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ABSTRACT

A new finite element model will be presented to analyze the nonlinear behavior of not only RC beams
and slabs, but also RC beams strengthened by a patch repair. The numerical approach is based on the
p-version degenerate shell element including theory of anisotropic laminated composites, theory of
materially and geometrically nonlinear plates. In the nonlinear formulation of this model, the total
Lagrangian formulation is adopted with large deflections and moderate rotations being accounted for in
the sense of von Karman hypothesis. The material model is based on hardening rule, crushing condition,
plate-end debonding strength model and so on. The Gauss-Lobatto numerical quadrature is applied to
calculate the stresses at the nodal points instead of Gauss points. The validity of the proposed p-version
finite element model is demonstrated through several numerical examples for the load-deflection curves,
the ultimate loads, and the failure modes of reinforced concrete slabs and RC beams bonded with steel
plates or FRP plates compared with available experimental and numerical results.
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2429 ggAgd 9ojA Hold p-version FH#LAYRE B a5 A FuE doFith E Szabo
9} Babuskaol 93 Legendre B3%5E o4 p-version FTLA2YL StressCheckst 2& H& A&+
#orxgadd £95%0T, ANSYSHE WAHNeH FEER ALE NE7} 37 FA49 Sl B¢ of
Yt F2oe= udg ZAdE Hgo] ojFAIL Utk

2 dPqME 2 £ gAAS JER BY A22AYE B9 A4S A p-version FELLE B
Qo] AN AQE ZLe AR D 73 vAYo]8F p-version FFLA0)8LZ FAHL VA
&9 A% Total Lagrangian 71l 7|%% von Karmand] WJ¥3-2YE o]28% ALSI L, Aau|dg9)
7AS- ZB o] E(incremental theory of plasticity)dl 7128 Kuper’t AA & e FE/|TI 33
¥ A (hardening rule) 282 o] @& FH7|EL AR EF, 2R £ FEA EIAE €
W3k 712224 Ochlers Model# Raoof and Zhang Model ¥ AH&3th HEY 2d=2 o} (integrals of
Legendre polynomials)©] #4342 A9 Gauss-Lobatto X HEY-& AHEste 7]&9] AAe] ohd
AR B2 AREE $Hgto] AHAMNE $3ko] AEHES Ach AL p-version 2] FF

Z37) 99 F-BUTA, F9eF, AYRE, EAESG YR A2 R 27 A8 $Y & &

el AYPx] 2 A9} v FAE

2. 3i3o] RZE Yo RS

TTRTE— 3y 12 e B3% RCHEY dIR=E
#@Q@&a Pﬁ JIRRA AL gy A9 a4 $ THE 2RE 3
FRP rupture 3 Concrete crushing

<.> ) otk oleid B3 AFE wAW, AAA, RC

gL [mwemn, A 29 AZ, 71834 103, Q% == A
é%‘j M ng@ééﬂ 229 F 5 42 74 229 9 2Asol

npmpein 1T Ondteptin sz, @) B9l o@ FRPY 33 (b= ¢
Load) o o3 2AYESQ crushing, ()& AL}

zg:d‘“ Zone 3, (A% (e)= plate-end debonding failure,
IMCMWN@M 1%0‘ o mtmn )8} (@)=  intermediate  crack-induced

interfacial debonding ©]t}.  intermediate

ad 1 3ol B¢ RC W9 j} I BEE crack-induced interfacial debonding ¢! 7%+

s dojue w3 & oAl Saadatmanesh®t Fhasani(1991), Lopez et al.(1999), Bonacci®t

Maleej(2000), Rahimi$} Hutchinson(2001)ol 2314 2¥® o] itk plate-end debonding failured) 7%

744 WustA doludA, B3] RCFZEo| F§ Aol 23] Ao B3R EREd TAHE FLol
WAgn SAo] HRAGA FEREL AT YT EAE AN A E dein

2.1 Concrete cover separation 4

WAl Wel Woln EAE REe Yoz Arle o RTUREE AW BREA $HPZoR
Qs WA atxut =3 ¥alH debonding failure modegti TY & it Huksid B
2agEee QFTFIo] ¥ AW ¥ e wgogN FaYES FFo| USHIAA AAHx 2

foin 3
E

- 366 -



2 2adEst U AS Pgoz FT oidZe Jdt TIYE Aol HAAE FeAYel LA
QFolh AF olHF AT S oz BAF RCTEEC] AAFHARY FAZe =887 Ao 74U
w37t dAdatA do

2.2 Plate-end interfacial debonding

29 gRd SAsE & AW dd$d o A Aol AeIA concrete cover separationt
FAME 33 mEolx|uh o] R EAL HH R FaAwHe st JAHARYE Aotk EE,
ol2g|g w3 st yehd b FAZAM Zert dojWnde ZIYER, FAS RS T M o
3 RRo FaEel EREM B/ 2ARY AT AN WEAZAA ] EAHES A B3}
¥ concrete cover separation FE|etE £33 2t} ol#d HIXE=F Saadatmanesh®t Ehsani(1991),
Quantril et al.(1996), Taljsten(1999) Tl 23 A¥ HAyEo] HuHojzrh

