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Experimental study on the strength characteristics of coarse-grained
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Abstract: Unloading is a common condition that causes damage to geotechnical materials. In order to
investigate the strength characteristics of the coarse-grained soil under three-dimensional unloading in
different cases of the coefficient of intermediate principal stress b, several three-dimensional equal unloading
tests in which the spherical stress p decreases with constant 6 and constant deviatoric stress ¢ (300 kPa)
were performed on coarse-grained soil by using true triaxial apparatus. The strength characteristics of

coarse-grained soil were analyzed and the applicability of the commonly used strength criterions was
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studied. The test result shows that under the condition of three dimensional equal unloading, the strength
parameter of coarse-grained soil is related to the coefficient of intermediate principal stress 6. When b equals
to 0, the internal friction angle ¢, is the minimum and the failure stress ratio M, is the maximum. The stress
ratio at failure decreases with the increase of & and, as 0 increases the gradient decreases gradually. The
internal friction angle increases with 6 for small 6 values while decreases with the increase of & for large
values. This can be explained by the co-impact of the shearing in three directions. All of the three strength
criterions, including the Matsuoka-Nakai criterion, the criterion expressed by stress invariants of coarse-
grained soil and Lade-Duncan criterion, can response the law between ¢, and 0. It is found that the
Matsuoka-Nakai criterion is the closest to the test results for small & values while the strength criterion
expressed by stress invariants of coarse-grained soil is the closest to the test results for large b values. It is
also found that the corner function strength criterion of coarse-grained soil is consistent with the
experimental results.
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Table 1 Summary table of principal stresses in three directions

in the initial state obtained from the ¢g- and b- constant tests

b o1/kPa 02 /kPa o3 /kPa p/kPa q/kPa
0. 00 697.7 397.7 398.0 497. 8 299.9
0.25 691.2 442.5 358.3 497.3 299.8
0. 50 668. 5 495. 8 322.6 495. 6 299.6
0.75 639.0 555.4 305. 8 500. 1 300. 3
1. 00 599.9 599.7 300. 0 499.9 299. 8
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Table 2 Summary table of principal stresses in three
directions in the failure state obtained from the the

g- and b- constant tests

b o1/kPa o:/kPa o3/kPa ¢, /() p/kPa  g¢/kPa M,

0.00 333.6 42.1 41.5 51.1 139.1  291.8 2.1
0.25 361.4 118.6 37.0 54.5 172.3  292.3 1.7
0.50 364.2 195.8 25.6 60. 3 195.2  293.2 1.5
0.75 360.3  279.0 33.7 56.0 224.3  294.5 1.3

1.00 320.5 321.9 32.1 54.9 224.8 289.1 1.3
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invariants and the ¢g- and b- constant test results
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