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Influences of shear rate and loading frequency on shear behavior of
geogrid-soil interfaces

LIU Fei-yu', ZHU Chen', WANG Jun?
(1. Department of Civil Engineering, Shanghai University, Shanghai 200444, China; 2. College of Civil Engineering and Architecture,

Wenzhou University, Wenzhou 325035, China)

Abstract: The reinforced soil structures are widely used in road engineering, and the influences of the dynamic load of vehicles
on the interaction characteristics of geogrid-soil interfaces cannot be ignored. A series of direct shear tests on the gravelly
soil-geogrid interface under normal cyclic loading are carried out using the dynamic direct shear apparatus. The influences of 4
shear rates (0.1, 1, 5, 10 mm/min), 4 cyclic loading frequencies (0.1, 0.5, 1, 2 Hz) and 3 normal initial stresses (20, 40, 60 kPa)
on the shear behavior of the reinforced soil interface are studied. The test results show that the shear stress and normal
displacement under normal cyclic loading change periodically. The upper peak stress, upper residual stress and amplitude of
shear stress decrease with the increase of the frequency, increase with the increase of the shear rate, and the lower shear stress is
less affected. The peak relative time shift of the shear stress and the normal stress is the largest when the frequency is 0.5 Hz or
the rate is 1 mm/min, respectively, while the relative time shift of the friction coefficient and the normal stress is about 0.5 cycle.
The upper peak friction angle decreases with the increasing frequency and increases with the increasing shear rate.

Key words: geogrid-soil interface; normal cyclic loading; shear rate; loading frequency

0 35 B

TER— . BRI TR, T+ T
SEAEL CETHW. TS ek TR
BT 2RI RN L R R
T AR A SRR A MR, TSR A L LT
BIARE (B 1) XERERE R AT % 4 B BB
W, AR A IR S, IR
ST RE 0 PR A7 5 A BT AR Y.

H B TR R TR B R R IE R, BTAR
FIEZ CERMER . BAFLESS S -1 i b s

JIRAFRAMR L R I M, AT B 5 53 AT BY D5 0 5
B OAT NN AR SRR 28 U R AN
8 S PRI S O - F ik 1 8 ) 9 R s T L2
s XK R AECIHAT T — R P R BT U R AR i - 5
T Y IR, St B VI A0 B B T 10 S Rk
SN s Sweta SETPPAL T AR BY U] 58 5 N e At
(M FmREE, IR, BEE B DR N, B

EE&TH: ExERBFIEETE (52078285, 51678352, 51878402,
51622810, 51978534)

Wi B 2020 - 07 - 07

*W{E/E#H (E-mail: sunnystar1 980@163.com)



5 XN KE, & BIYIER AL M0 T 5 A S B R iR 833
FFETAK FAEJR/N, TR R R AE RN 5, 10 mm/min, ¥EFIJEIASE 53508 0.1, 0.5, 1, 2 Hz,

SR

1 AR EE B E(ER S IIHLEI(51 B Palmeiral)

Fig. 1 Interaction shear mechanism in a geogrid reinforced soil
wall (modified from Palmeiral®')
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Fig. 2 Testing materials
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Fig. 3 Dynamic direct shear apparatus
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Table 1 Physical properties of gravelly soil
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Fig. 4 Set-up of normal cyclic loads
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Table 3 Summary of direct tests under normal cyclic loading

G R ik LS
=1 /kPa fHz v/(mmmin 1)
T1 40 0.1, 0.5, 1, 2 0.1, 1, 5, 10
T2 20, 40, 60 0.5 1

T3 20, 60 0.1, 0.5, 1, 2 1

T4 20, 60 0.5 0.1, 1, 5, 10
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Fig. 5 T1: results of interface shear tests at different frequencies

and shear rates
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Fig. 6 Schematic diagram of shear stress-displacement curve
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Fig. 7 Relationship between upper shear stress and frequency/
shear rate

K 8 FiiR 1 - S BT YIN )y - R RS 2T SR
BIYIN S 55 BIURERR R R M. MET B
HUELR7)) avs PR N UR I IV =07 B S Rl bz St AU
ANo B, BIULEHRN 1 mm/min B, T UE{E N T BE
R AEAE 50.58 ~51.14 kPa, FAERKM JI7E
36.28~37.91 kPa B2, FF )y 2 Hz IFf, TFUEAEN /)
BEET U R AR TE 51.14~53.15 kPa, FHEANJ)
£ 36.57~39.69 kPa Zfk. 5 LN MR, 2450
FERKT 1 Hz. BIUIEZERT 5 mm/min, M JJZA
IR, HEIEE .

