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Effect of moisture content on shear characteristics of granite
residual soil-geotextile interface

LIU Feiyu', SONG Wenijie', FU Dongping®
(1. School of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, P. R. China; 2. Beijing
General Municipal Engineering Design &. Research Institute Co., Ltd, Beijing 100082, P. R. China)

Abstract: As a special soil widely distributed in the southeast coastal areas of China, granite residual soil is
greatly influenced by water, leading to significant changes in its mechanical properties and greater susceptibility
to disasters. To investigate the shear characteristics of the granite residual soil-geotextile interface, the effects of
different moisture contents (12%, 16%, 20%, 24%) and vertical stresses (50, 100, 150, 200 kPa) were
analyzed through large-scale direct shear tests. Based on the test results, the PFC2D model was established to
reveal the meso-mechanism of the graniteresidual soil-geotextile interface under varying moisture content
conditions during the shearing process. The results show that the interfacial shear strength and friction angle
decrease with increasing moisture content, while the apparent cohesion increases first and then decreases,
reaching the maximum value at a moisture content of 16% . Numerical simulation also shows the morphology of
the shear zone and the displacement of soil particles. The presence of geotextile prevents the penetration of force
chains between the upper and lower sections, and the primary directions of normal and tangential contact forces

remain consistent under different moisture contents. Energy dissipation mainly occurs during the sliding between
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soil and soil particles.
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Fig. 1 Large direct shearing apparatus
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Table 1 Technical indicators of geotextile
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Table 2 Physical properties of granite residual soil
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Fig. 2 Grading curve of granite residual soil
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Fig. 4 Interfacial shear stress-shear displacement curves
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Fig. 12 Formation and evolution of the shear zone
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Fig. 13 Comparison of shear zones under

different moisture contents
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Fig. 17 Fabric anisotropy under different moisture contents
3.3.4 feERAHH
M o G A A RE R E, U RS FERE ELRES T B

Mo PR 5T 0T S AR b RE B AR AL RE B IUFE R AR TE L
WAL 4 UKL (c-c) R UKL = TP WOk (e-1) 2
o 18 b By Yl e i AR BE BT B A 281
k. P& 18 Al UL, BT U] ek 7 o fiE B FE KR 0 K
A ARBURL 22 (), UKL 55 2 22 18] B9 fiE e 10 AR
7 FEH /N o AN [) BE e 22 8] 4458 FE A AN A TR A4 T
(¥ A2 FERE BE & DY V) 72 — LR Fr S0 B TR
s B E B 1URE i £ 7 5T DD A0 309 O AR A
Z R BN

-

o

o} —

= 100

29 s0p

] i
s )
0 0 20 30 40 50 60
BIYILES /mm
El18 BBREe. . HAHESHIIUBHNXEML

Fig. 18 Relation curves of slip dissipated energy, adhesive

energy and shear displacement

4 Hr

1) 1 ] W7 g M 7 Rk B T BT U0 R A I
SN ST BT B 5 5 N ) W ) B OE AR OG, HK
AT

2)) ST FE A5 AR B S K AR S s /s i
B THG 5 SR 7 Bt 5 7K R0 30 B ST e ek R
HRAAE 1600 IR B IEEAE

3) B YA SRR, B A R i A 5T V) i AR
R A T A DRI 18 o, L I 5 A AR A G I A .
G URLAE BT V) i A AR i — AN 9IOE 1 Bl i

4) b SR AT AN TR 2 T
14 3 B T2 R T - AR BORE o T R R 0 FE B R AR AE
b5 OR8], HUBURE [E] 1 R% FE RE I K T 36 5 e
I FE

S % 3k

[1] NIU X R, XIEHY, SUN Y F, et al. Basic physical
properties and mechanical behavior of compacted weath-
ered granite soils [J]. International Journal of Geome-
chanics, 2017, 17(10): 04017082.

