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Table 1 Physical property index of Jianshui gully landfill loess
V3SR Physical index 8 Value
WIUE8 7K % Initial water content/% 6
KARE ¥ Natural density/(g-cm ) 1.38
YAR Plastic limit/% 16
IR liquid limit/% 26
M1 /K% Saturated hydraulic conductivity/(cm-min ') 0.03
HIANE /K F Saturated water content/% 45
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Note: HO-H3 stands for water content sensor at the foot, the middle and the top
of the slope, respectively; J1-J3 stands for soil water potential sensorat the foot,
the middle and the top of the slope, respectively;HO is the water content sensor at
the bottom of the slope;0 is the slope,(*); / is slope length, cm.

B3 AWERRTAARELER

Fig.3 Dimensions of slope model and sensor location

FRAEBIF E DX B R A 2, 25 R AR o o W 2% 1 T PR
S8 JE B 2 mm/min, LR I 2 b, AL AR R
TE UL SEAC I (8] RIS TFAE AT, FH KO S8 T i AT 4%
#E, JF R 0 PR R SR AT R, B ST EAE 85%
PAETFaG 5 .

AR E KA RAS (GS-3, 1%). L/KHLK
S (MPS-2, 0.1 kPa) it sk 45 e R o il 422 ki 7%
b K SHOE ARG DL . AR R B & 3 R,
WL E 4 D EAKRMBIREG . 3D TKEE . &
IKE S IR AL RS U I 3 rh A 4 AT Y T BRI 10 em
Ak, F3HE 2 B K ALK HO, A TR ES, H
TR KRR EENBERR. NRERD LRSS
LR BRI T, LRI RIFLAL B . R R
I EE AL (Pocket 2, 4KD T IETH « M TH XUALALIC
SRR R R B R . FIH Origin 2017 F X k4
(A BEAT il o
1.3 #RAE
131 dRfede L33 3R 2 223t

ARSCR A LU 25U 42 R A L By SR A
AR LIS sRE, ZACRIRN /15 VG R
44, SRR L S WA LR E I E ARG A L
A —THBRRL Y, A3 3 A2 AR, HaR ik Ul

0, -0, 1

" 1
6.0, (1+(a'h])") (m=1 n,O m<1) Q)

Se

ot = s.hy (2)

7= (0 —0o')tang’ +¢’ (3)
A s, NAE AL 0, ARFIEKE; 0, NHBAIE K
Ky O, NEERREGIKE; by Kk, kPa; a NESEEEL
FIEESEE m An AWESEG o NN ), kPa;

NPUBTSRE, kPa; o NIENJ), kPa; o 9H RN EEHES,
) CNEMARH RS, kPa.
1.3.2 & ARIARARARA

N LIABOK LR S RMA BN, ASCRH
E G TSR AR 8 v b R 4Rk g A o v B
TE SR YUY R B BT S b, SR El
WHE R, 4 P, BRI i A 2
A w, Ml E SRS R E IR AR
Ja SRR A A BRI K R ) Ty H RN R FE 7
2L SAAERARIBI VI« AR IEAE BT
T LG K, (RIS IR R 98, (SRR e VE R B 3
i _ERPUE T Fy 5 LRI RS A ¢, BEEK
RRELAE . £ ERE RS, WO IR 5Tk
BRAERIEIR

Fie
Rainfall
Lidid ] e
Slump block
H,
’< lW v
t H,
& - H
NN
< o N
= IR
L ___J i Bottom of gully
N\
A4 ["C\x— S D — -
— 0C——~~_ " ———
ik
Gully bed

W HONYEE, my HOARBRIRE, ms H, 38 8 B ST 0 2
h AR R, my BB, (O i RUIFIRER 5K P H 1 2k
fi, (O LOAWENHKE, me WONEIRMAETZET), kN: Fp HiEH%
THWJ1, KN F NHIETE 1, kN

