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Study on shear strength characteristics of silty

sand under unloading conditions
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(School of Civil Engineering and Architecture, Zhejiang University of
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Abstract: A series of laboratory direct shear tests were carried out on silty sand samples after
being unloaded to analyze the effects of unloading action, over-consolidation ratio (OCR), pre-
consolidation pressure and dilatancy on shear strength of silty sand. The test results show that
shear stress under certain shear displacement increases with OCR for the same vertical stress
after being unloaded; peak strength basically increases with OCR when over-consolidation
ratios being fairly low while the effect of OCR on peak strength can be almost neglected for
fairly large over-consolidation ratios; peak strength practically increases linearly with vertical

stress after being unloaded when the vertical stress being fairly small while the vertical stress
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has virtually no effect on peak strength when being increased to a certain level. Moreover, the
internal friction angles reached 22. 2°,28. 0°and 31. 9° under different over-consolidation ratios
of 1, 2 and 4, respectively.

Keywords: silty sand; direct shear test; shear strength; over-consolidation ratio (OCR); pre-

consolidation pressure; internal friction angle
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Fig.3 Silty sand for test Fig. 4 Grain size distribution curves of silty sand for test
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Table 1 Summary of testing program

PG KR Y 1H) 2805 AR B2 1) T U [7] B 77/ kPa 1) 25 B [ I J) /kPa OCR
4.49 0.03 50 50 1. 00
4.72 0.16 100 100 1. 00
4.52 0.22 200 200 1. 00
4.39 0.31 300 300 1. 00
4. 44 0.33 400 400 1. 00
4.45 0.44 600 600 1. 00
6. 30 0.18 300 200 1. 50
4. 31 0. 36 600 400 1. 50
4. 24 0.40 800 600 1.33
4.05 0.30 400 300 1.33
6.08 0.18 100 50 2.00
6.17 0.19 200 100 2.00
3.99 0.23 400 200 2.00
4.07 0.36 600 300 2.00
4.01 0.48 800 400 2.00
3. 84 0.51 800 300 2.67
3. 67 0.26 300 100 3.00
4. 45 0.35 600 200 3.00
6. 24 0.24 200 50 4.00
3. 84 0.25 400 100 4.00
4. 21 0.38 800 200 4.00
3.71 0.29 300 50 6. 00
4.12 0.38 600 100 6. 00
3.92 0.29 400 50 8. 00
4.02 0. 38 800 100 8.00
4.18 0.25 600 50 12.00
4.61 0. 36 800 50 16. 00
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Fig. 5 Relationships between shear stresses and shear displacements for different vertical stresses after being unloaded
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silty sand for different vertical stresses

after being unloaded
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Fig.7 Relationships between shear stresses and shear displacements under the same pre-consolidation pressures
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Fig.8 Relationships between shear stresses and shear displacements Fig.9 Influence of pre-consolidation pressures
for normally-consolidated silty sand specimens on peak strengths of silty sand
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Fig. 10 Influence of OCR on shear strength of silty sand
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