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An Experimental Study on Shear Behaviors for Reinforced Concrete Beams
Embedded with GFRP Plate with Openings

Jong-Hoon Choi,” Min-Sook Kim," Hee-Cheul Kim,"” and Young-Hak Lee"*
YArchitectural Engineering, Kyung Hee University, Yongin 446-701, Korea

ABSTRACT The purpose of this study is to experimentally investigate the shear behavior of reinforced concrete beams embed-
ded with GFRP (glass fiber reinforced polymer) plate with openings. In this study, the parameters include the shape of rein-
forcement, reinforcement area, and thickness and width of reinforcements. The test was performed on 9 specimens with shear span-
to-depth ratio of 2.8. When the reinforcement area was varied, the GFRP plate showed 3.6 times greater shear strength than steel
stirrup. The test result showed that shear strength increased as reinforcement area increased. Also, when the shape of a par-
allelogram GFRP plate was used, it showed higher shear strength than that with rectangular shape. Effect of thickness and width
of reinforcement showed that shear capacity increased as width increased. For a comparison study, a calculation of the shear
strength of reinforced beams with GFRP plate based on the ACI 318M-08 was compared with the test results. The test results were
compared with the maximum shear reinforcement areas required by ACI 318M-08, CSA-04, and EC2-02 provision.
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Fig. 1 Reinforced concrete beam with GFRP plates
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Table 1 Concrete mix proportions

Component Value
Compressive strength (MPa) 45
Water binder ratio (%) 324
Sand to aggregate ratio (%) 44.0
Coarse aggregate size (mm) 25
Slump (mm) 150

Water content (kg/mz) 162
Cement content (kg/m’) 500

Fly ash content (kg/m’) 43
Fine aggregate content (kg/m’) 727
Coarse aggregate content (kg/m’) 936
AE water reducer content (kg/m’) 6.42

Table 2 Properties of steels & GFRP

Diameter Area Tensile |(Modulus of
(mm) (mm) strength | elasticity
(MPa) (GPa)
Tensilerein-| ¢ 5 642.4 500 200
forcement
Stirrup 9.5 713 500 200
GFRP - - 480 50
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Fig. 2 Shape of GFRP plates

Fig. 3 Type of shear reinforcements



Table 3 Characteristics of specimens

Specimens Crgss ald I Jy or fy Type of shear 'Shape of rei\r?;ljrtctiarz;t rzlilrii"(l:fcfrie?lft Reinforcemzent
section (MPa) | (MPa) | reinforcement | reinforcement (mm) (mm) area (mm°)
S-207 280x300 2.8 45 500 Steel - - - 207
GR15-45 | 280x300 2.8 45 480 GFRP Rectangle 15 1.5 45
GR30-300 | 280x300 2.8 45 480 GFRP Rectangle 30 2.5 300
GR25-300 | 280x300 2.8 45 480 GFRP Rectangle 25 3 300
GR50-300 | 280x300 2.8 45 480 GFRP Rectangle 50 1.5 300
GR30-525 | 280x300 2.8 45 480 GFRP Rectangle 30 2.5 525
GP15-45 280x300 2.8 45 480 GFRP Parallelogram 15 1.5 45
GP30-225 | 280x300 2.8 45 480 GFRP Parallelogram 30 2.5 225
GP30-300 | 280x300 2.8 45 480 GFRP Parallelogram 30 2.5 300

Specimens notation -GR15-45

G: Type of shear reinforcements (G-glass fiber reinforced polymer, S-steel)

R: Shape of reinforcement (R-rectangle, P-parallelogram)

15: Width of reinforcement (15 mm, 25 mm, 30 mm, 50 mm)
45: Reinforcement area (45 mm?, 207 mm’, 225 mm’, 300 mm’, 525 mmz)
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Fig. 4 Specimens setting and strain gauge

Fig. 5 Fracture of GFRP plates

Fig. 6 Shear compression failure
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Table 4 Test results

Specimens Pinax Vewp Veal Failure
’ &N) (kN) (kN) | mode
S-207 595.80 297.90 200.65 Shear

GR15-45 472.78 236.39 118.64 Shear
GR30-300 528.76 264.38 241.04 Shear
GR25-300 455.20 227.60 241.04 Shear
GR50-300 496.62 248.31 241.04 Shear
GR30-525 600.44 300.22 349.04 Shear

GP15-45 496.96 248.48 127.59 Shear
GP30-225 511.52 255.76 249.78 Shear
GP30-300 535.18 267.59 300.69 Shear
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Fig. 7 Load-strain curve (GR30-525)
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Fig. 9 Load-deflection curve (reinforcement area)

Fig. 10 Load-deflection curve (shape of GFRP plate)
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Fig. 12 Comparison of shear strength

Table 5 Comparison of shear strength

No. | Specimens Vexp (KN) V.a (KN) Veo!Veal
1 S-207 297.90 200.65 1.48
2 GR15-45 236.39 118.64 1.99
3 GR30-300 264.38 241.04 1.10
4 GR25-300 227.60 241.04 0.94
5 GR50-300 248.31 241.04 1.03
6 GR30-525 300.22 349.04 0.86
7 GP15-45 248.48 127.59 1.93
8 GP30-225 255.76 249.78 1.02
9 GP30-300 267.59 300.69 0.89
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