Note: H is the slope height, m; H, is the fissure depth, m; H, is the difference
between the slope height and the upright surface at the foot of the slope; % is the
height of the runoff in the ditch, m; £ is the angle of rupture, (°); 7 is the angle
between the original line of the ditch slope and the horizontal, (°); L is the length
of the slide surface, m; W, is the gravitational force exerted on the slide, kN; Fj,
is the downsliding force of the ditch slope, kN; and Fy is the anti-slide force of
the ditch slope,kN.
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Fig.6 Variation of volumetric water content at different slopes
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Change characteristics of soil and water parameters of loess landfill slopes
during rainfall scouring

ZHANG Zuoxiong®?, LIU Xingrong'*, WANG Zhijun®, HUANG Jinyan®, MA Yanjie!”®

(1. Geological Hazards Prevention Institute, Gansu Academy of Sciences, Lanzhou 730000, China;
2. China Construction Fourth Engineering Bureau Company Limited, Guangzhou 510665, China;
3. School of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: In recent years, with China's "One Belt, One Road" "Western Development" and other national strategies vigorously
promoted, the Loess Plateau's urbanization process accelerated, the demand for urban land increased, but the Loess area is
dominated by gullies and hills, the terrain is fragmented, and the ditches are longitudinal and transverse, which seriously
restricts the local urban construction and economic development, local urban construction and economic development. In order
to expand the urban space, many cities have carried out the project of leveling hills to create land, but during the
implementation of the project, loess dumps are usually piled up along the gullies, forming a larger number and area of loess
landfill slopes. Therefore, in order to investigate the variation rules of soil and water parameters in different slopes of loess
landfill slopes during extreme rainfall, this study, based on the field investigation, took the typical loess landfill-Jianshui gully
watershed in Lanzhou urban area (an important node city of Loess Plateau) as an example to carry out the simulation test of
indoor rainfall, with the slope gradient of the side slopes set at 25°, 30°, 35°, 40°, 45°, and the water content and substrate
suction rate of the side slopes were recorded at different parts of the side slopes in the process of rainfall. During the rainfall
process, the water content and matrix suction change data were recorded at different parts of the slope. In order to analyze the
damage mechanism of cut-gully slumping of landfill loess slopes, the theory of unsaturated soil shear strength was coupled
with the gravity erosion model of loess gully slopes, and the influence of slope gradient on the erosion and sediment yield of
slopes was further analyzed. The results showed that: 1) the development process of rainfall erosion on the loess slope of
landfill was divided into three stages (spattering and sheet erosion stage; rill erosion stage; and gully-cutting erosion and
collapse damage stage), in which the rill erosion stage lasted for the longest time, and the degree of erosion of the slope surface
was intensified with the increase of the slope gradient, and the first damage site of rainfall erosion was gradually moved from
the bottom of the slope to the top of the slope, and at the same time the more common phenomenon of the gravitational erosion
was at the stage of the gully-cutting. 2) With the increase of the slope gradient, the matric suction strength was increased, the
sediment yield was increased. slope increased, the response rate of matrix suction sensor first increased and then decreased, and
the fastest responded near 40°, indicating that with the increase of slope, the erosion rate of the slope first increased and then
decreased. 3) Through theoretical derivation, we obtained the critical rupture angle for the slope of the fill loess, which was
inversely proportional to the slope of the gully bed, i.c., the bigger the slope of the gully bed, the more likely the gully slope
reached the critical rupture angle, and the more likely to be destabilized and damaged. The larger the slope was, the more likely
to occurred gravity erosion in the gully-cutting erosion stage. However, the critical slope was around 40°, i.e., the runoff shear
force was the largest in this slope range, the slope surface was seriously eroded by gully, and the response rate of matrix suction
on the slope was accelerated. This may also be the reason for the accelerated response rate of matrix suction near 40°. The
research results can provide theoretical support for the prevention and control of geologic hazards and the comprehensive
management of soil erosion of engineering accumulations in loess areas.

Keywords: slope; precipitation; erosion; loess landfill; soil-water parameters; gully; critical slope
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