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Cyclic shear characteristics of granite residual soil-geogrid
interface with different water contents
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Abstract: Water content has a great influence on the mechanical properties of granite residual soil reinforced
with geogrids. In order to study the cyclic shear characteristics of granite residual soil-geogrid interface under

different water contents, a series of cyclic shear tests were carried out by large-scale indoor direct shear
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apparatus. The shear stress-shear displacement curves, shear strength, shear stiffness and volume of the soil-
reinforced interface were analyzed under four values of water content (13%, 19%, 25%, 32%), three values of
normal stress (50, 100, 150 kPa), four shear frequencies (0.2, 0.5, 1, 2 Hz) and four shear amplitudes (5, 10,
15, 20 mm). The test results show that: When the soil is saturated with water content of 32% , the peak shear
stress and shear stiffness of the interface increase first and then decrease during the cyclic shearing process. The
initial increase of the peak shear stress under the normal stress of 50, 100 and 150 kPa is 6.2%, 22.3% and
33.0%, respectively, indicating that the increase of the normal stress is greater than that of the interface at the
initial stage. The interface of soil-reinforced unsaturated soil shows shear softening characteristics. Under
different normal stresses, the cyclic shear strength of the interface is negatively correlated with the water
content. When the water content is 13%, 19%, 25% and 32%, the final shear shrinkage of the interface is 4.6,
7.7, 8.6 and 7.2 mm, respectively, indicating that the shear shrinkage increases first and then decreases with
water content. At each water content, the maximum shear stiffness of the interface decreases first and then

increases with the increase of shear frequency, and decreases with the increase of shear amplitude. The shear

frequency of 0.5 Hz has the strongest weakening effect on the interface shear stiffness of the interface.

Keywords: reinforced soil interface; water content; granitic residual soil; cyclic shearing; shear stiffness
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Fig. 1 Large scale direct shear apparatus
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Table 1 Technical parameters of geogrid
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Fig. 3 Residual soil with different water content
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Table 2 Physical parameters of granite residual soil
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Fig. 5 Interface shear stress-shear displacement curves of reinforced soil under normal stress of 50 kPa

60

]
(=™
=
R ot
=
_20 -
-40
—N=1 e N=20 = N=40
e N=60) e N=80) e N=100
-60 : -
-10 5 0 5 10
YIS /mm
(a) 100 kPa
80
60
401
<
@ 20
R
2 0
= ok
-40
U —N=] — V=20 — =40
) | ===N=60 == N=80 ===N=100
8070 -5 0 5 10
BN /mm
(b) 150 kPa

E6 AEBEKEATI2%EKESHTRE
B R 7 -BI V1AL 7 ph 2k
Fig. 6 Interface shear stress-shear displacement curves
of 32% water content reinforced soil under different

normal stress

0 %% S S T s IR AT B B0V I, B U0 T e IR
I N2 A5 T 32 SR TS, B, 50 kPa B [ 17 7
PR TR 8 7K 38 H AR A A5 e 5 T U AL 5 37 0 T e

211 100 kPa "8 m) I 7 45 T W B 5 N 7 R R
Wl o 2 ) R g 2B B R Al S I AR
TS, S A2 5 U0 55 40 VE FTE i, 3% I R 04 {E Y
VAV o I S N o % N/ = 0 e o 1 e 2 DR
FA RO B 3R 1A, 2% 30 3 R ) B L BROR & , TR 46
16 8 e o1 B N = T DA e N 7 o B e e
TR [ R A5 1 R AE AR R R SR 43, DR, A BT U0 W)
W, KRR 3296 1 7 A 5 T 04 89 R T TH R L 50
100,150 kPa " [ )i J3 £ FH T W AE 55 1 77 70 46 1 i
Iy 6.2% .22. 3% .33. 0% , 1X 1l fig & K Ok B )
VAR NI € R wl T S WA (Y
7 HE B A B N7 T A) S0 1 R
2.2 EKEXNMABERSHNTIE

