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FINITE ELEMENT ANALYSIS OF SHEAR BEHAVIOR
OF RC BEAMS STRENGTHENED WITH U-SHAPED FRP SHEETS

ZHANG Zi-xiao , "YE Lie-ping , LU Xin-zheng

(Department of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The utilization of FRP in shear strengthening for reinforced concrete beams is an effective way in
upgrading the low loading capacity of the beams. Based on the test data of seven beams, this paper presents
analysis of FRP strengthened RC beams using 3-D finite element model which is implemented in ANSYS. The
effects of various parameters on numerical results are discussed. The bond strength between FRP and concrete,
shear retention coefficients for cracks are determined. The results are in good agreement with the experimental
results. To gain a better understanding of the role that FRP plays in the RC beam shear strengthing, further
investigation is conducted in regard to the distribution of strain in FRP under each load level, the FRP’s
contribution to the overall shear strength, the peeling-off process of FRP from the concrete’s surface and the
relationship between the efficiency and the amount of FRP used in the shear strengthing.
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2
Table 2 Parameters of specimens
fey MPa fey MPa feu MPa
S-0-2-0 2.155 31.8 395 377
S-GU-1-1 15 39.2 395 377 GFRP u
S-GU-2-1a 2.155 39.2 395 377 GFRP u
S-GU-2-3 2.155 38.3 395 377 GFRP u
S-GU(B)-2-1 | 2.155 40.1 395 377 GFRP U+
S-GU-3-1 28 40.1 395 377 GFRP u
S-CU-2-1 2.155 37.6 395 377 CFRP U
2
U FRP
FRP SOLID65
[4-6]
ANSYS i B, [5.10]
SOLID65
LINKS8
FRP B
SHELL63 0
FRP B.
COMBIN39
- 1 Von-Mises
Rankine
FRP FRP
FRP
[6]
FR[; - $,=003 f.=03 $,=0.06 £.=0.6
R4 b it 3
5 - 4
T=7 o 1
max 5max ( )
Tmax 5max Tmax
R 4t
ERP SN N NN GFRP-UM 5
3
[0 Fig.3 Meshing
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Table 3 Comparison between experimental and numerical
4 - results of the ultimate loads
(1) /KN /KN 1%
S0-2-0 194.3 185.9 -4.3
50 S-GU-2-1a 294.1 299.5 1.8
S-GU-2-3 336.2 345.6 2.8
S-GUB-2-1 299.6 293.7 -2.0
) - S-GU-1-1 339.9 3443 1.3
S-GU-3-1 2154 198.4 -7.9
U FRP S-CU-2-1 272.6 296.6 8.8
3 7 FRP
5 FRP FRP
FRP 1mm
6
S-GU-2-1(a) U FRP u
FRP FRP
. - -
g | : g =
: . J . |
S0-2-0 S-GU-1-1 S-GU-2-1a
S-GU-2-3 S-GUB-2-1 S-CU-2-1

4 }

Fig.4 Comparison between experimental and calculated load-midspan deflection curves
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Fig.5 Strain distribution and location of major shear crack for strengthened beams
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1 oo '-—-a\;‘_‘\ﬁ Fig.7 FRP web reinforcement’s shear contribution
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Fig.6 Comparison between the experimental and numerical 9 S-GU-2-1a FRP

results of maximum strain of the U-wraps under different load
levels for beam S-GU-2-1(a)
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FRP 4 FRP (ue)
FRP  (U2,U3,U4) Table 4 Strains in the FRP strips at the maximum load
6000 e
FRP u1 U2 us3 U4 us
FRP 5 1630 4606 7230 5588 823
3774 6594 5161 4496 1000

FRP

[ 2500
|_— 82 T:::
- a3 1000 -
500 4
54 Q
500
S6
56 1500
S7 2500:
(@) U3 (b) 7
8 S-GU-2-1a U3
Fig.8 Mechanism of the FRP peeling-off process
—
- T -uz2 000
o000 ] e T U3
] i -—- U4 o000 4
7000 e ] ] us
5000 - f 4000 4
% 4000 E 2000 fff
(a) (b)
9 S-GU-2-1a u
Fig.9 Experimental and numerical strains along the diagonal crack in the FRP wraps of S-GU-2-1(a)
4 FRP W22 FRP
- U y Vi =agpp fobh 2
f ay FRP
FRP
GFRP
pr=2Wftf(Wf+Sf)b FRP
I Y FRP 4 CFRP 3 3
=W /[(W; +5S w S
=Wy IWe 15 f f ( Tmax 1.867MPa)
FRP ty FRP ) FRP
FRP ( Es f) 2.155 10 FRP ay,

FRP T max FRP Pr
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Dhv Fig.11 Bond area of FRP sheets
10 ay-py ke <
Fig.10 - relation i
19 Oty =P ! 08 I o
FRP 0s | g y
5 FRP - 8 X g
FRP V, 0.4 | o
GFRP t; =0.169 |
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T max FRP Vi Fig.12 Shear debonding coefficient k;
i
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Table 3 Analysis results of shear contribution of FRP L g
04 r
n r o
FRP te /mm 0.500 0.667 1.000 02 -
0.169 35.936 36.812 58.088 w s s w
0 1 2 3
GFRP 0.254 43.630 42.054 63.042
0.338 36.856 51.074 66.398
13 ks
CFRP 0.167 37.138 73.110
11 Fig.13 Relation of k; and shear span ratio
Afb T max
FRP vV, FRP
4 =0.5
Vi =2K¢ Tax At (2 (r )
K, FRP A
t; =0.169mm  GFRP ( 97GPa)
2
2155 K, B CFRP 0.222mm  CFRP
( 235GPa)
12 A B FRP
K¢ n

Vre =V =Vj
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CFRP Vee  GFRP Vie
55.8% B FRP
(E;t;) A 3 FRP

A B

S-GU-2-1(a) FRP Ve =117.7kN

CFRP S-CU-2-1 FRP

Ve =108.9kN FRP
( 16.393 26.085)

6
Table 6 Analysis of shear contribution of RC part

VJ/kN | VIKN | Vge/kN /mm Ogy /MPa
A | 7481 | 1797 56.84 5.80 377
50.82 | 19.07 31.75 2.96 285
5
FRP
FRP-
FRP
FRP
FRP
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