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ABSTRACT
The ed Golrdned St eel (CFS) in bridge engineer

due to its f dawarl aldlia ghrt oved rgthite s t-traueit glrte , r at ih
and afféasdabhil nhpvative alternat i-fvoer meod tsrtaedeil
ti mber, and reinforced concrete, CFS shows
const rTuhceteiscera.r c h timev epdar fgatmance of, WCFB pbde:
ai movanddigrhg wei ght, pvefabmeoaakbdy anidint ai nakt

New Zeal and.

The research primarily focuses on evalwuating
by investigating deflection behapeofprmmanes
under standard | oading condi tlino nt$oitixail@e sf 1 ofi t
bridge -Floaltel Pr att Truss, Box Truss, Tub Gir
Modul ar PawetlteBt hdgeuwimd er &bPadidi ez e dhesh sensit
study was conducted to ensure that the si mu
achieving numerical convergencandvittheus$i rxlca
procedure is validated by comparing with ex|
Fi ber Reinforced Pol ymerl n(l GFMR Ps) spFeaddeypsetdrsiiSakne €tt
(CFS) pedestrian bridge models wer@anh2e8t i ¢
defl ecti on criteriofrB8630dei0dedc oldy, t lt® n SSiNs
conditions, and a yield stress |imit of 550
the FI at Pratt Truss bridge eafplaemat ingn 6amet et
investigated, revealing a maximum defl ecti on
both well within allowable | imits; however,
mat erial overconsumptiliomri d@¢ &FpanbhhegModdl

of modul ar assembly on | oad distribution wa



65.88 mm and stress |l evels reaching 639. 4 MP
Truss bridge spanning 6-sé@cmmedtmer gegoméier y mpac
studied, demonstrating mini mal wudteefd escttrieosns oaft
535 MPa. (4) For the Tub Girder bridge spann
performance was analyzed, identifying signif
exceeding the yiel cFootrbédmngudige 6PhrnRongt B Rk
extreme span on structural integrity was eva
though still within the serviceability | imit
t he mat ertiraelngytihel d 6) For the Box Bridge spa
boxection design on structural efficiency wa
and stresses exceeding 550 MPa, demenBbxkatir
Truss bridge was found to offer the most f a\

serviceability |Iimit and achieving a more un

Keywa€Cdddbr med s,tPedlestCkE)Nnudbds i bligjFdignel tdee seil genme
anal ysiSt r(urcEAU)Tr al,Defelrd otrimam ca&/Bd xs tsreecst s ,0ann agleyos

Modul ar br.idge systems
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ChaptidmtrXroducti on

1.1 Background

During the Medieval and Renaissance eras,
materials wutilized i n bridge construction dit
for their strength. However, witbntéawl adgs
i nnovation in adopting cast i1ron, whifdh had
Anot her great l nnovation in bridge design w
designed by Leonardo da Vinci and Andrea Pal
designs were theoretical d ura ntgr utshso ssey setreans ,t
in the 18th century, with a majority using w
produce rofg&F@amdey ammitess, Australia contains

42,000 of which havelble&ncbubstatustngstambel

Australia, but they serve as a benchmark to
in bridge design, and with it, common prob
mai ntenance colstmi,taombnesesuwht&s a dwindlin
have made it i ncreasingly difficult to rep
worl|l dwi de i mperative for the innovation and

materi aldgef desbrgn.

The history of bridge engineering can be
which spans roughly from 2000 BC to the | at
achievements of the Romans, who emgbeyddstban
After this period, the C€O@mnhempotary, Ewathbhegh
as a commercially viable structural materi al

its ability to residtoallet h att ¢ owielde famd t hemplre



of a range of i nnovative for ms,-stsayxed alsr itdqu

suspension bspamgeasr ¢ Bddr bhrdiggdhgse engi neer i ng ha

has been a dramatic trend in recenterwygtaim,s dai
economi cal fhaotrareidalsd.eeCol(dCFS) has proven to
the demandsastrmocdere.infr

1. Bridge classification by structural form

Al t hough bridges can be <classified by di

according to its structural f dremaius esttihlel stth
form is the most I mpwhbhet stavibaoe diglkebe i mfcfl &1
design, constmaichti emancepaBridgaed with diffe

| oad tpragarmsfaenrd sui table range of appliinctaot i on
beam bri dgeasme rbirgiddyes, truss bribdgag,esar am

suspensifom] bridges

1)Truss Bridge

A truss is a structural assembly of conne
and a bridgaerwiyti mgasupedstructure composed
bridge. Truss bridges are one odr etfAéeg lorlede st

Truss structures have manytawwdvghtagastiosuehf

of material s, and the ability to span | arge
weight. To simplifyycalscwimatdi amat ittruissegeime
bet ween adjacent truss member s. As a result

di agonals are subjected to prilmarmoldye reni tsheru:
engineering related to truss bri dges, t he

connections, requiring the consideration of

10



structur al response. This consideration can
anal ysis software. However, based on design
pinned connection has been wideé¢yataicarpt @nd
need to simplify the structur al design as w
|l argely determine the stress condition in

di screpancies found in uvaictaja@htbsri dges and th

Despite their advantages, truss bridges
process often requires a high | evel of pr e
me mber s, where even small connection defect
weaknesses. Furthermore, mai nt enance and [
increasingly complex because of the | arge nu

while truss bridges exhibit veryshisgepef bilei
buckling or fatigue under extreme | oading c

mai nt ai ned.

Fi guTrhee Tokyo Gate Br[iS5dge. (Photo by

11



2)Beam Bridges

Beam brairegessi mple and isugpme it eidvebedamwekenr

abut ment s. Beam bridges (or Girder Bridges)
structures. To define, a beam bridge is supp
a | og | aid acr osst hae cweeiegkh.t lonf otthhee rb enaomr dasn,d
by the beam itself, with internal forces 1inc

bendi ng moment tends to comwhetshkeowwee atigpper sf

in tenstoms essentially much more compl ex t
compression | argely. It can therefore only b
wel | as compression. 't is obvi oaasmtrhatte rpil ali

because they are without contradiction weak
Ancient beam bridges were mainly constructedc
built from irarms, nygt gale JoavoecE®argentueo umadger der
of steel and c &mngaiktehee asrlearbe liberwindtgikenss pans wi t
bel ow the deck, BbamdBesdwes hr epidt gsdmtngi t ud

deck and Girredfeerr Broi digreisdges with both | ongi

membender (/B¢ deck

Fi galreegan bridge (concrete d&didtinuous gi

12



Fi g3Quween Elizabeth Il Bridge (pbkel cont.

3)Ri ghrdame Bridges

The FEir qainke Bridge, al so known as t he R

superstructure
superstructure
for ume dsipans of
the early years

structures with

supported on vertical or S
and substructure are rigidly
mo dferraamtee blreindggtehs. cRaingei d nt o be
of fr atnnee b2r0itdhg ecsedat tuer tys. w pRd ngsi telr u @

the superstrudtypres ¢orcs iudler d

ridgirdame b-fFedgfersgmald bri dges, and viaducts 1in

bet ween superst

f orces. This fo

ructur e and substructure tra

rm ofedbrprdgei desi dgeaf iwnittherstgi

tends to be complicated to design and buil d.

are smaller than those in a si mpleytd wmp acratne

adopt eds patnh.eniGCdadvantages include reduced sp:

detailing for t

he area where the deck bears

13



However, as with any statically indeterminat
compl ex than that of simply supported or <co
Frame Chongqgqing Shibanpo doubl eonhimfe Budhgeke
with its world record 330 m main span in s
+330+132.5) m across tHagwia@yni eRi akyosa0ilB)

Bridge in Tokyo is aRitgeacti ve too as il lustr

8630 138000 138000 138000 330000

T T T

Fi ga4Trhee Shi banpo Bridge in Chonglgblng, Chin

14



Fi gbTrhree Toyosu Bridge in Tgkyo, Japan.
4)Arch Bridges

An arch bridge is a bridge s haspuesdt daesn an

vertical |l oads. A simple arch obtrhiedrg el owaodrsk sp ab
into a horizontal thrustatr eesittrhaeirn esdi dbey. tThhee s
carry bendi nfomoemenand shxiaal force in real s

bri anaey) be made from a series of archarse alth
typically used today. The cChaenhi awmehd®s i da

the YangtzegRingen( Chsp@motwgnhpth ofFiS5d&r5h, as

Fi goilrhee Chaoti anmen Bri[dge, Chongqing

15



5)Suspension Bridges

The traditional representation of a typi
girder . It i1s suspended by suspension cabl es
by a saddle structure such as btgalanehouadge
members and ot her el ements typical i n suspe
girder and the anclForgage,Maame falrcess hadwmliatry
bridge; these are tensi on oiwertshe Tdeeb |ldes ka n dvh
a truss or a box girder, is then tied by ver
in turn are connected to the suspension cab

transferred dPy whibé¢lrstt@ans oewerwei ght to anch

then finally to the ground. The -Isiuksep.e nHsa wenv ec
as opposed to the arch, the suspension cabl e
transmits through compressive forces. An add

and makes very high use possible of the high
can carry | onger main spamacttih@aal amy tod haerr &

km and e vaesn sbheByioggdr a

) Tower
Suspender Anchorage

B > Main cable - ~—
Eggggno—r-rrﬂ%-ﬂ HHHHTTTT ATTTTTT H ( ] {HT-[“T'T'r-w—q-\éz‘azozo-