B W B AT BT IR 98 2 i) SR RS o 7
FRTRN R 5] B2 DM@ (B 5 B TSR R B Ui R 1 22 5+
FHIHBTY) N a2 X ). AR 9 (a) Yk
WHAETTA, TR R EIL IR RIRE, BRI
I, BT MR R AR, HAREREOR, SR
FEFZRE/N . [RIbE,  AT FEOG ek B ST BT ) N e S
R AR RIE,

Tap =gq+gnf (5)
=e,+g,Inf o (6)
L, ¢, g» %,gg%wfﬁmymgﬂﬁ #, Bk
EHIE 9 (a).

RAEEL 9 (b), ZHETUIEANE KN, BI)N iR

EREZIGhN, [FIRERT, BIUTE AR, AR B R Rk

» FTRESLBIYIN RS SR 46 R IE
Tap =h +ilns. 7
w=h+ilns, . ®)
ﬁ¢,h,4,@,5ﬁwﬁﬁfm%% #, Ak
EIE 9 (b)e.

65 [ - I410.1 mm/min
—A— 845 mm/min
60 —— 5420.1 mm/min  —< 41 mm/min
> RARS5 mm/min - FZAR10 mm/min

& 55F

é

Rso—§; ;
}L4o—|§# « <

1
0 0.5 1.0 1.5 2.0
i/ Hz

(a)

65 - ##0.1 mm/min
—A— I8 5 mm/min
60 —— #&A%0.1 mm/min
—— FRAS5 mm/min

)

7

—o- I&{t 1 mm/min
—v— 410 mm/min

—o— I8{fi 1 mm/min
—v— 1§48 10 mm/min
- &A1 mm/min
—o- A% 10 mm/min

BYY)3 &/ (mm-min!)

(b)
B8 FHYIRNSME, WyREL R

Fig. 8 Relationship between lower shear stress and frequency/
shear rate

251 m I4H0.1 mm/min @ {1 mm/min
A WEAHS mm/min ¥ 410 mm/min
*BRA0.1 mu/min < FRA1 mm/min
[ >3RS mm/min ~ ® 58410 mm/min

Se(mm/min) 0.1 1 5 10

el 278 4.92 7.17 931

v 81 -1.32-2.41-3.14-3.54
e 1.89 3.08 5.99 6.85
82 _1.19-1.95-2.23-2.48

I3
(=

BTN 1 VR {E/kPa

10+
v
5 ‘&%
1 1 1 J
0 0.5 1.0 1.5 2.0
3% Hz
(a)

257 f(Hz) 01 05 1 2  Wifff0.1 Hz ® #6f0.5 Hz
h1 1091 7.67 5.16 3.84 A UEH1 Hz V{2 Hz
i1 231 1.99 1.28 0.89 & 3RAR0.1 Hz <3RAX0.5 Hz

20 h 814 571 375269 »RA1Hz FRM2Hz

& 2 1.60 1.57 1.13 0.76
< ]
i 15
=
g 10
R
= 5
1 1 1 1 ]
0 2 4 6 8 10
B Y1 #/ (mm-min~")
(b)

