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Calculation of flexural capacity of RC beams strengthened with GFRP sheets
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Abstract: Fourteen RC beams strengthened with glass fiber reinforced polymer(GFRP) sheets were tested. The exper-
imental results showed that the flexural strength of the repaired beams was increased. An analytical study concerning the
flexural strengthening of RC beams with externally bonded GFRP sheets was conducted according to the experimental
results of fourteen RC beams. Based on their different failure modes, the calculation formulas are given. Also, this paper
advances the maximum GFRP area and minimum GFRP area to avoid brittle failure of RC beams strengthened with the
externally bonded GFRP sheets. At the same time, the ratio of extreme depth xa to the depth h; and the designed
ultimate strain of GFRP sheets are presented as well. The analytical model is shown to be in good agreement with the

experimental results.
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Fig. 1 Details of test beam
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Table 1 Material properties
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f,/MPa f./MPa  £(x107%) &.(x10"%) E/GPa
D6.5361.6 497.2  1721.9 210
O8 352.1 523.9 1676.7 210
Mwm Q12 3817  579.1  1908.5 200
D14 3659 5359  1829.5 200
D22 366.5 541.9  1832.5 200
C20 32.6 30.7
B +C30 40.3 32.7
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Table 2 Statistical values of GFRP strains
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Fig. 2 The first failure mode
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Table 3 Values of a: and B: for concrete compressive edge strains in different compression regions

RELENE & a B BELERNE 6. a B BELENE & @ B

0. 0005 0. 336 0. 682 0. 0015 0.779 0.722 0. 0025 0.938 0.782

0. 0006 0.394 0. 685 0.0016 0. 807 0. 727 0. 0026 0.944 0. 788

0. 0007 0. 449 0. 689 0.0017 0. 832 0.733 0. 0027 0.949 0.794

0. 0008 0. 501 0. 692 0.0018 0. 854 0.738 0. 0028 0.953 0.799

0. 0009 0. 550 0. 696 0. 0019 0. 873 0. 744 0. 0029 0.957 0. 804

0. 0010 0. 595 0. 700 0. 0020 0. 889 0.750 0. 0030 0.961 0.810

0.0011 0.638 0. 704 0. 0021 0.902 0.756 0. 0031 0. 964 0.814

0.0012 0.678 0.708 0. 0022 0.914 0.763 0. 0032 0.967 0.819

0.0013 0.714 0.713 0. 0023 0.923 0.769 0. 0033 0. 969 0.824

0.0014 0.748 0.717 0. 0024 0.931 0.776
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Fig. 3 Rectangular stress block of concrete
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Fig. 6 Maximal and minimal depths of the compression zone
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Table 4 Environmental reduction factors for GFRP
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Table 5 Comparison between experimental and calculated ultimate loads
BRKHS BI20-1A  BL20-2 BL30-1A  BL30-2 BIA40 -1 BIA40 -2 B2'¢ 6B 5B™

b/mm 150 150 150 150 150 150 300 200 200

h/mm 250 250 250 250 250 250 400 200 200

A,/ mm’ 2012,226 3D 14,461 2D 12,226 3D 14,461 2D 12,226 3 D 14,461 398 1019 774

A's/mm’ 100. 6 100. 6 100. 6 100. 6 100. 6 100. 6 266 142 142

Ac/ mm? 165.0 330.0 165.0 330.0 165.0 330.0 51.0 90.3 90.3

E./GPa 200 200 200 200 200 200 200 200 200

Ei/GPa 22 22 22 22 22 22 400 138 138

S/ MPa 381.7 365.9 381.7 365.9 381.7 365.9 340.0 410.0 410.0

fiu/ MPa 542 542 542 542 542 542 3000 2206 2206

fe/MPa 32.6 32.6 40.3 40.3 48.9 48.9 38.0 54.8 54.8

27N GFRP RN IR +/EHK GFRPHIN RELER GFRPHd BELENR FRPAUM BELENR BELER
BRFAREBME PY/EN 57.0 120. 0 58.0 140.0 60.0 133.0 81.2 169. 1 146. 8
EREHIEMHE P/KN 62.7 132.3 64.7 144. 5 65.2 153.0 94.6 157.4 150.8

xR E (%) 10 10.3 11.6 3.2 8.7 15.0 16.4 -6.9 2.7
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