[2] ok, B, LA, 55 BRI AR BU L R0 )y 22 ke

P Bl B gl 5 A RN [T A R AR AR
2020, 42(1): 109-116.
AN R, LI C S, KONG L W, et al. Effects of drilling
disturbance and unloading lag on in situ mechanical
characteristics of granite residual soil [J]. Chinese Journal
of Geotechnical Engineering, 2020, 42(1): 109-116. (in
Chinese)

[3] £IET, Wbl PRAT, % . MICP & 46 5 & 5k AL+

Mg aE R I] . £ OR 5 R B TR 2 M (rp 3 0,
2024,46(5) : 38-46.
WANG Y N, HUANG L J, CHEN Q, et al. Hydraulic
conductivity of MICP-treated granite residual soil [J].
Journal of Civil and Environmental Engineering, 2024 ,46
(2):38-46.(in Chinese)

(4] K5, SR, R R0, 55 AR 57 D) 33 0 ) e

fith - ST 55 D) AR M O 5 (0. B U e U TR A AR
2022, 42(1): 231-236.
LIDY, ZHANG Y K, GAO Y F, et al. Shear behav-
ior of suction foundation-clay interface under different
shear rates [J]. Journal of Disaster Prevention and Mitiga-
tion Engineering, 2022, 42(1): 231-236. (in Chinese)

[5] wi#EE, g, &, % SR 18K R+
Rtk g a5 [T]. b [ 28 A4t 2022, 35(10): 75-87.
TANG L S, XU H S, LIU Q X, et al. Experimental
study on disintegration characteristics of improved
granite residual soil [J]. China Journal of Highway and
Transport, 2022, 35(10): 75-87. (in Chinese)



60

T KRE5x3 £ FROPE

% 48 %

[6]

—
-3
[

—
©
[a—

[13]

BV P S R A o A R ]
AR TE R B OB [T]. A 4y 2, 2021, 42(12):
3291-3300, 3314.

WANG G, ZHANG X W, LIU X Y, et al. Compres-
sion characteristics and microscopic mechanism of Xia-
men granite residual soil [J]. Rock and Soil Mechanics,
2021, 42(12): 3291-3300, 3314. (in Chinese)

IR, LR, IR, & TIRAEIRBON T 4L b A 5%
RS0 0 2 ROERERT] A 1% 5 TR,
2023, 42(3): 758-767.

AN R, KONG L W, ZHANG X W, et al. A multi-
scale study on structure damage of granite residual soil
under wettingdrying environments [J]. Chinese Journal of
Rock Mechanics and Engineering, 2023, 42(3): 758-
767. (in Chinese)

DM, AL, B, 5L T IATE R S K
PEIEH By R [T]. LR 5 B35 TR 22 i, 2022, 44
(1): 53-67.

MA Y B, LT H R, WANG L, et al. Machine learning
algorithms and techniques for landslide susceptibility
investigation: A literature review [J]. Journal of Civil and
Environmental Engineering, 2022, 44(1): 53-67. (in
English)

XK, KRR, EAE . 9y U] A8 ) 0 O A0 5 1
S 57 VIR IR R (D). s TR SRR, 2021, 43(5):
832-840.

LIUF Y, ZHU C, WANG J. Influences of shear rate
and loading frequency on shear behavior of geogrid-soil
interfaces [J]. Chinese Journal of Geotechnical Engineer-
ing, 2021, 43(5): 832-840. (in Chinese)

LIU F Y, YING M J, YUAN G H, et al. Particle
shape effects on the cyclic shear behaviour of the soil-
geogrid interface [J]. Geotextiles and Geomembranes,
2021, 49(4): 991-1003.

XA, BREFME, INVE AR, ORI A KR TE KA R
- A ST B U (D] R 5E R A2 AR CH SRR A D,
2023, 51(2): 222-228.

LIUF Y, CHEN S Q, SUN H L, et al. Shear charac-
teristics of granite residual geogrid-soil interface with dif-
ferent water contents [J]. Journal of Tongji University
(Natural Science), 2023, 51(2): 222-228. (in Chinese)
JABZR, BREFRL, XRE, A5 ORI B K AL I AR AR
- A AT 0 B B DD AR LT ] AR BRI TR S Al
(fh¥E30),2025,47(3) : 58-65.

