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Numerical Prediction of Ultimate Strength of RC Beams and Slabs with a
Patch by p-Version Nonlinear Finite Element Modeling and Experimental Verification
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Abstract

A new finite element model will be presented to analyze the nonlinear behavior of RC beams and slabs 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 nonlinear finite element model is demonstrated through the load-deflection curves, the ultimate
loads, and the failure modes of RC beams or slabs bonded with steel plates or FRP plates compared with available result of

experiment and other numerical methods.

keywords : p-version nonlinear finite element mode, Gauss-Lobatto integration, anisotropic laminated com-
posites, plate-end interfacial debonding model
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e zugfz} 79, 2AYEY YEel 98 &4, BAAR g 40 Debondlag crierts,
(42 £ AW 2499, AR W (failure) & 3 20
2 ‘/}E}‘ﬂiﬁ}. Beam A2 A9, &3 A o 73 0
Tl ¢x= mg9E a_tg.oﬂ 3377} dojdtln 3t 0 10 20 30 40 50 60 70
2 Ao RN Az, 35 36750N0A 3HF0] Distance from the plate end (cm)
Astele 2o Mg U%F layerFoM 33 (crushing) a2 17 Beam Do HziE ZEEo| Moioa
7b dolvte S #AAF F gllen, o FYAPeR
FH @R ge s 66cmEold AA g HIo| F& H7be RCHO @ioxe Aghede] Az U
Hol Sl a2n ofd WS dod dREe 2D @ gye smith¥ol o8 h-version FEME o] &3}o]
e 2d 13). Beam BY 74, 4FA = FRP B3] Drore BEFe ndge Esid 03 119 e
Aol ojste] FxREC] FAGEH =Pk AHNE waw murdgAe Azld WU Aolo] BA =
o 58800NelA  steAlstA el olfE FRA e 2 Ay o] amEZeiE gEoA HWolAsE ATe
FRPeM 33 E #9F & . a3, ofw Y& ge 007 $¥stn YeS & & Ak B A7dgM &
=€ Beam A®] SYHHEG O B FEl BUATS  Ng agz(aP1nE wpolNel 528 2ztd mddy
a3t UATHZE 14). Beam C #iA2A3 61000N| S ARA YT SHAZHAANL B A Y=
A ARAR #2 A% S d53HeR AT I go dg 4 odk AW, WM AAFE ke
(crushing)7t delue A= AT £ AULH, °lv o Ughzns AT 002 854 21 Yok o=
2N A rEQ] 4559 39 (crushing) 7b Lol R Ao sjAe mdo] 3 gacldx AAo] 23 &
e A% PG ol fR8AN AR e WE o) pgm sde Bostls Srltzo)2e o) HAH
AL SYAHAMRE GFYF2R 58em7HA] AR o] marEY RE 1 olal2o] QAZE AT o))
e 66cm7tA] FEHW FHAS AT F MUY = gaw AdgaEe wn Jddn HAHs] wR)
(28 15). Beam D9 A% d¥lM e A EREAA Smith®e] X T= gz duszye] oz 23R
Adshaizt defuttt. fAass4d5 34300NIME gt pversion FERY o3 dds Faatz 44
RCTFEEC] ARl U5ell oefl S &Yl mEatA| o] Beam A~Col el Salo] AdAne} GAlat 2
FRFE Breta, Ad B2 A HFEY 3 vdehdm 9A9, Beam D ] Qe #olE e
of st HAd @R &g Aol WAL UEE ya ok o9 AP AT 2L FAS HolR
golg 4= doh (2™ 17). 53], Ochlers model & Raoof W B Hazde ¥ad J_aa] B3R BHo] oA
and Zhang modelel €3, WSE2& ot ﬂiﬂl?—% Haolgh= shgdlel M BAR AFATHET AT
ggdte ZAE YA 22 3ol A e gzko] FuisiAEe] AAZET 270 Trt doju=
T AUt Beam A~De] 239 A4 18n thch1e°l Ase ek 18 18 Beam A~Deol tid A3
Akt FAA L pversion FraLs | 7 S 2 pversion FEMO2 A8 Beam=UdA e 2L
St 3 HAAEA W FAE B 29 2} vlwma RAolu}. ®H7E Rel AL 23 uwdr 2P
B 2 2 Hol gt Itz o3 (&9 kN)
BE ; i AdgFe] Aol(%) AEE
=5 4 Iterat:}ztizzlytlcal 4% p-version FEM Analytical p-version (p—vi"soii?’é%‘)
Beam A 28.34 36.46 36.80 22.2 -0.9
Beam B 64.92 63.97 58.80 -5.9 4.1 +22.00/+27.51
Beam C 53.70 63.16 61.00 15.0 3.46 +24.2/+26.7
Beam D 54.03 46.68 34.30 -15.8 26.5 -2.8/+10.22
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