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Study on Shear Characteristics of Rubber-Sand Mixtures by Triaxial CD Tests

Zhang Yongfu, Liu Fangcheng, Ren Dongbin, Chen Lu, LiuNa
(' School of Civil Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract : Conducted triaxial CD tests on 7 different proportions of dry rubber-sand mixtures under six confining
pressures. Studied the effects of proportions and confining pressures on properties of shear strength, deviatoric stress-
axial strain curves and volumetric strain-axial strain curves of rubber-sand mixtures. The results indicate that: it is beneficial
to improve the shear strength properties of sand when the mass fraction of rubber particles is 0%~30%; the angle of internal
friction appears the maximum value near to 10% mass fraction; the cohesion appeared the maximum value near 20%. The
characteristics of the deviatoric stress-axial strain curves of the rubber-sand mixtures are similar to that of pure sand when
the mass fraction is less than 50%, exhibiting hyperbolic curves, and when the mass fraction is no less than 50%, the
mixtures are similar to pure rubber particles, exhibiting linear elastic. The rubber sand model parameters(such as the peak
deviator stress, initial tangent modulus and failure ratio) obtained from hyperbolic model fitting increase with confining
pressures increment and decrease with rubber content increment. The characteristics of volumetric strain- axial strain
curves of the mixtures are similar to pure sand when rubber mass fraction is not over 20%, exhibiting contraction followed
by dilatation, and above 20%, it appears the characteristics of monotonic shearing shrinkage, and the rubber particle
content is more, the shear shrinkage is more obvious.

Keywords : rubber-sand mixtures ; three axis CD test ; stress-strain relationship ; angle of internal friction;

cohesion; volumetric strain
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Fig.1 Grading curves of rubber particles and sand
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Table 1

ATERERG BRI EEGYHNEE
The density of rubber sand mixtures with

different mass proportion

BAW/ /D THEE  RRTEE R AR % E

% pdymm/(g-cm”) pdvmax/(g'cm”) p/(g-cm”) DI/%
0 1.44 1.98 1.78 70.37
10 1.27 1.75 1.58 67.90
20 1.08 1.54 1.39 73.91
30 0.94 1.39 1.25 76.79
40 0.85 1.22 1.10 74.47
50 0.77 1.14 1.03 76.88
100 0.50 0.95 0.87 88.18
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Fig. 2 Samples with different content of rubber particles
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Table 2 Tested values of shear strength parameters of the rubber-sand

mixtures under different confining pressures
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Fe 6 H /% HiR Iy c/kPa WIEHES 0/ (° )
0,=50 kPa o0,=100 kPa 0©,=150 kPa ©,=200 kPa ©,=250 kPa ;=300 kPa
0 329.9 581.7 881.1 1181.2 7.5 36.02
10 273.8 468.4 679.1 900.1 1110.2 1281.6 14.7 42.27
20 241.3 418.4 561.4 721.5 886.3 1071.2 18.9 38.34
30 211.0 330.1 449.6 574.6 714.6 864.2 18.2 34.42
40 183.5 276.0 381.7 482.2 613.6 743.6 15.0 31.95
50 141.2 221.0 285.3 385.3 471.9 582.1 12.4 27.40
100 111.6 174.9 239.4 307.1 388.1 461.6 11.1 24.37
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Fig. 3 The shear strength curves of rubber-sand mixtures
with different mass proportion
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Fig. 4 The deviatoric stress-axial strain curves and the fitted

curves for rubber-sand mixtures with different mix proportion
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Table 3  Fitted parameters of the deviatoric stress-axial strain

curves of the rubber-sand mixtures with different mix
proportion at confining pressure of 50 kPa

woa 5

BEEY I /% b EJ/kPa (o0,-0,),/kPa R,

0 0.000 010 0.002 9 99 590 345.1 0.93

10 0.000 040 0.003 1 24 910 326.1 0.84

20 0.000 081 0.003 4 12 420 289.9 0.83

30 0.000 125 0.003 9 7970 254.5 0.83

40 0.000 207 0.004 3 4 820 234.1 0.78
50 0.000 657 1520
100 0.000 912 1 100
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Table 4 Fitted parameters of the deviatoric stress-axial strain
curves of the rubber-sand mixtures with different mix
proportion at confining pressure of 100 kPa

Mooa 2 K

BEEY I /% b EJ/kPa (o,-0,),/kPa R,

0 0.000 006 0.001 7 156 370 600.6 0.97

10 0.000 022 0.001 9 45130 528.0 0.89

20 0.000 058 0.002 1 17170 485.4 0.86

30 0.000 101 0.0023 9920 440.3 0.75

40 0.000 126 0.002 9 7950 347.2 0.80
50 0.000 447 2 240
100 0.000 574 1 740
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Fig. 5 The deviatoric stress-axial strain curves and fitted

curves for pure rubber particles at different confining pressures
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Table 5 Fitted parameters of the deviatoric stress-axial strain
curves of the pure rubber particles at different confining pressures
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100 0.000 574 1 744 250
150 0.000 465 2 149 300
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Fig. 6 The volumetric strain-axial strain curves of rubber-sand
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