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The Queensland Mein Reads Department is the design end 
construction authority for a central city by pels project in Bris­
bane. A major component of the project is the Sew Farm 
Bridge. This bridge will be of balanced csnrJever construction, 
some 6GB m (2 MOO ft) long, with a 215 m (705 ft) mein span 
for navigable river ciecrance. The bridge centre line ties an a 
2MOO m (7500 ft) radius horizontal curve, end is generally 
20J  m (65 M ft) wide except toward the xutfutm end where it 
widens by 25 m (55  ft). It will be of preerss tegmental con­
struction. each 3 m (9.2 ft', length of bos being lifted in two 
helves. This paper describes the ¡election of the srticuisz'-jn, 
longitudinal profile, the mansvene bending analysis oj the super­
structure. and the main pier analysis where the webs are 12 m 
(40 ft) deer.

INTR0CUCT70N
1. T ie  New Finn 3 ridge b the Ley 
Hdc ia the proposed Central Freeway, saw 
in its planning stages, which wul join the 
Northern and South-Eastern Freeways to 
form the major north-south bypass of the 
central dry area of Brisbane. Until thb 
connection b completed, traffic congestion 
in the Fortitude Valley area cannot be 
relieved. The planning b accordingly being 
given a high priority.

2. The ultimate freeway development
at the bridge b the provision of four Ians 
in each diroaon. However, in the initial 
stages, the 5m bridge will be planned for 
a restricted 3 3 lane configuration with
a second structure to lie built at a later 
dale. Thu paper disc, sses the choice of

bridge type, articulation, and methods of 
analysing the super-strucure.

CHAHACrsatSTTCS o r  SITS 
3. The northern bank of the river b a 
low Sood plain with rock at about 35 a  
{about 85 ft) depth, while the southern 
bank rises 20 m (65 ft) above waisr level 
with weathered conglomerate exposed on 
the surface (Fig. 1). Adjacent to the 
southern abutment is Wynr.um Road, a 
major arterial serving the south-eastern 
suburbs.
■t. Geometrical design of the freeway 
sited the bridge just upstream of a right - 
angle bead in the river (Fig. 2). Thb 
increased the main span quite oonsidrrably, 
as it placed the bridge on a 30* skew to the 
shipping channel.
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OESIGN REQLMREMENT5
5. ТЪе majar rcqmrcmcnts ot  che
bridge were со:
(a) provee a road (ааПсу 20.1 а  (633 

fl}  wide bctweea outcr parapeta.
(b) cánfora со che ta s ín ?  aliytmenc. 

wtách placed che bridgB on a hori­
zontal curre ot  2J0Q a  (7400 ft) 
radias,

(c) provide river dearaace a  altor t!w 
posase o í а ралсаДу cocspieced íhip 
250 a  (S20 ft) loas by 33 a  (108 
ft) wide moved by tuga oa acb  ade. 
Veztical dcaranga Cor chis veste! is 
21J a  (70 ft),

(d ) keep che river opea a  normal Crxfic 
и  til ames, and

(e) wíhíhim»  diirupdoa to craáic oa Wyn- 
aam Road.

6. Item (c) above combined wtch die 
river bend aecessioted a main span oC 215 
a  (705 ft) with both piers 2 and 5 in ' 
Che water and hence subject to ship impact. 
Items (c) and (e) lead to a umcsire with 
die roadway it  approximately RL 33 m 
(108 ft) at centre spas.

7. Became oi  their position. the pies 
wen designed a  withstand the Coreas 
earned by impact c l a ship ad 32.C00 t 
(31.448 am) displacement tiavtiling it  tidal 
veiodiy, and also Car impact of normal 
river traffic (5,000 t displacement) at cruising 
speed.

8. Adequate prorecaon at the piers 
usins targe diameter sheet pile caissons os 
recommended by Gstenfsid (1965) was aot
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economical because of die iuc w e d span 
required.

