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Soil displacement and earth pressure characteristics of slopes
in a cold and arid region under rainfall simulation

DOU Zengning' , ZHAO Yujiao', LIU Changyi', HU Xiasong'?, XU Zhiwen', LU Haijing'
(1. Department of Geological Engineering, Qinghai University, Xining, Qinghai 810016, China;
2. Qinghai Institute of Salt Lakes, Chinese Academy of Sciences, Xining, Qinghai 810008, China)

Abstract; The displacement and earth pressure characteristics of the vegetated slope and the bare slope in a
cold and arid region under rainfall condition are explored to quantitatively analyze and evaluate the slope
protection effects of plants. The self-built test area is located in Qinghai University of Xining Basin. Through
in-situ rainfall simulation to the bare slope and the slope vegetated with Caragana Korshinskii. kom, the earth
pressure values of the two slope surfaces are analyzed. Changes in the displacement in both the horizontal and
vertical directions are analyzed as well. The stability of two kinds of slopes in the test area is evaluated. The
results show that as to the slope vegetated with C. Korshinskii before and after the rainfall simulation in layer a
(below slope surface 0 ~20 cm) and layer b ( below slope surface 20 ~40 c¢m), the increase rates of soil
moisture are reduced by 32.03 % and 13. 63 % compared with the bare slope, which indicates that the plant
stems and leaves play an important role in rainfall interception. After the rainfall simulation, the average earth
pressures of the two slopes are slightly higher than that before the rainfall simulation, the average earth
pressure of the bare slope is 0. 125 kPa higher than that before rainfall and the average earth pressure of the
slope vegetated with C. Korshinskii is 0. 129 kPa higher than that before rainfall. The surface deformations in
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both the horizontal and the vertical directions of the bare slope before and after rainfall are 0. 196 c¢m and

0. 158 cm, respectively, and the slope vegetated with C. Korshinskii before and after rainfall are 0. 031 cm

and 0. 027 cm, respectively. The results also show that the plants can significantly reduce the deformation of

slope surface and improve the stability of the slope surface. The results of this test have theoretical and

practical significance in preventing the occurrence of geological disasters, such as soil and water loss and

shallow landslide in the test area.
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T AR [ N Ah 2 K IR 45 R R K &1
TR 7K X 100 305 A A e LA 0 P R ) T pR K SR
WA T T A A R A R R e T
RLIE 45 g T R AR R, SR R PR R &
Xt WA 2 B K 33t Ak 1 =l A R B 3 3 3R A DT W
W, 45 20 55 — UK B TR JF 4R e £ R L A e 3G i s
TR A 28 R B TR e R (B ) 2 B A Y
AR AR, XSRS SR 22 RS T X RO
PR BEI-T A7 B A Bl 42 m i = R AT T A
W IEHE T 0057 B A8 1k 1 258 52 B B A, L s A
TR P S BT R KB A i i
7 T Z3 8 AU 7 1L TR B 244 BRI — B 8 5 m B 40°
BB 3 E AT T WA R R W R R (274 mm/d 302
mm/d) (4 N TR RS, SR FALA% T 0 D0 e 4 2 S
FRAR T HRRAE , 45 SR W] > [ W9 0 2 R 2ok 274 mm/d B B
PRIRZ MR S KI5 ke e Ra . s R A
B AIAS T W TR Y T v A B s B i 5
L Pk AG B — 3 o0 42 m 9 33, H 45 SR 6 B 32 B T R
M) 313 39 7 A Jr S U B, e KR AR IS 3

IR BIF 9T 45 5 AT A, T 2 S 6 LR B AR
T3 A AL R R T REAE T R TR TR A
58, HBRGE 0 5 22 LR FPAEAR 0 00 2 330 325 % F
AR TR R I e AL A SRR AR T, R R
W AR RV H A SR SN A
P33 43 AT o T 3 Ao 43 AT R S R A AR ) 300 B 1 2
TR AL i R A S AR IR R OK ST
A T 4 i W R 2 R AR R A A5 O T I B
5%, WA R T2 e,

BE X 1R SR 0, AR IR 5 5k B T R R R
R ACTS B PG T FE A A DX R B K S5 T L8
W AEBR )R AR AR & R Ty i R
AL 400 1) 320 38 R A ol A A 0 1) R B 1 0 U2 AR ) 1
S R A HEAT WE I, S DA DX PN A AR R B i
TR AR PR Y BTk, LA S AR T Ok 9E R R
S NRIB 78 AT e w1 S =1 7 8 N e A RS
BiiiE , P HE L S IR IE A SE PR AR .

