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Experimental study on shear behavior of concrete beams
without stirrups strengthened by CFRP sheet

JIN Liu, JIANG Xuanang, DU Xiuli
(The Key Laboratory of Urban Security and Disaster Engineering, Ministry of Education, Beijing University of
Technology, Beijing 100124, P. R. China)

Abstract: The shear failure mode and failure mechanism of 12 CFRP-strengthened concrete beams without
stirrups were analyzed. The stress-strain curves of the CFRP beams in the whole process were obtained. The
quantitative effects of structural size and CFRP ratio on the shear strength of CFRP are discussed.
Furthermore, a formula for calculating the shear strength of CFRP is proposed and compared with the test
results, the test results of others and the standard results in this work. It is found that the structural size has a
significant influence on the shear strength of CFRP. The nominal shear strength of CFRP decreases significantly
when the structural size increases. In addition, when the beam depth changes from 300 mm to 1 200 mm, the
nominal shear strength of CFRP decreases by about 50% , which has an obvious size effect. Furthermore, under
different cross-section sizes, the nominal shear strength of CFRP increases with the increase of CFRP ratio o,

but with the increase of CFRP ratio p;, the increase amplitude of nominal shear strength decreases, showing a
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nonlinear growth trend. Finally, the established formula for calculating the shear capacity of CFRP could predict

the shear capacity of CFRP under different CFRP ratio and section size scientifically.

Keywords: concrete beams; CFRP ratio; beam depth; shear failure; shear contribution; experimental investi-

gation
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Fig. 1 The layout diagram of the internal reinforcement and external CFRP sheets of the specimen
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Table 1 Geometrical dimensions of tested specimens
A o % h/mm  hy/mm  w/mm s/mm  /mm
S-1 0.0835 300 245 50 200 0.167
S-2 0.167 300 245 100 200 0.167
S-3 0.250 5 300 245 15 200 0.167
M-1 0.0835 600 507 100 240 0.334
M-2 0.167 600 507 200 400 0.334
M-3 0.250 5 600 507 300 400 0. 334
L-1 0.0835 900 784 150 360 0.501
L-2 0.167 900 784 300 600 0.501
L-3 0.250 5 900 784 450 600 0.501
U-1 0.0835 1200 1027 200 480 0.668
U-2 0.167 1200 1027 400 800 0.668
U-3 0.250 5 1200 1027 600 800 0.668
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Table 2 Mechanical properties of CFRP strips

B o/ PR R BUPLo B PP AR N
(g/cm?) /mm 0,/MPa E/GPa N 7E e
1.8 0.167 3 820 232 0.016
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Fig.3 Test setup
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Table 3 Main experimental results

k£ P./kN Py /kN V. /kN  V,/kN A/mm
S-1 48 248.5 76 124.3 5.76
S-2 54 262.0 90 131.0 6.53
S-3 55 288.8 144. 4 7.02
M-1 60 977.8 305 488.9 8.54
M-2 75 1068.8 330 534.4 8.98
M-3 73 1086.4 543.2 9.21
L-1 82 1628.3 684 816.4 11.85
L-2 86 1779.0 695 880.5 12.43
L-3 86 1762.9 890. 2 12.48
U-1 100 2798.3 720 1399.2 15.62
U-2 110 3070.0 1040  1535.0 16.03
U-3 112 3166.3 1583.2 16. 26
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Table 4 CFRP strains and shear contribution of each
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