arz sgually
distriouted o Soth we2s of 3 dox, and tac
3t least four dlaphragems are zesdad 10 Zave
any signiScant Z2cz 22 e zeak Ticsverse
bending megmenwms.  Siges t3e T_gsverse
beading morments due o disterdcn wers 2ot
lZrge esough o cooool the Soss-secton
shape, Tansverse disghrigios wers umaesss-
sary.

33, After calculating induencs curves cn
a desk computer, Be e of 3 semes of
axles represeaung 2 sandard Tuck could
be ea]y cticuiated [a &is surdeular ase,
a2 series of :ur 2 poing lsads 2, P wid G252
14 7 (427 =) spaczg, 83d e raxm-
e a3 1 dsmmbutsg cae of G051 ger
foot runt over (e whcie spar Heace, XSOw-
ing the wansverse dexzdizg momears due 0
emit distordea of e sianelfrome. zhe sdace
of wuck icads <ould Ze caicuated. [t was
fecond hat the peak transverse Sending
momenss due !0 distordon are sssentially

vl
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constang over Me csamal 30 cer e of the
span, dropping 0 2o Wtz sads.

34.  The transverse amalysis of e threes
ceil cantiever boxes foilowed 1 similar pro-
caduyre 0 thag cutliced ibove, sxcspt that
the differential eading aalysis 3 repiaced
by a2 more -ompiicated disiorden analysis.
The designary have Sers unabie t0 Ind 2
comgprehessive naivus of Se dsicrioa of
3 three<ceil box in ‘3¢ ltaraturs, and wers
foreed ro impmovie '1sing metheds by
Kairtel (1965) 12d Wrighe e 2L (1967).

3s. Kaittel deals raucaaily +idy e
components of 1 CLidy-undormly-disci-
buted’ lead on a tires—<ceil Sox, Hut doss et
ousider coneznmated cads, while Wright
apaiysey saly the stagle ¢ail czse under uni~
form and point loading using the BEF
wlogy. Ia this case, it was assumed tha
the BEF nalogy could Se appiied w0 in
individual ceil using Me¢ maximum distor-

tonal load component for ae c=il and.

then summing adjacert ceils w0 f{orm the
complete box. Tie load componeas =
shown a0 Fig. [0,

36. The oot sectica of the candlever
bax varies comsiderably along its lengih, ind
application of ke 3EZF analogy was more

complicated Ban o the suspendsd spaa
ase. Taere v 30 amaivtali soiugea 9 1
variabts sclness Seam ca 3 variacle sz
aess foundadon, so 3 agmesical solution
wing 2 standard placeimame sregram acd
sprmg supporss 'vas 1ued 0 Ind e lax-
omm distorgon of e cagtiever >ox undsr
point [cadinygs,
ANALYSIS CF MAIN 21=R

37. As meaticaed in zara- 9, e supace
strocoure consists of Salamesd cancicvens
integral wnth the pier stem. Tae Jdead joad
momears at Be piers dalanee, aod apply
enly 2a axial load of 12,0CO ¢ '11,3CS -oa).
Bowever, cogsguszon -sadifics, and cut-
of-balance lve joads caq ioely coosiderzdie
bending mcmeats 0 Be ier. Simple Sexd-
ing thecry Zives 3 iy accurale pieturs of
die stress discibutioa in the manisvery 1nd

5 Sruige '\
sas )

g
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pier stem, but there is 30 simpie analydeal
@ethod for the region surrounding the A
frame at the pier<canuiever unction Figs
17 and 12, :

8. Becauss of the sizz of e stucturs
and the large ioads, a thres-dimernsional
Snite element anaivsis was underaken usieg
the Sardyne program on e CDC 5600.
Fig. 13 shows the inite element model with
some of the elemenss. The uze of the
. model was determined by die aeed to appiy
he lcads far wmough away from e repon
of mterest (St-Venant's principie) and e
oced for cconomy in model size. Qnly the
shear and in-plane sresses were of interest
md three degree-of-fresdom  nodes were
wed in conjuncdon with solid “cube’ cle-
ments ind plane quadniateral slemenes.

REFERENCES

The model conrained 1032 zodes and 7C0
elements, Tae inalysis showed the nesd (0
thieken the weszs iia he A ‘rame rom
250 =m (i0 iz), wrick i3 e siandarc
wes thickzess, 0 350 = (iI+ ), i
order o rmducs 2e priagpal  tanste
2o ssses.

CCNCLUSICN

39. This papwr has described some of
we design comsideranons of 1 2ajor pre-
sressey] concreie oridge.  Stuctures of cais
dze would be analysed Yy the most
accurate methods possible, and  suitable
techniqucs are preseady available. How-
ever, there are sull many areas waers aew
theories, more efdeat programs and larger
computers aecd (0 be developed.