Main girder

Figonlrrrage of the [slulspension bridge

16



Fi g8Akeas hi Kai ky @ Bfidge in Japan

1.Belectionypésbridge

Selection of the bridge superstructures
mat erials. Based on the matertihal snodsaed fbar dg
be roughly divided stndel clomicd ggd £, bwiitdlgedi fafn
Benefit by t hhweihgihgh rsattrieongtsh eted constructi or
t raditteicdmadll ogi es and contributes tDhe edtuea Inc
bridges are gener alulcyh lawi latr citborr bildagyrdegge sg@madt B S
bridges, and suspensi osnpsanb rhirdigdegse.s ,E sapse ctihael |dye
the | oad carrythkaplrcidyeodupern sigrsct ures ar e
Concrelbbrititsl e materi al, |l i ke stone, good in
vul nerable to crack under benwibh$p st eeWwi $bD. i
its ductility, naturally iotfs setneeeelg.e nH awefve loim
structural f or msi lolf Ibe ia gpeesr,f ecootn cmeetteer i al t o
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w h

h

(7]

ad

ca

ose mermbemasi nly under compression. Abso, cC
esrptan bridgeel dueveéol owecost semrdvilcessstmaagie
dition, with the devel otphmenpr edt ntdes @d ecsdn
n al so be buiTlhte ianvamd caiburmigsgyamsd. t he const
nsi deseldechi bheof t heThoea indegceh asruipcea |s tcrhuacrtaucrt
idge type afraecttdre fdert eamqmmianpapnrtopr i at e span
oves,i ntphhy supported struct ugiemplse ssttaattdi cdad d i

nerally, i spsawmithadblldeg efsor shor't

For this sftourdggdk @l ctod Wlss bridge (CFS) W &
perstructure, mainly due to its adequacy f
is selection aligns with the structural f

veragi nsgt rtelneyéeinigy btm fr atthe CFS. The study ai

efficiency of CFS truss bridges within this

pport significant | oad,ads pdc i5f ikdPal,| ymi aa i um
the material. This approach ensures that
ithout compr oei CiFMSg hper fgaari meerdec si gni fi cant t

e to Iits advantageous pr @& el tgihe s r aparot, i avinli
e construction of |l ighter structures with:
ature also increassgebstéhassambl pf mMaknsQoCEF
repabri cat[ed Tshter uahkiulrietsy t o manufacture vVva
hance project flexibility, all owing struc
gui r[efmelnnt spedestrian bridge applications,

d dynamic | oading conditions, valf@lat hng t
dition, CFS pedestrian bridges can be pref
d Hewar k requirements. The inherent recycl

18
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ad

be

pr

stainable construtheomogdenntl gesenflidensty
e to advances in protective coating, the r
nce increasf@pThescembabcekeityfef CFS with
side compatibility with other materials wus
r making wuse of It i n[ Y@vernalslsgghotd@le h ibmr i

i Wygielidaisnsgo owii ssthereduef ir al ency, economic benef

tential Problems of CFS in Bridge Engineer

There are, however, challenges in applyin
dition to its advantages. Anwang etdh eCF&aisne cit
der axial stress is the mai nr iftgydt]ioBu ctkhlaitn g
havior is, therefore, of great concern whe
re safety and perfofmanecdearetheacanneedi b
e potenti al points that can f ail i f not w
udies on CFSB0tDeussisgnbrciodngpelsexi ty in the <cor
sting and verificati pd] Lvegwmoiddrabnbkttwuwct
tracted by CFS bridges environment al ef f e
viron8ehhes durability of CFS structures mu:

otection by coati@&@pgsaoki mgt éuoul bl desl got col

CFS bridge applications may[FFgdaditsogaapr neliel

t h

s u

c h

p e

at research and devel opment are continuot
itabl e guidelines so that CFS Hag Tshuecscee sasrfe
all enges that have to be overcome if CFS i
Theheasxpl ores a set of cri-tforcrméd pstoddle ms§
destrian bridge design and construction W
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solutions to enhance their structur al stabil
explored in depth relates to design optimal:]

trusses in pedestrian bridgesfurldqgdimeend toh o rsc

defl ection and stress criteri a.

20



Chaptidn tZzrature Revi ew

2.1 I ntroductory remarKks

CoHdbrmed steel (CFS) is now a vital mater
such as strengt h, structur al integrity and e
bridge and building constructionghastsdf henri

strength and optimizati on[ 1L.bh] Waarriyoiunsg sstturdu cetsu
explored vari ous aspects of CFS from el em
optimization techniques with the aim of enha

domai n.

2. Previous sfodmed sheedl druss structures

Il n the ongoing quest to devel opFeffrosen

structures have gainedhwi des$peaadtdithbietigghtthog

-

ati o, and economi[cl 2lbenrdaifcittesd. eDipzd a rmmeatt adl s

—h

|l oor trusses -ffaarbmea c altiepdpe&d oprbecrotiedbendsnggt &

di scovered not able differences from convent

connectiondfgleabdbi | begdiamg effect s, and cons
the Direct Strength Method (DSM) for i mprov
Wood anpdl®palkuat sed atl en CfFBl Iroof trusses, i den
heel pl ates on the top chord as the main f

i ncorporating enhancements such as guwuandet pl

| oAdaring capabilities of these trusses.

Buil ding on thesd 1ffiibmdihregs ,i nbewd i gtat ald. o

confirming that top chord buckling remained

21



demonstrated that strategic use of stiffene
thereby validating predil ocamhonsntmadetitdmowmegh
approaches. Addi fiemal byedRédai ee¢ al ement m
dematnecdapacity (D/ C) ratios to accurately pi
assemblies subjected to gravity |l oading. Th
superior pecrfpemanpgandg,orrdinforcing the noti

surpasses the performance of individual trus

Research has also focused extensively on
structures. [M&athhireodarc ea@lt tdle. i nnovative Howi
which demonstrated significantly i mproved d
screw connections through rigorous experi men
Poul adiludti lalzed finite el ement analyses to e
identifying torsion and shear at screw conne
failures. They validated their wmethg-iséEbewac

interaction equations.

The seismic performance of CFS truss str.

Zeynal i[dlB$estesadsled t he | ateral behavior of t he
under seismic conditions. Their fi-secinhigen sh
profiles substantially enhanced | at ereali gant ab
parameters-fsawcdmras Adlde t Ronal ly, their study
compared to conventional structiyrné@lkeveyospenms.
detailed finite element models of hybrid CF
and square hollow section (SHS) trusses. By
dat a, they examined 20 di ff etrheantt tShHeS tcrounsfsi

22



profoundly i mpacts energy absorptiodbhyacdedt il
configurations (W16, W2 0) emerged asi &eghl
applications. This work highl iegrhitceadl tnmoed eb e nr
reduce dependenxeal en tesdtilng, f wiflf eri ng bott

advant ages.

23Previous studies on steel truss pedestrian

Steel truss pedestrian bridges have been
in spanning |l ong distances, to transfer for
built with delivery and assembégl ofruasdesi du
used in pedestrian bridgesel laead sareelmanithayt
subjects of many studi es t o examine t heir
optimization and sustaiofmabihlei matesiweél | Aas om
by Josefi[n206fj etrimd uingddsue of sustainable steel
economic consequences has investigated diff.
study drew the conclusion that both the mate
in the <cost of the | ife cycle, COrrosion r e
mat erials adopted. I[n2Atdh en tseadmeo uwta yt,h eR osei dgenri fei
of the vibration and the regulation of the ¢
the purpose of maintaining the comfort of th
case ofl adgdiamg.c Fir st , attempts have been ma
research via the most recent research into c

out by BamBalfeoetbowuldgmaels t he use of holl ow st

the Dbridges. Their research focused on red:i
efficiency of | oadi ng under Il i mited pedestr
meets | S andr AIAGHIAdAI dar ds . | mpact of Configu

23



Performance of FIl oor Joists through Finite
defl ection minimization and | oad producti on
I S and AASHTO standards of serviceionmhefy a
experiment al and numerical met hods woul d be
dynamic response and of personnel emgRgé&ncy.
on the parametric design and optimization o
mul tiple directions has been carried out by
combined with finite el ement mondeltiompg |toay ideest
trusses, which effectively demonstrate the i
in a |l ocal fashion. These wor ks, in general,
the beams, the defaradatti hensviobhr athieormhosudppr es

significant diffisphnidsrablackbeetdggraskope

24Previous studies on CFS pedestrian bridge

R. W. Lautensl!| egleGlnaedti gBt eAindhadd easi bil
cofdrmed steel bri dgesgsolfuwme arppddscawi bh oan
durability, struceturatct iefdnesd e.ncVhainrd stowsdy

design pr actcioceefsf,i clioeandt sf aacntdorst r uct dfroalmeanal

steel bridge. sRBywl eorfdwxtuirmd fitsegltts ooan gpr de ot
determined stiffness, strength and compared
Thetudy concl-sdedi arhadgi rbdoexr s provide i mprov

compared t o standard beams and t he use of
significantifyoyrmad&i g eelobl dri dges -fameeecomtoimo n
espieal ly in developing countries. To under st
pedestrian bridges, Mpbh@im& dhil Drtadnam mdacea & mn

of their structur al response under vari ous

24



detected critical failure modes such as | oce
study findings suggested design reinforcemen
strength, hence demonstratsegtitbatpijopettdes

i mprove the safety and durability of pedestr

Contemporary advances in CFS techad]l ogy
highlighting i mprovements I n materi al prop
applications. The research-semphgshzesdt eempr
resistance and the ff abgdataitams. olfn cadnpil ti ica
emphasi zed the need for upgrading design mod
phenomena, promot i-nngcttihoen uasneal g6 i swvholbe enhan
performance. The design and opdaviemi Datiidagr so fu
CFS box sections were expgl2drheed rbystW.dyCHarmnd
mi ni mizing dead weight while maintaining str
analysis, they demenstoatbdi tbes E€F§nbbkcant
compromi sing strengtnhdianngds dcuornafbiirlmetdy .t hTahte i sru

economi ¢ aluji ldasyand safe solution for pedestrt

We-Wen Yu and RpgBaveaBoubbeen a comprehens
the design pfrommeg¢| eseelf, cohdl udi ng materi al
and the | atest design specifications in Nor
foundations tamnd eexpemicmen emphasi zing the i
verification in conjunction with advanced
application of the Direct Strength Met hod
effectivenetskei acemhaanyxinfg stoumedrateahal lys

