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Table 1 Mineral composition of moraine samples from the
mine
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Fig.1 Field map of bulk material from plateau moraines
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Table 2 Gradation size composition of moraine samples from
the mining area
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Fig. 3 Schematic diagram of indoor direct shear experiment

Fig. 4 Process of indoor large—scale direct shear test of DHJ30 type
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Table 3 Plateau moraine bulk test programme
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Fig. 5 ZJ1 bulk material natural shear test results (10% moisture content)
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Fig. 6 ZJ2 bulk material shear test results (13% moisture content)

HiPE 7 TR, Z93 B 5 MR 59 10 ) — 5 DA
o it £ 1 55 A AP ik, R DL WS iy (e B DD 1 g o D

B DR BE A 5T D04 # 19 SRR, 5 137 ) i &, i
S0 A T L 8 R R AR, B U 0 B T B A



%44 SCSCHA, S5 B 7K 305 A A AR 0 7 V6 7 )2 TR T B 5 B S i T 50 - 97 -

100 180

5 150

120
g«

£ £ %0
& i
& 40 [k,

60

2 —— #J£ 200kPa 30 —— % [E 400 kPa
0 s ‘ . , 0 . , s ,
0 10 20 30 40 0 10 20 30 40 50
BIENAIFE mm B4 /mm

280 350

240 300

200 250
= o

2 160 2 200
£ £

& 120 EREY
=k &S

80 100

40 —— &£ 600kPa 50 —— £ 500kPa
0 ‘ ‘ . . 0 . . ‘ .
0 10 20 30 40 0 10 20 30 40 50
BEMHT5% /mm B2 fmm

B 7 Z)3 HUARY R A S ) S 45 R (KR 16%)

Fig. 7 ZJ3 bulk material saturation shear test results (16% moisture content)
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Fig. 8 Shear strength curve
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Fig. 9 Shear stress—shear displacement curve
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Table 4 The shear strength index parameter of Plateau Moraine
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Fig. 10 Shear strength curves of plateau moraine bulk straight shear test
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Table 5 Parameter values of shear strength of bulk materials
from plateau moraines
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Study on the Effect of Moisture Content on the Shear Strength of the Overburden
Covered by the Block Caving Method at Pulang Copper Mine
WEN Yiming', NIU Xiangdong', WEN Yao’, CHENG Yong"’, NIE Qi', LU Ping'

1. Faculty of Metallurgy and Mining Engineering, Kunming Metallurgy College, Kunming 650033, Yunnan, China;

2. Faculty of Public Security and Emergency Management, Kunming University of Science and Technology, Kunming 650093, Yunnan, China;

3. Key Laboratory of Critical Minerals Metallogeny in Universities of Yunnan Province, School of Earth Sciences, Yunnan University, Kunming
650500, Yunnan, China

Abstract: The material characteristics of the overburden layer is an important factor for the success of the natural caving
method. The overburden of the natural caving mining method in Plan copper mine is a granular body of plateau moraine,
whose shear strength parameters are closely related to moisture content. Based on the direct shear test method, the shear
strength parameters of moraine at high altitude were obtained under different water content conditions, the relationship
between moisture content and shear strength parameters of moraine debris was also discussed. The results were as follows:
the cohesion and internal friction angle of plateau moraine particles decreased with the increase of moisture content. There
was a strong logarithmic relationship between cohesion and moisture content, and an exponential relationship between
internal friction angle and moisture content. Based on the law of variation between shear strength parameters and water
content of moraine, cohesion was more sensitive to the change of water content, while internal friction angle was less
sensitive to the change of water content. The results showed that the sensitivity of cohesion to water content was stronger
than that of internal friction angle. The effect of moisture content on the shear strength of moraine debris was mainly
reflected by the change of cohesion. The research results in this paper can provide some theoretical basis for the study of
glacial till cover layers in high—altitude areas.

Keywords: sublevel caving method; moisture content; moraine debris; shear strength; cohesion; internal friction angle
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