STRUCTURAL AffkTANGCMCNTS
9. g » »  a henry sub-structure «as 
accessary for impact resistance. a Logicai 
form of super-strecaire was a balancrri 
cantilever erecrioa our from die piers with* 
ont-af-balance ¿tad* and Live-load moments

. directly to the sab-structure. This allowed 
cantilever '¿reg ion oar from the piers whh-

; -tux u y  intermediate props is the over, as
j'joold be required is as anchor-cantilever 
span arrangement. Because of die loads 
sad bci|tit (27 m (90 ft)), soda props would 
be ezpesdve and in constant danger of ship 
impact.

10. Suspended spans varying is length 
from set» to 60 m (200 ft) were investi- 
-ixd , and over this range there was little 
effect <n total cost, including erection 
trasses. The central hinge arrangement, 
used on the Bendorf and other European 
bridges was considered to have several dis­
advantages,. the major ones being the sharp 
change in verdcai alignment at the pis due

- »  seep and shrinkage, and the aioment 
reversal which occurs in the cantilevers 
under live lead.

11. The strucroral depth at midspan 
was seieacd as Z J  a  (3.10 ft). A  depth 
Boch less than this was nrncaraily pos­

sible, but would have lead to aesthetic prob­
lems in a 215 m (705 ft) spaa. The 
length of the suspended spas was scicged 
as 47 a  (155 ft) after considering erec­
tion trass requirements, economic span/ 
depth races, and the modular arrangement 
of box segments in the super-struerare.
12. To save weight in the arose critical 
region, the suspended span has no trans­
verse diaphragms, and the bottom daage of 
the canoe cell was removed leaving a 
iexibie twin-box eannguracon frig. 3).
13. To  limit the weight and sise of 
dements being lifted, each box segment 
win be made in two sections, lifted taro 
position on the erecaoa cradle and the 
loctitndinal joint concreted at the same 
use u  the transverse joint. The full width 
anulever box is then stressed onto the 
previous section. Precast segments are 2.5 
a  (3.52 ft) long, allowing a reinforced 
joint of 0.4 m (1J2 ft) between units. All 
precast segment: are reeangdar in plan 
and the horizontal curvature is produced by 
varying the joint width by approximately 
30 am (1.2 in).
14. Several alternative designs have 
been considered, including a composite 
steel box-concrete deck suspended span to 
save weight, a fall steel box girder arrange­
ment, and a ruble saved concrete box 
design. None of these alternatives was
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ecaromicaily competitive with the Mil 
crncrete box girder arrangement.

ssuacnoM o r sox c*cM -s«rncM  ron
MAIN SPAN CANTU^VEM

15. Preliminary Hwiyw iodicired the 
general magnitude of oratress reauired it 
the base of the cantilever. From experience 
with previous bridges and stares by 
C’Conr.cr (1972), it a n  be shown that the 
optimum. cross-secdot. is generally com­
posed o’, min imam thidaess webs and 
flanges.

Id. The top flange was made 200 mm 
(3 in) dock between the Large flCes at the 
op  of the webs which contain ail tie prs- 
stressing cables and anchorages. The webs 
of the cantilever spans are in general 250 
mm (10 in) thick, except at the top where 
they thicken to reduce the principal tensile 
stresses to within allowable limits (F:g. 12).

17. The cantilever box formwork Is cf 
constant shape, the only variable dimen­
sions being the depth of die straight portion 
of web and bottom flange thickness. The 
bottom flange varies from 130 am to 620 
am  (7 to 24 in). This compares with a 
maximum bo com flange thickness of 2-5 
a  (3-20 ft) for the 3endor£ 3ridgt which 
has a 2C3 a  (632 ft) span.

L O N G r r jS iN A L  M C F T U i  C P  M A IN  S P A N

13. The structural depth of the box 
sedan was denned by a parabolic carve.

depth = -x* -  t (a ) (1)
~v i  is the distance from span centre 

_od a. b and c are constants, which 
! . » !  -.ned to jive different proala and 
ospths • the pier. Preliminary designs were 
complet'd for many different pro dies, and 
from these it was obvious that the main 
control oil the canoiever was the compres­
sive stress in the bottom flange.

19. The most significant properties of 
the season were the bo com flange section 
modulus Z *  box depth, bottom flange thick-

seas and unit weight of cross-secdon. Using 
a programmed dak calculator, these vari­
ables were plotted over the practical range 
of values, as illustrated In Fig. 4. Oa this 
graph, various Longitudinal pro tiles couid be 
plotted.