ZHOU W D, CHEN S Q, LIU F Y, et al. Cyclic shear
characteristics of granite residual soil-grid interface with
different water content [J]. Journal of Civil and Environ-
mental Engineering, 2025,47(3):58-65.(in Chinese)
FERREIRA F B, VIEIRA C S, LOPES M L. Direct

[14]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

shear behaviour of residual soil-geosynthetic interfaces-
influence of soil moisture content, soil density and geo-
synthetic type [J]. Geosynthetics International, 2015, 22
(3): 257-272.

KHOURY C N, MILLER G A, HATAMI K. Unsatu-
rated soil-geotextile interface behavior [J]. Geotextiles
and Geomembranes, 2011, 29(1): 17-28.

DENINE S, DELLA N, FEIA S, et al. Shear behavior
of geotextile-reinforced Chlef sand in the Mediterranean
Region: Laboratory investigation [J]. Marine Georesourc-
es & Geotechnology, 2019, 37(5): 599-608.

LIUF Y, FUJ, WANG J, et al. Effect of the particle
size ratio on macro- and mesoscopic shear characteristics
of the geogrid-reinforced rubber and sand mixture
interface [J]. Geotextiles and Geomembranes, 2022, 50
(4): 779-793.

YANG H, XU W J, SUN Q C, et al. Study on the
meso-structure development in direct shear tests of a
granular material [J]. Powder Technology, 2017, 314:
129-139.

FENG S J, WANG Y Q, CHEN H X. DEM simula-
tion of geotextile-geomembrane interface direct shear
test considering the interlocking and wearing processes
[J]. Computers and Geotechnics, 2022, 148: 104805.
NITKA M, GRABOWSKI A. Shear band evolution
phenomena in direct shear test modelled with DEM [J].
Powder Technology, 2021, 391: 369-384.

XRE, %, £%, F QBB R A% -8 R A
25 AW 5 U ke R B R R [T] E £ DR A 4k, 2022,
44(6): 1006-1015.

LIU F Y, FU J, WANG I, et al. Effects of rubber
content on macro-and meso-scopic shear characteristics
of geogrid-rubber sand interface [J]. Chinese Journal of
Geotechnical Engineering, 2022, 44(6): 1006-1015. (in
Chinese)

X, RV, A, SRR R R G Ry
VIR mam5E (1], 5 012, 2023, 44(3): 663-672.
LIUFY, LI H Z, FUJ, et al. Effect of rubber-sand
mixtures gradation on shear characteristics of mixed soil
[J]. Rock and Soil Mechanics, 2023, 44(3): 663-672. (in
Chinese)

ZKIL, BHOE, X K&, & A EKET BB L
ST P A 1 n A 3 3 b 5 o 1 [T, By 9 UK T
=4, 2023, 43(4): 862-870, 877.

LISJ, TONG Y G, LIU F Y, et al. Seismic response
of reinforced soil slope considering interface stiffness
softening under different water content [J]. Journal of
Disaster Prevention and Mitigation Engineering, 2023,
43(4): 862-870, 877. (in Chinese)



% 2 W EH,FAKENERERBRL-ZYR G T I EG % H 61
(23] B, T, Wif, & . SRR RERD S WS Geomembranes, 2017, 45(4): 361-376.

R B W LA S AL T]. A e 5 LR,
2018, 37(7): 1618-1628.

JIAHL, WANG T, XIANG W, et al. Influence of wa-
ter content on the physical and mechanical behaviour of
argillaceous siltstone and some microscopic explanations
[J]. Chinese Journal of Rock Mechanics and Engineer-
ing, 2018, 37(7): 1618-1628. (in Chinese)

CHENG H Y, YAMAMOTO H, THOENI K, et al.
An analytical solution for geotextile-wrapped soil based

on insights from DEM analysis [J]. Geotextiles and

SREPC, XM, REIE, 45 AR - = 4E s ATt
B R - S B R RIET). W R 4 (A R R
J§), 2018, 4503 T 1): 110-115.

CAIGQ, LIUS P, SONG JZ, et al. Study on the rela-
tionship between macro and micro parameters in three-di-
mensional discrete element calculation of unsaturated soil
[J]. Journal of Hunan University (Natural Sciences),
2018, 45(Sup 1): 110-115. (in Chinese)

(%3 T H%)



