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Abstract

Structural components of historical bridges, particularly
reinforced concrete ledge girders, often experience deterioration
after extended service periods due to high load demands and
results in a

environmental fluctuations. This deterioration

reduction in load-carrying capacity and the development of

cracks. To address these issues, internal prestressed concrete
jacketing has been adopted as a strengthening technique to
enhance structural performance and extend service life. This
paper focuses on the nonlinear analysis of the creep behavior
of RC ledge girders that have been strengthened using this
method. A three-dimensional nonlinear finite element analysis
(3D NLFEA) was conducted using ATENA Science software to
investigate deformation and crack propagation under sustained
long-term loading. The study also considers the shear transfer
capacity at the interface between the existing and newly applied
concrete, under varying bond conditions. The analysis results
reveal that concrete creep behavior plays a critical role in the
long-term performance of strengthened ledge girders. Although
the strengthening method significantly improves the initial load-
carrying capacity, long-term effects indicate that creep leads to
progressive deformation and increased deflection over time. The
findings from this study contribute to assessing the effectiveness
of the strengthening technique and provide engineering insights

to support the rehabilitation of aging bridge structures.

Keywords: Creep Behavior, Ledge Girder, Internal Prestressed

Concrete Jacketing, Nonlinear Finite Element Method
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Roughness Adhesive Bond Coefficient of friction
(MPa)
Smooth 0.5-1.5 0.5-0.7
Slightly roughened 15-25 0.8-1.0
Very rough 25-35 11-14
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LAZNANIUNITLANS7 (fracture energy) Fanungd1nsun1sinaes

nInsrAgvessess1lunounin Awandluzui 5

(8]

ef]
f;

T

We w (crack width )

U 5 wuudiaesnseeud (8]
ngAnssuvesrpunInutIBudaainneliuswaaunsassuiey
Tneld wuuTiaedsyuIuLsBnauyf (Fictitious Compression Plane
Model) fs3U#l 6 ImmﬁgaaugﬁgmﬁdwmﬁﬁamaLLsnﬁmazLﬁmﬁﬁu

o

wzAluszurufinimin (plane Normal) AuiANIs0IANULAUREN

Tuusssn (compressive principal stress)

ref
rle

U 6 wuuiaesnseeud (8]

STR-07-3



NGCE3(

N15UsEYNIVINTIANTTUTESWNIYIR ATIN 30

Sufi 28-30 wowAAY 2568 9.UszaUATIUS

¥
¥ o

The 30t National Convention on Civil Engineering

May 28-30, 2025, Prachuap Khiri Khan, THAILAND

1

2.3.2 WUUT1ADITBUNANLES

WUUSIaBINgANTINNTS UL IR aumANET ey 2 JULUUNAN
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ANUTURILTER waz 4, Ao ANuASBRviutilieaninamAumils
g
ANTsEaNTUTRINITAUN g IugnIRlieglugudnsaa (time
rate) InefideuvosAauaunisi 2
-m
o nlg,t  +ag,) q,
Ct)= : — +— )
t—t)+{t—t) t

TngA g, 9, uwaz Q, fio Empirical constitutive parameters
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Trial stress

¢

~o 1

Final sfress _
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Initial surface

Residual surface
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U 9 NUAINFITRAMSU interface elements [6]
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nMeAIM (physical properties) 933989l Taa Aaeiunsafs use
= ] 9 a £ = a s at' a '
Samilen wardudszandusaduaviu wisdimesussiany 2 Ao @1
duuszaAndaruuds (stiffness coefficients) §emnund utiieldlu
Toguszasiidaiaan Taun aruudaluwuaund (normal stiffness)

wazlNFUE (tangential stiffness)
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ABUNIALAL
fdwnvesneunsn, f.” (MPa) 24
wegdaBangy, E. (GPa) 31.68
ANAUILULY, Density (kg/m?) 2,320
AounInlu
fAasenvasnaune, f.” (MPa) a0
wegdaBangy, E. (GPa) 34.13
ANAUILULY, Density (kg/m?) 2320
Wanasy
Adsduusaisfigansnnindn DB25, f(MPa) 443
ﬁwé’q%’ut,l,ﬁﬁﬂﬁa‘mmwﬂmﬁﬂ DB16, f,(Mpa) 443
vegdaBang, E, (Gpa) 200

= wa Ao o
A3 3 AFUUAVBINITAURIADUNIA [2]