Yecheng [D2adonducatied research regarding-1the bt
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for med sstgelst bfufiénmed box sections. Their |

experiment al testing and finite el ement ana
parameters such as section thicknesx,iogl un
behavior of such structures. The researche

including Al SI S100 and AS/ NZS 4600, wer e u
9.3% and thus recommended new Directt &tr en:q
accuracy. Within the area of [2@hamyeepahbogm
steel truss bridges for -prdecséedi anbr dthiad n su.n
el ement modeling (FEM) with ANSYS, the study
i mplications for pedesurabniobomfjorty.andheérrt
excessive vertical vibrations presented ser.
i mpl ementing damping systems and stiffness
Jonback and [Gaéxplodére&dkadbbances in structure
on using genetic algorithms to i mprove steel
research | ed to the devel opment of a par ame
truessigorations using finite element anal ysi
the use of bent upper chords significantly i

spans, and identified gl obal pbeurcfkdrimagn caes. t he

CoHfdrmed steel (CFS) bridyebumaveopdoneh)
with ten galvanized CFS bridges built i n Ec
Figd®9espans 12. 8 am,e ctarrarfiyininod eotmveac k7 .support ed
girders made of 4.2 mm thick sFegldegThe2®umi
sinlgdree bridge, features a delta truss subst
frommmit.bi ck steel. ReseartBeébggE&angaRASBHBQS

and defl ecti ean adrfiitcerbira dfgers lacovwe overly cons
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for better material effi ci emncoyad Tdheefilre csttiuodny |
L/ 800 to L/360, wi t h L/ 500 already in wuse
construction with high | oad efsfet¢ciommscy , Opdn me
screw and bolt spaci ngtiinmbperrovceo nsptorseintgetsh ,c owhli
compression but may risk | ocal buckling fai

selected for this study, s nanrdrAabta giugs asdivnaunlcael

Fi g@Cel orado Br[ &8lgeFi Ficweapalrl o Bridy§e, Ecuadc

Sai Kuma[r34dMauldlya 'rsepresents a crucial step
|l osgpgan CFS trusses. Hi s research involved e
under wuniform |l oadingchorgsagssagat!| egti Anf ia

in AABJS was developed to simulate these test
experimental data. The study provided insigh

|l oad distribution and minimize dedparmt CBBSs,

applications. The integration of CFS in mod:¢
members are generally <c¢l| asfsarfmed s tne etllwo( QaS)
formed steel. CFS is made astesr osourt ht earsp errcaltluir

and bending compaedd swieeh, howhi ch i s made t hi

expose the materi al[ 2a4t] Vet ieassaesca d rom@ainp eroantf u rgau
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CFS are commonly appli-sdci moexsd i-ohstyyctZnen, ansg
hat sestrconspsTand tubul ar sections. l ncr eas
their superior durability, retaisees oifn nsataruuf catcutr

structur al[ ldag ®Ilniec aotfi otnlse mo st significant a

structures, which consist of triangular arra
Compared to conventional beams or col umns,

strmualtustability. The wuse osfpaQF Ssttrruuwcstsuerse si rh
popul arity due to their adaptability, ease
studies discussed above coll ectChRRItyexclmadlradd
of fering insights into its improved structur

appli ¢ &td.ojnfshe research by Sai Kumar Nall a m
advancement of CFS trusmpeaern, apmlritd atuilamrd.y B
experiment al testing with numeri cal simul at
i nnov aat iCFrss biri dge and building design. With
coeffective and sustainable construction mat
infrastructure solutions, addressieghéaheedha

performance, design flexibility and structur

25Types of trusses

25. King Post Truss

Kingpos¥Fi g-tlltag ®*exconsi dered one of the mos

roofing, the two spans come inclined. Dead,
supports and the ridge. The diagonals serve
i's redeas etdhed king post. Nail the | ower chor
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Fi guKieng Po[s3.1]Truss

25. Dueloast Truss

The queenFipplRrtehasum®re vertical me mber s
the king post truss. Tthhe twaswerwbint ali nlsart svo
post. The inclined r awWetiegrhst ,s uwipnodr,t slnoocawd,s aonfd

t heent gsubdi vided between the different membe)

FigbDeeen PEWBIL]Truss
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25. Br att Truss

One type of trussFhpud@geniwhible Phatdi ag
sl dapmpepers in towards the middle of the span i
is one such i mmensely popular design of trus
di stances and Pratt truss desiggst atlee esarl

applications that include they are most know

Figu®eat t[] 3TrJjus s

25. 8quare End Truss

Squand tKFiuglglreemr e normally adopted for sp;
shorter because their construction Hisg,ueraey,
di agonal web members connect the top and bot
into the cpae @®fgdatleawsg used to form the to
t h, seaud bottom chord. Singl e dadiatge ndiil r esd tuido mms

top and bottom chordsecwhboehtsedesrofcthhest

Figusgquare HMBAd]Truss
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25. 5 Truss members acting in tension, compr es

Since truss has relatively conskFisglBneée str
steel i's one of the most commonly used mat e
during compression is a real threat which ma

One of the efficient ways ow Dectricome, tWhisc Ip

a

reseodfufrecce i ve met hod f orc aernrhyai nncgi noga ptahbei | tirt uys

attributed to thei-rorhsigdhnalesbwsdlalnicreg ttohusatie

strength of t[h®2Qtnreusagddad iaonwHolaeslvant age of

sectionsecsi ohatténd to trap dirt and moi st

destabilizing effect o33 ]tAmeot hef e vefy t hep sl
consideration is the positioning of the bric
bridge deck | ies above thedterusgpbhnintedire tdree k

bet ween the top and bottom t rtubsrsowdi radysst drh;e

deck | ies below the truss,Fitdhiéfhn&8.4 i s ter med

Fi

e N N g Pt N

Fay

(a) Pratt

T

(b) Howe

A

P

(c) Warren

el N N

AN

P

(d) Modified Warren

I I B

(e) Vierendeel

gL epe of trusses (Red for members|[RA]tens
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(a) Underspanned System

b

(b) Half-Through System

(c) Through System

Figu@rdree types[@PO]Jtruss system

Advances in bridge engineering have been

eri al smetnldo ddeelsaggines t hat enabl e the struc

e durable and sustainable. Among s<ever al
med steel iI's regarded as one of the most
esrtiincludingwai ghghratrenpgtclrrosi on r es

ri catiobhedCstl @cel refers to the manufactur
i ent temperature by rolling orrpemcadirmgeg,C
metrifcdab] shapes

Hi storically, sever al material s have Dbecé
cretes, and the more traditional hot rol/
advantages. Aesthetic and ecol ogiocnasl ,

cerning dur abi[l3i6t vt aodg mainidthnigonangicoencr et e
en|[ B&atvlyus needing extensive supportive ¢

refor er dililgencerst dHolt bri dges are renowned f ¢
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r

c

tances; however, they are significantly

ensive to build.

Compared to such c¢o#dwamteido nsatle erha thearsi asl esv, e

antages: i ts i ntrinsic |l i ght wei ght pr ope
nsportation, could | ead to savighgi ttirmet haa
I stant to environmental factors, it qual.
needs for mai@6¢nance considerably
Trusses find their application in suppor’
I from vehicul ar movement and transmissi
y definition of a bridge, letc tf odlilfdves etntat
all ow passage over an obstacle such as r
ected that with this setting, the advanc:
ious fronts.

Il n truss bridge construction, trusses are
m moving vehicles to the supporting struc
bridge, depending on the spanhrengthhttp
k type. Whil e transportation system is a
nsportation system rests on the truss up
uctur al system supippmrad ntgo tthrea rcsamirti atghee wca
the nodal points of the vertical bri dges
eeded their expected design | ife span and

affic neddso,veirnomiadlentasnd poor maintenance,

c

dges have incurred serious damage€¢,3.84hi ch

i dent al overl oad-famaddi mea esttt ir qfica ke ¢a | @ adjeesu r
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construction super

can not e

by

revi ewed metallic

Yamaguchi 4®famal ysed

characteristics of the bridle bridge and re
behaviour can be | arger than the displ aceme
dynamia¢ yais to analyse the behaviour of the
proper.

|l p4,1]Manda and Nakamura presented some of
ratio and the |ive | oad distribution affecti
Large deformation elastic plastual meehddnmad
the collapse process are quite different by
coll apsed by plastic buckling or elastic buc
an appreciable degredecfi geaafetve do@qamsdi mg otv
according to the prevailing design specifica

Whil e Pihhbhwd ladaked at performing a pu:
structure is subjected to a | ateral force o
until the specified displacement is reached.
mu Hteingt h bridge has been done regarding the
these newnsmegheds will give even better res

Advanced countries have similar needs fo

deteriorat. s mal

ng

rel at ed t o val ue

observing

vision mistake, and not ma

huge numbers o[f3%]ri dg:

bridge failure statistics.

tnneem bcearu sfeasi loufr e oasbto u t

I capa@®etcenbtiydgapp! Gadg anl

engdlnema i bgi daghead ysnsthe U

34



concluded. That the successive constants, mu
t he most significant when a | ow volume s
mai ntenance aspects 18 percent partenntiadge,l
percentage, ease of availability 15 percent
analysis and compgakwanit-Eed mn@d| &tf e aaln Brlildge

Lowol ume.

Hi ghways in Ecuador and many devel oping ¢c
hortol | ed steel structur al Shapes coswaheéeion
buil ding. Member s are not domesti ctal | e fadd,r i
cofdrmed sections of more Readily availabl e

el ements such as I-toeargm tsudariwmiade gp erdfearsma noeng ¢
is also galvanized by élodpidn g aaurnvtarniied .ngPadarr

durability and A review of the I|Iiterature co

26Pr obl em st atement

Several studies have i nvestoildeatde s tseterl u d tHUF
bridges, but there have b€fenmédwsetest udiCES)
construction, especially for pacasst rfioarn dbirfif
structural configur at iHfoonrsme dl ts tseheolu |hda sb ed infoftee
relative to HRS, maviahl edbepcadséepf hi gbert hsil

increased susceptibcali tgndodibautcad it ingn alt beyv d

bring high uncertainty to |l oad carrying capa
pedestrian |ive | oads. Despite the trend of
ex i sbtriindgge design guidelines, including the

provisions and performance requirements spec
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safe and efficient use. Moreover, di fficult:i

transmission through flexible joints, and co
di fficult to design. Pastivedeaeatckr| bament sco:
configurations, with results that do not f ul
affect critical perfor mance characteristics

stiffness.

