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Study on Shear Characteristics of Soil-rock Mixture-geogrid Interface

under Normal Cyclic Loading
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Abstract: As a widely used subgrade filler, soil-rock mixtures form reinforced structures with
geogrids that serve as critical components for bearing and transferring traffic loads. Their strength and
stability are affected by the dynamic shear characteristics at the soil-reinforcement interface under nor-
mal cyclic loading. A series of dynamic direct shear tests were conducted on soil-rock mixture-geogrid
interface using a large-scale dynamic shear apparatus. The effects of normal loading frequency (0.05,
0.1, 1 Hz) and normal stress amplitude (20, 40, 60 kPa) on the interface shear characteristics of soil-
rock mixture-geogrid interface at different fines content (0%, 20%, 40%, 60%, 80% , 100%) were
analyzed. The results showed that under normal cyclic loading, both the shear stress and normal dis-

placement exhibited periodic variations. The interface shear strength initially increased and then de-
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creased with increasing fines content, reaching its maximum value at a 40% fines content. Further-

more, the interface shear strength increased with the amplitude but decreased with the frequency. In-

creasing fines content reduced interface shear shrinkage, whereas increasing the amplitude and fre-

quency enhanced it. The interface friction coefficient and normal stress demonstrated the same periodic

variation, with a phase difference of approximately 0.5 cycles. Notably, the interface friction coeffi-

cient, both at peak and residual stages, showed a trend of first increasing and then decreasing as the

fines content rose.

Keywords: soil-reinforcement interface; fines content; vibration amplitude; loading frequency; soil-

rock mixture
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Table 3 Empirical parameters of upper shear stress fit-

ting curves
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60 71.22 —5.99 0.9900 75.65 —2.30 0.8941
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Table 4 Empirical parameters of low shear stress fitting

curves

diki R S )Y J)/kPa TR ERAL ) /kPa

m/% g h, R’ g h, R*
0 65.80 —2.94 0.9862 48.54 —1.87 0.9212
20 63.92 —3.24 0.9778 53.58 —2.00 0.8889
40 67.62 —3.75 0.9564 67.00 —2.03 0.8529
60 63.32 —2.94 0.9894 60.63 —2.07 0.8791
80 58.12 —2.73 0.9994 40.30 —1.71 0.9162
100 57.12 —2.59 0.9903 2747 —1.50 0.8392
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Fig.14 Maximum interface shear shrinkage at different fines

contents and frequencies

465



X, BEEBR M 0.05 Hz 3 K% 1 Hz (93 B, %
i RL P B Y B K 5 4 i 4 0 B KT 1.88.,1.33,
1.11.0.67.0.70.,0.63 mm. #] WLAEAIRAIRL & 5 T, 45
IO b i e W SR R S FNULE N A L N
K15 7R T 4k & & 40% , 4k #/ 40 kPa i), N
[Fi) 43 248 A TR 48 R B, U ) g i ] A5 A it
2o ATk RS ARAETT SI RE 45 AR RS 1k 1) N ) (A
Y 5 BUAH ] ) 1F 5% A8 A0 U 0, H &0 3R R 1 Y
] X5 A #E 0.5 A4 JW W0 26 A7 9 #6725 o 06 E B B
0.05.0.1.1 Hz & B 48 5 %% 4k 43 51| & 0.88~1.36,
0.84~1.27,0.66~1.05, 5% 4% B Bt 28 £k 75 Bl 4 51 Sk
0.89~1.37,0.71~1.13,0.61~0.97,

UE(EFTE

100 F —— 2@ R 700,05 Hz) == BEEF(0.05 He) 7

g0 L BRI /1(0.1 Ha) - BEMEE 0.1 He)
—_— (] Hz) e B Z (1 Ha)

{ m‘“!

[}

.0

80 H
T0
60
50}
40
30t
20 f
104
0 t TRTRTR AR
-10 2 0.5

0 10 20

L
i

=]
=

RS

R 7] / kPa

o

Hif(E] / s
() W B 75 e B R B AL

P

100 r—— 2[R $7(0.05 Hz)  ——- BERRE(0.1 He) 730
9o b= —EMUJI0.1 H) - EEMEFE$7(0.05 Hz)
5 sweeeee WEH] 137 F7 (1 Hz) -- R H(1 Hz)

