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Dynamic shear behavior of interface for clay reinforced with geogrid
encapsulated in thin layers of sand
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Abstract: A new-style sandwich reinforced soil is clay reinforced with geogrid encapsulated in thin layers of sand. To investigate the
interfacial shear behavior of sandwich reinforced soil, a series of cyclic shear tests was performed through a large-scale direct shear
device. The influence of thickness of sand layer, shear amplitude and normal stress on the interface shear behavior were investigated.
Results indicated that the peak shear stress of the interface increased with the increase of cycle number. When the thickness of sand
layers were 5, 6, 7, 8, 9 mm in the last cycle number, the corresponding peak shear stresses of the interface were 24.84, 27.4, 27.94,
26.33, 24.68 kPa, respectively, showing the maximum peak shear stress of the interface occurred with 7 mm of the thickness of thin
sand layer. The ultimate vertical displacement increased with the increase of cyclic shear amplitude, and shear stiffness and damping
ratio of the interface decreased with the increase of cyclic shear amplitude at the same cycle number. When the normal stresses were
30, 60, 90 kPa, in the last cycle number, the corresponding peak shear stresses of the interface were 20.4, 25.14, 32.96 kPa,
respectively, showing the peak shear stress increased with the increase of normal stress, and the shear stiffness increased with the
increase of normal stress at the same cycle number.
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Fig.1 Schematic view of sandwich reinforced soil
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Fig.2 Large-scale direct shear apparatus

2.2 AR BRI

A BIF ST AR P IR LA AR A R, BRI
JHRFRIAZE 1 Fr7m e 156 A 2RH = 3T M T i =k
D, BB L IEEAY LS H AR 2 o, BRI
R R EEr TR e o L RN ViR LA 1 15 SO
(TR 30%I0 B LR, HE AT L 24 h AGRIIE £
FEG KA o RIS DI AT BRI 1 T %
U 3 Pron, b TgmEUE S RS R bR
K3 PoK.

K1 BEEEDRYEE R

Table 1 Physical indices of Fujian standard sand
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Table 2 Basic physical parameters of soft clay
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Table 3 Technical indices of woven geotextile
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Table 4 Cyclic shear experimental program

NN WRPEIEE Sy BPNE[ BRN)
[ESPIES :
d/ mm / (mm/min) Ay / mm o /kPa
I 5,6,7,8,9 1 3 60
II 5 1 1,3,5 60
11 5 1 3 30, 60, 90

4 WIREHIR

4.1 HWEBEEXN - A EIE STV

K4 S = BB BN A S e B e Y
60 kPa. BIYIMRAE A 3 mm I, AN D 2 5 S
5L RGP BY DR BT W (1 BY I 7 -85 VIR Hh 2%
ATLUEH: O —E RN MAETY, AFED
2 TR 56T I A~ - ST A B D) R S AR — 8, BIAE I
LR, FERTEY N ) B BY DI AL 5 AN I 1
K, HIG RIS NG 1K @BEE TG X
(P3N, vnl Bl T E A, BRI A AR i 1] el BY
I =B D7 B i 2 ke AR ALL, L[] Bl (1 e B
I JANWTIE K, AHAI P i [ ] P DR B ) ZE (AN

30 30 30
201 20 20 F
- < -
£ 1of g 10 g 10
3 o X0 R0
2l 2 2
W-10- & -10r -0t
-20F -20 -20
_30 1 1 1 ] _30 1 1 1 ] _30 1 1 1 ]
- -2 0 2 4 -4 -2 0 2 4 -4 -2 0 2 4
Y/ mm BIP)f7 A%/ mm BIY)f7 A%/ mm
(a) WHPZESE d=5 mm (b) WRPJZEEE d=6 mm (c) WPJZJEEE d=7 mm
30 30 -
20 20
g 10f g 10F
< <
R0 2 o0f
.‘i _‘i
B’ -10} ® 10
-20 20}
_30 1 1 1 ] —30 1 1 1 ]
-4 -2 0 2 4 -4 -2 0 2 4
Y/ mm BIP)f7 A%/ mm
(d) WP ZELE d=8 mm (e) WPZESE d=9 mm
B4 ANFEEEEE T #- LAy -A 2k
Fig.4 Shear stress-displacement behavior of sand-geotextile interface under different thicknesses of sand layer
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Fig.5 Relationship between maximum shear stress and
cyclic number under different thicknesses of sand layer
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Fig.6 Relationship between interface vertical displacement
with cyclic number under different thicknesses of sand layer
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Fig.7 Calculation of shear stiffness and damping ratio
from hysteresis loop