270bj ecti ves

The objectives of the study are:

T This research aims to dEeormheed SDeeelZe@CRB)"
bridge, of fering a teustai vablteo, tdruardaibtlieo
addressing current. design and material ga

f To simul at e and evaluate the structur al

under a uniform pedestrian |ive | oad of 5
such apamidefl ection, stress distributior
smd 200 defl ection serviceability | imits ¢

T To perform a comparative anal ysi s of d

arrangement s, i nvestigating the influenc
defl ection patterns, stress concentration
T To assess the extent to which simplified
gl obal structur al response

T To establ i shbaesepe rbfecmarcrhamaae&k fr amewor k f or
desi gn, providing engineers and research
approaches, and cr ispeccilf iio sstgrhuc tiwnrtal gheeo
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T Load path uncertainty in complex geometr.i

or trusses, |l oad transfer bet ween member s
system modeling.
281 mpl i cations

This research presents the project and st

St eel Pedestriaeanasl anGFS)deonionddaw ati ng its pot
efficient alternative to conventional mat er
approaches: modul ar prefabrication, where CF
for rapildd avds gseam mi ni mall work and environment
which all ows greater flexibility in adapti ni
design guidelines and construction tacechni que
critical information on structur al perfor mar
stress distribution and standard | oading ca

Truss geometries of Trussussnahddmodubax pan

evaluate their feasibility under standard | o
the use of finite el ement analysis (FEA) i n
bridges, establri sfhutnur et htee sth &s eassndf odesi gn st

contributesthgetidevelaopment of CFS pedestr |

providing a basis for future optimization st

29T hesi s structure

The research prscejveebnapierdgdi vided 1 nto

T Chapter 1 presents the study's backgroun

structur al forms and describes the select
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T Chapter

types of

X opnpa eehrethnssiave review of the Iiter

trusses, previous research and

objectives and significance of the study.

T Chapter

el ement s

T Chapter

3 describes the procedure used t

, materi al properties, boundary c

4 focuses on the numeri cal i nvest
the devel opment of the FE model, validat:i

5 presents several alternative CF

T Chapter
bridges

T Chapter

and box bridges and compares t hei

6 includes comparative study of

di fferent geometries of bridges and their

T Chapter

7 summarizes the study by giving

future research, along with detailed manu

21 Bummary

Thi s chapter provided a background abol

devel opment .

proposal of

It presented the objectives of

alternative material s t hnadtl yar e n

and -efofseéctive than the currently wused tradi

presented the outline and structure ®ohethe t
foll owing chapter is the | bteshedreesear eWw,
bridges-fanthedobkdtdeel (CFS), as wel | as the f
bridges. Finally, it identifies the knowl edg
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Chaptie¢rethodol ogy

3.Finite el ement models for analysis of cold

ABAQUS4 &) geperpbse FE solver i's used f ol
simulations included both geometric and mat
sol uti omeenkd chotdol tb ei sc hofsteean preferred to avo
static problems because inertial effects cal
was initialCFy peded tiEo ammnidleed wdgel at er di scove
truss model could not handle the contact def
ABAQUS/ St anrdarpd iwiitth .day g asabbact isct edpy nami ¢ st ep
Abaqus Standard to repliease@rbshgticompotadtng

t hwall ed CFS structures, while avoiding iner

The FE modleVelampead attempt to better wund
stresses anddeftloe cptrieodni catt tnmied span on Main be.
The key application of the simulations i s toc
capaci tmaexds mamd def |l ec{fddpadndgr o@mkfla arad wee ri A¢

properties not able to be physically tested

A shell (SdRemejdtsS3gRkRnerally used to model
thickness is significantly smaller than the
to the gl obal geometry, sSECEIS pedtl d St murd bgpa d
2012) . This el ement is defined in one plane
centre of the element outwards. The main ad
structures is that the completsateiso maldn aeddo r onfe

thickness direction are small compared to so
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3.2 Model parts

The sections of CFS trussepadawhkrwdanetlsr i d

generated in 3D modeling space, def ormabl e
di mensions f oAs diidntferest ipartargely in defl
transverse, the connection-thetpwagn sairfefwe r(eSn
deemed unnecessary due to its added campl exi
The thickness and position of STS were ideal
3.MBateri al properties

The materi al pr op e rCtFiSe s eafe sttwredr am onmppdderd ef et ds

elastic plastic using the isotropic |inear e
model available in Abaqus/ Standard.
3.4 Contact Interaction

Contcaomtd intuidag s o pceea fl igree dve e n interacting S
si mu lcaotfFidnrgme d bridge component s or any 0

i nteriafdbaqlahseof dr ime d digru Iparteiscbnredt ed ed opgst ai | ed

D
X

pl anation of the camtvodewisobersbhdarani ebBed,]
sur ftasaua f acd ocgonmtl adcti o me tehmofddse c e ement ng f or 0P«
used in the tangenti al direction0. ahd s hame"

coefficientidbwastQuisSes i n

There are many phyismecladtradnudathesdamd t htea

QO
=]

alysis, ABAQUS praeawindasts wifdce hteoloipd in fognc e
for mul atmashihi dirng fTohremdslilatiditiang. f or moyy attr bnt ah|

motion of the -sluirdiarcge s biTdvwes stmadrnbodi es cont .
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surfaces t anoun dersgo bluar gene contacting surf ac
movement to each other anpgdeeambd4d®Gledcyg tbeasioD
movements involved in CFS truss pedestrian
connections where components might slide ov
finite sliding optiWmemwaapglhyisreqqn 9 winr ftahcee sttou
ABAQUS, asosfi gtnhnee nmtast er s ur fraecffee mpinfdehobedsbav
carouéedwith @greatci pare. the mashewul dubé aclke o
mat erial . Further mor e,esiun ttshiwse rset ufdoyu n dt hneo ts it

sur faceoferfifdtciieemt wused and a njom7Thal value ¢

S| asvier f@c

Mastcear f@c €

FigusBbdows the interaction of master sur
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3.onnector modelling

The | evel of detail attained in the prese

t he bridge response andi fdterresng terl @meefndrs, an

interactions at the | evel of tThhee bfadlrts tc cammde s
approach to model the co-pokent orc®nwhaFsiagwsrien g (
18, 4 2This method aligns well with the | ogic

effectively couple the degrees of freedom c

realistic stress transfer while minimizing n
MPC constraints eliminate the degrees of
coupling the degrees of freedom of the faste

in the past to model t he behapicipaesa®&i , s¢ A6 W
This approach has the advantage of reducing
any output to be obtained from the connector
constraints are i mposed by oalei mfnathiend atsh e nd
cannot be wused to model more complex conne
deformations of Nomhetbtenhrsessct edopl athesscope of
is deemed appropriateompseviidirngcausai ehpl ¢

structur al behavior while maintaining comput
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Assembled/Complex type: Beam

e,
1— -
, - '_"II
e
4
i

Figu&8bdows the BgatB]Connector

ThaboRiegud@er om Abeapgrudssheentesr i e gcbamnie of i \aintdy
beam el ement nbdewmeaendgn itrwot he contextl nof be
addithFe gluirghl i ght s t he | ocal coordinate S

t wbi stnionlE&isgiBi 8 expl ained in detail

1. Nodes a and b

1T These eanpwimiiest he beam el emefntamddé ea bte@a mn @

b .

2.Local coor @homa the Q@ke Each imocde oviathedi t s
owhocal coor @haxda smeed yassteafno.l | ows :

T QweQ Thawe i ent edt hedabaggtudi nal axi s

beamadnnreacdassd b.

I O andiperpendicul ar to the beam's axis &
space.

1T The orientati dimanof i ntfh euseeeocresx eosma | bendi
shegargi dity of the beam.
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.Beam direction

Thaei rectiamr oo otnhet he | iaaenkdicodine abtecasmgt e c
el ementent ats whloll Wbws t he onroddderrad mymber i ng

.Significance of the Diagram

| pr ovacdeesar er tphect or ¢ emofesi onmoment s, and
apploineldee am el e memndi odt isvbEeywowmn-fodmeéd st ee
truss miarn ind dddceoirnoge c ent ati on wiftththlme sgel obaa

f r ame weosrskefnigeir st s@ct ur al anal ysis.

Connector element nodes
/ Connector elements Beam or

column node

.........

Beam or Through plate
column node node

Figusbdows FE model of Heanm connector
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Beam connedtor

Figa@adows FE model of beam connector el e

3.l1toad and boundary conditions

Il n the analysis, the CFS bridge under un

applied on the transverse beams &fsgsdBprlOssur

The boundary condition for the confkfhgwnaiinon
Fi gu2aa@al ysed in Abaqus, includes partly rest
realistic simulation of the structural respoc
conditions are against translatkesal Ulli apHdat
respectively, and against-akobsaabxnidsn,d!|URI2i sapnlda c
respectivel y. By doplnagnes odi siptl axteanelnt pr eewvnan tr
maintain the truss st¥Y¥ugltamal wiithh ego i pgs svi bil
instability cases such as | ateral torsional

contrar yat itohnea It rfarnesehdxoins adluoen gt ot hUe3 Zand t he ro
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X-axis due to UR1 indicates t hadti kteh & uanicm i ofn at
sliding support which offers a form of torsi

of boundary condition becomeS wveuygsrbifedgat

members are thin walled, requiring careful m
capture their realistic load distribution an
boundary constraintég)] fuet Abagesrhaondel t we
all owing deep understanding of how the truss
Fi g2ir e

Figagkeows the Load applied on transyv

v
e

Figazadows the applied boundary condi theoms at th
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3.FF eMe s hi ng

The two el ement types chosen for t he me.
el ema&8marsd SS4R, availabl e i n Abpaugrupso sSet agnudaadrrdi. |
' i near el ements that have been widdlimnweased
behavi odrormfe dc sltde ¢ O ] me fibBhdejsse [eH 22lment s can be
thick angrbobbiemshelThey account for the tran:
thick shell elements. However, as the thickn
deformations in the el ement become negV,j gi bl
where plain secti-amsf ancoer maf thme thleelni dr e mai
throughout the desbtofmaei omhefeltbédmemtisl accoul
becauspel aonfe ichef or mati ons, and ¢sheygr alrec hiomn g a

el ements use finite membrane strain for mul at

and rotations. Theref-braeeat hggometrisui amadll ¢
integrated shell el ament hwieetehrtoohaéeéeé ommadnslegrt
node. It has four integration points and doe
or bending response of the el ement. However
el ement | aldompnotret iexmensive, especially for
S4R el ement with reduced integration points.

to formulate the el ement stiffness. pTlheay can
to hourglassing modes. However, in the prob

were not found to be an i ssue.

