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The influence of stress history on the dynamic parameters of expansive soils
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Abstract: Dynamic shear modulus and damping ratio are the most important parameters for nonlinearity
characteristics of the soil dynamic property. To consider the influence of stress history on the dynamic characteristics of
expansive soils resonant column tests were carried out with compression paths of loading unloading and reloading.
Hyperbola models and empirical relationship were used to analyze the dynamic shear modulus and damping ratio
respectively. The recommended values of dynamic shear modulus ratio and damping ratio with shear strain of 5 x 107° -
10 = were proposed and their uncertainty affected by stress history was analyzed. Results show that stress history has a
pronounced influence on the maximum of dynamic shear modulus and its decay rule. The dynamic shear modulus is greater
in unloading and reloading path than that of loading path the greatest amplification of which is 66.59% but it seems that
there is no obvious connection between stress history and damping ratio. After experiencing higher load the more unloading
extent is the greater uncertainty of dynamic shear modulus ratio is. The maximum variation coefficients of dynamic shear
modulus ratio and damping ratio are up to 46.30% and 48.99% respectively. Conclusion can be drawn that the influence
of stress history on dynamic shear modulus ratio and damping ratio should be taken into account in engineering design and
construction. Dynamic parameters should be selected on the basis of corresponding stress history of the soil.
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Tab. 1 Physical property indexes of Nanyang expansive soil
1%
o/% yl(kNem™) G S5.1% b41% wp /% 1,1% >0.05  0.05~0.005 0.005~0.002 <0.002 <0.001
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Tab.2 Mineral compositions of Nanyang expansive soil
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Tab. 3 Schemes of the test Hardin-Drnevich ~ Stokoe Maitin-Davidenkov
/kPa g3 /kPa
0—20—40—80—160—240—320 0 44.07 43.27 44.05
320—160—80—40—20—0 20 49.75 50. 16 48.38
0—320—0—80—160—320 40 57.14 55.96 56.29
80 70.22 70.41 68.76
2 160 85.47 84.51 84.53
240 100.75 99.78 99.93
2.1
320 110. 64 109.9 109.9
G,- Y
160 96.90 95.84 95.87
Maitin-Davidenkov ( (3)) .Stokoe
80 93.98 93.08 93.57
( (4)) Hardin-Drnevich ( (5)
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c - $262); 3
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Fig. 2 Relationship between G, and y of different equations and stress paths under 80 kPa excitation confining pressure
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Tab. 5 Reference values of G,/G,_,, and its uncertainty for expansive soil in Nanyang
o5 /kPa yx107
0.05 0.1 0.5 1 5 10 50 100
0 0.9939  0.9879 .9425  0.8912 0.6211 0.4504 0.1408 0.0757
0.9828  0.966 2 8512  0.7409 0.3639 0.2224 0.054 1 0.027 8
0.9884 0.9771 .8968 0.8161 0.4925 0.3364 0.0975 0.0518
0.0056  0.0109 .0457 0.0752 0.1286  0.1140 0.0434  0.0240
/% 0.562 5 1.112 0 L0908  9.2100 26.1150 33.8908 44.4880 46.2975
20 0.9939  0.9879 .9423  0.8909  0.6203 0.4496 0.1404 0.0755
0.9899  0.9799 .9071 0.8299 0.4939 0.3279 0.0889 0.0465
0.9919 0.9839 .9247  0.80604  0.557 1 0.3888 0.1147  0.0610
0.0020  0.0040 .0176  0.0305 0.0632 0.0608 0.0258 0.0145
1% 0.2046  0.4058 L9064  3.5447 11.3421 15.6436 22.4571 23.7501
40 0.9926 0.9853 .9306  0.870 1 0.5726 0.4012 0.1182 0.062 8
0.9900  0.9802 .9085 0.8323 0.4981 0.3317 0.0903 0.0473
0.9913 0.9828 .9195 0.8512 0.5354 0.3664 0.1042 0.0550
0.0013  0.0025 .0110 0.0189 0.0372 0.0347 0.0139  0.007 8
1% 0.1294  0.256 6 .2003  2.2215  6.9560 9.4820 13.3646 14.0856
80 0.9953  0.990 6 .9545  0.9129  0.677 1 0.5118 0.1733  0.0949
0.9937 0.987 6 .9407  0.888 1 0.6135 0.4425 0.1370 0.0735
0.9938 0.9878 .9417 0.8898 0.6175 0.4467 0.1390 0.0747
0.9943  0.988 6 L9456 0.8969 0.6361 0.4670 0.1498 0.0810
0.0007  0.001 4 .0063 0.0113 0.0291 0.0317 0.0167 0.009 8
1% 0.0694  0.1381 .662 9 1.2627 4.5707  6.7967 11.1352 12.100 8
160 0.9958 0.9917 L9597  0.9225 0.7042 0.5435 0.1923  0.106 4
0.9952  0.990 4 .9540 0.9120 0.6745 0.5089 0.1717  0.093 9
0.9956  0.9913 L9579  0.9192 0.6947 0.5322 0.1853 0.1021
0.9955  0.991 1 L9572  0.9179  0.6911 0.5282  0.183 1 0.100 8
0.0003  0.000 5 .0024 0.0044 0.0124 0.0144 0.0086  0.0052
/% 0.026 0 0.0517 L2495  0.4780 1.7893  2.7234  4.6779 5.1392
320 0.996 5 0.9931 L9663  0.9349 0.7417 0.5894  0.2231 0.1255
0.996 3 0.9927 .9644  0.9312 0.7304 0.5753  0.2131 0.1193
0.996 4 0.9929 L9654 0.933 1 0.736 0  0.5823 0.2181 0.122 4
0.000 1 0.0002 .0010 0.0018 0.0057 0.007 1 0.0050  0.003 1
1% 0.010 4 0.0207 1007 0.1946  0.7677 1.2146  2.2738 2.5519
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Tab. 6 Reference values of A and its uncertainty for expansive soil in Nanyang
oy /kPa y X107
0.05 0.1 0.5 1 5 10 50 100