5E S A el R K PHLJE LE D 2

D:D]+D2:l[ 4 4 J: A [l+ij
2 2\ 4nd4, 4md, ) 4nA 7 T,
2)
A Dy Dy 4 IANBI Y7 1) EBRJE L 4
N AEAST RN TR Ay Ay 233 9 B R BT s 1 B
S TR
Kl 8 4t T #ib 2R 5. 64 7. 8. 9 mm
[y = B A 00 A9 A L TR A B D)1 B A A IR
HOR MR R ML . BT AR i BEETEIR K
RN, S FhD 2 R R (K- L SR By D)

—a— d=5mm

95 —e—d=6mm
—— d=7 mm
— —~— d=8 mm
é 9.0F ——d=9mm
=
[=™
%
ﬂ 8.5
%
= 8.0}
7~5 1 1 1 1 ]
0 2 4 6 8 10

REARV€3

B8 ANFEIMRDEE T BRI REIER R R R
Fig.8 Development of shear stiffness with cycle number
under different thicknesses of sand layer



6 M

WA — eI, X R IR R BT D) AR b S
TEIUIREAC IS . [HI, B AR BRI,
] — G R T (R B DTS SE 38 K S5 pd )y, IX 3R 1
TEARSCHIRIG ST, ARAE | AN Riid 2 )R,
B 2R 7 mm I, ZEAEFR BT R 47—
- ST BY P B K, ST AR TR RE ) i
K94t THRPZEE S 5. 64 7. 8. 9 mm
IS = WA I A9 1 40— 1 ) BELJE B B AR S 5
RIEMCRIME . WEF LG H: bEEHEE
FEES N, )1 2R R COnS IR BELJE LR SE /s 36K
KULATEAR ORI A N, #R02E R 7 mm i,
Wi 1 SRR BT D)l R b R E RS
0dor e mm
—A— =7 mm

—— d=8 mm
—— d=9 mm

3

= o40f

R 038}

2 4 6 8 10
TEIRIREL

B9 NFEEREEE T HE LEBEEP R R R

Fig.9 Development of damping ratio with cycle number

=3
N
~

VINIEE/ (kPa/mm)
N
S

under different thicknesses of sand layer

4.2 BIUIAL B MR X - 1 S E AR B Ul M

AL

10 b2 B 5 mm 6 = By i -1
SRR R N S 60 kPa, BIVIIE(E N 1. 3. 5 mm
I B OI - A RS ik . HIERTCAE Y, 7E1
INBYUIE I, B AMIEERRE AR AR T B 4 A B ik
(IAZEF, 3 FhBTUIMRAEL 0T R () LA A 10 5 8 4
MG, H B e 2 By 4 ok . Rl AT LA
FER I E BN UR)BUN S A UE K BN € i
BRIk, A T R AR AT JE K 1 8 1]
PR~ BY VIR i 2R BT

METYIEEA 1 mm B (UL 10(a)), 75 1
AN IR VR H 5 1) 7 B Bt A A0 B B 189 n el 1
K, BIFERLARERRN B T ARIAZE BT, e
J& 9 AMIEI KB U R, B4R BT KA
o 4BIYIIEAE A 3 mm K (LA 10(b)), 7E+4k
TEHT 6 N JER P R BISDIRES, 7E5 4 MG E X
BY4E. BYIRAS I, MBI IR 5 mm B (UL
Kl 10(c)), BY4H. BYMKASE HIR IR S I AN &