B9 BWYINOBESHMER. FYIREXREHL

Fig. 9 Relationship between shear stress amplitude and frequency/

shear rate



%5 XK,

S, BTN IR R T 5 5 i 8T DDA R 837

2.3 RfEZE
B10 NIEEURIAIER N 0.5 Hz ABI L) A
1 mm/min [ 53 TG AR RN 5 AR B B BT IR 77 R4 R AL
CBYYI N A3 AR N 1) 592 1) 7 77 B s 1] A8 4k i 2%
Bl VEREAMEAER FIIBIUIN /1. BRI R v
)57 A% B I (8] AT 1E 523 TR SRR AR, B L
PRI HA TR R SR, RIS — 2 IR R 2
(E5 (b), B 10). HE 10 AT%1, it EEAEiL 2
BRAVIRAS , IR AR 5 85 V)N 7 ) WAE R (8] 2202 0.3
s, X — PG ] REAE Hh T B0k R S5 Pk S 2 B ) B
DI E e, BYUIN I TEE ) N gk BIVEEAE S5 11— 47
Rk PG . TIAMMER A1 ZE N 0.08 s, KT W4AE I
(22, XA RE R BT HORAE RN 27 KPR U8 #E 5E n4%
Gro BEVEZBGIERIN RIS [ ZEZ)7E 0.94~0.98 s,
BRI T RS AR B I RR A -
I T ) B U0 e A, SR AR R 1) 22 0B 8,
FarEA W (O FEN—FZ) TR TF B, VEm3)
oF BT 1 B B8 AR B 5 R AE 2 BT UIAT N
—, R ICERFE T AR BT D)5 6 B A] 2 R 52
T=S=Af 9)

Ao, T ARSI R 2, A AIEE (&
i) 2, TRAS, FAE.

—-—i%{EB?JJFJJ— — BRABIYIN )y
&ﬁ&%%ﬁ"*ﬁ% §§§§5g

70

6{) L
£ s0f
=
R |
= 40f
30 [ %
20 L L ' 0.6
0 1 2 3 4
i) /s

10 IEHEFMZRRMN RN EERKEERE L
Fig. 10 Development of stress and friction coefficient with time

during peak and residual stages

(1) BIYINL ) - iR N
e HUEAE BT TIN S0 B, M AR L BT )5H
N R B YIRSk N e 2 . 11
(a) 2] T BIPE A4 1| mm/min B, W, 23HEEH]
ZE MR I 8] ZE FE SR AR A R 2 o 0 1 K
W o RN B) ZE 25 B i), ELIR I AR R P2 TR )
U AF K ERF 1) 224330 0.10, 0.15, 0.10, 0.02, 7EAH
9 0.5 Hz I B Ko AR BORIT, A I Ja] 22 1)
T 0, WEVBTYIR AR S A N R — B
FAE AR ] 2253 59 0.02, 0.04, 0.02, 0.02, RITE

X 4 PG BT Y] R BB I FE B BN

FESHE N 0.5 Hz I (11 (b)), BT 5%
TF4) N7 7 1) FRD B i) 222 5 K %o ek 1) 25 LA AR R AR AL a3,
FEBTYIEFAN 1 mm/min B AT ) 25 B0k, BT
G YU A7 (0 M B T 24 B D RO,
B[R] Z2 BN, 2By VIR PR .

(2) BEEREEIA N 7]

4 FNH T BRI G A R R ) 5 R
P Z BT [B) 22 o AR R0 45 SR AT A, 7EATR 0.1 Hz
i, AR RAMEIS [H] Z2 200 5 s, AT [R] 2242302 0.5,
HABAT T (A I (R 22 i =0 (9) THE T AITRZ
0.5, tHRISZAARFIBY )l 2 g/ [FRf, =8y
D138 BE 1 A B 1k ) S g AR KT R 1] 22 WA TG BY
IR (115

2.5r —=— i 7020
—o— A AR ]2
20t —a— A AR 25 0-15
v B AT I fE] 2
40.10
= 15F 005 ?Lm
. =
Jg 1.0 . =
= LU ¢
0.5 0.05 z
0r -0.10
~0.5 . . . -0.15
0.5 1.0 1.5 0
Mz
(a)
087 —=—igtnipge 020
—o— A{HEf ]2
—A— i | 015
0.6 —v— BHEHI R 12
40.10
< o
T 005 &
Eoa E
- 410 &
& S
02} 1005
4-0.10
»
L L ! ! -0.15
0 2 4 6 8 10
BY Y13 %/ (mm-min!)
(b)
E 11 REHEYISZEERDMNEEESHER, HYLIREMNLR
phzk

Fig. 11 Relationship between time shift of interface shear stress-
normal stress and frequency/shear rate
®A4TLEBERRSEEANINE, AEREE
Table 4 T1: peak and valley time shift of friction coefficient-

normal stress

B ) 3E % /(mm min ')

B Mz 0.1 1 5 10
0.1 5/5 4.5/ 4548  44/45
0.5 1041  0.94/0.96 0.92/0.88 0.88/0.88
1.0 051051 0470049 047/047  0.47/0.45
20 028025 026023 026024  0.250.22

B WENTZE () /AMERTEZE () .
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Fig. 12 T2: shear stress curves under different normal stress
conditions
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