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Effect of particle size ratio of rubber to sand on small strain dynamic
characteristics of rubber-sand mixtures
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Abstract: By using the GDS-RCA resonant column system, the dynamic characteristics of rubber-sand mixtures (RSMs) under
different rubber contents, particle size ratios and confining pressures are tested, and the coupling effect law and mechanism of
three factors on the dynamic characteristics of RSM are explored. First of all, the dynamic shear modulus and damping ratio
curves of RSMs with four types of rubber contents and particle size ratios under three confining pressures are obtained through
experiments. Then, the influences of particle size ratio on the dynamic shear modulus, the maximum dynamic shear modulus,
the reference shear strain and the damping ratio curve of RSMs are discussed, and the coupling effects of particle size ratio,
rubber content and confining pressure on the dynamic characteristics of RSMs are also analyzed. Finally, the phenomenon and
conclusion are further verified by comparing with the existing literatures. The results show that the particle size ratio has a
significant effect on the dynamic characteristics of RSMs, and the maximum dynamic shear modulus changes even 3 to 4 times
when it changes. There is a coupling effect between the particle size ratio and the rubber content on the dynamic characteristics
of RSMs. The effects of the particle size ratio under low rubber content are significantly different from those under high rubber
content, but the influences of confining pressure and particle size ratio on the dynamic characteristics of RSMs have no obvious
coupling effect. The maximum shear modulus of RSMs can be estimated by treating the volume of rubber as voids with the
empirical equations proposed by Hardin et al.
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Fig.1 Diagrams of particle composition of rubber sand with

different particle size ratios
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Table 1 Properties of rubber-sand mixtures with different mass

ratios
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Fd,min Fd,max .
/(g.cm’3) /(g.cm’3) /(g em %)
alifh 0 1.70 1.96 1.88 0.7 3684 0423

5 1.46 1.79 1.65 0.7 3239 0.511
10 1.29 1.70 1.55 0.7 3045 0.507

0-5 15 1.18 1.53 1.41 0.7 276.0 0.565
30 0.82 1.13 1.01 0.7 198.6 0.848

5 1.49 1.75 1.66 0.7 3262 0.500

0.9 10 1.32 1.55 1.47 0.7 2889 0.588
) 15 1.16 1.43 1.33 0.7 262.0 0.648
30 0.82 1.07 0.98 0.7 193.2 0.900

5 1.59 1.83 1.75 0.7 3435 0.425

3.0 10 1.50 1.74 1.66 0.7 326.6 0.405
' 15 1.41 1.65 1.57 0.7 308.2 0.401
30 1.14 1.31 1.25 0.7 2464 0.490

5 1.61 1.83 1.76 0.7 3458 0.415

58 10 1.55 1.77 1.70 0.7 3341 0.373

15 1.43 1.69 1.61 0.7 3154 0.369
30 1.23 1.43 1.36 0.7 2669 0.375
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Fig. 3 Photos of RSMs with different rubber contents and particle
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o, 50 kPa 100 kPa 200 kPa
PSR RC Gynax /MPa Veor %0 Gynax /MPa Veor %0 Gynax /MPa Veor %0
— 0% 83.27 0.02039 122.27 0.02826 180.90 0.03991
5% 64.29 0.02950 112.26 0.02687 153.51 0.03752
05 10% 45.34 0.02947 72.60 0.03879 113.57 0.04766
' 15% 24.03 0.09993 43.57 0.06420 63.82 0.09913
30% 6.49 0.09960 8.97 0.28200 16.22 0.21900
5% 64.67 0.02915 89.00 0.03805 142.21 0.04431
0.9 10% 32.68 0.04994 50.45 0.05680 73.06 0.07777
' 15% 18.99 0.09165 30.65 0.08097 47.95 0.09669
30% 3.74 0.33000 5.99 0.24900 10.09 0.28700
5% 60.16 0.03119 84.43 0.03773 122.28 0.04588
3.0 10% 42.88 0.03583 60.24 0.04407 86.22 0.05868
' 15% 30.32 0.03836 43.39 0.05078 65.01 0.06049
30% 14.59 0.05607 17.85 0.08775 26.71 0.07472
5% 57.43 0.02244 83.92 0.03000 128.09 0.04353
58 10% 46.27 0.03382 65.02 0.03875 92.49 0.04964
' 15% 34.53 0.03496 48.58 0.04771 71.33 0.06941

30% 13.01 0.05787 17.75 0.09621 24.95 0.14200
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