FuUsyansvesnsAuABUNSALAN

AUAUT (M) 0.12888
ATUETINg 0.8
dnadrnsnaTIsayuBiumd 4.44
Sasauineduns 0.5
3UY AR
syBAALAANTUN 7
Fuuszavsvasnsiunounislnal
AUAUT (M) 0.13728
AnFuSTE 0.8
gnsdusnaTunoyuTiuud 4.44
Snsdhutisiodumnd 0.5
UL AR
ssammﬁyuqmmiﬂu 7
a519dl 4 ppuasTRvesaInSause [7]
GREGING)

wagAaBavgy, E, (GPa) 195
ﬁwﬁ@“mlﬁaaaﬁgmﬂim,f (Mpa) 1581
ﬁwé"a%’mmﬁaﬁi}mﬂizé“ﬂ, f, (MPa) 1860

madaussiililumsnseilunuisedldsumstmunn e
\Benanmsasg i ASTM Ad16 [7] Saduinnsgiuveandnainda
ussussdsgeudananeidu (Strand) Aldluneunindauss Tnstams
\WANAASALIILUY Low - Relaxation Seven-Wire Strand @ sldlu

SEUUDALIINETUYDILATIES S LU AUATINIY a0 USBUEURAY

luwuudraedlddnisadrananudnusnasundefiuinidn

A oA A o 2 g vo 7

USTNAITININAENIUTIBUALNTE Inawwanimaniildinunl

1futan Solid Steel uaglduuudranangfnssuuuu Von Mises 3D
[8] MwazidunnaantfvosTaquanlilu a5 5

a wa I
A3 5 AELUALWavMan [8]

UHLEN
189 “mlﬁaﬁaﬁgmﬂim, f, (MPa) 550
wegaagangy, £, (GPa) 200
dnsautves 0.3
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2.3.6 msansziluuiiaswglusunsy ATENA Studio
nasnafiunisaisuuudiasusvindinvedlassadisauuin
Uuavflenuauaudidansiie 9 arelusunsy GID Simulation ks

wuudrasdanaignindaglusunsy ATENA Studio [5] 4 wdu

gandwsdmsumsiaeilassaiemeisiWludiefmuduuulidida
U 17 wuudaesandause \u (Nonlinear Finite Element Analysis) 7iau1sasiaoswgfinssu
Yanldogtazidon vidludiuvesneunin mdniasy uaraansause
Tnglurnuaeifldmidunsinseiludnua nsa (Creep Analysis)
voempun3nneldusinsehasiluszzen iefnwinansenues
woAnssunisAudivesnouninlusseren uaznaveadoulunisda

LNNESERI1eAauUnS AR uAUAB NS AlUY LAYAINUATBULYRYDY

wuudassliaenndosiuaninaiwedassadislunaauiy W n1s
$U 18 wuudiaesiiufinserinenaunin soefuilvatearunuudautiu (Fixed Support) kagn15NIEa18LTe
nsgvhruuiivaauuuumdn luudaznsdlvasmginssunisauda
waranngnsBansfiunnanatuseninsreuninduuasaeuninll
Ipdinsfnmumg@nssunisidesy sevdmiAntu waynsdsuulas
vausdlumndausadonatsnly

2.3.7 N13A59900UAINGNABIYEIN 1T IATIZYA 184 TeUToN 1T
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Wisufieusunansadeusseensuidevas Dr. Jan Vitek [8] Favh
mMsvadeueuRsUnIAEsMENne TR usInsEvhaTiegesaiieaduy
SyegLIan 360 Ju Iﬂﬁ‘l%'mswmaamwuﬁmﬁiﬁm (Four-point bending
test) Fuduiinisfiviensyansusaiousanainuianaiani il
aunsadanangAnssunisaalaegedalauy n1snageuninanadl

nnUsradiiiefnwinisiudeuulauesrinisined (deflection) ves

puluszezen SudewNNNgRnIINN1SAU (creep behavior) 193

a a @
ADUNIALEIULUAAN

Pohled

i
, ; . ?
E‘U‘VI 21 T19agL98AYUINLALAIIUYNIATUUINUN i
i

i

i

0.2 0.2

FUT 22 1908188 TUIARAEANINENATUNAZDU [8]
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A151971 6 AavEuTRvesnunn warAuauTRvoundnEsy- (8]

10 U Feagiounanssnuszesy 13 IAToUARUUDIABUNTA LasNaDd
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1) nsdfanziuy nizimin Dowel

2)  nIdEanIzwuU widn Dowel $3ufu Smooth Interface

3)  ns@danizuuy Wwan Dowel s Rough Interface

a

HaINNIIIaeInslAnulunuIfedgniwnldiieliaseg

P
a

NANTENUVBINGANTIUNITAVLAZNITTANIL T2UINNURINTSBNS
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