20. The minimum weight profile can be 
selected direcuy froa 'Jus graph, carve M. 
which passes through the peaks cf die iso­
bars' giving maximum season modulus for 
minimum weight. However, curve M Leads 
to much larger girder depths than is aeces- 
sary. This same effect was noted by 
C'Ccnnor (1972).

21. Since the river clearance depends on 
the depth of she super-structure idiaesne to' 
the piers, the most economical pier oeptn 
must be Lem than the mmimum-wc-.gn: 
depth. Knowing the minimum-weight pre- 
file. the box depth at the pier was reduced 
unui the total weight of the cantilever began 
to rise dramatically (Fig. 5). From these 
considerations, a web depth of 12 a  (39.26 
ft) at the pier centre line 'was selected.

22. Variation of the index b in eon ( l )  
leads to different profile (as shown in Fig. 
6 k The greater the value of b. the flatter 
the soffit pro die rear centre span, ind hence 
the optimum saving of dead weight. How-
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ever, the flitter prodles lead to shear prob­
lems towards the dp of the cantilever which 
require increased web ¿iciness, or depth, 
or vertical prestressing. To avoid additional 
comp deadens in boa prcdle. the depth v u  
varied, leading to a value oi index b slightly 
greater than 2.

m u w r a s i  analysis o r scats
23. Sven /ith the most sophisticated 
computers and programs, it is aot possible 
to in-esngaxe witn a singe analytical modei 
the following: .■
(a) local bending effems oi wneei loads,

• (b ) local distortion oi a box cross secricn. 
and

(c) interaction oi transverse and Longi­
tudinal bending.

24. The analysis 'was thus divided into 
several sub-sections. A broad outline oi die 
procedure for the suspended spans follows, 
(a) A  transverse sedan of the streemre 

was analysed as a plane frame. From 
this analysis, sadness values were ob­
tained for use in subsequent phases. 
Where there was sone doubt is to the 
correct stiffness for a particular mode. 
upper and Lower limits were invesd- 
pxed.

(b ) A  5mte dement unaiysis of a section
erf the deck slab was bounded by two 
planes oi symmetry. The deck is sup­
ported by the webs which have irmnite 
vertical stiffness and a transverse rota- 
aonaa equivalent to the real
box web. This analysis gives the 
foot--deed beading me treats in the 
deck.

(c) Reach cos to the webs from (b) were 
divided into various components as 
¡Unstated a  Figs 3 and 9. The com­
ponent of ioad. elf. 9(b) causes editor- 
boa of the box cross seebou. The 
K im irrr! transverse bending moments 
weir calculated using the 'beam on 
riascc foundation' (BEF) analogy de­
veloped by Wright et aL (1967).

(d) The differencial bending of the two 
boxes of 'he suspended span. rig. 3(b) 
was analysed by an idealised space- 
frame and by an analytical solution to 
the differential ecuariocs developed bv 
Mcamel and 3eck (1953). Ccse cor­
respondence was achieved between the 
two methods.

(e ) Reactions, rotations and disoiacements 
from (b), (c) and (d) were fed back 
into the pianeframe analysis La) to 
obtain the 'various components ot '.he 
transverse bending moments tor •a.-.- 
ous critical points in the cross semion.

PlAMEFflAMZ ANALYSIS
23. A typical arrangement of plane-
frame dements used to dc.-ve the stiffness

Soffit Profiles
««•vwMMt m r««u «oi imu v
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prcperhea of the suspended spaa is shown 
ia rig . J. 3ehavicur of the fuil cross-sccrtoo 
(PM boxe) was aicuiated by adding sym­
metrical (so rotatioa it centre Use) a d  
and-symmetricai (so versai dispiacisene 
at centre line) load components. The .-sea­
son?) stiffness of the webs was ootained by 
applying unit torque so each of die web- 
iange intersections in rum. This lise p ra  
die moments at any point in the cress- 
sccaon due a  unit roadoos of the web- 
lange nodes, and hence die moments for a 
psrdcuiar load case if these nodal mudota 
are ¡mown. A  simple program was written 
аа a desk computer to print ail criticai 
moments for given rotations.

