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A study of large-scale triaxial shear test of the mechanical properties of
abandoned materials

LIU Xiaoping'?, LIU Tianlin®, CAO Xiaoyi’, ZHANG Baoyuan’, WANG Yutao’
(1. School of Civil Engineering and Architecture ,Xi’ an University of Technology,Xi’ an ,Shaanxi 710048, China;
2. Xi’ an Research Institute, China Coal Technology and Engineering Group Corp. ,Xi’ an,Shaanxi 710077, China)

Abstract; The mechanical properties of materials discharged by stripping and stacking in open-pit mines are
the key scientific problem in dump slope design and stability control. In engineering practice, the empirical
method and the engineering geological analogy method are often used to estimate the mechanical parameters,
but the effect of abandoned material properties and stress state on the mechanical properties is not fully
considered, and the reliability of the stability calculation results of the dump slope is low. In this study, the
abandoned materials of an open-pit mine in southwest China is taken as the research object, the experimental
samples with different material compositions, gradation and relative densities were made by the similar
gradation simulation experiment. The particle crushing mechanism and mechanical properties of each sample
under different stress conditions were examined by the post shear screening experiment and large-scale triaxial
shear experiment. The experimental results show that the particle breakage rate is closely related to the
material compositions, gradation, relative densities and confining pressure conditions, and is strongly related

to the shear strength parameters. Under the condition of low confining pressure and low relative density, the
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stress-strain curve has no obvious peak strength and is of the characteristic of strain hardening. The fitting

curves of experimental data show that £,/(o, — ;) and £, has a linear relation, - &, and g, has a parabola

relation. Based on that fitting curve, the tangent line Poisson’ s ratio u, of the abandon material is obtained,

and the Duncan-Chang model is modified. The experimental test data of the contrast sample (QG-B-3) under

the same experimental conditions prove that the Duncan-Chang model ( modified) can describe the stress-

strain characteristics of the abandon material. The shear crushing mechanism and stress-strain characteristics

of the abandon materials are of important theoretical significance for dump slope deformation control in the

open pit mines.

Keywords: abandoned materials; large-scale triaxial shear test; particle breakage; shear strength; Duncan-

Chang model
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Fig.2 Schematic diagram of the stress and

strain states of samples
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Table 1 Parameters of the YSZ-200 large-scale triaxial

shear apparatus
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Table 2 Parameters of similar simulation gradation

?%’7‘ ?&@E}{k?& d()() d30 le Cv Cu
1 R 1400 12.00  3.00  3.40 4.70
2 — 7.90  3.95  1.12 1.76 7.05
3 B 10.00  3.80 0.70  2.06  14.29
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Table 3 Experimental design
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1 QG-A 37 —fg 0.65 UU AR
2 QG-B-1 5:5 i 0.65 uu AR
3 QG-B-2 5:5 —f  0.65 Uub T A
4 QG-C-1 7:3  —f  0.55 uu KR
5 0G-C-2 7:3  —ft  0.65 Uu KR
6 QG-C-3 7:3  —f 0.80 uu KK
7 QG-D 3:7 K 0.65 uu PN
8 QG-E 3:7 AR 0.65 UU KR
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Fig.3 Grading curve of sample QG-A before and

after shearing
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Table 4 Statistics of the crushing rate under different material

composition and confining pressure

WREGIE 4B 7./
100 200 300 400
QG-A 3:7 21.6 25.5 26.4 25.8
QG-B-1 5:5 23.4 27.4 28.3 27.6
QG-C-2 7:3 20.2 21.3 22.0 21.2
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Table 5 Statistics of the crushing rate under different grading

and confining pressure

WHHE A A
100 200 300 400
QG-E NES 48. 1 50. 4 51.7 54.3
QG-A — % 21.6 25.5 26. 4 25.8
QG-D [ER/ag 14.3 16.6 18. 8 20.2
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Table 6 Statistics of the crushing rate under different relative

density and confining pressure

. . o4/kPa

REERS HXIEE — 200 300 400
QG-C-1 0.55 2.2 22.8 2.1 27.2
QG-C2  0.65 20.2 21.3 22.0 21.2
QG-C3  0.80 19.1 20.6 21.0 21.8
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Fig. 6 Stress-strain curve of sample QG-A
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Table 7 Statistics of the shear strength of samples with

different mudstone and sandstone ratios

RS AB WE AREE o /kPa 0, /(0)
QG-A 3:7 — fi 0. 65 49.24 28.0
QG-B-1 5:5 — i 0. 65 85.42 27.0
QG-C-2 7:3 — i 0. 65 73.35 25.0
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Table 8 Statistcis of the shear strength indexes of samples

under different grading conditions

RS AB QR ANTEE c/kPa /(%)
QG-E 3:7 AR 0. 65 41.28 27.0
0G-A 3:7 — Jit 0. 65 49.24 28.0
0G-D 3:7 R 0. 65 55.49 27.0
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Table 9 Statistics of the shear strength indexes of samples

with different relative densities

R G A:B QR MRTERE c/kPa /(%)
QG-C-1 7:3 — % 0.55 73.35 25.0
0G-C-2 7:3 — fig 0. 65 75.72 28.0
QG-C-3 7:3 — i 0. 80 79.78 30.5
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