A mesh sensitivity analysis was meticul ol
size for the structure under investRkig@auneen.
23 highlight the relationship between mesh

10mm to 50mm were analyzed, with the <corre
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accur

Si ze

i ndi c

i mpac

B a

Thi s

effic

me s he

de man

t

h e

acy in the structural simulation. The d
i ncreases, stabilizing at approxi matel
ates that further refi me malmtesofnot hes | e

t the accuracy of the results.

sed on these findings, a 20mm x 20mm me
deci sion was justified by the balance

il ency. The deflection at thnedmeeh 6Hianm
s, such as 10mm x 10mm, while significa
ds. This approach ensures a reliable ai

ensitivity study, $dobrmcnhgr al rebaltaf iooam

100
= 09 0
© 0.8 04 R I P —
"~ 0.7 0O
EO Q
2 0.6 0
\m’ J
_ 0.5 0
“~ 0.4 0
1) i
0O 0.3 0

QZQ

0.1 O-

00—+,
0 10 20 30
h (

——Mesh Senjsi

40 50 60
mny z e

Me s

FigaBeaph for mesal gensitivity
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Chaptién rdict ur alCFaSn alryussiss bafi dge

This chapter presents a detailed numeric
CoiFbr med Steel (CFS) pedestrian bridges by
This study wutilizes Abaqus software to dev
pdror mance of wvarious CFS bridge configuratic
investigation focuses on evalwuating key par

di stribution. A previously validawedhGERB b

materi al properties introduced to assess per
serve to establish a foundational under st and
4 Elxperiments from |iteratures

Sever al experi ment al studies have -invest

formed steel (CFS) pedestrian bridges 6under

constructed a 7 m span CFS Warren truss foot

and subjected it to static | oad tests and d\
exhi bi tdeed | sencanhitho ws t . T ombi ned dead and | ive
frequd&i8chpz, decreasing slightly under | ive |
frequency exceeded typical pedestrian wal ki
accelerations due to normal walking and runt

the bridge remained comfortable for users.

natur al frequency for an hour, no reduction
appreciable stiffness degraccantoinen r@an ef dathiagu &
bridges can meet serviceability criteria, wi

performance under pedestrian | oading.
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st

fo

co

fr

Dynamic performance and vibration servi c:

udi es|[ 5Berkeormaed static ands pdaym snmpuaat itCd St |
ot bridge in China, i ncluding | oad tests,
mf or t evaluations. Dheiln C&tSa bshawed htalda ta
e gyu eme! | above t hiendruaxregle fafeqwahki g, t hus
sonance. However, under dense crowd | oadi
celerations, |l eading to discomforttcha&csor di

di fied the bridge adding stiffness or danm

nfirmed that the upgrades effectivdhysredu

i ndi ng ttiaghlwhgihlte CFS pedestrian bridges ¢

rviceability under dynaimiecqucirrowdg |actatdesn tm aoyr

ntrol even if strength and deflection crit

Experi ment al studies have also shed |I|igh
ructures. Becausval CES, md mitearl s bairck | ti mign and
govern ultimat ¢ 1bébaedosts wahmmar Betm &Ilpan
idge specimens to investigate failure mec
stenep agues sceannecti ons speci men B1l, whi |l e
hesive bondi ngs pend memi cBk2e o i Uygtuwdsesre ntdwan g t o f
ecimen with only screws reached 3420 kg | c

rews sheared a connection failure mode. Th

i a adhefsfievneesd ogru sssteit s can significantly incr

nk from the joints to the members.

Similarl[BAioAlNdal adsieg 6t m band5CFS trusses o

roof trusses reported that connection poi

50



observed failure motdehwnd €tomapneateons, that we

members themselves. Such results consistentl
and gusset details are oftengadvher nviunlgn etrhaeb i U
strength and coll apse mode.

Compared to these experi ment al wor ks, t

Si mul-baatsieodn approach to explore multiple brid
studies focus on a single bridge protedtwawpe
wi de range of CFS pedestrian bridge geometri
this thesis, detailed finite element model s
CFS bridigemcfluadmsng a f | at Po asythy Iter utsusbh, gai rbdoexr
bridge, gamdea / bdioad ds shuypbhreicd ed t o standardi zec
By evaluating deflection behavior and stress

extends t he k nnodwlwehdagte ibnadsiev i bdeuyaol experi ment a

|l ndeed, there is a noted | ack of studies ex
The FEM results in this research help fil]l 1
the bestustl performance and why, under iden

experiments compl ement and expand upon the f

a wider design space.

4 evel opment of FE model

The finite el ement mod el ( FEM) was devel
pedestrian truss bridge, which consisted of
The main aim was the confirmation dfhet Iseaneecc
technique woul d HBHerumead Swiete® F RifCd Udoel dwaes t vy g

with a span of 6 meters, width ofl 6. 7bi mes$eu:
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structured meshing with quéadrSielcatti@rnest s-efd & mkein
guality finite element discretization. the Q
were selected to generate a r eJtudmdarad dd aisfna rfr
shell el ements were employed, -speei Quadtl yat
el ements with reduced integration, capable o
behavlihoer smeshi ng withasa sseilzeectefd 20 trem wnes h
ensure the best balance of precision and com
t hewaHilmd parts, while the materi al model U S
par amet erng ad X p/e rciGmamiqnbtlel ¥obngds Modul us (E) ¢

Poi ssondsf RBBEZP (

Boundary condi t iroenpsl ivwealteesda d @ep tsaigp ptoost con
enmi naad t hreololtehre rsTuhpep ournti f or ml'y di st[rb5BHut ed
equi val ent to thewasotwrdi ffoorrntley odfi sit3.ib uk d
Abaqus simulation accurately simulated the I
servieve | | oads, which were al/l within the &€
involvedri moml a aiteiaec dehavior. This setup all

def ormati on behavior and stress distribution

4 FBE validati on

The experimental work focused on the stru
bridge model under static | oading condition
di stribution and deflections at di ftlenent I
evaluate the structural response. For accura
the chosen fl oor beams having pinned and ro

weight r-2ahglkgofwiOe placednohotméymddskri but
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k Pa, reaching &Ntmtfdurfoplbbaeses df3. Boads. Lir
transducers (LVDTs) were placed along the |e
The results showed a defl ection value of max
t he accaelputeabofe 1v2 mm, thus proving the stiff
Comparative numerical analysis through Solid
range varying from O.®&re4d itrom 1tOh. €5 %u s arbhiel iftiyn daf
pedestrian bridges; more research must be cc

|l ohgegrm durability.

Pedestrian tr ussadler iodfgpe@FBoEdcetsi ofnhse | engt h
considered st r uicOt.u7rbe nwdsh=a bt meisdht hand el e me
the model consisted of a uniform 20 mm el eme
choice ensur ed an effective Ssimul ati on of
computati onal efficiencypycedailmpcitngne.ac Regac
properties, the GFRP profiles werGdlPags aai ggrad du
validated through5.Z2Kkeelriimean adl 4 £tsité nmodel w
GFRP materi al because it accu-tevelyl oadsur wh
response remains predominantly el astic, al |l
structur acle pweirtfhooruntani ntroduci ngmodhel Tdiaangp.l e x
materi al was modeled with a |inear el astic

initial response under | oading, ensuring rea
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TabllMechani cal and physical char §&68dé¢ri stic:

Characteristic Val ue
Densji ty, 1.8 g/ cm3
Tensil efstrengt 240 MPa
Compressi ve str 240 MPa
Modul us of el as 31.3 GPa
(experiEment al ),

Poi sson gcoeffic 0.23

The sttrreassn response obtained from the si.t
a materi al defined with [l4i3n A ac o e HAsbesaggiutso pUtsbepr e
Manual (Section 17.2.2, Version 6.6), the 11
proportional to strain, consistentpwopéer tHp o |
moduwaes specifie¢cdhkapwngiFdrig@de which defines
elasticity through two independent parameter
(3@)s shown. i hhitaabilrepuut enforces a |linearly el
strain assumptgi osntsit. @ @8hne greaspuhl td neapl ayd adi G
confirming that the material exhi bietF® gruo eper
25,am”d maintains constant stiffness througho
strain plot and absence of any deviation or
entirely within the elastic regieameemans the s

i deali zed el astic bmhawunabr as defined in Aba
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%+ Edit Material =

Name: Glass FRP

Description: >

Material Behaviors

Density

General Mechanical Thermal Electrical/Magnetic Other >
Elastic
Type: Isotropic ¥ Subopticns

] Use temperature-dependent data

Number of field variables: 0=

Moduli time scale (for viscoelasticity): Long-term ~

) No compression
(] No tension

Data
Young's Poisson’s
Modulus Ratio
1 31300 0.23
OK Cancel
FigadLefining of Il inear el astic materi al pr op

i sotropif[ch.4]l asticity

S, Mises

SNEG, (fraction =-1.0)

(Avg: 75%)
+5.176e+01
+4.744e+01
+4.313e+01
+3.882e+01
+3.451e+01
+3.019e+01
+2.588e+01
+2.157e+01
+1.726e+01
+1.295e+01
+8.634e+00
+4.321e+00
+9.227e-03

Max: +5.176e+01
Elem: U- Channel bottom beam-1-lin-2-2.2429
Node: 1669

Min: +9.227e-03
Elem: GFRP BOX SEXTION-1-lin-6-1--in-2-1.249
Node: 164

ODB: elastic.odb <4 ! 110:23 New Zealand Daylight Time 2025

Step: loading step
Increment 37 Step Tim®
Primary Var: S, Mises

Deformed Var: U DeformatiSRga@#e Factor: +1.000e+00

Fi ga®e Mi ses output from Abaqus CAE wusing | in
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Figa®deriessain curve for GFRP material obtain

confirming proportional el astic behavior.

t cfoonmhaer fvoaurt h stage 1 eapgiugedef hetheo

Resul
tabl e 2.
TablAsdhows comparison of Validation
Metric Experi ment Numeri cal Di ffereni
mm mm
Maxi mum De 6.371 -5.748 9.78
at -Blpdn
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U, u2
+0,000e+00
-4.790e-01
-9.580e-01
-1.437e+00

-1.916e+00
-2.395e+00
-2.874e+00
-3.353e+00
-3.832e+00
-4.311e+00
-4.790e+00
-5.269¢+00
-5.748e+00