23 BZE oifel 2t 24

plate-end debonding failure £, concrete cover separation® plate-end interfacial debonding® T3t7] $
34 thgo] o] AAjHT

2.3.1 Oehlers model

Oehlers model& 9% Y@(shear-capacity-based model)& 7]1#20.2 #on, 34 &= 434 9% 984S
= RCHo) AL 71530, concrete cover separation? concrete interfacial debondinge] 2% 3]s o]d
zdolt}, Ea3E dRAY i 71EL A (HF 2o, UM, o e AAHINe|L, f'v F3YE
NEM Ao

ts=(1.4—W%,0) (P;f.:')_?'l (1)

2.3.2 Raoof and Zhang model

Zhang et al(1995)2 ZZEJ} AFddo] 24 3 F F /9 QHG I Atold U E3d
o] #HAGE A Jgg W 3o ARG MRS Ut oldf EAE FF Aol F
root of the tooth)e] Awge] ZIEL AARLEE 27stE A4S ZAFEE gFditis 7)
Concrete tooth modelo]®, ©]A & concrete cover separationo] WAIZ o A& 7lssic) 23
T e AdgHe 2 ()8 2ol BEHY, /S E3E W Fd HAA, A& A%
£ 2adEe WY, & FAYE AP FE, 4t 3B} £3EY BT FAYE, 30, © I3
29 AA AA, b FAE G Zolr,

it
v
M

M
&
[¢’]

o
L)
o
i3

Aefct

=61, lnin = 2030 0¥ ) 2)

3. p-Version H|MY RilLDH

31 E3 o 24

- 367 -



33§83 WS 2AEC] FHUANA 4AF22 HEE 4 UEE HEI /MAE T 239A
g 4 248 A8t A9 AR A Y FAAA( @, oY, wit )% 209 HPue
(Bie, B2 T3, o]E 5 AFES T3HM APEY L 1 F Y=F sigu. & Fux A 43
o2 AEy 2= FAFR(UL)E AHEEA, d9 e A= 4 3)3 Zo] Addn

Sigami 1 gty (3)
xX;= Z:] Ur® + El wk—z— § vy
WS AUAYS NANY GBS B HEL 2 nelste] 4 (@9 o] Lehan
N, _ N, he  — _
w= 2 B+ 2L T, — vl g;;;] @

o7)H, xpd ymid mid= ololo] AN A9 FRA AMNHREAL ALF 9K, f,= A FAS
vehdo,

32 Gauss-Lobatto X £

FAANA Bo] o] gHE FAHPELR Gauss-Legendred o] ded], o] AW AzuAd EA9
A5ole 440 FAH SE 4 vk F {HEe 849 FHANAM AXEHE b, $EL AR
(-1, DA Addet. et GaussHEHANAM o] @4 FullA &@2A FedAE JE7Eez By
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39 4 3537t W& Beam B9 A
Concrete layer
Concrete Iayer Concrete layer Concrete layer
@ @ @, @ % | @ _
Steel layer Steel layer Steel layer Steel layer
Steel plate layer Steel plate layer Steel plate layer Steel plate layer
(2) 1500 kef (b) 3000 kef (c) 4500 kgt (d) 6222 kgf
2% 5 8535 7te W& Beam Co JH
Concrete layer Concrete layer Concrete layer
Steel layer Steel layer Steel layer
Steel plate layer Steel plate layer Steel plate layer
[— ]
(a) 1500 kef (b) 3000 kgf {(c) 3500 kef

1% 6 3557t W& Beam D9 Z3E]

SA-A~D9 233, AN 28 p-version FEFLAHA g HHghE E 2¢) Jehhsich
p-versionr @2 ARD o3 F3F HAFS SA-A~Col diside A¥F} fA 29E Jedx
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EAF Fojtt. 712717 R WAR Wete AHLE 449 B BF FARREH o= o FEI}FTS Y
Ehdth 283 SA-CY A% F WA 718717 Aole A2 WS Ao ¥Eshe AHE vehdn. &4
FRAME FEAE B} BAYE B A Zolrt AW, MY FhANE RAF BN Fd 3T
BAeel A JFEZe] W S¥o] TR Hol HEM A dehin glESs ¢ 7t Ut SA-C
SA-DY WEEZL 22 AFE 1 YAW, b A8 FIPE 783, EAA Hold Aolz
Aste] BZo] FE3Z] Ao FxE A7t dojdE ¢ + AU

¥ o
< w0
H
- L. e )
-I—pvrenion(BelnA) ; —-:-&an—
o /)
& Experiment(BeamB) [ E s~ BeamB
-o-:xv;m:-:)q r— g 100 //‘ / ~+BeamC
4~ p-version(Beam C) % -o—BeamD
~0- Experiment(Bean D) || ° ) N .
ok X . .| oo pvenionBeam D) 0 1000 2000 3000 4000 5000 G000 7000
0.00 10,00 20.00 ]):&‘:.Mm 50.00 60.00 70.00 IM@
a9 7 3-89y 2A I 8 3t B Ao B} 2y
E 27t 2o g I3 = 4R (9 kef)
Iterati AP gk Aol(%
e:a 1.vel a9 p-version S Aol (%) L RAS R
analytica = FEM Analytical | p-version | (p-version/Ad)
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