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Critical incipient motion of slope soil under thin layer flow scouring

WANG Li, CHEN Yushan, ZHAN Qinghua, WANG Shimei

(Key Laboratory of Geological Hazards on Three Gorges Reservoir Area, Ministry of Education, China Three Gorges
University, Yichang 443002, Hubei, P. R. China)

Abstract: Slope soil erosion is common in hilly regions and reservoir bank slopes, as the primary driving force is
brought by the thin overland water flow caused by rainfall or wave run-up, which results in the shear force and
subsequently the incipient motion of soil. In order to explore the incipient motion conditions of slope soil under
waterflow scouring, the incipient motion test and theoretical research of slope soil were carried out via self-
developed testing device. The incipient motion phenomenon of cohesionless soil particles was observed by
particle staining and high magnification electron microscopy, and the relationship between incipient motion

mode of cohesionless bank slope soil and flow velocity was determined. This study also explored the

Yo fs H #1:2021-09-17

ESTA HRARFAIES(U21A2031); 1 E A4 5 BHE 3L 4 (2021M701969)

EE B v £ J1(1988- ), 55, Wit (), B 282, 5% NZE Hb B 9 3 S0 PE AR, E-mail : wangli_ctgu@126.com,
AR GEASE#) & 11, E-mail : 546068523@qq.com.

Received: 2021-09-17

Foundation items: National Natural Science Foundation of China (No. U21A2031); China Postdoctoral Science Foundation (No.
2021M701969)

Author brief: WANG Li (1988- ), postdoctor, associate professor, main research interest: prediction and evaluation of geological
hazards, E-mail: wangli_ctgu@126.com.
ZHAN Qinghua( corresponding author), PhD, E-mail: 546068523@qq.com.



24 T K5 ®E £ FROP E X % 46 %

relationships among differing dry densities, clay contents, and slopes with the critical incipient motion velocity
on a clay slope, the results showed that clay content, dry density, and soil gradient had a great impact on the
incipient velocity. Compared with the dry density and gradient, clay content had a clearer impact on incipient
velocity. The incipient motion velocity equation of cohesionless bank slope soil was verified, and the rolling
incipient motion velocity equation was reliable. The incipient motion mode of clay was used to establish the
mechanical balance equation of the clay slope. Then, a semi-empirical incipient motion velocity equation of the
clay slope was deduced, of which the relevant parameters were solved using the test results. The proposed

incipient motion velocity equation showed good fit with the test results, and the verification results demonstrate

that the equation is reliable.

Keywords: incipient motion velocity ; overland flow; soil erosion; incipient motion mode; thin layer flow
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Fig. 1 Schematic diagram of the scouring experiment

device of slope soil
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Table 1 Physical and mechanical properties of fully weathered granite soil
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Fig. 4 Grouping of soil samples for test
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Fig. 6 Micrograph of rolling motion
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Fig. 8 Incipient motion velocity of erosion on non-

cohesive soil bank slope
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Fig. 10 Soil sample preparation and installation
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28

o

T KR53 ¥ IR

FOAR(OP & L) % 46 &

0 IRUBE P s AT AR B . A & AR R R
AHARL o

2k Ak s R DA A R AR T X, AR
ASCRE WL 1) A 1) A AR 2y, [R] A R1 A Rk 38 e R 9
BER, A LI 5t A T A AR e O %5 3] ol 1A 2 B
B, 3 o 5 P UL 5 L T S O AR R T e S 1
R PR Bl i S A5, B A AT R o ol A Bl ) A O
R 3 i

H 00 25 2R 2 ) O W] — % O [n) B R
R R E S FEME 120K . HE 1205,
P R R0 3 o SN N i1 A/l = (R e w2 NG ]
pavEs et )R RN TRE AN B33 SO - T
B ) A T 1 5 e A X 5K fHL B A bR o 9 3 R
TR W % /)N 5 R B i A M AR B i
MM AR K, TR R 1.4 g/em® B 5
FhORL R 19%0 B 2 Sl 3 Sk 0. 549 m/s, T %
L TR 80 B AR B T A 0. 338 m/s, i B ik i
223K 62.42% . TR ERGME T E N 1.6
g/cm® Y BE Ry 5 R A 19 %6 B R 3 i
9 0.918 m/s, i 6 KL 2 Ry 890 B 1Y & 20 Ui 1
0.518 m/s, M 25 Ky 77.22% , £ 1k + %

0.6

0.5

HEENHE (m/s)
IS

15° 20°
W)

(a) THE N 1.4 g/cm’

—_—

25° 30°

07
0.6
®
%05
B 04
=03
1
Ho2

0.1

-—— e

= Rk 19%
= RRIETES%

0.0

5° 10° 15°

20°
)
(b) +#% &R 1.5¢g/cm’

25° 30°

= BB 8%
S A FRrEE19%

5° 10°

15° 25° 30°

20°
W)
(¢) THEN1.6g/cm’
E12 BE—FTEZEEASRFHHEE T ERIEIENRE
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same dry density and different clay content
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