X CE A =R - w3l Y Uit 1995
0.0
g 02} %
g
2 04
% 06
;
_08 1 1 1 1 1
-1.5 -1.0 -0.5 0.0 0.5 1.0
BY U/ mm

(a) BYVIIRAY Aw=1 mm

U [ 785/ mm
L L L LS
® o » b o

—_—
——
_1 0 e 1
- -2 0 2 4
B YIAL/ mm

(b) BIUIIRAE Aw=3 mm
00
-05} :

-6 -3 0 3 6
BP0/ mm
(c) BYVIEAY Aw=5 mm

"B 1) 7 #/ mm
|
=

B 10 A FIBYUIBEXT T A BB U8
RARMEL
Fig.10 Shear displacement-vertical displacement behavior
of interface under different cyclic amplitudes

B 45 T3 UIEAEN 1. 3. 5 mm i, — B
RTINS T ) B DT B A A KO R
MR RN MWEIRAT LA, BEAE BT DR 3
Ko R AEFR BTN R () B VIR FE vk /s AR ER
YU R, BRI, 3 FRET IR T
(1 LR BY DINIBEARAT — e FERE B4 0, X W ST
FERTYI R A4 T RTINS, 1X 5 Vieira 25
(VAR - T A — R - S 10 (406 2R B DR 56 v 1) 4548 M
Bl K12 45 TEIUIRAE R 1. 37 Smm i, —H]
AT 0 - A S 1 ) BELJE L B A SR R JE 1)
KAMZ . WNEF LA, B B UIRAE 3K,
] —AEER T Y. (1) ST BEE LBk, IX 3R B BY
DI A 1) B BT — - S e G A B D R 1
RE S FERCHE K.



&+
i

2018 4F

1996 s
25

E ._4—4—-—*—*4—‘—4—.

£ 20

<

I

& 15 — AW:1 mm

ﬂ —— A,=3 mm

= —— 4,=5mm

=

= -

& 10 .
o—o—o—o—o—o—o 2
a—a—

5 1 1 1 1 ]
0 2 4 6 8 10
PEERIKEL

B 11 ANFEIBIUINEE T BY IR RETRER S A R
Fig.11 Development of shear stiffness with cycle number
under different cyclic amplitudes

46 — AW:1 mm
0.46 —o— A,=3 mm
0.44 -\-\-/.\—_’:i‘:irin-

3y 042F
I
= 040f \\‘_‘/./,_._./v—‘
0.38
036 ' bbb
2 4 6 8 10
PRI EL

B 12 RFEBIUNEME T FEJE LEREER R R R
Fig.12 Development of damping ratio with cycle number
under different cyclic amplitudes

4.3 B N 75 - AT B VI R R

13 b 2 R 5 mm 6 = WA i -1
FRAEBT YNGR 3 mm I, AR B[ ) 40E R
(0 SR BY N Sy -I (R) SR ik . AR T LA, 3
FRASTRI R g B A6, AR BY I ) RS IR ER K
it g 0, - S R U LIS . FEER
FAR A 10 B, BEmIN 7 304 60+ 90 kPa X M 1) Hx
KBTI 435K 20.4, 25.14, 32.96 kPa, 7] WHEH
W 1) N g PRI I, ST S KBS N, g B 3, AHRY.
(10 18 et B2 386K o B 8 ) N D PRI, -
AT BRFT D - (85 SE AR N, 1 T gm 2 Btz 1
- RORE TE B R R BT B A T v A gt Bt 2 3
K, Wi— TS PTBy AT B4, S ) 2E MUK
A5k

B 14 45 T D2 R RE D 5 mm [ = BIIE TE N
Wi L AEBTUIIEAE A 3 mm N, AN i) 3 S 4k
FLA - i e 1 4 A B AR A IR B (R OG FR il 2
M HRT LA, — BRI 5 L - S e AN ]
e N R IR B D R v, SRR R AR T
BYZR, B4 I I R B A B 1) ) [ 8E K T AR
PR, AR N O, ST B A K

BINY J1/ kPa
(=)

0 30 60 90 120
I} 18]/ min

(a) BN ) o =30kPa

BINY J1/ kPa
(=)

