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Unsaturated shear strength characteristics of coarse-fine mixed soils in a wide
range of degree of saturation: experimental phenomena
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Abstract: The coarse-fine mixed soils are widely distributed in natural and geotechnical engineering practices. Their strength is
vital to the stability of geotechnical engineering (e.g., slopes, foundation pits and retaining walls). However, the unsaturated
shear strength characteristics of the coarse-fine mixed soils are not evident in a wide range of degree of saturation (Sr),
especially the lack of experimental data in the low range of S:. In order to clarify the general rules that the unsaturated shear
behaviors of the coarse-fine mixed soils in the full range of Si, a series of direct shear tests are carried out on seven unsaturated
coarse-fine mixed soils to study the unsaturated shear strength and deformation characteristics. The test results show that: (1)
Based on the contribution of capillary water and adsorbed water to the unsaturated shear strength, the unsaturated shear strength
exhibits a "peak behavior", where the shear strength reaches its peak at the residual zone, the shear strength characteristics with
Si or suction can be divided into three stages: slow growth zone, rapid rise zone and post-peak decline zone. (2) Brittle failure
occurs when S is lower than the residual saturation. (3) The fines content (FC) significantly affects the strength and
deformation characteristics of the coarse-fine mixed soils. As FC increases, the soil microstructure changes from a
fines-controlled to a coarse-controlled structure. The FC corresponding to the maximum unsaturated strength is between
50%~80%.
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Fig. 1 Grain-size distribution curves of test soils
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Table 1 Dry densities and water contents of test soils
FC/% 16 24 36 50 65 80 100

pd(grem3)  1.89 1.94 2.04 2.00 1.94 1.81 1.68
Wopt/ %o 6.7 75 88 103 11.8 134 155

1.2 -7k4F{ErhZE

(1) HIRE TV B ARG 25 R

T KHEHE LR (SWCC) X4 Mt AEM AT+ (470 87
SRPEHCE BOCEEMMER, FERHT PR R R G
ZHT, BRATEANER R KSR e AR E FC AFE



2280 "+ T OB % M

2023 4E

FC=24%

FC=16% FC=36%

€00C00

FC=50%

FC=65% FC=80% FC=100%

2 [E FC RS THIAHR A

Fig. 2 Photos of coarse-fine mixed soils with different FCs
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Fig. 3 Soil-water characteristic curves
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Table 2 Main parameters of soil-water characteristic curves

FC/% wa/kPa w/kPa Sre/%
16 2.5 9.0 15.8
24 6.2 98.6 14.4
36 8.5 450.0 14.3
50 16.0 700.0 15.5
65 16.6 750.0 15.6
80 20.0 1000.0 14.6
100 25.0 1300.0 14.6
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Fig. 4 Results from direct shear tests on coarse-fine mixed soils
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