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Abstract: In order to analyze the debonding failure of concrete beams strengthened with externally bonded fiber-rein-
forced-polymer (FRP) plates, which may be induced by a major flexural/shear crack in the span, this paper adopts a
nonlinear fracture mechanics approach and proposes a cohesive zone model that uses a hovel nonlinear bond-slip model
to simulate the shear stress-separation of the FRP-concrete interface, while the normal stress-separation law of the in-
terface is approximated by a linear elastic model. We can obtain the closed-form solutions of interfacial stresses, FRP
stress for a typical single-lap specimen for the whole debonding process and verified with experimental results. The
comparison confirms the validation of the CZM in modeling the mixed-mode debonding of FRP-concrete interface.

Keywords: Fiber Reinforced Polymer (FRP); Cohesive Zone Model; Mixed-Mode; Flexural/Shear Crack; Debonding

T RESERN FRP-BR LT ABERE S

#EG' KME’
PR R BE,

IR R LA TR, M
Email: 418228466@qqg.com

Wk 201345 2 H 4 Fls f2[EIH 3. 2013 4F 3 /1 16 H: A M. 2013 4¢3 /9 28
1 E: SRR R 207k, b 7 i ARG SRR ) FRP-VRBE L SRR B . R SR = Ak B
DIARI R RADRENEIE N AR KR, HIE T B B REE SRR IR 0 s &M, B 7 RSBt

AN B R BRI, IS SR IR AT IE . 45 RR ], AL RS A RO TR S AR R SR
=F

XA FRP; WERXIEEA, BRI, SR &

il

1. 5l V5t - K A £ S TS g AR B A i Sk g
SIS AF 2 358 52 4 ¥ kL (Fiber Reinforced Polymer) JINBAGitfeids FRP I, A FRP-IRKET A &4
B LA R 4 H R . FRP g TIPSR RS 1R . PRP-RAEE T M B e 5 20

HFEATRIR o
HEGIE TP R T I H (2011GXNSFA018024); | T W9 FRP-JR &+
F (200911MS115, 201010LX215); J" G| 117 37 FH 45 A A 92 55 TF SRR =R ARL TIREL T M5
K515 H (2010020603). VL LRI PEWTZL T TV (LEFM): JRZRIEINTZE T)2

Copyright © 2013 Hanspub 189



YGRS ) FRP-JRRE L 5 I 85 4

Jridi. T FRP ARSGAFAEN T 785, PR 55 5 P8 1Y
SEBRRLHT, N ATE, R LEFM IR XESRAF IR A 150
TR B AT . DA BT T o — R S|
FRIRIES . Suo ZEURIEWI BT AT FR I TR A R L2 IR A
B, SRR A B AT B B R S iR R
B, FOyERRAEH, I HIERN X 1IC HE
PR AR I A A K o A

AR SCR AR LA W 2 70 22 T VAT TU 25 BY 4 4% 5
TR AR S R

2. FESH

2.1 T IC(hERE) R BHIRSEARNRSD
BB (CzM)

AN FRP 0 40 555 Ve e = 8 S %2 . £ RC
KT BN B 5058, A RN T s

e
B 1 s FRP IR R B B2 0 75 /N i i
ST 1),

T 5T FRP-VR&E T S 5, [Rlt RC 22 A0

FRP AL 55 /7R (PR . PR A R
N; =Cu/, M; =-Dw/, i=12 1)

N, FI M, 2R i = 1, 2) 3 DA HE s u, Alw, 43
B i = 1, 200 RS R B C, 71D, 4

I

TR g

11 FRP 1R

-
hC

<h
hy
B

Q.
MC
T Ne
1

AR G = 1, 2) B e 0 EE AN RS JF A
C,=Ebh, D,=El;; E NZii=1, 2R
by FLh %L (i = 1, )R SEfEAm B2 1 B 0 IR
5.