0 0.0042 0.0077 0.0295 0.0486 0.1092 0.1308 0.156 1 0.160 0
0.0123 0.0164 0.0315 0.0412 0.0694 0.081 1 0.0978 0.100 8

0.0083 0.0121 0.0305 0.0449 0.0893 0.1060 0.1269 0.1304

0.0040 0.0043 0.0010 0.0037 0.0199 0.0249 0.029 1 0.029 6

/% 48.9949 35.8427 3.3817 8.2488 22.251 0 23.4533 22.9608 22.684 1

20 0.0077 0.0119 0.0307 0.0447 0.0881 0.1051 0.1270 0.1307
0.0088 0.0120 0.0241 0.0321 0.0560 0.0661 0.0807  0.083 4

0.0083 0.0119 0.0274 0.0384 0.0721 0.0856 0.1039 0.1070

0.0005  0.000 1 0.0033 0.0063 0.0161 0.0195 0.0232 0.0236

1% 6.5370 0.6630 12.0070 16.4656 22.2678 22.7634 22.2888 22.0865

40 0.0137 0.0183 0.0349 0.0451 0.0716  0.0808  0.092 1 0.093 9
0.0149 0.0190 0.0328 0.0410 0.0623 0.0702  0.0805 0.0822

0.0143 0.0186 0.0339 0.0430 0.0670 0.0755 0.0863 0.0830

0.0006  0.0004  0.0010 0.0021 0.0046 0.0053 0.0058 0.0058

1% 4.2895 1.9557 3.0542 4.8017 6.9410 7.0420 6.7309 6.6332

80 0.0147 0.0190 0.0344 0.0437 0.0699 0.0803 0.0948 0.0973
0.0155 0.0197 0.0338 0.0422 0.0650 0.0739 0.0862 0.0838 4

0.0125 0.0163 0.0296 0.0380 0.0627 0.0734 0.0897 0.0929

0.0142 0.0183 0.0326 0.0413 0.0659 0.0759 0.0902 0.0929

0.0013 0.0015 0.0021 0.0024 0.0030 0.0031 0.0035 0.0037

/% 8.8557 8.0619 6.4736 5.8829 4.5865 4.1505 3.8880  3.9303

160 0.0133 0.0173 0.0313 0.0399 0.0653 0.0763 0.0929  0.09 1
0.0092 0.0124 0.0243 0.0322 0.0570 0.0685 0.0870  0.090 7

0.0115 0.0153 0.0293 0.0384 0.0669 0.0800 0.1013 0.1057

0.0113 0.0150 0.0283 0.0368 0.0631 0.0750 0.0938 0.0975

0.0017 0.0020 0.0029 0.0033 0.0043 0.0048 0.0059 0.0062

/% 14.9407 13.4955 10.3029 9.0523 6.8444  6.3901 6.2794  6.3445

320 0.0180 0.0223 0.0363 0.0445 0.0676 0.0776 0.0932 0.09 4
0.0150 0.0184 0.0295 0.0359 0.0542 0.0622 0.0753 0.0780

0.016 5 0.0203 0.0329 0.0402 0.0609 0.0699 0.0842  0.0872

0.0015 0.0020 0.0034 0.0043 0.0067 0.0077 0.0090 0.009 2

1% 9.2296  9.5920 10.3853 10.6762 11.0395 10.9998 10.6709 10.560 6

3
(1) (3) ;
66.59% o 46.30%  48.99%

(2)
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