Max: +0.000e+00

Node: U- Channel bottom beam-1-lin-2-2.208
Min: -5.748e+00

Node: U- Channel bottom beam-1-lin-2-2.2837

4ge+00 Mi d

De f

“Z0STEP.odb  Abaqus/Standard 2023  Mon Jan 20 16:07:26 New Zealand Daylight Time 2025

tep Time = 20.00
FVar: U, U2
edVar: U Deformation Scale Factor: +1.000e+00

Figa™Med span Deflectiph4fFor wvalidati |

The simulation in Abagus foresees a maxin
l ess than in éMhpdrei méntsalditfd etriemge i s higher
an acceptable I'imit for numeri cal model ing
which differences can occur due to uncertain
codniti ons and simplifications in the comput at
el ement analysis si nmceasshempt imer sh otdhsatardo brmacs
the complicated behaviors in actual conditio

to confirm the accuracy and reliability of t

Key Observations

The Abaqus out put indicates a relativel
experiment al val ues, possibly due to such f
when the actual behavior cBbespntéeutdbemidnecrtr ¢

resul ts confirm over all effectiveness and d
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p e

destrian | oads. The deformationd&li gt@ravi or

coinfns to the predicted distribution and conf

of

vV a

el

co

S u

ma

ma

S a

co

be

t h

me

| oadda sngs tRBEES a

The decisiofi ormmedpplteetoll €{FS) to the sam
|l idated for GFRP is based on the fundament
ement modeling. Since the model yhaboahdaagdg
nditions, and |l oading conditions remain Vv
bstitution of CFS was done purely to obser
terial, without conductiTihg saapgpreacth cibmp 4
cause FEA model s airredd perddaanetnt arhd ayn imad etr h a
used with different materi al properties,
i gi nal experi ment aGFRR,st a&p pwegremgadocnaedituece le dt
| idated model all ows for an exploratory s
teri al system. St eel is a commonly used m
me model prtooviidtels flomandhg honi anharacteristic:

nfiguration.

Since CFS exhibits higher stiffness and d

expected to differ, particularly in terms
cision to apply CFS was nott froat htehre tpourgsos
e existing model , already validated for (
chanical properties. This approach is a st
val i dated mo d el I s oif tveens tri gt ri passe dwi ft diro
mpl etely new setup.
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Fig 2. An

o

ot the dssp

ement gasg

Table 2. Total weighs on each foor beam and order of the leadug stages.

<)

1a) and {c); Jad distiburion on & wooden bndge dick (b)

Floor beam (FB) 1 2 3 4 5 & 7 & 9 10

Loading [ ke 708 1326 1318 - - - - -

Loading [0 ke 708 1326 131& 1326 1310 13098 . - x

Losding 11, kg 709 1329 1318 1326 1310 1309 1310 i325 =

Loading [V kg 709 3325 1318 1328 1310 1308 1310 5325 1318 1330 Mo

Maximal deflection A, mm

Z.ga(:mg A, Egoeae/Amp  Ams, Ezomd/Abp
€ Apgp Amy, Ecbsmmn A, Ecbsave  Amh. Ecbsmax A, Esomk

I -0.794 -0.875 -0.832 -0.794 -1.080 1.048 1.360

i 3407 -3.958 -3.765 -3.590 4882 1.105 1433

m 5322 5822 -5.538 -5.281 -7.182 1.041 1349

v -6.371 -6.680 -6.354 -6.058 -8.239 0.997 1.293

Figagadows the Maximum defl ection[ b&Alghligh
4. 4 Parametric study
4. 4.1 EffMedctes &fpaa ©&n Defl ection aRdr @8e¢dess
St eel Pedestrian Bridge
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Il ntroducti on

Fi gur3egs RdOws t hegedemetgmy of the truss brid:
of the bridge specimen was selected regardir
short span pé¢ @é&ghter iparnothortiydpogee swas desi gned ac
requirements and assembled using structur al
of the strucitéurme Wwa.rd&5h r,e nighi.dd 3h em.g hTthe behavi
pedestgieamwalsr isd mul ated usi[Md@hAe agleie meCtArEy , s osf
conditions, and | oading configurations of th
experi ment al bri dge petoftdl4.]yl pne trheep ocsHRseudmabdyi oRhi,
Steel (CFS) sections, characterized by a You
MPa, were employed to replace the original €

in order t o-sepvaanlcueatben etbheeh anviidor and t he over al

Figagbdows pedestrian bridge [f6] Parr amat
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N

Handr ai |l
7 06 05mm

Squar es & aitbieo™

(Wert&ilcrad l)i ned
505 05mm

ITs ec (filoomor ) be ams

U-sectmaom 3 12® 06mm

beagin2 @ 06
mm

Fig3dows the design and geomdiry of t he

Mo d el parts

The models were construcdedt ibamsaeld dinmd msi
components frqmAiAGFR® GF5dgedestrian bridge
model ing space, def or mabl e shell and | ater
di fferent parts. The parts utseBweé tnh peidreesn i a

and fol Fows3rlei t h

Tab3dsdhhows type oftt ptarrdss ulsreidd g en wirtah[ 3.2ngt h

Par t Leng(trim) Thi ckhmmsks
l-section 515. 9 6
U-secti on 6000 6
Sqguare tube 530 5
Sqguarsettuben 670 5
Handr ai | 6000 5
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60—

ITsectipn Square tule secti Usectiagn Handrai Angl e ro
12®06mm 505 05mm 126 06mm 706 05mm 757 56mm

Figlisdows geometry and di mensi pbd4]J]used fo

Mat eri al properties

Mat eri al properties for the finite el emen
tensile te6&4230pfspect i-5,0aclLd nydGocoMgepdo et v & 17 ]
The tests were performed at rd2d0lQ@ esnpamadmud.e
yield stress was reported as 478 MPa, and t

Youngbés modulus of 206 GPa and a Poissonbs r

Assembl y

The desingen,r yg and dShnoernts iSopmasn o-fl BtehdePs st t a i |
Bridge compecoedi ng to serviceability require

componensthapet6:0b 1l @ riof i I5e06 Mk rUo f i b @5 M
square Tibemm 7abn gl e7 Q6rO6f mme handr ai |l . The bot

was real i zmgrdo fbiyl etswoc olm p | Telde bcyo néngeticat & eCrRtSt b e
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profiles wassnmaddeobhlkecobr ovelrenmg F8B8Nd arress s

presefrigdziespectively.

FBI FB2 FB3 B4 FB§ FB6 FB7 B my || =2
YW W W W W

530

6000 |

Floor (FBeam

750

cross section of CF

Fi gdBadows FE model of Abaqus Simul ati c

Mes hing

A tot al of 6 individual parts were model
bridge ilm Abdadgusi.on, the parts were partitiol
t hgeeometry complexity afmtdepsetfacmuaesmmesthenc
adoptsshdovahrsi gdB8Each parthasodeeihgmpad twith diff
si Aemesh that's too coarse can | ead to inac

make the simulation comguwinatuiAko malnley emepdn giev

6 3



|l eads to more accurate results but at the <co

be struck basdadrdayquitrhaengoriay .emcati n aim of t he

the deflection of bottom charud tiu.res.idt rreidm msmpga

size was chosen.

~1Jt 6 LEERIA 1

b al edagel T Whe 811
EMA W 61300 LWIGT NI

Fig&dows FE model Meshing.

Results and Discussi on

Def | eAcntailoyms i s

The results of Abraegpuse sseinmu ltahtei adre fd reec tti hoen
respomkse -fcoorlnded steel truss bridge under t he
5kHabhto the top surface ofFitgrid8resrveeprrsees emd &1
defl ection of the entire brsipdagre,, wshheorwa nbge nfd in

are most significant. The defl ection measur ¢
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30mm, accor d-HBg6 3 ®m:[2508@4sENDA requirements. The
chord, which experiences predominant tensil e
indicating sufficient axial rigidity in vert
truss stituwuotFaitgéByl ¢éAlddst rates the transverse b
with deflection results displaying a regul g
remain within allowable I imits. Theredfdre, t
transfer It to the major truss members wit
confirms that t-fher dedi gine eolf ttrhiesscobrdi dge i s

while ensuring structur al adequacy for the s

Fi g8Her aph) represents the result of thi
di splays a symmetrical di stribution of wvert.:|
characteristic of beams doirs ttrriubsust ende mboeardsi nugn.c
values are nearly zero at the fixed ends (0O
conditions, while the maxi mumOd®wmmwmaocdcudes$ | &

span (around 3000 mns) ,arweh etrhee bheingdhiensgt .mo me n't
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U, U2

+1.380e-02
-5.335e-02
-1.205e-01
-1.877e-01
-2.548e-01
-3.220e-01
-3.891e-01
-4.563e-01
-5.234e-01
-5.906e-01
-6.577e-01
-7.24%9e-01
-7.920e-01

St

0.00

ODB: FINE-MESH-CFS.odb  Abaqus/Standard 2023 Sun Nov 03 16:22:39 New Zealand Daylight Time 2024

Step: loading step
Increment
Primary Var: U, U2

Deformed Var: U Deformation Scale Factor: +1.000e+01

23: Step Time =

1.000

Figaésdbdows f
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andarngl e

of

shows t

significant

t he

connectors.

