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An Experimental Study on the Effective Strain of Reinforced Concrete
Beams Strengthened by Fiber Reinforced Polymer

Hyun-Bok Hwang" and Jung-Yoon Lee"*
“Dept. of Architectural Engineering, Sungkyunkwan University, Suwon 440-746, Korea

ABSTRACT The shear failure modes of FRP strengthened concrete beams are cuite different to those of the beams
strengthened with steel stirrups. When the beams are externally wrapped with FRP composites, many beams fail in shear due to
concrete crushing before the FRP reaches its rupture strain. In order to predict the shear strength of such beams, the effective
strain of the FRP must be known. This paper presents the results of an experimental study on the performance of reinforced
concrete beams extemally wrapped with FRP composites and internally reinforced with steel stirrups. The main parameters of the
tests were FRP reinforcement ratio, the type of fiber material (carbon or glass) and configuration (continues sheets or strips). The
experimentally observed effective strain of the FRP was compared with the strain calculated using a proposed method.
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Table 1 Specification of specimens

i for Shear steel reinforcement Long'l tudinal tensile FRP composites
Series | Beams (MPa) a/d reinforcement

S (mm)| p, (%) |f, (MPa)| p; (%) |fyy (MPa)| Fiber |Distribution|s, (mm)| n | pr(%)

B BO 35.0 3 200 0.204 | 300.0 3.67 524.5 - - - - -
Cl1 35.0 3 200 0.204 | 300.0 3.67 524.5 | Carbon | Sheets - 1 0.063
¢ C2 35.0 3 200 0.204 | 300.0 3.67 524.5 | Carbon | Sheets - 2 0.126
Gl 35.0 3 200 0.204 | 300.0 3.67 524.5 | Glass Sheets - 1 0.286
G G2 35.0 3 200 0.204 | 300.0 3.67 5245 | Glass Sheets - 2 0.572
G3 35.0 3 200 0.204 | 300.0 3.67 524.5 | Glass Sheets - 3 0.858
G4 35.0 3 200 0.204 | 300.0 3.67 524.5 | Glass Sheets - 4 1.144
GS1 | 350 3 200 0.204 | 300.0 3.67 524.5 | Glass Sheets 300 1 0.095
GSla | 35.0 3 200 0.204 | 300.0 3.67 5245 | Glass Sheets 200 1 0.143
s GS3 | 350 3 200 0.204 | 300.0 3.67 524.5 | Glass Sheets 200 3 0.429
GS5 | 350 3 200 0.204 | 300.0 3.67 524.5 | Glass Sheets 200 5 0.714

Note: f;; is the compressive strength of concrete, s is the spacing of shear steel rebars, p, is the ratio of shear steel reinforcement, f,,
is the yield stress of shear steel rebars, p; is the ratio of longitudinal tensile reinforcement, f;, is the yield stress of longitudinal tensile
steel rebars, s, is the spacing of FRP strips, n, is the number of FRP layers, pr is the ratio of FRP.

Table 2 Material properties of steel bars and FRPs

Materials Section area (mm’) t; (mm) &, Or & %y or fi (MPa) E; or E; (MPa)
D10 (Stirrups) 71.3 - 0.0017 300 180,000
D25 (Long. reinforcement) 50.7 - 0.0028 525 190,000
Carbon FRP (Shear reinforcement) - 0.11 0.0180 4,510 250,000
Glass FRP (Shear reinforcement) - 0.50 0.0200 350 17,000

Note: €, is the yield strain of steel bars, f, is the yield strength of steel bars, E; is the elastic modulus of steel bars, & is the rupture
strain of FRP, #, is the thickness of FRP, E is the elastic modulus of FRP.
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Fig. 1 Dimensions and reinforcement of test beams
(unit: mm)
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Fig. 2 Loading system and locations of LVDTs (unit: mm)
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Fig. 4 Load - deflection curves of test beams strengthened by fiber reinforced polymer

Table 3 Test results

Shear steel reinforcement longitudinal tensile
Series Beams P A, Failure mode reinforcementFRP composites
(kN) (mm)

& - LVDT €k — fip Ese — steel

B BO 782.5 12.7 S 0.012149 - 0.007575
c C1 1206.3 30.6 S 0.007748 0.009233 0.009555
C2 1432.0 41.8 F 0.006139 0.007471 0.020446

Gl 938.0 185 S 0.011928 0.014521 0.009895

G G2 1103.0 26.5 S 0.008766 0.012817 0.015565
G3 1162.5 32.0 S 0.010001 0.011716 0.010261

G4 1379.0 453 S 0.010123 0.010942 0.012256

GS1 639.0 14.0 S 0.017283 0.015333 0.021477

GS GSla 712.5 14.3 S 0.015886 0.016333 0.015966
GS3 855.0 19.0 S 0.012250 0.013160 0.012421

GSs 1026.5 29.5 S 0.009886 0.011957 0.025210

Note: P, is the load, A, is the deflection at the mid-span corresponding to P,, &z _rypris the strain measured by LVDT, &, 4, is the
strain measured by gage attached on fip sheet, £, . is the strain measured by gage attached on stirrup
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