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Abstract: [Objective] The shear tests of four rectangular reinforced concrete (RC) beams were conducted to
investigate the effects of the end-anchorage method and preloading on the shear behavior of the carbon fiber
reinforced polymer (CFRP)-strengthened RC beams. [ Method] The failure mode, load-deflection curve,
characteristic load, strain developments of the stirrup and CFRP were analyzed. [Result] The test results show
that the using U-shaped CFRP strengthening can significantly enhance the shear behavior of RC beams under the
reliable end-anchorage. The shear strengthening efficiency is significantly affected by the end-anchorage methods.
The mechanical anchorage is obviously superior to the CFRP sheet anchorage. Compared with the unstrengthened
beam, the shear capacity of the strengthened beam with the mechanical anchorage increases by about 60%,
whereas that with the CFRP sheet anchorage only increases by 9.8%. The preloading significantly decreases the
cracking load of the strengthened beams, but has almost no effect on the shear capacity. Finally, the shear capacity
of the specimens was predicted using the existing calculation methods for the shear capacity of the
CFRP-strength-ened RC beam. [ Conclusion] The predicted results agree well with the test results.
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Fig. 1 Geometric size and reinforcement diagram of the RC beam (Unit: mm)
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Tab.1 Design details of specimens
Specimen Strengthening method End-anchorage method Preloading
B1 Unstrengthening / No
B2 Strengthening Mechanical anchorage No
B3 Strengthening Mechanical anchorage Yes
B4 Strengthening CFRP sheet anchorage Yes
P/2 .
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Fig. 2 Reinforcement schemes and anchoring methods (Unit: mm)
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Tab.2 Main mechanical properties of materials

Yield strength Tensile strength Elastic modulus Elongation
Material
/MPa /MPa /GPa 1%
Stirrup (d=8 mm) 538.4 717.1 196.0
Longitudinal steel bar (d=25 mm) 449.0 664.0 191.9
CFRP sheet 35127 240.0 1.7
Adhesive 60.1 2.9 34

Note: d is the nominal diameter of the steel bar.
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Fig. 3 Failure photos of the specimens
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Fig. 4 Load-midspan deflection curves
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Tab.3 Main test results

Specimen P /KN aer 1% Pu /kN au 1% Failure mode
Bl 104.0 4125 Shear-compression failure
B2 171.9 65.3 660.7 60.2 Shear-compression failure
B3 1235 18.8 656.3 59.1 Shear-compression failure
B4 110.3 6.1 452.9 9.8 End debonding failure
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Fig. 5 Strain development of the CFRP and stirrup in the specimen B2
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Tab.4 Comparison of calculation results and test results of the shear capacity

Specimen Vcs /KN Vs /KN Ve [kN Vexp /KN Vea [Vexp
B2 184.2 112.7 296.9 330.4 0.90
B3 184.2 112.7 296.9 328.2 0.90
B4 184.2 724 256.6 226.5 1.13
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