Resul

t s

from

t he

Von

7TMp d 4rFa fgaBr6e, 3 W bser ved -amtgl & c«craimt@ieg®IB el

h

| oad

e

hi gh

t ((brodft&mer esdir@rs s

Mi

[:
R

atoemdineonowictak @tiziean anal ysi

concentrat.

streasngil et eosind&xit mu m/e/m Slpih etah e

L

ons

a

di scontinubeaesngndf i @atdse,f ud e cdeesss igtna toipntg no z .

fati

yi el

gue

d i

roi

mi

structur al

|l ofhg@r m

connector

opti mi zealt htehimak re s s

S, Mises

SNEG, (fraction = -1.0})

(Avg: 75%)
+7.714e+01
+7.072e+01
+6.429e+01
+5.786e+01
+5.143e+01
+4.501e+01
+3.858e+01
+3.215e+01
+2.572e+01
+1.929e+01
+1.287e+01
+6.439e+00
+1.128e-02

Step: loading step
Increment  23: Step Time = 1.000
Primary Var: S, Mises

sks. Despite these concentrations,
t, providing a safety factor of
g eghilty omph aei diesdg t he I mport a
p er f oFrummat nhceer validation through phys
design is recommended to ensure
or | ayout.
ODB: FINE-MESH-CFS.odb  Abaqus/Standard 2023  Sun Mov 03 16:22:39 New Zealand Daylight Time 2024
Deformed Var: U Deformation Scale Factor: +2.000e+02
Results from the Von Mises st

Fi g3®&édows
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S, Mises

SMEG, (fraction = -1.0)

(Awg: 75%)
+7.714e+01
+7.08%9e4+01

+3.961e4+01
+3.336e+01
+2.710e+01
+2.085e+01
+1.460e+01
+8.340e+00
+2.086e+00

Max: +7.7 14e+01
Elem: L -angle connector-2-lin-10-1.24
MNode: 15

Max: +

¥ ODB: FINE-MESH-CFS.odb  £Abaqus/Standard 2023 Sun MNow 03 16:22:39 Mew Zealand Daylight Time 2024

Step: loading step
Increment 23! Step Time = 1.000
X Primary “ar: 5, Mises

Deformed Var: U Deformation Scale Factor: +2.000e+02

Figdsdows Results for the maxi mum Von Mise:

LV

OOB: FINE-MESH-CFS o Abaqus/Standard 2023 Sun Now 03 16:32.39 New Zealand Dayight Time 2024

Floor beam ’ Vertical and diagonal beam

Handral Bottommain beam

Zesend Dayight Time 2024

Figi&8dows the connector region where high st

di fferent parts of assembly
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4. £f2 ect sMeotferma Ip&n on Defl ecti onFaoarnnde dStSteesesl

Pedestrian Bridge

l ntroducti on

Modul ar bridges are prefabricated, port a
dur WoogWalr [ 5 9Tlhey wer e designed by British eng
Al lied forces quickly and efficiently transp
are employed in a variety of applicatritens, i
and remote areas where access to traditional
Modul ar bridges continue to be an i mportant
and temporary bridges (tteertmqposcuyesr asei bhg@s ny
are also wutilized as a quick replacement for
fl oods, or stor ms. For exampl e, they were u:
British Col omb2@&@2Huand ot me flbroiodlgeé nt hat di vi d
Lafitte Salinas which was damag[ex9]iTrh et hmo daifl ta

bridge construction relies on the concept of

o
o
=}

neactiamdamps ough bolts at the top and botto
The i nherrottaetdi ofnr ececonnecti ons of the through

truss analysis of the bridges assuming pinn

moduoul bBridges is strongly conditioned by a se
(span, number of dleaxrkgs, awisetmbl| pf (tdeogr apt
accessibility of the margins), transport, CC

width is standard and depends o+3.tlhbe mru mb elra
extra-4wi2dot-lam;es2 35 m. Since modul ar bridges |
military area, the main guidelines to desi gl

Code for Mi |lié@eyelBopad)ji by t he us, UK and
69



recommendati ons on the various parameters t
temporar.yhbsi dgesew of modul ar bridge conce
considering the desi gnf orf manb dautl eag |. TH(reC FLRpee s s afcs
modul ar CFS sections could offer innovative
and effective adaptation to diverse topograp
key focus will be on eivsatlruialtutnigod ewiltehcitn oGF S

structur al integrity and opti mal perfor mance

Crossbeam

Figligbdowssecovsodns of [ m@pdul ar bridge
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Fi g4lsbows t hBothatdetrpgsebridge and its co

of its geometry. The theory in Bailey bridge
in both military and emergency rescue scena
towards i tsds crkoduwlsarailtlya,t igopun, and efficiency I
phil osophiesgirmanitics easgemiézthadgmt abi l ity in f
idepth discussion of individual iTtadorhse uWwt, i lwii 2
a discussion of i1its use of mateertiialnsalamsd adiem

di mensions for it 8.nbertiedretvoempge, e | wi .dnle jt-heidg ldl a

configmoatil weodpfuarat i onal anal ysi s.

Mo del Part s

Thmodul arpabrrtisdgeeer e created in 3D model in
| ater extruded to specific required di mensi o

bridge ar et anledwdi it hned memsi onBi gdPde f ol | ows wi t

Tabdlsdhows type of parts used with | engt

Part Section application Length (mm) Thickness (mm)
FS90195N Horizontal 1200 1.95
FS-90195N vertical Panel Assembly 1000 1.95
FS90195N Inclined 1250 1.95
FS90195N Main Span| Top and Bottom 7200 1.95
FS90195N Transversg chord Main span 2500 1.95
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N
425 mm
:l \

\\\,f

425 mm

600 mm

e
AN

F.S—90195.;\l N
\\ Cg)
\‘\ /
X rd
Fi gasdows Panel component s.
Mat eri al properties
The data wused in the FE models correspon

properties ochdauap onre dt ef srty ew dinbdgg@ fillerd Pe/ct i on 50C
coupon numbneeranl . wWiStnhm t he vyi el dheteleast iod B8

was defined wusi ngamwdiPtoh sas oYmodusn godést roIoufb pubs. 3 E)

Assembl y

Thi s bridgetriss$ s@aucmongwssd ecrominect ed stru
me mber s wi t h pl at esl ¢ 6 o sonibwioga t temawwdhs e pabhéelc al |,
di agonal , and hori zontias meanber 6 Bdatthtes
truwshsijcheeyfective lioddsterimsutafoaonodl hGFh&b ot t o
pede DtrriiMagreer e byped st ed ws addi sigqaumdlamps gi ve it
betsttearbi I i ty. The dmeomewerbs e dJinb e o matbhtecammemahi

span angamehsdiestri buting the appTompdmdiormds pa
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beams on upper chaoddaanodf sppraonvei ldse ascatf eatsy hf or u
al so allows for prefabrication, easy on sit

functionalitywigMBretructure refer

Figa®dbdows Assembly of modular brid

Mes hing

The structured meshing was adapted where a s
defined grid pattern for fi Ri gdd ell ¢ menvtar am
components were divided by datum planes to s
the process more efficiently. A 20mm-anfefsh s

bet ween computational effAcfiiemeymash alclcawsc
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concentration and defl eTheomebbkbhangiprocaeassmp

t he

De f

consistency and quality of elements in t

b ql erqel U1 Whe &1 S

€ qul caWwaut s
w

EMA Wt 6 130T Waaldf 13

Figasdsbows structur al meshing of ass

ults and di scussi on

| eAcntail oyns i s

The defl ection Famabwspsesamntwn time def orn

iformly distributed | oad of 5 kPa applied
idge has a span of 7200 mm and a width of

iteria of span/ 2@0detfhecmaxinmdmralthowalst rr

Maxi mum all owab+2—d&ef I3e6cminon =
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From the defor maFi ogu3 er ebel tneaxi mumhdefl ect.
approxi matreBifyg46r8@a8 mi d transverse beams, whi

Il i mi t of 36 mm.

Recommendati ons for Mitigating Excess Defl ec

To addr ess e X c e smo ddud falre clisreiovdegrea n méasur e
i mpl ement ed stta uertluamd e pietrd or maacei ohakcransa
transverse and | ongitudinal members by wusin
sti f€miesisc al members, especially the transve
el ements such as doubler plates to minimize
enhance resi st aBiyc ea dtoop td enfgo rtminaey sicke dp.lr eocvti isd m ns a
reduced to comply with all owabalned Isiemivtisc,e aebni sl

the CFS pedestrian bridge under the applied

U, Uz
+1.488e+00
-4.126e+00
-9.740e+00
-1.535e+01
-2.097e+01
-2.658e+01
-3.220e+01
-3.781le+01
-4.342e+01
-4.904e+01
-5.465e+01
-6.027e+01
-6.588e+01

Min: -6.588e+01

MNode: F5-90195N-2448-6.24%

ODB: test-25.0db  Abaqus/Standard 2023 Sun Dec 22 12:01:48 N

Step: Step-1
Increment 263! Step Time = 1.000
x Primary Var: U, U2

z Deformed Var: U Deformation Scale Factor: +1.000e+00

Figasbdows final deflection of modul ar
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Span (mm)
0 1000 2000 3000 4000 5000 6000 7000

0.00 4 : : : : : : : : : , , , , ,
-10.00
-20.00
-30.00
-40.00
-50.00
-60.00 ]
-70.00
-80.00
-90.00
-100.00

Deflection (mm)

Figasgbdows symmetrical distribution of wvertic

modul ar bridge.

Stress distribution

Thfeol | owiseyr e ss di st cobuespbheéain®dysinodul
pedestrifbdrhsepeclidgeaeidng t bya deil tdi o stshree s ana toefr i a
i 6839. 4IMPatns e notnMme von Misfdargdteessours that
maxi mum vaMRa, ico®8&ntrated in just few el em
around the bott oonf obfa nbdoga&r oruensdt ipngn ecnachsaeeet or
l oad transfer andFihgd4g&hessh avess st haer eh iegkhp escttreeds s

connector region.

Recommendati ons f®trrreMsisti gating Excess

Il n this study, boundary conditions were a
at both ends. The selected support area was
smal | contact area resulted in hntgohurlsocradarz e
supports. To mitigate this, the actual Struc
mm I 50 mm at both ends. Additionally, incr e
mm to 3 mm, as well as eptomipgimgcomeesparcs n
of the model, can help reduce stress concen
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| ower <critical stress |l evels, enhancing the

bridge.

S, Mises

SNEG, (fraction = -1.0)

(Avg: 75%)
+6.394e+02

+7.538e-07
Min: +7.538e-07
Elem: SHELL-BOX-CLAMP-9.205
Node: 82

ODB: test-25.0db  Abaqus/Standard 2023 Sun Dec 22 12:01:48 New Zealand Daylight

Step: Step-1
Increment 263: Step Time = 1.000
7 x  Primary Var: S, Mises

Deformed Var: U Deformation Scale Factor: +1.000e+00

Figasdows Results from the Von Mises stre

Top andbottom main beam Panelconnectiorplates

Box clamp

Mid panelsbean Transversdeamclanp

Figa®8bdows the connector region where high st

di fferent parts of assembly.
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4. £f3 ect sMefea ®Sp&dheacni on and StH+esmeidnSaeBt

Pedestrian Bridge

|l ntroducti on

A box wasirminl ar uBsg4ibé@wmans isnel ected for t he
because the design is based on structur al e
section designs such as box trusses provide
|l ess susceptklbilirergtand ocdmeaddit f anl ael meebani
on small span pedestrian truss bridges made
structur al integrity -cmnbde sedtievresdt diyn cues it
connection fail upreascbflagms |[DleOa]l bdxckt iusg bri dg
was selected for the pedestrian bridge as a

functional efficiency besides mini mal mat er i

Figa®dbdows the Box warféB8]truss bridg:¢

Figbhb®adows the Box truss bridge.2product b
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Mo del

The W&IISr en

shel l

pedestrian

parts

and | ater

boxdgeupgarts

extruded to

wer e

speci fi

created in 3

C requir e

bri dgewartd me meinenedBsSi gpgindalbloé | o ws

l engt h, t

TabSlsdhows type of parts wused with
Part Section application Length Thickness (mm)
FS270115 Transverse 3000 3
FS270115 Truss Vertical sections 2500 3
FS270115 Truss Inclinedsections 2700 3
FS270115N Main Span 6700 3

Figbhbédows

290

geometr

80
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and di

mensi ons

used f



Mat eri al properties

The data wused in the FE model s madrerrasagdon
properties obtained from consul ti ange arhewintamu
the yield stress of 550 MPa and the elastic

and with a Youngd6s modulus (E) of 203 Gpa.