r a m  зл м ек т an-u.ysis c r  oecx
26. The locai bending moments in the 
deck slab were analysed using a baite ele­
ment model shown ¡a Fig. 7. Since the 
webs have a verdcsl stiffness in the order 
af one hundred times that of the deck slab 
with respect to locai bending, the webs may 
be assumed as re d  line supports. Relative 
defections of the webs due to disterbea. 
etc. are treated separately. Symmetry and 
and-symmetry were used to reduce toe 
model to cse quarter size. The length of 
model was selected so that the 'Tree' end 
had ao effect on the peak bending moments, 
xad so that the effect of wheel loads at 
the normal spacing of standard truck axles 
coaid be obtained.

37. Axle loads were pUw-d in 12 differ­
ent positions across the half-width of deck.

and influence lines drawn Tor eight critical 
swede as. From these, mined load com­
bine do as could be clearly seen. However, 
since these local bending moments cue :c 
wfieei icads were only one of several ece- 
pooeao  of the total transverse bending 
moments, a tedious process of summing id 
possible const-nations was sell accessary. 
The tire : of tracks on the other side of 
the longitudinal centre line was obtained 
dirccdy by suctracdng, rather than adding 
the symmetrical and and-symmetricai load, 
components.

23. Since there is ao suncie analydol 
method which can take account of doubie- 
aptred candlever slabs (Sawco and MTds 
1971). a separate Unite element rnedei *v.b 
a mach 5ner mean was uses, to analyse the 
a  no lever slabs, including the region around 
expansion joints where an edge sdffenmg is 
required. The 3 m (9.3-1 ft) parapet units 
were act included ia these analyses to aiicw 
Tor construction and repair conditions. The 
parapet units do not act in the overall bend­
ing of the super-strucrure due to the gaps 
left between units. They do have a marxed 
iocni suffening cfect on the cantilever, but 
as this tends to reduce the peac negative 
beading moments over the adjacent w»b, 
the effect can be saiciy ignored. T ie edge 
stiffening also a  uses significant posiuve 
bending moments in the cantilever siao.

29. The small longitudinal edge oeam 
integral with the canuiever siao is very 
effecave ia dntnbuung cnccentraxed ioads
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n A  has ¿e  u s e  idem зэ emending the 
cantilever slab is suggeted by- ЗошеггЛе 
a  d. (1965). Comparing the Unite dement 
results with simple theories such is the 
hfAASRA formula and Westergaard. it vis 
dear mat the 5oite dement method is the 
only one suitable tor i  reascnaoly accuraie 
analysis of variable thicks css cantilever 
slabs.

OISTOfmCN ANALYSIS
30. T ie  transverse distortional djarac- 

‘terisncs оi  tie suspended spaa box were 
obtained from the planeirame model T ie  
depth of the seedott changes only siightiy 
over die length of he suspended span. 
Hence the box was treated is i  constant
CIOSS yednn

31. The datorttoaai leads were obtained 
by summing the vet. reacaoas due to the 
Buck loads aa the deck Unite element modei 

a length eouai to the depth of the 
secaco. These were then divided into vari­
ous components is in rigs 3 ind 9. T ie  
dismniottai component of truck loading, was 
then applied to the analogous beam on 
elastic foundation !,BEF).

32. T ie  most important characteristic of 
the 3EF analogy is me Д1 factor, a nca- 
dimensionai measure of the relieve trans­
verse and longitudinal stiffnesses of the
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box. The 31 value for the suspended span 
box was approximately right, which signi- 
des i  high transverse sadness. This means 
that longtcudinai bending shears ire equally 
distributed to both wees of i  box, ind that 
it least four diaphragms ire needed to have 
any significant edect on the peak transverse 
bending moments. Since me tr-esverse 
bending mccests due to iisterhen were no: 
large enough to control the cross-secncn 
shape, transverse diaphragms were unneces­
sary.

