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Abstract: The Tarim river’s main stream contains substantial deposits of aeolian sand. Due to the scouring effect

of seasonal floods, sliding failures frequently occurs along the riverbanks. To investigate the failure mechanisms,
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we conducted indoor direct shear, compression, and penetration tests to explore the variation in the mechanical
properties of aeolian sand under different water content and dry density conditions. The results show that as water
content increases, cohesion initially increases and then decreases, reaching a maximum at the optimum moisture
content. This relationship can be expressed by a quadratic function, whereas the internal friction angle decreases
linearly. The formation of a viscous water film on the particle surfaces contributes to these effects. Beyond the
optimal water content, the viscosity of the water film weakens, resulting in a decline in cohesion and increased
sliding between particles. The thickened water film also reduces sliding friction as particles roll over one another.
As dry density increases, both cohesion and internal friction angle increase linearly. This is due to decreased
particle spacing, enhanced van der Waals forces, and improved inter-particle locking. These factors collectively
lead to greater resistance to shear displacement and higher internal friction. Additionally, with increasing water
content, both the compression coefficient and modulus of resilience show a linear increasing trend. Under the
same axial stress, higher water content leads to a thicker water film, reduced interparticle resistance during
displacement, greater compressibility, and higher rebound potential. Conversely, increasing dry density results in a
linear decrease in the compression coefficient and a linear increase in the modulus of resilience. Closer particle
contact and increased resistance during displacement contributes to reduced compression deformation and
enhanced elastic rebound. The permeability coefficient also decreases linearly with increasing dry density, ranging
from 1x10™ cm/s to 3x10™ cm/s, which is 2 to 3 orders of magnitude lower than traditional theoretical estimates. A
modified theoretical formula for calculating the permeability coefficient is proposed. After eliminating the errors
caused by the low dry density, the experimental values closely match the empirical calculations, with the
relationship described by a linear function. As dry density increases, the resistance to water molecule migration
through soil pores rises, resulting in decreased permeability.
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Table 1 Basic physical property index of aeolian sand
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Fig. 2 Particle size distribution curve of aeolian sand
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Table 2 Control index of direct shear compression test
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8 1.50 14 1.40
11 1.50 14 1.45
14 1.50 14 1.50
17 1.50 14 1.55
20 1.50 14 1.59
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Fig.3 Flow chart of experimental steps
.11 A% X%

K Z150-1A AU i 1 A8 5 i 2 B 59 A0S IR NAR PP g R 5 KR TR EZ RN LR, EHE
3 100,200,300 ,400 kPa. & FI & 45 P57 | [E 25 1F (8] J 24 h, 59 8038 %y 0.8 mm/min, 59 P H 2K
FEALH 6 mm fiT R .

1.12 E4%iXE

K WG-3A B BAATAT [ 454, R 58 A [6] 5 7K 28 O [6] 185 B2 25 10 URR D e 4 P 48 A i) A8 A R
o Hs 3k R N 28— S A — P n 2k i O =X I e 48 4R T 25.50.100,.200,400,200,100,50,25 .50 ,100,200
400.800.1200.1 600 kPa.

1.1.3 HBi&ERB

K TST-55 B35 i A, IS AR M AUIRAS ™ A ] 25 B X6 R VD 38 33 R B0 s e, 2 4 T %5 8 o 1,40,
1.45.1.50.,1.55.1.59 g/em’ 43 5 XF ) 0.914,0.848 ,0.787.0.729 .0.686 R FLER LL . Rz L FE4NR + & £ R
JHAM AR RN, BPAC1 h ARFT 12 he

2 RBERESH

2.1 REARDRIET IS
2.1.1 AR FE AR I 0 R E 6 W e o AT
& 4 R A [R5 ACR AR YD 55 U1 AR 9 2R fe B e . i IR 4 Ca) AP0, 25 25 B8 DR R R AR B 78 3 KR AR R A9



38 TR K F F IR %48 %

SR L BY N T B 2 5 YA RS B 10 i R K B0 W AE S DR A AN AR S B K RN AR (R 5 U0 457 B
B 3G BRI X S K SRR AR, LT Y o B A . B 4(b) R, X T A R B Bf K R,
Xof IR K14 WS D B 17 3 38 W 0/ L 24 4 7K N 8% 14 hNF) 14% i, A R AR B R, 24 2 K R T & K % 14%
I, G0 B 1 7 B KR 4 38 R T R AR . T DR I (B N g B K SR i S R R A R
PR KR Z AT B 5 Y KT e K i, JOR I e e {E Y ) R R . A 4Ce) R AT, K
YD SR AR, S R B R T30 4.52 kPa, 26 2R 07 Bl 35 7K 3 038 fim 52 S 384 hn ok J5 /s 1 e 35, L e ft &
AR 35 05, A LU TR ROk R A 6 R BT R=0.946 04, 113X (1) i 7% 5 AS ) 55 7K 5 XURR V0 A4 1 B8 488 £
A7 R 20°~30°, Bifi 45 75 7K SR B8 I, P PEE 42 Ay 2 e PRI/ N ) AR fR i B, BT — K pREIOR 3Rom  AH D R B R=0.915 21,
M= (2) frs .

c=-2.31+61.18w—-0.58w?, (1)
9=33.68-0.58w, (2)
e KBV B FER 150 R RV (8 N BEHE A 5w o R VD B 35 7K 38
~ _ m 100 kPa/EJ] _ -
o T B o 5]
a % 4
) 50| <2000 BA00 KPS R=091521 16
S0t = <5t 1P £
= R150 § _4§
R30+ —a— w=8% 1 ® R
= —o—w=11% 1 100 B | c=-2.31+1.180-0.05u Iy
&20 ——w=14% o 20} R?=0.946 04 &
10 —v—w=17% 50 . %g%ﬁ 12
+"IJ=2‘M: — BAH% 11
0 2 3 4 5 6 0% 11 14 17 20 5% 70 12 14 16 18 2021
B Y% /mm BEIKRw/Y% K Bw!%
(a) R SI-RIAER R LR (b) EAEBY R 3 4370 (c) EARERGRESHMRR

4 ANREEKERRDHE I

Fig. 4 Shear characteristics of aeolian sand with different moisture contents
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Fig.5 Shear characteristics of aeolian sand with different dry densities
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Fig. 6 Mechanism analysis of shear characteristics of aeolian sand
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Fig. 7 Compression characteristic curve of aeolian sand under different water contents
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Fig. 8 Compression characteristic curve of aeolian sand under different water contents
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Fig.9 Mechanism analysis of aeolian sand compression characteristics
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