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ABSTRACT

Project Code: RMU 5080073

Project Title: Fatigue Life Assessment of Steel Bridge Strengthened with Externally
Boned FRP Plates

Investigator: Assistant Professor Kittisak Kuntiyawichai
Department of Civil Engineering, Faculty of Engineering,
Ubonratchathani_ University :

Project Period: 3 Years

245885

The main objective of this report is to study the effects of CFRP strengthening on
dynamic and fatigue responses of composite bridges using finite element program
ABAQUS. Firstly, fatigue performance of tensile steel members strengthened with CFRP
plates is investigated. Two parameters were considered in this comparison, i.e. stress
distribution and fatigue life. The final step was to investigate in the effect of stress
ranges, glue thickness and CFRP thickness on fatigue behavior of tensile steel member
strengthened with CFRP plates. Secondly, fatigue life assessment of steel bridge
strengthened with externally boned CFRP plates is then studied. In the analysis
process, dynamic and fatigue responses of composite bridges due to truck load based
on AASHTO standard are investigated. Two types of CFRP strengthening techniques,
i.e. CFRP Laminate and CFRP composite deck are applied to both the damaged and
undamaged bridges. For the case of the damaged bridge, two through-thickness crack
sizes, i.e. 3 mm. and 6 mm. in depth, are assumed at the mid-span of the steel girders.
Furthermore, effect of the number of steel girders on dynamic and fatigue response are
also considered. The results show that the maximum responses of composite bridges
occur for the case of é-lane with same direction and 2-lane with opposite direction. By
using CFRP as a stréngthening material, the maximum stress and deflection at steel
girders are reduced and consequently increase the fatigue life of steel girders. After
introducing initial crack into steel girders of composite bridges, fatigue life of the bridges
is dramatically reduced. However, the overall performance of damaged composite
bridge can be improved by using CFRP with less effectiveness. Therefore, if the cracks
are found during inspection process, steel welding must be performed before
strengthening the composite bridge by CFRP.

Keywords: Steel Beam; Steel Bridge; Fatigue; Fiber Reinforced Polymer
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& a A b ) a
mmmaum'uam:muﬂauTwaﬂnﬁﬂmmauﬂ'znuﬁu 3

o A -

fafluas 1e3uiainae CFRP laminate
Arnsudndavesnzninnaulndafifoniasesirasudu 3
fafuansiutiaiaat CFRP composite deck
dmhisusrasrzwunauInganduwasesiaiudu 6 fafiuas
(83089628 CFRP laminate

fmhsusraIrzmunau InFaiduwieesinisudu 6 fafwas
\§3ui8If28 CFRP composite deck
ﬂ'wmmdue‘hupea:muﬂaulwiﬂﬁﬁmmmam"‘m?'mYu 6
fiafluas 18Suta9a28 CFRP laminate
An1susualvassznunanInafifvuriasesirniudu 6
fafiuas (8308388 CFRP composite deck
nLIsufiBuA I EULIIgIRa AuanuFsmsGuduIRIg
@9 ¢ nItLaTuiNaIa28 CFRP laminate
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5.33
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5.35

5.36
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5.38

5.39

5.40
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#ILVYPNIN (AB)

nuTsufisud N ILEuaIgIga AuanuEsmsiudusue
@3 9 NIGURSUAAINIY CFRP laminate

BB MINELNIgIRe fuanudEsmsGusuuIadn
9 nydLaINiNIaI8 CFRP composite deck

nﬂﬂLﬂ?ﬂmﬁuudmﬁuéuﬁ'zgaqﬂ AuANULRIMIBITUAUTUIR

@3 9 nItlaSuaIfe CFRP composite deck
ATINEITBINUIBUTI UazsInINTELTIAANIIBUT YaIFW N
nou-Infad Wildissumaasis CFRP

NTINTIVBINIIBUTY uazswInTauTiAaniELss YaIRENIu
noa-InAafilaSurindadan CFRP laminate

NTINTIVBIMNILUTY uazswINTaLTIAANIIBUT Ya RN
aou-InFafilg3uria sy CFRP composite deck
ATINE2978INHIBUTY Uazd M IuTBUTILAANIIBUTI VBIRENIY
aou-InFafiduwasasindudu 3 dadwes Lildssuidadae
CFRP

NTINTIVBINUIBUTY UBZSININTOLTAANRIBUT VDIFZWIN
aou-Indafiflvuasasincudu e datwas lWildssumase
CFRP '

NIINBIVBINUIBUTY UaSIUINTBLTILAANUILUTY VOIFTWIN
nau-InFanduwiasesiazudu 3 Ssfiues 3uiifidas CFRP
laminate '
NTINE29BBINRIBUTY uazdIwIuToufiAantaous VAIFSWIW
aau-InFanfuwiasesdnidudu 3 fsfiues e3uiididae CFRP
composite deck

nﬂvli'awamﬁ‘mun LAz IMIUTELTAANIIBUTI VBIETWIN
nou-Infanfuwiaseninidudu 6 fsfiues s3uifidae CFRP
laminate