33. After calculating induence curves on 
a desk computer, the idem of i  semes of 
axles representing a smndard truck couid 
be ee.,ly calculated. la this rurttculcr case, 
a series of tnr e point loads ?. ? ind 0.25? 
it  I'i ft (A.27 mi spacing, bad me tin t 
edre as i  iisrr.cutra '.oca of Q.Cil? per 
foot run over the wricie span. Hence, know­
ing the transverse bending moments due :o 
anil distortioa of the pianeirame. me edict 
cf truck ioads couid be calculated. It was 
foaod that the peak transverse bending 
moments due to distortion are essentially

L V-».» •* I

л  p P Л P i* Iя- Л v ^ v •-1- v
~ i i rs л ‘m a ia c s

V 1, U 1. 3, i.

* *  Г4— аимаинц <«« Tin
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cooson: aver the central 30 per emt of tie 
spaa, dropping to rero a  the sacia.

34. The transverse analysis of the tbrte- 
ceil cantilever boxes followed a similar pro­
cedure to that oudined above. except tin: 
tile differential beading innlysis is replaced 
by a more *ompiicaxed distortion inaiysis. 
7)ie designers have been unable to 2nd a 
comprehensive mniysis or i s  iistcmoc of 
a three-ceil box in ’be literature, and were 
forced to imp revise using methods by 
Kairrei (1965) and Wright t: ¿L (1967).

35. Kruttei deals ratiesaily with the 
componenn of a ‘ lariy-rn dormiy-dlstri- 
buted’ lead on a three-ceil box, bur does act 
consider concentrated loads. while Wright 
analyses only the single ceil case under uni- 
fora and point loading -using the BEF 
analogy. In this case. It was assumed that 
the BEF analogy could be applied to an 
individual cell using the maximum distor- 
donai load component for thar ceil. and. 
then summing adjacent cedi to form the 
complete box. The load components are 
shown in Fl{. 10.

36- The cross sectca of the cantilever 
box varies considerably along its length, ind 
application of the 3EF analogy was more

complicated than in the suspended span 
■case- There Is ao anaiyccai soiudoa to a 
variable sdSness beam on a variable shi­
nes» foundauon, so a annericai solution 
using a suactud planeirame program and 
spring supports was -used to Ind me atax:- 
sass distortion of the can clever box -under 
point loadings.

ANALYSIS CF MAIN FIEFS

37. Aa mesrnc ned in para.- 9, the sup-.r-
sa-jgare consists of balanced candievers 
Integral with the pier stem. The dead load 
atomcna at die piers balance, and appiy 
only in axial load of 12.CC0 t 'U,3C3 ton). 
However, coastrumioa -cadiricas. and out- 
of-balance live loads can apciy csosiderobie 
beading moments to die pier. Simple bend­
ing theory gives a fairly iccunte picture 
die smss distribution in the cantilevers and

fH. 12 — Imam ■ J ^
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pier sen. but there ¡3 30 simple analytical 
method for the region surrounding the A 
home at the pier-cantilever junction r.'js 
11 and 12.

38. Because of the :izr of the structure 
and the large loads, a three-dimensional 
Snile element analysis was undertaken using 
the Stardyne program on he CDC 6600. 
Fig. 13 shows the nnite element model with 
some of the dements. The size of the 

. atodd was determined by the need to apply 
the loads far enough away from he remoa 
0< interest (St-Venam's principle) and the 
oeed for economy in model size. Only the 
shear and in-plane stresses were of interest 
and three degree-of-freedom nodes were 
used in conjunction with solid cube’ de­
mesa and plane quadrilateral dements.

The model contained 1032 codes and 200 
dements. The analysis showed he need to 
thicken he webs wthin he A frame from 
250 mm (10 is), w.-Jch is he standard 
web thickness, to 350 mm (id  in), in 
order to reduce he principal tensile 
stresses.

CONCLUSION

39. This paper has described some of 
me design considerations of a major pre- 
srressetl concrete bridge. Structures of mis 
size should be analysed by he most 
accurate methods possible, and suitable 
lechniqut.s ire presently available. How­
ever, there are still many areas wnere new 
theories, mare efficient programs and larger 
computers seed to be developed.
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Mim-плид Wry. C i  CA Teds. Xty. за. TSA 39*.

