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Changing law of shear strength of typical gravel soil in Qinba
Mountain area and its application in the analysis of landslide
mechanism in accumulation layers

ZHANG Haotian', WANG Xingang', LUO Li', WANG Youlin?, GUO Qianyi’, XUE Chen'
(1. State Key Laboratory of Continental Dynamics, Department of Geology, Northwest University, Xi'an, Shaanxi 710069,
China; 2. Shaanxi Hydroengineering Geological Survey Center, Xi’an, Shaanxi 710068, China)

Abstract: The mound landslides in the Qinba Mountain area are characterized by their large number, wide distribution, high
density, and high frequency occurence, with excavation-induced landslides being particularly severe. This study focuses on the
gravel soils from the mine hole landslide in the third group of Lingfeng Village, Xiaoling Town, Qinba Mountain area. Through
large-scale direct shear tests conducted in the laboratory, an in-depth investigation of the gravelly soils in the study area was
carried out. The variation rules of shear strength under different moisture contents, dry densities, and normal stresses were

explored. Based on the results of these indoor tests, the Midas GTS NT finite element numerical simulation software was used
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to calculate and analyze the slope conditions before the occurrence of the landslide. Simulations were conducted to analyze the

changes in stress, displacement, and stability of the slope after excavation and under two working conditions: post-excavation

and post-excavation coupled with rainfall. Finally, the mechanism of typical excavation-induced landslides in stockpiles is

summarized based on these findings. It was found by numerical simulation: human engineering activities, i.e., excavation of the

toe of slopes and heavy rainfall occurring in the area, are the main triggering factors for landslides: the deformation pattern of

typical excavation-induced landslides in the Qinba Mountains can be summarised as: traction-creep-slip type.The research

results can provide valuable reference for the prevention and control of excavation-induced landslides in accumulation layers in

the Qinba Mountain area.

Keywords: Qinba Mountain area; rubble soil; shear strength; landslide; occurrence mechanism
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Fig. 1 Plan view of the mine cave-in landslide at Lingfeng Village

group 3
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Fig.2 Mine cave-in landslide in Lingfeng Village group 3 (Lens
direction: 274°)
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Fig. 3 Grading curves of gravelly soils in mine cave landslides
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Table 1 Large-scale direct shear test program

S HIRHI% T (grem™)
S01 5.0 1.5
S02 10.6 1.5
S03 15.0 1.5
S04 19.4 1.5
S05 5.0 1.4
S06 10.6 1.4
S07 15.0 1.4
S08 19.4 1.4
S09 5.0 1.4
S10 10.6 1.3
S11 15.0 1.3
S12 19.4 1.3

AR T TR L b A o D R i A e 1) S B v
O, BOE ISRk 0 1K 1 (o) 7351 24 100, 200, 300 kPa, %
JER A & KRR R T % AL 4, Ik 36 4157 D) il50 .
TR Y 5 V) R BB 0.8 mm/min, e K 5T YIRS 5
25 mm, BY 3 P HIAE R k5 X ke e I A7 )
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Fig. 5 Variation curves of shear stress and shear displacement under the same dry density (o,=1.4 g/cm®) and different moisture content
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Fig. 6 Variation of peak shear stress under the same dry density
(pg=1.4 g/cm®) and different moisture content
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Fig. 8 Variation of shear stress and shear displacement under the same moisture content (w=10.6%) and different dry densities
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Table 2 Numerical model parameters
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Fig. 12 Cloud map of landslide displacement after excavation
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after excavation
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Fig. 15 Cloud map of landslide displacement after excavation and

rainfall coupling action

i, ks s B B 22 5 SRR . BRI T
HRaEME R 2 0.989, 4 T AR EIRE

FE¥25 RS A 8 G 18 B 98 M 43 X L an & 16 fir
N, WEBYE X 0 A KT, FFH2 2 I W TR A 3 3 90 P e IR
P TR AR, DR B A LA T F2 A I I R, HL Y M 3R
SR DX B 2 T VISR 3 AL, oh i A AR T 4
1A B AR T 152 ), 1 2 12 G XA 2 )t H
ArIRPEIX K

VS

16 FEZERMBSERERREESTRE
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