KNTITEL, G. (1565} (The apalvnia of thin walted box giriers of sonmant symmeTic Joss
sction.] Jeton und Staniberomoau. vol $Q. no. 3. Transdauon rom C & CA Library, Loadon.
MEHMEL, A. and BECK. H. (1953). [A commbuuon to the groolem af symmetrsal two-nd
T beam under wrymmetnic loading.] C & CA Library, Cj 58 (1/36). (Londou.)
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AQDENCUM

COMPARISCN CF ZANTILSVER IENDING NCMENTS

40. A comparison of design momeats fom Avite slecmeat agalvses i1ad the
NAASRA Higtway 3ridge Cesign Soesificarion 1970, Clause 3.2.3(a2) is givea
below. Se= Uso Taate | and Fig. 14,

(a) Whe=l lsad 2 = 72 &N <= 30 per emt ‘mpact = 34 <N,

(b) Wheel sad stread aver 500 X 3C0 mm parch o Znite element acalysis,
(c) Cause 3.2.3(a) distribution width £ = 0.3X = {.I (m@).

TABLE |
BENCING MCMENTS N ™M m/m AT
SECTICN AA
Cambonr e | 1 - :
NFB | 1.45 I 1,7 | 2.3 ! 228
i) | 1.3 | 0o | 382 ! 227
FB2 | a9 l 9 | pre ; 212
sECTION 88
NFB (2 wheets) | 20 bo- &1 118
243 mr
283 E‘
fe1 pX ] 213 713 ; 1.40
7 . l
|
£82 1.57 472 I 527 | rm
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(d) Tnosverse bendmg moment/umt wicth M = 2X

where X = distance fom czomre of whesl W support
{e) Camtilever built in 2z sup~re

COMMENT

41,  The large difference in design Sending momests at Sezdon AA is primaciy
dus 0 e diszbutive edacts of e xdge deams whick are ignered in Qe simpie
eode formulae.

42, The fnite siement znalysis s conservadve Secause (a) it :igec. Qe further
_siffeaing edecz of the concrete parapen placed og the edge beams, aad (b) Le
cmirlevers are got actuaily buiit in aod ‘Be ot rgal cezacity of the web/lange
intersection will further reduce the peak bending mements.

Cantilevar NFE3

8L XN wheal coos, CC.200 8 3 crs. o

A
- ¥=]=] 4 i
: e e,
2 T : T
S = o
J SV S * 3
P \ : 3
( : =
: ' Tl ciarmare :
| ! oV Y. v = »
EE 1750

Cantilevers =2 1132

\
e
5
l
§
»
—w

o T LgE"e " -
: : ; : : -
L i SR
. . z '
[} : "\I
I\\\E !
A U

2100 o~ £8/ ] 400 |

'1dZa o~ F82
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DISCUSSIQAN AUTHORS CLOSLRE

-DISCUSSIONS

L G 3UCXLs
Samiar _ssterer, 2. o CSwl L Ui v o Aycniand

43, A point of izformation thar the ntbors may Se interssted 0 have is ac
the New Zcaland Nadogal Roads Board s carrendy conductrg dhircugh he Road
Research Unit, comparadve swudies of various anaiyticai methods for box zirder
brodges Mezhods uader stody include simpie gniilage iecry, the Seam-cn-siaszc
foradadon anaiogy, Icided piate theory, Snite sTip and Inite slemest =chpiques.
Application of these methods 0 simpiy suppored iad coadnuous, single and =it~
¢cell, straight and corved box firder bridges is giving valuatie data as o the most
saitable method Jor 3 given strocture. Results of this study are being pubiished in
a senies of reponts by the Road Ressarsh Uait

44, A fartker comment might be made cn the acmuracy of the 3nite slement
method used by the suthors. It has beeq weil estabiisfied tat e assumed orope:-
tes of the Seacing ind piape-stress eclemens are Be mest agmificant factors -
tolling accuracy. Recmady deveicped =iements give 2xec=ilenr ~=wuits ‘or Sox
girder anaiyses, even for coarse meshes. This 3 ampiy demoastated o e repers
referred (o bave.

M L N PRIESTLEY -
o2 o Gt L g, | y o & y. & New lsaiang

45. The authors are to be complimented on the eZors mkex c comin in
optimum section. However, [ would like 10 take issue with the statemsat in sara
23. In fact, 3-D finite clement programmes udiising glare siemens #7th memzrane
and plare-bending compoments (dve or six dagress of fre=dom zer :cde) ave
been specifically dzveloped for ccmszlex box-zirders in many ccuntries, inciudizg
New Z=aland. The size and comgiexity of the New Farm Brdge woula Se witun
the capacity of exisdng programmes and comeputers. Comepasison #ihy expenimental
resuits has showa thae Sehaviour is predicted weil by the thres-dimezsional 3nite
element metnods, out that simpiified methods of the type descriped in this zaper
fead to overssumate traosverse saesses and underssumate the Taosverse disul
butioa of longitudiral stress gnder ecceatrie Gve load

46.  Were differendal thermal gadients throughn the daciglab considersd in
transverse section analysis? [ imagine weiy bending stresses woald be high.

