E Journal of the Korea Concrete Institute
Laell Vol.14, No.4, pp.556~565, August 2002

BAUCE 2[R RE BYE wy HISEC| dSSE ?I3 B oY
él_a;_)gl)' R 2%@1)
Vaguieta % - #7335
(200241 191 2890 7747, 20024 59 239 AAeER)

Analysis of Strengthening Variables for Strengthened Bridge Decks
by Externally Bonded Sheet

Jong-sung Sim"* and Hong-Seob Oh"

D Dept. of Civil and Environment Engineering, Hanyang University, Ansan, 425-791, Korea
(Received January 28, 2002, Accepted May 23, 2002)

ABSTRACT

The concrete bridge decks on the main girder will usually develop initial cracks in the longitudinal or the
transverse direction due to dry shrinkage and temperature change, and as the hridge decks age, the crack will
gradually develop in different directions due to repeated cyclic loads. The strengthening direction of the concrete
bridge deck is a very important factor in improving proper structural behavior. Therefore, in this study, theoretical
analyses of strengthened bridge decks were performed using the nonlinear finite element method. To improve the
accuracy of the analytical result, boundary conditions and material property of strengthening material was simulated
by laboratory condition and test results, respectively. The effect of the strengthening direction and the amount of
strengthening material were estimated and compared to the experimental results. The efficiency of the strengthened
bridge decks by strengthening variables such as the amount, width and thickness of CFS was observed.

Keywords : bridge deck, carbon fiber sheet, nonlinear finite element method, strengthening variables
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Table 1 Material properties

Yielding | Ultimate | Young’'s | Ultimate
strength strength modulus strain
(kgf/cm®) | (kgf/em®) | (kgf/em®) | (%)
Rebar 3,000 3500 | 2.04x10° -
CFS - 36500 | 2.35x10° 15
Epoxy 900 71,400
Concrete 310 264,102
Table 2 Test variables of deck specimens
A
Soec Strengthening ratio ( hxb 107 )
pectmen Main rebar Distribution rebar
direction direction
CON - -
CsS-1 - 4.688
CS-D2 - 2.344
CS-S1D1 1.875 4683
CS-S2D2 0.9375 2.344
CS-S1D2 1.875 2.344

where, Ag is area of CFS, h is the height of deck
specimen, b is width of decks

Fig. 2 FE model of deck specimen
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Fig. 4 Stress-strain curve of carbon fiber sheet
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Table 3 Test and FE analysis results of deck specimens

Yield loads(tonf)
Failure pattern Main rebar Distribution rebar Peak loads(tonf)
Exp. FEA Exp. FEA Exp. FEA
CON Two-Directional crack and flexural-Shear 25 24 375 37 47 52
CS-D1 One-Directional crack, Iner_face debonding of 7 35 _ _ 54 55
CFS and compressive failure
CS-D2 One-Ddirectional crack and flexural-Shear 32 35 40.0 - 54 55
_ Punching shear failure _ _
CS-SIDI1 and Interface Debondng of CFS 34 57 3 72
CS-S1D2 Two-Directional crack and flexural-Shear 45 35 58.6 55 59 71
CS-S2D2 Two-Directional crack and flexural-Shear 36 35 46.1 45 56 65
6or P 60
N - 50
5 % w0
e % CS-S1D1(Test)
S § 30 —B— CS-S1D1(FEA)
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Con(Test) 20 —@—  Cs-s1D2(FEA)
= = =  Con(FEA) 10 = = = (S-S2D2(Test)
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Fig. 9 Load-displacement relationship of
non-strengthened specimen
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Fig. 10 Load-displacement relationship of one
directionally strengthened specimen
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, M and D means main rebar