SR AR 1 Hz 35 Y1 {24 10 mm B, K [7]
7K RN B 1) N SR A b B A A BR T BY 5 B A
S T N £ S AT I -1 I N i3 [ D I B e o 1
A6 PR B BY 58 5 2 SR [ 0 e A, BT B 5  K R 1
K, S BT BT AR BN o Y E KRN 13% F 2
329, W[5 W 7 6,9 50,100,150 kPa Ay i 1 5t i 4t
B 5 430 M 43 kPa % % 29. 78 kPa ., M 75 kPa [%
% 48. 4 kPa M\ 114. 9 kPa[% % 65. 3 kPa, " i/
50 kPa T ff + S 1 Bt 59 55 B 2 BB & /K 1 A8 fL KL
AN 8 B o FH B 8 WAL, AE B EE 45 AR Bl A T K
SR T T A TR A, I R 2R D S TS R L TE 25
oK et ik B WEE R R J1 . ZEARSE 1 B 7 (50 kPa)



62 AR5 xE TAES

% 47 %

YERITR , 541 85 Y1 7E 185 L 2526 & 7K A8 i St i 14 &
B3R 1 REA R o 5 T B 9

200 —=— =50 kPa
T ®,=100 kPa
100 e A— g =150 kPa
Y
~
]
A
= 80
B
B " “a
= oo
S
L4
.
40 — .
o
2 . . . . .
10 15 20 25 30 35
EKE%

7 AEEKETHLIREMNBERRTEE
Fig.7 Cyclic shear strength of reinforced soil interface

under different water content

B AE b o 5 AR A% A SR T A A9 B 5T U A B9
LB B P00 5 B 2 JORE 5 7K R A A AL ML AT
XFLE, G 8 frzs o IR 8 AT LUA Y, — 3% A8 e B
— B SN R AR BE A S KR T o AR T
45. 20 A 81. 200 5 F I R 3R J1 Bt H % 7K R A T i e
B4R W AR 2500 TOK RIS IR BN I . — k%=
S AE TG AR5 ) B R AR T 0 B R T 00 B D9 R 4
FRE R T RN R A o X AT RE R A A L T B
L NERC I T EZN TR B U e W o A o VAN o

YIS /mm

U [ F/mm

(a) w=13%
B /mm
-10 =5 0 5 10

M

A /mm

o
T

(¢) w=25%

4or —=— (EIRBE A o IR EES |
25l - o - SRS - o NOIRE )
180
30F
& 2sf | P g:j
& 5| R
® ®
# 15¢ a 140 &
z _
°r N s 20
5 gt S
R
o . . . . "
10 15 20 25 30 35

BIKEI%
B8 HIAEMWEESHMBEKENTHRE
Fig. 8 The variation law of interface shear strength

parameters of reinforced soil with water content

KL A RS A0 AR VR T A A b R T K R
e RE AL 3R R R B S IR KL I B BT 1)
1y 3R A5 R gl
2.3 FTHEM

SYPTRE A rh R Y B DD T AR AR N AR g
1B 2 BE S W B U)o AR v i R B R AE L DL ) i
73100 kPa 2y 5], A [6] % 7K 3 fify A 5 1 18 1) 57 % -
B R it e & 9 frn . KRR 13%.19% .
25% 329 Wi 4 A e A B 4 i 4.6.7.7.8. 6.,
7.2 mm, "B [a] {3 B8 Bl A 5 K 0BG N S BE R s
NNERE Y & o T = TR bR L R R 2 o F S N =

BIUIAS /mm
0

-10 -5 5 10

0L

(b) w=19%
B /mm
“10 s 0 5 10
oF
L
g
g
R4r
5
=
8L
ok
(d) w=32%

9 FAEEKETHREEEAE-5 UGB %k

Fig. 9 Vertical displacement-shear displacement curves of interface under different water content



% 34

FIE R, F AR AKERLR S KR LA @ a9 58305 4 63

WAR b B /N . B KR BT, £ R G FLBR
S NI A AT s 1 [ N S | A g
N7 T3 FAE B8 A 20 AE T Bl & K 0 T ke
By AR 2 RS A KRR 25% BT R
32%0 B, By 4 i T R . kR R 3296 e i pE AL
LN K S A AT URE e ORE L R KR A R
B, = E R 4R N, i g A5 i B B
VI ak # v [ el K e ik HE B 2 W 3 B BN 1 B
2.4 EYINIE
2.4.1 BREHYH

