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Fracture behaviors of rubber concrete under cyclic loading

XU Ying, BU Jingwu, LIU Yuxi, XU Yingcai
(College of Hydraulic Science and Engineering, Yangzhou University, Yangzhou 225009, Jiangsu, P. R. China)

Abstract: In order to study the influence of rubber content on the fracture mechanical properties of concrete
under cyclic loading, monotonic and cyclic loading fracture tests are carried out on five kinds of notched
concrete beams with different rubber content (0, 5%, 10%., 15% and 20%). According to the load-crack
mouth opening displacement (P-CMOD) curves obtained by fracture tests, the fracture energy and
dissipated energy of rubber concrete are calculated. Combined with the failure modes of typical rubber
concrete specimens, the influence of loading conditions and rubber particle content on the mechanical
properties and energy dissipation of concrete is analyzed comprehensively. The results show that with the
increase of rubber content, the strength and elastic modulus of rubber concrete decrease gradually, while
the fracture energy increases gradually. Under cyclic loading, the continuous and gradual accumulation of
concrete dissipated energy with cyclic loading is similar to the accumulation of crack mouth opening

displacement, the damage and failure process also presents a " three-stage" characteristic. The total
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dissipated energy increases with the increase of rubber content, but it does not exceed the fracture energy.

Keywords: rubber concrete; cyclic loading; damage evolution; fracture energy; dissipated energy
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Table 1 Mix proportion of rubber concrete

eE - W/C o K/Ckg e m™) KR/ (kg e m ) Y/ (kg e m ) M/ (kg e m™) WA/ Chg e mTS)  WUKGH/ (kg e mT)
COR  0.45 171 380 819 0 1,000 1.9
C5R 0.45 171 380 791 11. 64 1,000 1.9
CIOR  0.45 171 380 763 23.28 1 000 L9
CI5R  0.45 171 380 735 34.92 1000 L9
C20R  0.45 171 380 707 46.56 1,000 1.9
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Fig. 1 Schematic diagram of three-point bending test
device and specimen size
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Table 2 Basic mechanical parameters of

crumb rubber concrete

- SEHTRBURE ST A B
FRE/MPa HRJE /MPa H#/GPa
COR 46. 04 3.01 20. 00
C5R 39. 44 2.72 18. 65
CIOR 36. 07 2.63 18. 04
CI5R 30. 50 2.56 17. 41
C20R 30. 14 2.45 16. 42
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Table 3 Peak load of rubber concrete and corresponding

crack mouth opening displacement under monotonic loading

W AR A/ kN U 2448 1 5K IT (4% /mm

COR 6. 14 0. 40
C5R 5. 98 0. 39
C10R 5.29 0. 40
CI5R 5.92 0.41
C20R 5.10 0. 45
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Fig.3 Load-CMOD curve under load controlled cyclic loading
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Fig. 4 Cumulative curve of ultimate crack mouth opening

displacement under cyclic loading
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Table 4 The results of fracture energy

Kt Ga/(N*m™) Gpean/ (Nem™) Gp/(Nem™ D)
COR 85. 84 21.40 117. 96
C5R 81. 51 22. 84 114.78
CI0R 82. 65 26. 55 120. 12
CI5R 87. 24 29. 86 128. 82
C20R 98. 89 41. 40 154. 32
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Table 5 The results of dissipated energy

A A IR FERLRE S/ (N » m™ ) BFEHRE/ (N » m™D)

COR 0. 830 7.5
C5R 1. 168 14.0
C10R 0. 885 22.3
C15R 1. 026 20. 2

C20R 0. 788 25.2
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Fig. 6 Dissipated energy of a single hysteresis loop

in terms of cycle ratio
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