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A Comparative Study on the Shear-Strengthening Effect of
RC Beams Strengthened by FRP

MEY® A

Sim, Jongsung Kim, Gyuseon

ABSTRACT

This study presents test results of RC beams strengthened by carbon fiber sheet(CFS),
carbon fiber reinforced plastics(CFRP) or glass fiber reinforced plastics(GFRP) for
increasing shear resistance. Nineteen specimens were tested, and the test was performed
with different parameters including the type of strengthening materials(CFS. GFRP,
CFRP), shear-strengthening methods(wing type, jacket type, strip type), strip-spacing,
strengthening direction of FRP. The test results show that shear-damaged RC beams
strengthened by FRP(CFS, GFRP. CFRP) have more improved the shear capacity. The
mathematical model based on plastic theory was also developed to predict shear strength
of shear-damaged RC beams strengthened by FRP. The predictions wusing the
mathematical model. are agreed with the observations from the observed shear strengths
for 19 test beams.

Keywords @ FRP, CFS3, CFRP, GFRP, strengthening materials, shear-strengthening
methods, strip-spacing. strengthening direction, mathematical model,
plastic theory
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Table 1 Physical properties of strengthening materials

Variable | Tensile Elastic Gravit Ultimate
strength | modulus ( /cmss), strain
Reinforce- (kg/em®) | (kg/em?) | (%)
ment
CFS 35,000 | 2.35x10° 1.62 1.5
GFRP 4,500 | 2.27%10° 1.15 2.0
CFRP 31.600 | 1.58x10° 1.6 1.9
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Fig .1 Reinforcement details and loading scheme
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Fig. 3 Failure modes of tested beams

Table 2 Experimental parameters and results of the beams tested

Parameters Strain of
Shear span | Strengthing | Strengthing Beam Failure |Strengthing; FRPat Failure
to ratio(a/d) method space designation | Load(ton) | effect(%) failure mode
Reinforcemen (XE-6)
1.7 - - CON-1 10.5 - - S
Control beam 77" - - CON-2 6.25 - - 5
11 type - CP1-VW 17.3 64.8 1123 S
1.7 90° strip 18(10cm) CP1-1VS 16.3 54.8 1890 S
45° strip - CP1-1DS 17.8 69.0 2123 S
CFRP

I1 type - CP2-VW 15.4 - 120 F
2.2 90° strip 18(10cm) CP2-1VS 9.45 51.2 503 S
23(20cm) CP2-2VS 8.60 37.6 198 S
IT type(90° ) - CS1-VW 17.0 61.9 2500 S
1.7 I type(45” ) CS1-DW 18.2 73.3 1000 S
CFS U type - CS1-VU 13.3 26.7 1830 S
II type(90° ) - C82-VW 10.8 72.0 3500 3
2.2 I type(45° ) C32-DW 11.0 77.6 7230 S
U type CS82-VU 8.50 40,0 6850 S
I type(90° ) - GPI—VW 16.8 60.0 4060 S
II type(45” ) GP1-DW 18.0 71.4 1000 S
GFRP 1.7 U type GP1-VU 17.7 68.6 4120 S
. . 18(10cm) GP1-1VS 13.2 25.7 8953 3

90° strip "
: 28(20cm) GP1-2AS 14.5 38.1 16000 S

* F ! Flexural failure, S : Shear failure

Predicted flexural strength : for a/d=1.7 and a/d=2.2 each P=19.7, 15.2 ton
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Fig. 7 Forces in the beam shear-strengthened
by FRP
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Table 4 Comparisons between predicted and experimental
results

r

Experimental | Predicted results(ton) Experimental

Beam ) results/
designation results Predicted
(ton) Ve+
Vsp Ve results
Vsp
Con-1 10.50 - [11.58[11.58 1.10
Con-2 6.25 - 5.43 | 5.43 1.15

CP1-VW 17.3 9.61 111.58121.19 1.21
CP1-1VS 16.3 4.8111.58]|16.39 1.01
CP1-1DS 17.8 6.79|11.58{18.47 1.11
CP2-VW* 9.45 - - - -

CP2-1VS 9.45 3.97 | 5.43 | 9.40 0.99
CP2-2VS 8.60 1.99]543|7.42 0.86
CS1-VW 17.0 5.95111.58(17.53 1.03
C81-DW 18.2 8.42 11.58| 20.0 1.09
CS1-VU 13.3 5.95]11.58]17.53 1.32
C32-VW 10.8 3.97 |11.58| 9.40 0.87
C32-DW 11.0 561 |5.43 [11.00 1.00
Cs2-vU 8.50 3.9715.43]9.40 1.10
GP1-VW 16.8 6.04 [11.58|17.63 1.05
GP1-DW 18.0 8.54 [11.58)20.13 1.12

GP1-1VU 17.7 6.04 111.58117.63 0.99

GP1-1VS 13.2 3.02 |11.58|14.60 1.11
GP1-2A8 14.5 1.51111.58]13.09 0.9

* Flexural failure
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