VA TRy
dN, (x
%prl'(x),
dM, (x) ~ h, +h,
dx =Q=by7(x) 2
dQ, (x
d)f ):bpa(x)
dN (x)
gx :—bpr(x)
dM  (x) h +h
dpx =Q, —b,7(x) P
dQ, (%)
(;X =—b,o();
N, +N,=N;, Q, +Q =Q,
h, +h, +2h,
My + M, 4= = = Mo

(2
HAo N, , Q FI M, AxTF FRP R4 K /1. o
Mz 5339 S IE R YIRSy Y, RY, 43500 58 1
JERANGE 2 THE & B O EE A
KA L BRI EAR R, 13 S EAE KT ATET )
J7 1Al AL

M_+dM,

C MT
B. N +dN. B— N,
Q.+dQ Q

R

Té*#***LL

o
M M, +dM,
QP L dx _I P+dQP
I

1
(b)

Figure 1. Idealized model for FRP-concrete bonded joint. (a) Scheme of structure for beam; (b) Infinitesimal isolated body of the FRP
strengthened concrete beam
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Figure 2. Tracion-separation models used in this study. (a) Shear
traction-separation; (b) Normal traction-separation law
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Figure 3. Comparison of analytical and experimental strain versus di-ance curves, CFRP thickness = 0.22 mm: (a) Vertical displacement =
0.0 mm (mode 11 load); (b) Vertical displacement = 4.0 mm; (c) Vertical displacement = 8.0 mm
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Figure 4. Comparison of analytical and experimental strain versus di-ance curves, CFRP thickness = 0.44: (a) Vertical displacement = 0.0
mm (mode Il load); (b) Vertical displacement = 4.0 mm; (c) Vertical displacement = 8.0 mm

4. FRP 1] - S HiniPREE &N A RSB BRI B

194

Copyright © 2013 Hanspub



LHIREE 5| FRP-WREE L FR T R 5 4

IR R A ERYE, 1% CZM AR FEARAE S
TR AR B SR TR TR

6. Bt

JR T PR T I H (2011GXNSFA018024); -

P9 #UE /70 H (200911MS115. 201010LX215); 7
M T B F2 AR 78 5 FF & 1 H R 55 H (2010020603) ()
X

SE Wl (References)

(1]
[
(31

[4]

FRREAR, FMEIG, EXUE. FRP SRS 45 A4S - R
AR R IRIETEF[I]. AR THE243R, 2007, 3(40): 1-5.
MFE, BEETE, BEERGEE. FRP A4 R e 1 S 3 B8 AR 4K
It H S EHI]. #3LE R, 2007, 12(37): 79-82

F. F. Lu, A. Syoub. Evaluation of debonding failure of reinforced
concrete girders strengthened in flexure with FRPlaminates us-
ing finite element modeling. Construction and Building Materi-
als, 2011, 25: 1963-1979.

RIETK, BRfEER. T ARIBILE FRP-TREE LR A 98T 7

Copyright © 2013 Hanspub

(5]

6]

(71

(8]
(9]
[10]

[11]

[12]

[13]

(3], TR A%, 2010, 7(27): 7-13.

S. T. Liu, D. J. Oehlers and R. Seracino. Study of intermediate
crack debonding in adhesively plated beams. Journal of Com-
posites for Construction, 2007, 11: 175-183.

S T Smith, R J Gravina. Modeling debonding failure in F-RP
flexurally strengthened RC members using a local deformation
model. Journal of Composites for Construction. 2007, 11: 184-
191.

S.-K. Woo, Y. Lee. Experimental study on interfacial behavior of
CFRP-bonded concrete. Structural Engineering. 2010, 14(4):
385-393.

Wik B, WREZR. R R it A 5 X ) B B
L], MK 2244k, 2008, 29(3): 5-10.

WG, XA, B FRP JbF ] R gt - 25 A b 45 J i 45 4
i3], YL, 2008, 11: 25-28.

Z. Suo, J. W. Hutchinson. Interface crack between two elastic
layers[J]. International Journal of Fracture, 1990, 43: 1-18.

L. De Lorenzis, G. Zavarise. Modeling of mixed-mode debond-
ing in the peel test applied to superficial reinforcements[J]. In-
ternational Journal of Solids and Structures, 2008, 45: 5419-
5436.

H. Niu, V. Karbhari and Z. Wu. Diagonal macro-crack induced
debonding mechanisms in FRP rehabilitated concrete. Compo-
sites Part B: Engineering, 2006, 37: 627-641.

J. Pan, C. K. Y. Leung. Debonding along the FRP-concrete in-
terface under pulling/peeling effects. Engineering Fracture Me-
chanics, 2006, 74: 132-150.

195