0 30 60 90 120
I} 18]/ min

(b) BN o =60 kPa

BINY J1/ kPa

30 60 90 120
I} 18]/ min

(c) I ) o =90 kPa

B 13 ANFE B AR SR BY N - R TR SRR 12
Fig.13 Shear stress-time behavior of interface under
different vertical stresses

0.04
£ -0.5
=
&\3 -1.0F
& 215 —a— 0=30kPa
= O —— 0=60 kPa
B, —— =90 kPa

_2~5 1 1 1 1 ]
0 2 4 6 8 10
PEERIREL

B 14 N RS - S R B R R R 2R
Fig.14 Relationship between interface vertical
displacement with cyclic number under
different vertical stresses

Bl 15 g5 1 3 Rk N T3 R =R N
3= F T ) B DDA B REAR PR IHOR JRE IR 2R 3 2k o
MEFFRTE S 3 R m N 2 F R, BN g
TR TR] (A RS I (K85 DI O, LR, -



6 M

X CEAE: =HIVA IS - A sh S s 1997

- SR B D) R BEAR A R i o, X%
WA A iAE B DI R b R A T B UL LA
Bl 16 43t 1 3 Ffriks (g B g 1 Sk S (R BHL e Le B
TR IREOR E G RN . WA LUEH, 7ERT
2 AR P9 - L S TR B AR BEAE A R
SR, ARNER 3 AMIES R UOT R, LS ELRE
TR CEURI G i AT, X WA I 32 4
BTN, TR R AN, BIE
AMEIRBIUIRL R S REEFERR SRR 5
AR e FRATRAE H, S 2 MBS IR
[ N K, S ) — (B O R R PR BRI E
AR, U B ) I PR 4 A5 S T AE A A B )
I F) A AE RS K.

11

@ or M o=30kPa
| —o— 0=60 kPa
= 9r —— =90 kPa
[=%
=
< gt ././.___.—-—Q—H_.—‘._.
et
= L
=7 —=
R 6L —

5 1 1 1 1 ]

0 2 4 6 8 10
G IREL

B 15 AN SR BT IR B BEE PR R B A PR
Fig.15 Development of shear stiffness with cycle number
under different vertical stresses

042 —= 0=30kPa
—o— 0=60 kPa
—— 0=90 kPa
0.40
X
N
=
0.38 F
0~36 1 1 1 1 J
0 2 4 6 8 10
G IREL

Bl 16 AR B RE B EEBEEFR R B & R
Fig.16 Development of damping ratio with cycle number
under different vertical stresses

5 4

A SO WA TR L - A AT T = A
PEIABIUIAK:, X LB 7 AN A 0F B 79 S
BN 32l AR, 380 T LUR L& 18-

(1) =HWRAIN LAFAE— DAL R 2 5
JE, FEAZJT RN A - S w8 5 fee K

(2) ANFEIBTOIBAE AT N, b S e gAY
DYl A v 24 S I B D) A A PR PR AT AR L ) B

%o
(3) BE[) NS OK, - b SRR By D) e
R B K BTN g B DIl o

2 % 3 MR

[1] LIU C N, ZORNBERG J G, CHEN T C, et al. Behavior
of geogrid-sand interface in direct shear mode[J].
Geotechnical and Geoenviromental, 2009, 135(12):
1863 —1871.

[2] LIUCN,HOY H, HUANG J W. Large scale direct shear
tests of soil/PET-yarn geogrid interfaces[J]. Geotextile
and Geomembranes, 2009, 27(1): 19—30.

B]1 XKE, M, E4. TR AN A TR

PRSI, A4 245 TRE2AR, 2013, 32(12): 2575
—2582.
LIU Fei-yu, LIN Xu, WANG Jun. Influence of particle-
size gradation on shear behavior of geosynthetics and
sand interface[J]. Chinese Journal of Rock Mechanics
and Engineering, 2013, 32(12): 2575—2582.

[4] VANGLA P, MADHAVI L G. Effect of particle size of
sand and surface asperities of reinforcement on their

behaviour[J].
Geomembranes, 2015, 44(3): 254—268.

