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Influence of Loading Rate on the Fracture Characteristics of
CFRP Reinforced Concrete Beams

ZHAO Shaowei, FENG Xinhao, GUO Rong, GUO Xiwang
(College of Civil Engineering and Transportation, Hebei University of Technology, Tianjin 300401, China)

Abstract: The use of CFRP to reinforce concrete beams with cracks can significantly improve the
bearing capacity and stiffness of the members, reduce structural deformation and delay the expansion
of cracks. Due to the rate sensitivity of the concrete material itself and the interface between CFRP
and concrete, the fracture performance of CFRP-strengthened beams under dynamic loading rates is
significantly different from that under quasi-static loading. In order to study the dynamic mechanical
properties of concrete beams strengthened with CFRP, the fracture behavior of pre-cracked concrete
beams strengthened with CFRP at different loading rates of 0.000 5 mm/s, 0.1 mm/s, 1 mm/s and
10 mm/s was compared and analyzed through three-point bending fracture tests. The results show that
CFRP plays a strong role in crack resistance and reinforcement during the process of crack propagation

in concrete beams. Compared with unreinforced concrete beams, the ultimate load of CFRP rein-
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forced concrete beams is significantly improved; With the increase of loading rate, the inherent crack

resistance of concrete beams and the crack resistance of aggregate cohesion in the fracture path in-

crease, the number of broken aggregates at the fracture surface of concrete beams increases, and the

crack propagation path tends to be more straight; Finally, the crack propagation resistance curves of

CFRP-concrete beams under different loading rates were calculated, and the variation law of crack

propagation resistance curves of CFRP-reinforced concrete beams under different loading rates was

discussed.

Keywords: fracture property; loading rate; CFRP reinforced concrete; crack propagation resistance
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Table 2 Mechanical properties of CFRP fabric
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Table 3 Mechanical properties of epoxy resin adhesive
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Table 4 Specimen design

WA g A/ (mmes ') CFRP 5 /mm
C-0-V1 0.000 5 0
C-0-V2 0.1
C-0-V3 1
C-0-V4 10

C-100-V1 0.000 5 100

C-100-V2 0.1 100

C-100-V3 1 100

C-100-V4 10 100
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Table 5 Concrete mechanical parameters under different

loading rates
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Fig.3 Failure mode of CFRP-reinforced beams

K4 CFRP-IREE + F i i R
Fig.4 Failure mode of CFRP-concrete interface
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Fig.5 Fracture mode of concrete beam
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Table 6 Fracture parameters of plain concrete beams

FrwuE TR E/GPa  G/(Nem ') A 0./MPa w,/pm wo/pm CMOD.,/pm a./h. a,/h,
C-0-V1 30.8 106 6.47 1.27 13.55 100.2 32 0.59 0.83
C-0-vV2 32.1 155 6.09 1.63 17.94 113.4 41 0.61 0.86
C-0-V3 32.6 181 5.98 1.83 22.49 121.0 50 0.62 0.88
C-0-V4 33.1 209 5.85 1.99 26.54 126.7 58 0.63 0.89
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Table 7 Effective crack length /mm corresponding to in-

terface debonding position a, A7 : mm

P,/ Al a)/mm

ol 4 5
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C-100-V1 1 7 76.5 77.0 77.6 78.2 78.5
C-100-V2 77.9 79.9 80.5 81.3 81.8
C-100-V3 79.4 81.1 81.9 82.1 82.3
C-100-V4 80.5 81.9 82.7 83.0 83.5
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Table 8 The maximum values of K, and K, and the corresponding parameters of each specimen

g5 P,../kN CMOD./mm E./GPa a/mm P,/kN K,/(MPasm'?)  Kg/(MPasm"?)
C-100-V1 9.6 0.33 41.1 74.0 12.2 33.0 34.2
C-100-V2 13.5 0.48 45.6 75.5 15.5 41.5 42.8
C-100-V3 16.9 0.65 48.2 77.0 17.8 471 48.1
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