NTINTITDINUIBLTY LA IUINTOUTTANUIBUTI VOIREWIU
nau-InGafifvwiasesiaiudu 6 fadiuay iesuraidy CFRP
composite deck
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5.44
5.45
5.46
5.47
5.48
5.49
5.50
5.51
5.52
5.53

6.1
n.1

n.2

#IUYNIN (AD)

arWssufisutasramiasuss fuaudsmisidudusuna
@99 NIl
arvuSsufisutisvemiisusatuanu§enoiudusuia
#199 NITLEINRAINIL CFRP laminate
S su BT 9reIwiIBus AuaNuEEMBS USRI
9 NIWLEINIAIAI8 CFRP composite deck
nruTsuifiguengauy fuanuismisiuduauiadi 9
NItk LR U

anWuToufisuegaum fuanuEamsiuduInIadd 9
nytlaIninaInas CFRP laminate

nyulIsuifisueiganus fuanuEsmsiiuduInIadd 9
nItUWEINMRIA28 CFRP composite deck
nﬂvl'-im'mmuﬁmmsv}n"iamu Auangnislinu nydlifizas
Fudu

nﬂﬂé'\mumuﬁmmmn’iomu nuagnsldanu nsdidsesin
Gueu 3 fafianas

hﬂwﬁ'lmmauﬁmmmn’iloN"m fuengnslinu nydiiizasin
Fudn 6 Hafiluas

a ' &

rmﬂuﬁ'muﬁuuﬁ'\mmauﬁ'snmmmomu AuauLFEENIe
Suduzuiadn g nadtlieduigs
nﬂﬂn.l?uuL'ﬁuuﬂ'\ujusauﬁsnu'smnﬁ'mw AuAULFRENIY
Sudurwiade 9 naduaiuididae CFRP laminate
n'nwLﬂ’s'umﬁuui'lmmauf'lmusmn"fechu AuANLTRENIY
Gudnamadn 9 NIt uniN8Id28 CFRP composite deck
WisuifisunI W S-N 3:WiN9 Experiment NU FE prediction
W3suifinudn Shear Stress uax Normal Stress lunsdiifiaamnu
CFRP afludilanuananmiaainia (Ao = 83MPa)
W3Buifigusn Shear Stress uaz Normal Stress lunsdifiaaumm
CFRP mﬁudl.ﬂé'uuﬂ'nwuwmn’n (Ao =100MPa)
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n.6

n.7
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2.1

2.2

2.3

1.4

.1

.2

f.3

n.4

.5
f.6
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a - ' o o
1W3suifisuen Shear Stress Waz Normal Stress lunsdiianamu
CFRP sufiudlfasuanumuivadnia (Ao =120MPa)

- . o
(WFsuifisudn Shear Stress Wa: Normal Stress lunImnaunul

CFRP mﬁ_ueitﬂ&'uuﬂ'nuvmwmma (Ao =160MPa)
Wisuifisusn Shear Stress uaz Normal Stress lunsdifiaanumm
CFRP mﬁuﬁtﬂﬁuumwnmmm’n (Ao =83MPa)
Wsuifisudn Shear Stress uax Normal Stress lunsdifinanumm
CFRP asfludifsuanummnuasn (Ao =100MPa)
Wisuifinuen Shear Stress uaz Normal Stress lunsdifinanamm
CFRP aafiudlduuanamuveima (Ao = 120MPa)
W3uifinudn Shear Stress Uaz Normal Stress lunidifianumm
CFRP sufiudu/dsuanummvesna ( Ao =160MPa)
uwaemnﬁ'ummnmmmﬁ”"umwiamqn’n‘lﬁo'mtﬁaﬂn'\ni‘iu
TAVAINWIBUII (ANUWUN CFRP Al = 1.4 mm)
Nm;aon'mv‘i'um'mvmwae'fum’wiamqms‘limutfiaﬁmsw‘fu
F2IVBIMUILUTI (ANAMUT CFRP @37t = 1.6 mm)
NRUBIMIRNATIUNUIYBIUFU CFRP daa'\qn'lﬂ'&'mmﬁaﬁms
TRATIUBINUILLT (mmnmm')mﬁ = 1.1 mm)
HARYBIMIANAURWIVEIUHY CFRP damqms'lfnmi’iaﬁms
WRAT9T8 MBI (ﬂ'nunmn'nﬂaﬁ = 1.2 mm)
ﬁmﬁ’nnﬁnnmumm‘mu AASHTO szinn HS20
dminuAlfiouin (Lane Loading) §wiusneuduuy HS20
matmuagUuuulasaing

noszdvamdnissuluiunaunia
mﬂ"a'mﬁmﬁ'nmmntﬁ‘a'lﬁtﬁﬂunmulugeqﬂ
JUAAVaINANAT | (1200WB455 cross section.) (Mg TadLuas)
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