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Shear characteristics and stress-dilation relation of medium sand
under normal to high pressures
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Abstract: The triaxial shear tests on the sands with various relative densities under normal to high pressures are carried out to
investigate the effects of density and confining pressure on sand strength and deformation characteristics. Their mechanical
properties are analyzed. Among the pressures ranging from normal to medium (0.8 MPa<: o, <2 MPa), the strain-stress curves
show strain softening to different extents, and the shear dilatancy increases with the increase of relative density and the decrease
of confining pressure. When entering high confining pressure range ( o, > 2 MPa), the strain-stress curves gradually turn into
strain hardening type and the sample volume gradually turns into shear contraction. Prominent particle breakages will occur in

the later shearing period of medium and dense sands at high confining pressure, which may lead to the secondary phase

stress-dilation relation, the critical state friction angle of the sand is determined, and the relationship among dilatancy index,
soil foundation under normal to high pressures.

transition in the shearing process. The failure friction angles decrease with the logarithmic confining pressure linearly, and the
Key words: sand; high confining pressure; relative density; strength characteristic; particle breakage; stress-dilation relation
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attenuation rates of failure friction angles for different density sands are determined by linear fitting. Based on the Bolton’s

initial relative density and average effective stress is established to provide strength parameters for stability analysis of sandy
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Fig. 1 Isotropic compression curves of the sand with various

relative densities
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Fig. 2 Relationship between ¢ and ¢, of sands with various relative
densities
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Table 1 Void ratios after consolidation and peak stress ratios of

sands with various relative densities

JE Atb Hh 2 b b
/kPa ¢ q:/ p; e q:/ p; e 4/

200  0.637 1.44 0.601 1.63 0.562 1.67
400  0.636 1.33 0.600 1.50 0.561 1.55
800  0.634 1.31 0.598 1.43 0.560 1.46
1200  0.632 1.29 0.596 1.34 0.557 1.44
2000 0.626 1.16 0.592 1.31 0.553 1.40

3000 0.621 — 0.586 1.22 0.548 1.27
4000 0.615 — 0.581 1.19 0.544 1.22
6000 0.601 — 0.570 — 0.534 —
8000 0.589 — 0.560 — 0.526 —
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Fig. 3 Relationship between peak stress ratio and confining
pressure of sands with various relative densities
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Fig. 5 Comparison of grain-size distribution curves
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Table 2 Values of ¢, and y,, of sands with various relative
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mE BORPEES G /) BT v/ )
o/kPa p=70% D=50% D=30% D=70% D=50% D=30%

200 39.95 38.84 3421 19.07 1696 12.11
400 37.65 3640 33.14 17.17 1536 11.01
800 36.13 3513 3233 1533 12.25 9.91
1200 3527 33.06 31.66 13.33 9.92 6.96
2000 34.53 3256 2891 9.66 8.70 4.23
3000 32.87 31.12 2632 5.82 4.72 0
4000  31.20 3049 25.72 4.90 3.92 0
6000  26.87 26.12 2543 0 0 0
8000  26.08 25.60 25.19 0 0 0
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