A 3 0 = N C U M

C O I » « lS O N  CF CANTTLEYEB 3EN01NG MOMENTS

AO. A  comparison oi design moments from Scire element analyses md :he
NAASRa  Highway 3ridge Design Specification 1970, Cause 3.2.3(a) is gives
M ow. Sea also Table I ar.d fig. l~-
(a ) Wised load ? = 72 IcV — 30 per cent :mpac: =  9-t icM.
fb ) Wfced load spread over 500 >¡ 300 asm patch La Scire element analysis.
(c ) Cause 3.2.3(a) distribution widdi E =  0.3X -  1.1 (s i).

TABLE !
3ENCING MCMENTS :N «N m/m AT

SECTION AA

"■rtif- ir Ty9m x 1 kmtrmt <ш% - 
9 т»*0Ыгш I AMtrtia ,9t IcMs 1 »

•
NF3 1.*3 1 25.7 | «0.3 ! 123
FBI 1.Э I mo i м л j 227
FH3 43 n j  1 *43 1 112

section aa
NEB ;2«лм]| S20 742 12a

2*3 37.7
газ л г з

FBI и S23 п а 1.40
47 39.S

113.1
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(d ) Transverse bending aomeat/unit «itfrh M =

when X  =* Pittance from csss* of -wheel to support.
(e ) Cindlcvet-built ia at support.

COMMENT

4.1. The Large difference in design bending moments at Secucu Aa  is primarily 
doe to the distributive «Sects o f  the sage beams ■which are ignored in  the sunpie 
code formulae.

42. T ie  finite dement analysis is conservative because (a ) it :gsc. ; the further 
saSeaing efeci of the concrete parapets placed on the edge beams, and (b ) the 
cantilevers are not actually built in and the rotatfoal capacity of the web/fiange 
intersection win further reduce the peak bending mu meats.

tox ctaoea Samoa 

?X

Coniiievcr M?3

Conti levers - 3 * 1 2

222 2  ICO ** r » l tag I•1
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L S. BUCK! . :
%m*m «tf Sw4 CnpiMwtot, «1 iMOHni

43. A point of information Pi at the authors .nay be interested :o have is that 
the New Zealand National Reads 3oard is currently conducting through the Road 
Research Unit, separative sarnies of various analytical methods for box girder 
bridges. Methods under study include simple grJlage Pi eery, the beam-on-elasttc 
foundation analogy, folded plate theory, finite strip and finite element techniques. 
Application at Piese methods to simply supported and so nocuous, single and multi- 
ceil, straight and curved box girder bridges is giving valuable data as to the most 
suitable method for a given structure. Results of this study are being published in 
a series of reports by the Road Research Unit.

44. A  farther comment might be made on the accuracy of the unite element 
method used by the anthers. It has been ■veil established that Pic assumed arc per­
ries of rite bending and plane-stress elements are the most significant factors con­
trolling accuracy. Recently developed elements give excellent resuits for box 
girder analyses, even for coarse meshes. This is amply demonstrated in the reports 
referred us above.

U. i. H. P R I I J T L e Y
3matmmm «* Upaniun, \jmtmmtt <* :»in<

43. Tha authors are to be complimented on Pie eforts taken X obtain an 
optimum section. However. I would like to take issue with the statement in oars. 
23. In fact 3-D finite element programmes udilsing plate elements with membrane 
and plate-bending components (five or six degrees of freedom per sods) have 
been specifically developed for complex box-girders in many countries, including 
New Zealand. The size and complexity of the New Farm 3ridge wouita be witnin 
the capacity of existing programmes and computers. Comparison 'with experimental 
results has shown that behaviour is predicted weil by the three-dimensional finite 
element methods, out that simplified methods of the type described in this paper 
tend to overestimate transverse stresses, and underestimate die transverse distri­
bution of longitudinal stress under eccentric Eve load.

46. Were differential thermal gratiats ihrough the deckslab considered in 
transverse section analysis? I imagine web hading stresses would be high.

