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Spatiotemporal Variation of Soil Moisture on Benggang Slopes and
Thresholds for Benggang Wall Collapse
ZHANG Hao', ZOU Zigiang®, .1 Wenkai', ZHU Wenjing', CHEN Jiazhou'

(1.College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China;

2.College of Forestry, Xinyang Agriculture and Forestry University, Xinyang, Henan 464000, China)
Abstract: [ Objective] To elucidate the spatiotemporal variation patterns of soil moisture on Benggang slopes and
its controlling mechanisms on the stability of Benggang walls. [Methods] A typical granite Benggang in
Tongcheng County, Hubel Province, was selected as the study site. The volumetric soil moisture content was
monitored at four slope positions (upslope, midslope, downslope, and Benggang wall) and at four different
depths over eight consecutive years. During this period, four large-scale Benggang wall collapse events occurred.
[ Results | The soil water retention and hydraulic conductivity of the Benggang slope decreased with increasing soil
depth, which resulted in a vertical profile of soil moisture content characterized by higher values in the shallow
layers than in the deep layers. The volumetric soil moisture content at different slope positions showed significant
differences and exhibited dry and wet seasonal variations throughout the year. However, rainfall event
characteristics alone were insufficient to predict Benggang. The increase in volumetric soil moisture content in the
deep sand layer resulted in a high level of water storage in the Benggang wall soil, which constituted a necessary
condition for the occurrence of Benggang. The cumulative rainfall in the preceding 30 days was sufficiently high
(Z=170.0 mm) , the volumetric soil moisture content exceeded the field capacity by 0.018-0.033 cm®/cm®, and a
single heavy rainfall event was a sufficient and necessary condition to cause Benggang. [ Conclusion] The research

findings indicate that Benggang wall collapse is driven by the combined effect of reduced strength in deep soil
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layers and gravitational pull on the shallower soil mass. This study provides critical thresholds and a theoretical

basis for early warning of Benggang erosion and the stabilization of the Benggang wall.

Keywords: Benggang; Benggang wall collapse; soil moisture; long-term monitoring
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Fig.1 Schematic diagram of typical Benggang catchment slope and soil moisture monitoring locations
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Table 1 Rainfall characteristics of different hydrological year types from 2016 to 2023
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Table 2 Basic properties of soil at different depths across four slope positions

e +EE = ifgﬁl&ﬁfﬁi/ D]l‘Eﬂ%ﬂ(:i;/ 'f@ﬂl%Jf%/ e R 21 1/ V6 5 H
J/em (grem ™ (em’-cm™™) (em-d™H % A A% A~ 7} (USDA)D
20 AN ) 1.39 0.324 40.18 56.34  11.91 31.75 WEgt
40 a+ 2 1.45 0.398 0.17 53.48 16.15 40.37 o7+
L 60 a+ 2 1.41 0.391 0.29 45.02  26.49 28.49 WEE L
80 a2 1.42 0.386 <0.14 44.26 27.87 27.87 W+
20 a+ )z 1.44 0.325 6.74 43.66  32.19 24.15 Wb+
i 40 AN ) 1.46 0.336 1.01 43.33  32.38 24.29 WEg+
60 a+ 2 1.52 0.335 <0.14 44.20 35.87 19.93 e+
80 g+ )2 1.43 0.332 <0.14 44.65 35.58 19.77 He+
20 a4+ )2 1.52 0.347 5.18 4410 31.95 23.95 e+
40 g+ )2 1.54 0.351 0.26 47.99  32.00 20.01 e+
T 60 FUR ¥ 1.55 0.331 <0.14 4758 36.29 16.13 i+
80 1 2 1.58 0.359 <0.14 56.38  31.72  11.90 i +
180 (= 1.60 0.289 0.29 75.16  8.28 16.56 e+
i 230 w2 1.51 0.302 1.26 7517  8.28 16.55 b 1
280 W+ Z 1.60 0.359 <0.14 91.79 410  4.10 i+
380 w2 1.55 0.273 .37 87.85 810  4.05 W+

T :<0. 14 em/d RR A F AR T S NI EE N TR, iZ )2 NI5EKE,
http. // stbexb.alljournal.com.cn



112 KRR

840 %

22 FEEITEAKSHESR

W HA TR] AN R 7K SCAF B 3 T A HE K A R R
S W E(P<0.05) . FEF RE N2 T8 A
b, SRR SRS 2), K2 1
T4 R 1 FOK R R g BUBE Bk . R ZE (10 A
FOBAE 2 DM T8 K i FREAVIRE
Wil 5 T 2 8 T 0 38, S8 K a3 R o B0 i T
BAER R 5 A B K RS o 5 KA Rl K

60 cm

——20cm — 40cm

-80 cm

SRR HE L 27K 4E (2016 4F F1 2017 45 ) T 2= 1 [ °R 2 o
w2 0 139.0~875.0 mm, 3 7K 4 4% 3 067 (1 2 0~
80 cm - JZ i 3K S PR FR 43 Hic s B 5 005, R )2 A
g (37 OF- 35 58K 0 R B 0K 0.329 em®/em® o 1
FT&LERKRE 25, B R W L, Kk
R B 1w TR Ja, 1R )2 0~80 em - HE (19 °F
1K 43 4 R 4> 88 (0.277 em®/em® & T % )2 180~
380 cm +4##(0.265 cm?*/ecm™) .

230 ¢m

180 cm 280 ¢m

SO0

coooo

SO0

T HEACHEFR S H/ (em® e em ™)

ceooo
SR WAL O =t Whth © =t Whkbh O =t WlLh
T o

£ 2500
= 5000
@1509
& 1000
= 500
W g 0 m
201601 201701 201801 201901  2020-01  2021-01  2022-01  2023-01  2024-01
wHICE-A)
[ Biiet e —— ZREERE HiEm&E

2 MEMER2016—2023 FHENEEARMEANRREN TEKS RERSBI T

Fig.2 Spatiotemporal dynamics of soil moisture at different positions and depths on Benggang slope during monitoring period

from 2016 to 2023
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Fig.3 Volumetric soil moisture content at downslopes and Benggang wall 30 days before four collapse events
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Fig.4 Soil water storage at a depth of 0-180 cm of Benggang
wall during non—collapse events
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