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Estimation and application of local replacement rate for soft foundation
in inner dump based on strength parameters: A case study of
Baiyinhua No. 1 open-pit mine in Inner Mongolia

JIA Lan, GAO Shisong, WANG Jiaqi, LI Guanghe, JIANG Juyu, WANG Dong
(College of Mining, Liaoning Technical University, Fuxin, Liaoning 123000, China)

Abstract: In order to effectively enhance the stability of the slope within the soft base of the inner dump, this study focuses on
the Baiyinhua No. 1 open-pit mine as the engineering background. Through direct shear tests, the shear mechanical
characteristics of the waste-weak layer interface and the waste-sandstone interface were determined. A methodology is proposed
to determine the equivalent shear mechanical parameters of the waste-base interface under localized replacement conditions. In
this study, the limit equilibrium theory of rigid body is applied to calculate the slope stability coefficients under different

replacement ratios. Additionally, an estimation method for the local replacement ratio of the soft base in the waste dump, based
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on strength parameters and subject to a safety reserve coefficient constraint, was put forward and verified using numerical

simulations. The results indicate that the cohesive force and internal friction angle at the waste-sandstone interface in the

Baiyinhua No.1 open-pit mine were determined to be 25.78 kPa and 17.58°, respectively. These two parameters at the waste-

weak layer interface were found to be 7.50 kPa and 9.72°, respectively. A positive linear relationship was observed between the

stability coefficient of the inner dump slope in the soft base under localized replacement conditions and the replacement ratio.

The calculated results reveal that a replacement ratio of 20% for a certain stage of the dump's base satisfies the safety reserve

coefficient requirement. After local replacement treatment, the landslide mode of the dump slope in the soft foundation remains

characterized by combined sliding, with the arc acting as the lateral boundary and the weak base layer serving as the bottom

interface.

Keywords: inner dumps; side slope; stability; soft substrate; contact surface; local replacement
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Fig. 1 Typical cross-sectional geological profile of the southern slope of Baiyinhua No. 1 open-pit mine
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Table 1 Physical and mechanical properties of soil strata

FARAIR WEEER/(°) B A1/kPa %45H/ (KN'm”)

Hesw 17.49 25.38 17.80
EHIEY R 23.98 0.00 17.50
FHERMIERE L 24.00 85.00 19.30
s 26.32 58.00 11.90

e 17.76 50 20.4
s 21.85 26.00 20.10
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Fig.2 Schematic diagram of base replacement treatment
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Fig.3 Flowchart of optimization process for local replacement

parameters of soft base in the waste dump
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Fig. 4 Force analysis diagram of internal blocks in the sliding surface
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Table 2 Measurement results of natural moisture content of
rock samples

HAARFR HET 1 g W )5 /g Fr KR %
Hesv 40.32 38.69 4.20
s 33.74 30.73 9.79
EE)= 2831 23.16 22.24
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Table 3 Particle Size Distribution of dried rock samples

AR 5 BSR4 /%

>2 mm 1 ~2mm 0.5~1mm 0.25 ~ 0.5 mm 0.075 ~0.25 mm <0.075mm
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[V dpitiea=y 11.037 27.413 26.346 11.927 16.318 6.959
vy 21.344 14.625 26.383 10.968 18.182 8.498
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Table 4 Equivalent shear mechanical parameters of contact 100 +
surface under different replacement rates
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Fig. 7 Calculation results of slope stability coefficients
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Fig. 8 Relationship between replacement rate and stability coefficient
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Fig. 9 Two-dimensional displacement contour map at K= 0
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Fig. 10 Two-dimensional displacement contour map at K=20%
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Fig. 11 Two-dimensional displacement contour map at K=100%
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