A U T H O R S '  C L O S U R E

Т е  H . C  H A Y U O C K
(За* \MятЛШт/у Яшяшжц

47. The longitudinal analysis of the Captain Cook Bridge was essentially the 
same as that used on the proposed New Finn 3ridgc. .At the New Farm 3ridge 
was longer, wider and of thinner cross section at many points, more attention was 
paid to the transverse analysis. The transverse analysis of the Captain Cook 3ridge 
was based on a plane frame analysis of transverse bending using estimated effective
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thw wniths. Suits the two cross sections were sufficiently different in Ac number si 
sails and thickness at members. so direct comparison was made of Ac overall 
results of the two Afferent analyses. A comparison cr design moments tor canri- 
ievers from unite eiemeat analyses sad the NAASRA Cede is given in an adden­
dum (see paras -¿0-tZ).

X8. la general, the main cannlerers of ± e  bridge were analysed by Ac same 
methods as used for the suspended span except as mencoced in para. 34 cf the 
paper. To Ae authors' knowledge (1973) no one has yet published a comprehensive 
theory of distortion for A ree-ceil boxes and so some assumptions have bad to be 

The analysis of smgie-ceil boxes is well documented and relatively simjie.

49. As mentioned A  Ae reply to Dr Priestley, deferential temperacnre stxsses 
were considered A  the design of the box. In the longitudinal analysis Ae tessiie 
«p r m Ae webs lead to rbi- r m n j  of Ae upper 1.4 m of web to reduce principle 
tensile stresses to allowable values. This Aickcning from 250 to 330 mm was not 
shown hi Fig. 12 of Ae paper due oo its small scale.

50. The major pan Of Ae temperance differential and Ae peak tessiie stress 
occurs in Ae top metre or so of Ae box and had negligible effect on Ae pier-gircer 
mrr.secaon where maximum ¡messes occurred in Ae regioo of Ae bottom .large.

T« U. A N. P * I ESTL£Y

51. Dr Priestley dispures Ae statement in para. 23 of Ae paper and Ae auAors 
agree that he makes a valid poAc. However, the auAors stand by Ae originai state­
ment for a structure of this her. To illustrate this point, consider Ae size of Ae 
problem created by mending Ae three-dimensional model in Fif. 13 to cover Ae 
foil JA m of one cantiever wiA an dement .nesh 5ne enough to give iniormaticj 
on bcA local bending iff ecu of several ame loads at various points across Ae 
width, and Ae stress concentrations at Ae pier. Using a combination of meshes 
from Figs 7 and 13. and keeping Ae aspec ratio of elements down to a reasonaoie 
mjTimnm of 3:1, Ae model contains some 5.C00 aedes wiA six degrees of 
freedom.

52. fhe biggest computer commercially available to Ae authors A  I9T3 was 
the CDCfibOO which offered Ae Sordyne hone element suite of programmes. This 
package had a limit of ¡5.000 degrees of freedom (i.e. 2^CO nodes of six degrees 
of freedom). Even if Ae model could be condensed ;o it this limit. Ae cost would 
be enormous A  boA labour and computing fens. Having waded through As masses 
of output from several l.CCO node analyses. Ae auAor is convinced Aat analysing 
a structure several times bigger, and trying to extract design data for numerous 
load cases, would be more trouble Aan it was worth.

53. For a smaller, smgle cell, uniform box sectioa. we agree it would be pos­
sible. but soil very tedious. Remember Aat Ae designer is concerned sot wiA an

point or uniformly distributed load, but wiA critical loads lor numerous 
design sections considering lane loads, axle loads, standard trucks and abnormal 
vehicles A  any position on Ae deck.

*
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J4 . Difereoàai cmreentnre jnaicaa were eonsidered in boih' ite (cngiradinai 
¡xgi junvtrsc ¿esigo using xtedsocs puóSshed by Priestley ( 1971). 7>.e csndtioos 
¿stmdcrzd were live ioad besding momena ptus beaci ioad pica 30'?
(16.6‘C) diferra dai cempennile -t 123 per rene «orióng 5 cresi, and ¿5‘ F 
(25'C) difereatiai pius iacored live ioad. dead caos. ttc. ir 'binante. These 
conditioos did rapire extra ransvene staci at some perno.

R .E F E R 2 N C 1
PMESTLZY. M. I. N. (19711 E lic a  oi tn i u f »  laaum'irnro sradicata oa 'A in ssn
^  Works C o m i  L ioo ru ory  ¿sport Sa. 194. New  Z e l im i .
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