AUTHORS® CLQSURE

To L C HAYLQCK

(See iatresusiary Acmares)

47.  The longirudinal analysis of the Capuin Cook 3Brdge was sssemtiaily the
same 23 that used on the proposed New Fum 3ridge. As the New Farm 3ridge
was longer, wider and of thinner cross secdoe aC Magy poingy, ANre smtica was
paid to the Tansverse analysis. The transverse analysis of (e Capaain Cok 3ridgs
was based on 2 plane frame analysis of ransverse Sending using estimated sfecive
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slab withs. Sz Gle wo cross secgons were sudficendy different in the qumiber of
coils d thickness ot membess, 3o direcz compariscn was made of the averzil
resuits of the two aifferert amalyser. A csmparisoa cf design moTeals {or =i~
levers from fnice siemeant nalyses snd e NAASRA Code s givea in an ddexa-
dum (see paras <0-41).

48,  In gemeral, the main candlevers of he bridge wers amalysed by Be same
Tethods 1s used for e suspeaded span 2xc=pi as memgoned in gara 34 of ke
Faper. To the authors’ kaowiedge (1975) 30 one 3as yet published 1 (ompreasasive
theory of distortion for three-ceil boxes and so some assumptons Jave fad B Se
made. The analysis of single-ceil baxes is well documented 1ad relatively simyie.

49,  As meaticned in the reply o Dr Piesdey, diderendal =mperamure stresses
were cousidered in the design of the box. [a the lougitudinal analysis e (easiie
stresses in the webs lead to thizkening of the upper 1.4 m of web o reduce princcle
tensile sresses o allowable values. This tuckeaiog from 250 w0 350 mm was a0t
showa @ Fig. [2 of the paper due o its smail wale.

50.  The major pan of the tempearure diffevential and the peak tensile soress
occurs in the top metre or so of the box and haa aegligbie efexx ca the pier-gircer
e=veciion where maximum scesses occurted in the r2zioo of the bonom lange.

To M. L N PRIESTLEY

51.  Dr Priesdey dispures the starement in gara 23 of the paper and the authors
agr=e that ke makes 2 valid point. However. the authors stand by the original state.
ment for a sructure of this dze. To illusmate this point, consider e size of the
problem =r=ated by eximmding the three-dimensional mede! in Fig. [J 10 cover the
foil 34 m of one cantlever with n sicmient mesh fme enough o give (aformatica
on bady local beading sfesiy of several awe loads at various points acress e
width, and the stress conceatrations at the pier. Using a combiraton of meshes
from Figs 7 and /3, 1od keeping the aspexs rado of elemens dowa (0 2 reasonaoie
maximam of 3:1, the model conains some 5,000 acdes with sx degress of
freedom.

Ly R [Le biggest computer commerciaily available o the authors in {973 was
the CDCE600 which adersd tie Sardyne dmite sfesaent suite of progrimmes. This

" packagr had 2 limit of {5,000 degress of freedtom (i.e. 2.500 noces of ux degress

of fresdem). Even if the model cruld b condensed (o At this limiz, the cost would
be caormous & both labour and compuurg fezs. Haviag waded through the Tasses
of output from seversl 1,0CQ pode agalyses. the author is conviaced that asalysing
a sucture several times bigger, nd wving 0 exmact design dara {or qumerous
'oad cases, would Be moare troudle than it was worth

$3.  For a smailer, single ceil, miform bax section, we agree it would be zos-
gbie. but sdll very tedious. Remember that the designer is concsraed Lot #ith an
idealised point or uniformly distributed Joad, but with cnticy loads for aumercus
design sectons consideriog lane loady, axle loads, standard wrucks and abnormal
vebicles in any positon on the deck.
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ALTHOAS CLOIURE

s4. Difereadai wwavenature gradiean were <onsider=d in toty’ "'xe ‘engirudinal
and trapsverse design using methods publshed by Priestey ( 1971). The conditons
congidersd wers maviorum live {oad beading moments plus dead losd pius 3¢°F
(16.6°C) difreadal temperamre -t 125 per <eat woridng swess, aod 45°F
(25°C) differeatial pius iaczored live ioad, dead [oads. #:o ar uitimate Taese

condiions did require extra Taosverse stesd it some pem.
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