direction and distribution rebar direction, repectively

and longitudinal direction,

77 2333EE pTIYE®  pEER -y
H o © oo jul % o @me o . — 4
Y O FRER B TR A o o T oEE S S R A IR R
© o " o =5 o T a0 K " - < 2
oW R BEGE %W%s = " ~ S ch 55
; = - ~ T ! = = » 8
Moy BRI w2 piZa g | 7% P
il o T W< T VoL AT F < Ao E S IS8R RBBIKIB B S | F
aﬂnmm o © W TR Ml‘m. B fo B ) rﬂm_. 2 .
RE gdAzEIE . %zaTos 1L - %
Tr suxdm § BTTI ety T2 Bl Of 24
< B X : — ! . 2 g . g _lal_lalalalalalalalalalso
P EEMETT w2 p B Fog Mg £8 |z|E=|E &2 82858 E s
&.ao aquo_ﬂrﬂmmﬂ <F ml‘__kwcﬁ ™ ,_mv_u oo ,/nwm7 k= 95 n SSSSSSSSSMm
% R gy ar 7l 05 T .Bo X "= oF . = o 3
o B RuErrFR = TR TE ca T8 8 &5 o
O —_ . f - <~ = Rz

T BT OMPom W OmEECARH L TEBER oy |07 R %
o B By 0 Mﬂm_\% w.d%ov.mmlﬂi% oy 100 - e ~ ! g wlE =R =i A _%%%%%MMMMb
TP Mﬂuﬂﬁﬂﬂo < W@W»Tﬂqﬂ °© ‘maqmbu._w §21=8 * oo =
£ A - j KO W m) bo & of oy E5|»F g 10 £
A~ B oTtd_ﬂdlo i Ld‘ul o ol T RO o B ols " 3% wlnl _JolunlolRlel2leeio] .
=% ZPTEze S ER R A ARl ) e i e e e e e e
Ay Z =0 =0 e —_— T g I 00 2o B m |£ e 2=

N e W 5 = X & = = op

‘dlui m,ol,dIﬂME@uﬂ._o ﬁTOE,_nﬂﬂ_l_lwumﬂv_Auﬁi ) ML&MOM o = g =l TZZ@QS%LMAMAW&
R I < ° X H = ™ Mk -+ = Sl 3=l eaalgalssiml e
T Bl -l N DN B L%u,.m_/our S L g c S N b SIS P
7_12.4 ‘I.M_/ I~ \m.o,nr,_ o e o _u,wu =3 m SASZDS;IZIETM
OHME_ﬁqlﬂuoT_wi7 H._._ ol Y o ~ =8 < > vl & SZ2SSSSSh
W E S TR E R W R o ok M EK B B bEde & ®

115,
108,
113,

X

TOTAL ACCUNULATED TIME

-APR-2001 TINE: 15:00:23

TOTAL ACCUNULATED TINE

0Z-KAY-2001 TIME: 16128106

PR-2001  TIKE: 00:905:%3

3 R
OIS ORI
RS RS
R ; DRI R
RS AR R o
IR oy QR XA o
AR Ry S AR TR
o A L0 RS Seeddem
RS S . N S RS
P RS : AR s RS q
5 BN SRR e =i R e e
¥ = 3 SN R NS
2 R Wl
RO L
R
N7

2

\:

e
2=

DISPLACEMENT MAGNIFICATION
TINE COMPLEVED IN THIS STEP
ABAQUS VERSION: 5.8-8

RESTART FILE = co
APALUS YERSION: 5.9-8

2
2

AL

Fig. 12 Deformed shape of CON specimen

A

Fig. 13 Stress contour of CON specimen
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Fig. 15 Stress contour of CS5-S1D2 specimen
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Fig. 22 Load-displacement relationship of deck
specimens with varying width of CFS
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Fig. 23 Strain distribution of rebar at mid span of
deck specimens with varying width of CFS
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Fig. 24 Load displacement relatlonshlp of deck
specimens with varying strengthening
material
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Fig. 25 Strain distribution of rebar at mid span of
deck specimens with varying strengthening
material
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