[51 *&E, £2, F%, 5 BURDRAR A -
T E BRI ], 25 J1%, 2017, 38(1): 150—
156.

LIU Fei-yu, WANG Pan, WANG Jun, et al. Influence of

interface shear Geotextiles &

soil particle size on monotonic and cyclic direct shear

behaviors of geogrid-soil interface[J]. Rock and Soil
Mechanics, 2017, 38(1): 150—156.

6] XI&E&, #jw, £%, & PEABTYIERDSRE M S+

LB YR (S ma[T]. R E A AR, 2015, 28(2):
1=7.
LIU Fei-yu, LIN Xu, WANG Jun, et al. Effect of cyclic
shear load on behavior of sand-geogrid interface[J].
China Journal of Highway and Transport, 2015, 28(2):
1—=7.

[77 NYE C J, FOX P J. Dynamic shear behavior of a
needle-punched geosynthetic clay liner[J]. Journal of
Geotechnical and Geoenvironmental Engineering,
2007, 133(8): 973—983.

[8] VIEIRA C S, LOPES M L, CALDEIRA L M. Sand-
geotextile interface characterisation through monotonic
and cyclic direct shear

tests[J].  Gesynthetics



1998 b +

71

2 2018 4F

[10]

[11]

International, 2013, 20(1): 26—38.

FOX P J, ROSS J D, SURA J M, et al. Geomembrane
damage due to static and cyclic shearing over compacted
gravelly sand[J]. Geosynthetics International, 2011,
18(5): 272—279.

ABDI M R, ARJOMAND M A. Pullout tests conducted
on clay reinforced with geogrid encapsulated in thin
layers of sand[J]. Geotextiles and Geomembranes, 2011,
29(6): 588—595.

ABDIM R, SADRNEJAD S A, ARIOMAND M A. Clay
reinforcement using geogrid embedded in thin layers of

sand[J]. International Journal of Civil Engineering,

EEEFE 1990 T

[12]

[13]

[14]

KRASINSHI A. Numerical simulation of screw
displacement pile interaction with non-cohesive soil[J].
Archives of Civil and Mechanical Engineering, 2014,
14(1): 122—133.

WA, ZEARRS, WIERE. A0 1% ) AU HE KB D)
FEEEATTUI]. YR 22254 (BETRO , 2009, 26(2): 158
—163.

YANG Zhong-xuan, LI Xiang-song, MING Hai-yan.
Fabric anisotropy and undrained shear behavior of
soil[J].
(Science and Engineering), 2009, 26(2): 158—163.

SHI D D, XUE J F, ZHAO Z Y, et al. A DEM

granular Journal of Shenzhen University

investigation on simple shear behavior of dense granular

[12]

[13]

[13]

[16]

2009, 7(4): 224—235.

SAYEED M M A, RAMAIAH B J, RAWAL A. Interface
shear characteristics of jute/polypropylene hybrid
nonwoven geotextiles and sand using large size direct
shear test[J]. Geotextiles & Geomembranes, 2014, 42(1):
63—68.

AT A B RREE TS, JTG ES0-2006 24 # TR+ T
FBMRRRBRES]. e B SCIE i ARAL, 2006.
Research Institute of Highway Ministry of Transport.
JTG E50-2006 Highway engineering test procedures of
geosynthetics[S]. Shanghai: Shanghai Culture Publishing

House, 2006.

assemblies[J]. Journal of Central South University,
2015, 22(12): 4844—4855.

JifE, EIE, R, S FETHCF R BRI LR
R Bh = BRI WEST[]. TR AR, 2011,
33(1): 81—87.

ZHOU Jian, SHI Dan-da, WU Feng, et al. Visualized
cyclic triaxial tests on sand liquefaction using digital
imaging technique[J]. Chinese Journal of Geotechnical
Engineering, 2011, 33(1): 81 —87.

ROTHENBURG L, BATHURST R. Analytical study of
induced anisotropy in idealized granular materials[J].

Geotechnique, 1989, 39(4): 601 —614.