CURPINTIN: e sk 2 N DA R DAL RN D I DA i 8
RE % 43 ) 2 e 4 A 7 B A 200 T 19 W12 A8 Ak
Mo LT A B T R 0GR B DD AR T 8 R By )
1A% -5 1 7 [0 2k, Nye %17 Vieira 5574 35 1)
W EE K A 5 1 3h 55 U0 AR PR A B o 8 1)
710 100 kPa i, S [R] & 7K 2R s 4 2 1 5 U1 W 7
18 P4 55 Ui B b i 2h S AR L AR I & 10 BT o H
B0 7] LA AR 40 A2 K A0 A 55 89 1 K B
I8 P YR B0 338 i 2 3 D A A MR 8 K B (3204)
+ B B VI NI S T S BB REAL . ARG R BT U
TEHF ,13% .19% .25% & 7K 3 4 + 5 1 57 Y Wi 2
BARFEAL T 20.2% 7. 4% .19. 1%, 1 32% & KR
ST B U)W EE E G R A 20 IR G FEAR T 6.6%.
13% .25% & /K J T 5 U1 NI R s d5c A, 55 18 59 1)
W 2P B PR . 19 %0 5 7K % LTI B D) I B e
N BRI 5 K SR fif A 5 T 0 26 Bh fof 48 AE R
BYU) R 55 A0 AR BN BT AS T AR B . 1 ER
B Y] 100 W A0 32 %0 25 7K 37 fifs - it 1 5 11 1]
RIS T 13, 0%, AR S KR RBN BT UI 1L,
& WG 20 B0 fuf 28 0 T 40 A0 - A 4 5 1m 95 DI R A —
SE 1) B8 s kR T rp A B K R A 4 A T 0 R 55 Ak
ROR
2.4.2 WM ENYh

P& 11 24 B i 137 7 100 kPa i A [a] 87 4] 45 % i1 4
KRG T i 4 B e K By DI . AL ] L

wn
T

Z .
T T T

BTYINIEE/(MPa/m)
[J

IS
n

&
=)
T

L S o S
v
—a—w=13% —e—w=19%
—A—w=25% —v—w=32%
L s L )\

A .
0 20 40 60 80 100
BRI

10 HEREHVINEHSTURE

Fig. 10 Dynamic variation of interfacial shear stiffness of

b
n

reinforced soil

A BT D) AR B T A KRR A A B i
R BT S /I I 3 Ok, BB DI 0. 5 Hz I
5 F) e /IME L BB 0. 5 Hz 1 55 Y48 25 X6 57 4 2% 1 K
JE S5 A A frp i o b R ST AR A (3200 ) I, i - At
T 5 U1 W 52 0 DR AR R /N o W 5 HE R
118 35 i Jm — 18 (N=100) fifj - 5 17 59 17 77 0 {6 5 41
0 5 B LU AE, BB B W A9 b T A A R . R4
R B i) )3 F3 100 kPa ik Al = 5 178 A [R] 5 7K A< A
DIWRSAFT R )s aR . INRP T LA
196 F1 3206 & K 3 F ffj b 5 T W 5 AR R BE /D
AT KRR A BT 0 R R LU R B U0 R 1 T
1 G M R el /), 2 B BT D) IR [R]E | 5 ) Ja R i
R, Py BT e i AR A 3

or [ f=02Hz [ /=05 Hz
i I /=10H: [ ] /=20Hz
Exly
&
=°r
st
=
R4
B,
x
IE, b
Wk
T s 2
EKEY%

E11 AEEIHETEH T R E &K IR E
Fig. 11 Maximum shear stiffness of soil-reinforced

interface under different shear frequency

R4 SAKREMBYISNEINEFEELLR M
Table 4 Effects of water content and shear frequency on

post-peak strength ratio

Tk U Ji5 5 JEE L
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13 0.851 0. 967 0.794 0.787 0.85
19 0. 868 0. 990 0.951 0.893 0.93
25 0. 805 0.915 0.818 0.783 0.83
32 0. 967 0. 970 0. 920 0.913 0.94
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Fig.12 Interface skeleton curves of reinforced soil under different moisture content
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