1 X6 XHE R

PN A R A e R o s | R N 3 S S E R S
X, XKWEFBEERZRALZ, EEFHEKER
110.6 ~ 479.1 mm, F ¥ & &K 1 350 ~ 3 000
mm , 44 H Bk 634.5 h/a, EHS N 13.0 €00
I D 3 Ry B8, B 300, R AR LU 1o F 8
FANTHER A3,

2 KBEHHEREFIE

2.1 KA

0 5 1 A A X 1 XA B HE AR RS A A
SRR LA A v BRI AR B N I, B B AR
Pk WORE BUE KO 2 a Y 2581 39 L ( Caragana
Korshinskii Kom ) 3713 5 % 3% 7 S fF 52 % 42 . W b 24 784
YRR 7 L 1, X PR 48R XS L R ik ok
FH7CHE I AIAE , BEDRRFE N 5 cm THEHS5 em, 7XBR 3 ~
5 em  BEFCFPAE 3 ~5 7, £ R TR IR0 HT B S8 N bR 3 b
4 2% B (SO B AR, v b 25 i )L A K 4R A S

THER IR | AR R OL LI 2
S~
I
Bl KBX2HMERIEISIARTEE

| 20m | 2.0m
I T
Fig.1 Sketch map of the division of 2 types

of slopes in the testing area
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Table 1 Statistical results of growth indexes

of 2 a Caragana korshinskii in the testing area
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Fig. 2 Growth condition of C. korshinskii in the testing area
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Fig.3 Structure design and constitution map

of the rainfall simulation device
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Fig. 4 Diagram for the location of displacement and

earth pressure meters fixed in the slopes
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Table 2 Calibration coefficients of earth pressure
meters on the slope shallow layers in the testing area
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Table 3 Testing results of soil density and moisture content of the bare slope and the slope planted with C. Korshinskii

before and after rainfall simulation test in the testing area
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Table 4 Calculation results of earth pressures of the
bare slope and slope planted with C. Korshinskii

before and after rainfall simulation in the testing area

pug3 - R HEAE HEFSES R AR
Fm o7 & ¥ 1F /kPa  (HZAE b i/ kPa i 3 B/ %
. MR 1.460
Memijs  1.563
Y 0.125 8. 400
L I FEMIAT  1.504
MemiE 1,650
e [ MeminG  1.448
A WG 1.620
B L Ffmr 0.129 8.790
b I FERIAT  1.488
MemiE  1.573

AR FE R Wi TGS (8 DX A P 26 0 39 7 )2
T AR E AR XTI, 51 e B AN R K AL

BFoE 4 R RO iR TS Y SR MFF R 51 £ 43
P A R 45, AR R 3R 3 58.5 ~ 138.3 mm/h, [%
T J7 B 600 min , X3 B S 45° A9 T3 Bty 3 0 47 4400
BI04 SR A TE R A 0 R (A R,
B[FE R FR B B 550 min B} 4 JE 3 B30 5 kPa, FE4E
S SR A R A A R, LR TR 1.6 mm/min, &
T J7 Bt 300 min X3 BE Sy 22° A9 T HE Bt 3 afE A7 A5 40
BRI GG, 25 S W - e B ol R v R A 2 218 0
A, B 30 A TR IS P A A B ) A 3 T Ak
B 5 kPa, B i Ab B 2 kPa, By AR I 10 kPa,
BEAN , DX P 2 40 X L 3 7% J2 R ) (78 b =
AR K TR, 32 B i R T AR R AWK AR A
R g LA R R s, B2 oess LW,
W) AR R 14 A7 AE — TR 30 38 2 22 S 30 A A Bl ¥ B i K
FRIAE 55— 7 T, R AR R RE 5 A AR B
A RFE R R RE Rz L E A RAE
(R BE T3 AR G 1 8, DR AE — R R T
J2 R s a2 R A
3.3 ML R 50 1S R )2 R AL RS AR AE
TR SR A3 0 B, EE i T s AR A X &
K I , T TR B T 3 S5 W g A B AT S A A 34
S A o 0 DX A AR HL 5 IR fof A5 i 7 A S R RN A
SRR T IR DX Rl A R 0L I R S 2
ARG R UL 5, R AT, RN S ER R 2 A



52 1

JK SCH TR M R <121

K5 1] -2 437 B &ty 0.196 em, 3 BT[] 0. 158
em; By 2 ARG LI R 2 AR K P 5 [ S Y AL RS R
0.031 cm, T 710 4 0. 027 em. I 7E KT 5 H ok
SR T 1) 62 A% R R T AT A XS L. i
5 TR, AR B A 5 A AL E AR (] 4) KR
I B 7 ) B e 4 T2 Bl A S s/ e e, HOAR
WA K V- M B 5 1) b A A% AR AR 88 R T AT A
XUy, ik o B 45 A R B A B 0K
JERLE G AR A A B R g AR AR T DRI
A7 A K- 18 % RIS T 350 o AR TR 3 30 Sk AR XL FS Y
BEH s 55— I7 T A A X8 L3 i T AR R A A
TGS EAE N, — @ R R T k2 AR e .
5 OWB KRS RRG LD R
HEERELHUBEHEER
Table 5 Calculation results of soil displacement values

of the bare slope and slope planted with C. Korshinskii

before and after rainfall simulation in the testing area
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Fig. 5 Distribution features of displacement
values of the bare slope and slope vegetated

with C. Korshinskii in the testing area
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