70
60 H
50
40

..‘!=:=i?fx.:‘!: :
; 7/2(0.05 1[;:)?\tQ

712(0.1 Hz) |

B R

25 71 / kPa

) / s
(b) TR B BT (0] 107 1) b5 At B AR U TR
A 15 S[R3 A€ T ST B 45 2R 0— I 1) O R il 2k
Fig.15 Relationship curves between interface friction coeffi-

cient and time at different frequencies

3 & i

(1) A TR 5 A Al 5 T e (6 BT U 1z g, 5 T
JRE 458 25 M BB AR 5 A 19 2 B e 0 RS sl Y
A 4000 AR A iR I RO, AR F T
A TR 5 R R M TAD i 11 5 5 A P R4

(2) B 1 fre R B 4 0 il 2 240 057 6 F) 8 D 9

466

JIN T TR — AR ORE 5 TR T 28 IR R A B B RBOR
FTHT e KB 4 R EOR o B T W L B VDN T BE A R
IER NI NI S S NV RS RS VA R ] i
W AR A 1 R T I

(3) ¥ 1) W 3 A8 A W 55 5 Th JEE 458 2% 5 BT D))
J1 AP ¥y B B IR sZ B AR A, HLk 1) I T
55 P RN A7 0.5 AW Zc 4 B AR 22 .

S

(1] EW, QR , RBR, & T EALER M LR

FORER BRI R PE LT, 5 0%, 2020, 41(9): 2973
2983.
Wang T, Liu S H, Song Y J, et al. Strength and defor-
mation characteristics of soil-rock mixtures using skele-
ton void ratio[J]. Rock and Soil Mechanics, 2020, 41
(9): 2973-2983. (in Chinese)

[2] YangJ, Yin Z Y, Laouafa F, et al. Hydro-mechanical
modeling of granular soils considering internal erosion
[J]. Canadian Geotechnical Journal, 2020, 57 (2) :
157-172.

[3] Zhao H F, Zhang . M, Chang D S. Behavior of coarse
widely graded soils under low confining pressures [J].
Journal of Geotechnical and Geoenvironmental Engi-
neering, 2013, 42(2): 35-48.

[4] LiuF Y, FulJ, Ying M J. Experimental study on cyclic
shear characteristics of geogrid and rubber-sand mixture
interface [J]. Construction and Building Materials,
2022, 357: 129328.

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

[6] Chang J Y, Feng S J. Dynamic shear behaviors of tex-
tured geomembrane/nonwoven geotextile interface un-
der cyclic loading[J]. Geotextiles and Geomembranes,
2020, 49(2): 388-398.

(7] ZEAR e A3l , TR W, 25 . JR) S A DT 35 %

BN B [T, TR 5 K222 4 (A A REE R , 2022,
50(1):50-59.
LiGY, XuC, Shen P P, et al. Effects of reinforce-
ment on soil arching development under localized static
loading [J]. Journal of Tongji University (Natural Sci-
ence), 2022,50(1):50-59. (in Chinese)

(8] #L&F ix# ., B, 5 LY £ LAWY uE A T 10 vk
FEPEIRER AT T [T]. A 15,2022, 43(3 2) : 275281,
Du C X, Xu C, Yang Y, et al. Experimental study on

filter characteristics of nonwoven geotextile filtering clay



[9]

[10]

[11]

[13]

[14]

[15]

[16]

[18]

[19]

[J]. Rock and Soil Mechanics, 2022, 43 (Sup2) : 275-
281. (in Chinese)

Han B Y, Ling J M, Shu X, et al. Laboratory investi-
gation of particle size effects on the shear behavior of ag-
gregate-geogrid interface [J]. Constriction and Building
Materials, 2018, 158: 5155025.

XK, RR, BT YD) 3 AR ) 0 X A
o S B IR R [T ] A R AR AR R, 2021, 43
(5): 832-840.

Liu FY, Zhu C, Wang J. Influences of shear rate and
loading frequency on shear behavior of geogrid-soil inter-
faces[J]. Chinese Journal of Geotechnical Engineering,
2021, 43(5): 832-840. (in Chinese)

Liu FY, Zhu C, Yuan G H, et al. Behaviour evalua-
tion of gravelly soil-geogrid interfaces under normal cy-
clic loading [J]. Geosynthetic International, 2021, 28
(5): 508-520.

Ding X M, Luo Z G, Ou Q. Mechanical property and
deformation behavior of geogrid reinforced calcareous
sand [J]. Geotextiles and Geomembranes, 2022, 50
(4): 618-631.

