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Dilatant behavior of intensely weathered coarse-grained soils
in large-scale direct shear tests
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Abstract: Shear dilatancy is one of the most common phenomena of geological materials. A series of experiments were conducted in
a newly manufactured large-scale direct shear apparatus to study the dilatant behavior of intensely weathered coarse-grained soils,
including that 3 groups of various moisture contents, 4 groups of various shearing rates and 5 groups of various gravel contents
samples were tested, respectively. Dependence of vertical and horizontal displacements on the applied normal stress was analyzed.
The results show that when other controlling conditions are fixed, the shear shrinkage increases with the applied normal stress. The
maximum shrinkage increases with the increase of moisture content or the decrease of shearing rate; and the shrinkage of samples
with gravel content less than 30% is significantly larger than that with higher gravel content. Our results suggested that for those
samples with gravel content less than 50%, the effect of fine content became significant, so that the samples show a strain-softening
behavior; and the dilation tends to a fixed value. It is shown that the two-dimensional dilation formulation proposed by Matsuoka is
not applicable to the coarse-grained materials. Instead of the formulation, a quadratic polynomial can be adopted to represent the
relationship between the stress ratio and the strain increment at the peak strength, the value range of experience parameters 4 in this
formula is given.
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Fig.1 Indoor direct shear apparatus system
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Fig.2 Grading curves of granular soils before testing
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Table 1 Large-scale test schemes for mechanical properties
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Fig.3 Relationship of shear displacement, shear stress and axial displacement of samples with different water contents
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Fig.5 Stress ratio vs. displacement increment ratio before
peak strength of samples with different water contents
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Fig.6 Relationship of shear displacement, shear stress and axial displacement of samples under different shear rates
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the peak strength of samples under different shear rates

3.3 RRIEHRELE RS

AN TR 5 B 28 AH 6 7K B DA B — - 34 8 )3 g —
M EAFE KRR WE 9 PR, FHRE 50%2 HTAHRTZK
B YIRS -1 8 N 2 A7 BE S 0 N AR Ak
MG, SO, TEE LR N ARG S Y Bota T
—[E R RFEAL . UEREAN 0%, Frf 6
BN A R YR AR, JERA KIS ik
KA 30%FH 50%H, HEE R )k 100 kPa B 5E B4
Ja KA, FLRTEEN YRR G E R
KT 70%0F, HHN ) oy <400 kPa ¥J5EBI45 J5 Kk
Ak, HEgM 8. nTCAE W, Kb X
BYJIK (1) 5% M0 153 B S

400 p—7 %

300 [

200 | =400 kPa

7/kPa

g 5 =400 kPa

£ =200 kPa  5=800 kPa

= 10 : L \ ,
0 5 10 15 20

D/mm

(b) THRE N 30%

£ 300 § 300 =400 kPa
200 ® 200 7=200 kPa
0=200 kPa K

100 100 0=100 kDa 0=100 kPa
o=2 a o—100KkPa o —

g 0 //4_&'5400 kPa g 0 o 0=400 kPa
£ > r800kPa, . £ L 200 kPa 0800 kPa
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

D/mm D/mm D/mm

(c) EHREEN 50%

d) TERER 70%

(e) RN 100%

B9 ANREETHENAHN AT IIMB-BIN - EEM B KR

Fig.9 Relationship of shear displacement, shear stress and axial displacement of samples with different gravel contents
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