Assembl y

The assembly of the box truss bridge foll
ensure effi casensthEcvogh®iterluc tuitad i zes a box trus
the main structur al el ements form interconne
t hreawguss design places the primary truss m
stability. stelnhei ntcrourspsor a1y e s di agonal and Vv
defl ecti on. The deck isngubpptoweend HDlye fll ower
truss, ensuring uniform | oad transfer. The
el ement that carries compressive forces, pre
bottom chord i d tnteanbleawerprhaomairazdrnyt ssubj ected

resi st stretching and maintain the overall

clamps are interconnected using screw connec
menebr s remain rigid and stable wunder |l oad c
| ater al forces.
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FigbhBadows the assembly of the CFS box

Mes hing

The meshing techniqgue ewmfldoyned isnm eAba duws
pedestrian bridge entailed the use of struct
el emesntshbwgidBr ewhi ch all owed for effective el
computational accuracy. The Mesh Controls ¢
meshing, thus minimizing mesh transitions t
convergebat. shAedl si ze of around 20 was set
accuracy, andwasremaadabredcoboteomhance mesh det
prominent features. I n choosing the el ement
borrowed from the default element | ibyrary, t
wal |l ed sytpriuccalufrersmead!| dt e el sections. To cou

8 2



l ocking, especially beneficial for el ements

approach was adopted.

Il n the applied meshing strategy, quadril a
areas due to their high accuracy and stabil
with complicated geometries wherearstgeuocneutrrei

order wa s mai ntained to achieve a bal ance b

accuracy. This ensures that stress concentra
application areas, ar eg wehlel crreepdriebsielnitteyd ,o ft htu
on structural evalwuation and optimizati on.

7 X gl eHqel U7 Whe 81
EPA WY 61000 WG
Figbh®dows structural meshing of box tr
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Results and discussi on

Def | eAcntail oyrs i s

The results obtained from the simulation
(Uarxrross the &g idhgewehbtiralchteurmeaxi mum def |l ect i ¢
-20. 30 mm, occurring exactly at the center of
reaction of a simply supported structure u

defl ection at hédembébiont 9 fRa Biva tnthg ianreedpr esent i n

insignificant | evel of deformation at that p
resists | oad well amnd ec oornvterriad ut esst asbiidgnitfyi coan
of deformation shows a symmetrical defl ect i
ends, thus confirming the <correct applicat.i

maxi mum defl etheombrodgerenter and decrease
supports, representing a commxri iroens poerdsees trre e
when subjected to uniform | oading conditions
the aCteeptpam/ 2068 crhueericomfirming the stru

pedestrian use.

The defl ecRiigphrBmmal Wws,i& br 5t ransverse bea
span beam respectively have been included t
|l oading condition. The graphical representa

structur e responds.
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U, U2
+4.752e-01
-1.256e+00
-2.987e+00
-4.718e+00
-6.449e+00
-8.180e+00
-9.911e+00
-1.164e+01
-1.337e+01
-1.510e+01
-1.684e+01
-1.857e+01
-2.030e+01

Min: -2.030e+01

Node: BEAM_270115-3.1682

-2.554e+00
-4.033e+00
-5.511e+00
-6.990e+00
-8.469¢ +00
-9.947e+00
1.143e+01
-1.290e+01
-1.438e+01
-1.586e+01
-1.734e+01
-1.882e+01
-2.030e+01
Min: -2,030e+01

Node: BEAM_270115-3, 1662

QDB: Job-plastic.odb  Abaqus/Standard 2023 de Nov 26 11:45:07 New Zealand Daylight Time 2024

Step: Step-loading

Increment  25: Step Time = 1.000

Primary Var: U, U2

Deformed Var: U Deformation Scale Factor: +1.000e+00

Figbhésbows final deflection of CFS bo:

R

-~

Y ODB: Job-plastic.odb  Abaqus/Standard 2023 Tue Nov 26 11:45:07 New Zealand Daylight Time 2024

Step: Step-loading
X Increment 25: Step Time = 1.000

Primary Var: U, U2
Deformed Var: U Deformation Scale Factor: +1.000e+00

Figbhsdows final transverse deflection
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Span (mm)
500 1000 1500

2000

2500 3000

0.00

-10.00 4

-20.00 4

-30.00

Deflection (mm)

-40.00 4

T T T

-50.00

Figbh®&dows symmetrical di

truss bridge.

U, Uz

Min: -2,87 Se+00

MNode: RIGHT_BEAV_270115M-1.8386

str

bution of

q

-I..-—m —, 2 e +00 I—

ODB: Job-plastic.odb  Abaqus/Standard 2023 Tue Nowv 26 11:45:07 New Zealand Daylight Time 2024

Step: Step g
Increment 25 Step Time = 1,000
Primary Var: U, Uz

Deformed Var: U Deformation Scale Factor: +1,000e+00

Figbhbsdows final main span beam def
Span (mm)
0 1000 2000 3000 4000 5000 6000
0.00 - - T .
—1.00:
-2.00—'\A /
/é\ Rl re—
£-3.00 o
5400
®
& -5.00
[a]
-6.00 1
-7.00 ]
-8.00
Figh®dadows symmetrical di stribution of
beam of box truss bridge
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Stress distribution

The stress distribution anal ysiFsi,gb#®s seel
related to the stress distribution of the tr
to expl ad ar tyhiend omaalpaci ty and critical stres
Mi ses stress contour plotwshbwsaaremasm ahdsmm
stressshdcwmg6iPet hus providing a view of t he
conditions. The maxi mum recorded stress valu
while the minimum sOrps#Paeadndgcasi Ag0dm &
mechani sm across the structure. The stress d
fact t hat the | oad is efficiently transfer
di stributimannaspass shoboas expected stress var
points of connection. These plots are of gr«

|l ocating potential failure regions, @a&nd i mpr

S, Mises

SNEG, (fraction = -1.0)
(Avg: 75%)
+5.350e+02
- +4.887e+02
+4.424e+02
+3.962e+02
+3.499e+02
+3.036e+02
+2.573e+02
+2.111e+02
+1.648e+02
L +1.185e+02
+7.225e+01
+2.598e+01
-2.030e+01

Max: +5.350e+02

Elem: Hanger bracket-6.12

Node: 28

Min: +1.041e-02

Elem: COLUMN_270115N-5-LIN-2-1-1.2729
Node: 1088

Y QDB: Job-plastic.odb  Abaqus/Standard 2023 Tue Nov 26 11:45:07 New Zealand Daylight Time 2024

Step: Step-loading
z Increment  25: Step Time = 1.000
Primary Var: S, Mises

Deformed Var: U Deformation Scale Factor: +1.000e+00

Figh®dows Results from the Von Mises stres
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000000
fa[eietetviuivivtasutety

Top mid gusset plate

Clamp

4 beplostic.ods  Abaqus/Standard 57 New Zealand Daylight Time 202 CDB: Jab-plastic.odb  Abaqus/Standare
I top- 1o
ep Time = 1,000 rent ] =
z x = [ a5, Tines
‘ar: U Deformavon Scale Factor: +1.000e+00 Deformed var: U Deformation Scale Factor: -
IMax: +3,920e+02
Top and bottom corners gusset plate Bottom floor beam
[EPE—-
hd ODE: Job-plasti
Step: Step-load
z Increment ==
Primary war: S, v DB Jok-plasscods  Aoa

Deformed “ar: |
I_.x

formation Scebe Factar: 410008400

Figa@dows the connector region where high

di fferent parts of assembly.
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Chapiidd t er C&®irvelge design and ana

5.EBf fect sMetfera Sippan on Defl ect i onFoarnnde dSt 3 teesesl

Pedestrian Bridge

l ntroducti on

Fig6ieél ustrates -gai rtdyepri csayl s ttewm,n Itaubbel | i ng
The girder under stmedyeri renpdatmeirsd &s 2 wdoy giisr dar ;
i ncl udmest ar 7. &c a tsipeam fsaurp piotrst ,miwh os et b opinarar y
|l i ke Auppudrtgi rder i s defined as a virtually
single cell, made up of an upper and d | ower

ref &i goi@Fa g.ur e

The upper flanges have a horizontal box s
system, while stability in the other directi
frames. I n a normal sqgituGgern snmaldeesdemreacippor
using plate diaphragms, and -fi mameane dT haitse grori:
of frames and diaphragms, however, may be mo
di aphragms can be ternoesd témdedi @mh rasbgunhsme w l
di aphragms when positioned on inter-fmeamad e p
can be termed internal when positioned in t

positioned for girder connections.
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Concrete Deck

Shear Studs
Plate Diaphragm

Top Flange

Web Longitudinal Stiffener

Transverse Stiffener )
Top Flange Lateral Bracing

Bottom Flange

Longitudinal Stiffener Wb

External Intermediate

Cross-Frame Internal Cross-Frame

Bottom Flange

Figaemponents odi rsderrq d&Brsdt em b

Figaaldadows a tub girder prpob6o) ype
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Figa®Sdows tub girder bridge unde[r6.k]Jonstruc

Mo del parts

The CkIS diridgre parts were created in 3D
and | ater extruded to specific required di me

are menti ®@wedhi di mabhbeonBi gétde f ol | ows wi t h

Tabblsdhows type of parts used with | ength, t

Part Section application Length(mm)  Thickness(mm)
U-Tub girder Girder web, Flange 3
15000
Box section Top flang 3
(Brace) 1200
Top Plate Deck 15000
End-Support plate Sole Plate 1000
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