JiaY, Zhang J, Chen X Y, et al. DEM study on shear
behavior of geogrid-soil interfaces subjected to shear in
different directions [J]. Comput Geotech, 2023, 156:
105302.

Safaee A M, Mahboubi A, Noorzad A. Seismic behav-
ior of tiered geogrid reinforced soil (GRS) using treated
backfill soil [J]. Geosynthetics International, 2023, 30
(2): 200-224.

XCE, B, B, A FURCKLAR X RS Bk B
A EW R ER R W T] A £ 5%, 2017, 38(1) :
150-156.

LiuF Y, Wang P, Wang J, et al. Influence of soil parti-
cle size on monotonic and cyclic direct shear behaviors
of geogrid-soil interface [J]. Rock and Soil Mechanics,
2017, 38(1): 150-156. (in Chinese)

LuFY, YingMJ, Yuan G H, et al. Particle shape ef-
fects on the cyclic shear behaviour of the soil-geogrid in-
terface [ J]. Geotextiles and Geomembranes, 2021, 49
(4):991-1003.

Zornberg J G, Roodi G H, Gupta R. Stiffness of soil-geo-
synthetic composite under small displacements: 1. model
development[J]. Journal of Geotechnical and Geoenviron-
mental Engineering, 2017, 143(10): 04017075.

Peng X, Zornberg J G. Evaluation of soil-geogrid inter-
action using transparent soil with laser illumination[J].
Geosynthetics International, 2019, 26(2): 206-221.
Abdi M R, Zandieh A R, Mirzaeifar H, et al. Influence
of geogrid type and coarse grain size on pull out behav-

iour of clays reinforced with geogrids embedded in thin

[20]

[21]

[22]

[23]

[24]

[25]

[26]

granular layers[J]. European Journal of Environmental
and Civil Engineering, 2021, 25(12): 2161-2180.
XuLJ, Wang R, Liu Q B, et al. Effect of particle size
distribution on monotonic direct shear characteristics of
geotextile/geogrid-calcareous sand interface [J]. Ap-
plied Ocean Research, 2023, 137: 103601.
SEEENR, BT, BN, A R RIAE IR A T A
i HORURE OB 30 2 et 5 [T ). S5 A 1% 5
T2, 2017, 36(5): 1238-1246.
Cai Y Q, Zhao L., Cao Z G, et al. Experimental study
on dynamic characteristics of unbound granular materi-
als under cyclic loading with different frequencies [J].
Chinese Journal of Rock Mechanics and Engineering,
2017, 36(5): 1238-1246. (in Chinese)
W, B, RS, LA AR ARG R
E=l TR IR) BN E o ol o = U = S =
2021, 43(8): 1443-1452.
Yang Z P, LiJ, Jiang Y W, et al. Influences of stone
content on shear mechanical properties of soil-rock mix-
ture-bedrock interface[ J]. Chinese Journal of Geotechni-
cal Engineering, 2021, 43 (8) : 1443-1452. (in Chi-
nese)
W S X0 T AR A L A IR A R o A B
Iy 2 R e e BTl AR S AR AEOE 5T [T ] A 0 e 5 T
e, 2023,42(2) :292-306.
Yang Z P, Liu H'Y, LiJ, et al. Study on shear me-
chanical properties and deformation characteristics of
shear zone of soil-rock mixture-bedrock interface [J].
Chinese Journal of Rock Mechanics and Engineering,
2023,42(2):292-306. (in Chinese)
BoeA, B T RSYCR RS AR A R 410
NFERPE AR HR[I]. A A %5 TRY
i, 2016, 35(10): 2152-2160.
Xu W J, Wang S. Meso-mechanics of soil-rock mixture
with real shape of rock blocks based on 3D numerical di-
rect shear test[J]. Chinese Journal of Rock Mechanics
and Engineering, 2016, 35(10) : 2152-2160. (in Chi-
nese)
W 2 W AR, S AT R K e LA
RA WU BRI 5T [T ] e A 2 5 TR
24,2018, 37(3): 766-778.
HuF, LiZQ, HuR L, etal. Research on the deforma-
tion characteristics of shear band of soil-rock mixture
based on large scale direct shear test[J]. Chinese Jour-
nal of Rock Mechanics and Engineering, 2018, 37(3) :
766-778. (in Chinese)
Dang W G, Chen J P, Huang L. C, et al. Frictional be-
havior of granular materials exposed to dynamic normal
load [J]. Engineering Geology, 2021, 295: 106414.
(ALt bge)

467



