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ABSTRACT

This study developed a shear strength prediction model of FRP strengthened reinforced concrete beams in
shear. The primary design parameters were shear crack angle and shear span to depth ratio of FRP
reinforcement. Of primary concern in the suggested model was the FRP debonding failure, which is a typical
fracture mode of RC beams strengthened with FRP. The proposed model used a crack sliding model based on
modified plasticity theory. To address the effect of the shear span to depth ratio, the arch action was considered
in the proposed model. The proposed model was applied to RC beams strengthened with FRP. The results
showed that the proposed model agree with test results.
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Fig. 1 Failure mode with web crushing criterion in
shear of RC beams shear-strengthened by
FRP
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Fig. 3 Distribution of effective tensile strength
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Fig. 4 Conceptual variation of projected crack length
caused by shear span to depth ratio and
strengthening
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Fig. 5 Crack formation in a beam without shear
reinforcement
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b) Truss model for RC beams on the CEB-FIP

Fig. 6 Diagonal tension failure and truss analogy
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Fig. 7 Shear crack angle with distance to loading
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Table 1 Physical properties of FRP
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Tensile | Young's | Unit | Ultimate
strength | modulus W(ﬂght strain
(MPa) (MPa) | (g/em”) (%)
CFS CF 3950 | 2.35x105 1.62 15
GFRP| TYFO 450 0.23x105 115 2.0
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Table 2 Test results of specimens

arles | Sher spn s [Srengtheing | Spaging of | specmen | Mgt 0° | Supiigpe | viwe
V7 = - CON-1 105 - -
Control beam 29 - ~ CON=2 625 - ~
Wing(90°) . CPI-VW 1730 648 6.80
17 Stip(90°) | 15100 mm) | CPI-1VS 163.0 5438 580
CERP Strip(45°) B CPL-1DS 178.0 69.0 7.30
Wing(90°) - CP2 VW 117.0 B 545
22 | 1S00mm) | CP21VS 945 512 320
SO0 oS 200 mm) | CP2-2vS 86.0 376 232
Wing(90°) - CSI-VW 170.0 619 650
17 Wing(45°) CS1-DW 182.0 733 770
CFS U-jackting - CS1-VU 133.0 26.7 2.80
Wing(90°) . CS2-VW 1080 72.0 455
22 Wing(45°) CS2-DW 1100 776 475
U-jackting CS2-VU 85.0 400 2%
Wing(90°) - GPI-VW 168.0 60.0 6.30
Wing (45°) GP1-DW 180.0 714 750
GFRP L7 U-jackting GPLVU 177.0 636 720
Srip(90°) | 15000 mm) | GP1-1VS 132.0 25.7 270

Table 3 Comparisons between predicted and
experimental results

Specimen | Test(1) (kN) | Pueo(2) (KN) (1)/(2)
CON-1 105 103.5 1.01
CON-2 62.5 63 0.99
CP1IVW 173 172.6 1.00
CP11VS 163 161.4 1.01
CP11DS 178 177.2 1.00
CP2VW 117 112.1 1.04
CP21VS 94.5 96.7 0.93
CP22VS 86 80.8 1.06
CSIVW 170 155.6 1.09
CS1DW 182 164.2 1.11

Mean : 1.0084

Specimen | Test(1) (KN) | Pmeo (2) (KIN) (1/(2)
CS1VU 133 167.5 0.79
CS2VW 108 103.9 1.04
CS2DW 110 107.3 1.06
CS2vVU 85 1184 0.72
GP1VW 168 153.6 1.09
GP1DW 130 158.1 1.14
GP1VU 177 167.8 1.05
GP1VS 132 141.7 0.93

Standard deviation : 0.1086

;\'Ij
z
o
&
lo
b
=
o
nf.
o
k&

Table 4 Mean value and standard deviation

for test variables

Strengthening material Mean Standard deviation
CFRP 1.0170 0.0300
CFS 1.0753 0.0721
GEFRP 1.0547 0.0898
Strengthening method Mean Standard deviation
Strip 0.9975 0.0448
Wing 1.0724 0.0761
U jacket 1.0548 0.0464
Shear span to depth ratio(a/d)| Mean | Standard deviation
1.7 1.0485 0.0741
2.2 1.0371 0.0426
200
a"’
160
Em * [
S
fw . o P
E nCFS
®
¢ GFRP
0
0 ry ) m 160 )
Analysis(kN)
Fig. 14 Experimentally measured and predicted
shear strength for test beams(unit : kN)
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