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Fig. 1 Dynamic mechanical test system for copper-bearing skarn after high temperature treatment: (a) SHPB test system;

(b) VIC-3D strain measurement system
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Fig. 2 Some pictures of rock samples before and after high temperature treatment: (a) Before heating; (b) After heating;
(c) 200 ‘C; (d) 400 C; (e) 600 C; (f) 800 'C
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Table 1 Dynamic mechanical test scheme for copper-bearing skarn after high temperature treatment

Dependent variable

Group .
. 4 Heat treatment Impact pressure, p/ Lithology
No. Density, p/(g-cm™) 5
temperature, 6/°C MPa
200
4.12-4.36 400
1 0.2
Mean value 4.25 600
800
2.5-3.0
3.0-3.5 Copper-bearin
2 600 0.2 PP £
3.5-4.0 skarn
4.0-4.5
0.2
4.22-4.45 0.3
3 600
Mean value 4.35 0.4
0.5
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Fig. 3 Dynamic stress — strain curves of copper-bearing
skarn after high temperature treatment: (a) Different heat
treatment temperatures (p=4.25 g/cm’, p=0.2 MPa); (b)
Different densities (=600 C, p=0.2 MPa); (¢) Different
dynamic load impact pressures (=600 ‘C, p=4.25 g/cm*)
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Fig. 4 General characteristic of dynamic stress — strain
curves of copper-bearing skarn after high temperature

treatment
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Fig. 5 Change rules of dynamic peak stress of copper-
bearing skarn after high temperature treatment: (a) Different
heat treatment temperatures (p=4.25 g/cm’, p=0.2 MPa);
(b) Different densities (=600 C, p=0.2 MPa); (c) Different
dynamic load impact pressures (=600 ‘C, p=4.35 g/cm®)
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Fig. 6 Change rules of dynamic modulus of deformation
of copper-bearing skarn after high temperature treatment:
(a) Different heat treatment temperatures (p=4.25 g/cm®, p=
0.2 MPa); (b) Different densities (9=600 C, p=0.2 MPa);
(c) Different dynamic load impact pressures (=600 ‘C, p=
4.35 g/em®)
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Table 2 Damage variable equation parameters f and r of
copper-bearing skarn under impact load after high

temperature treatment

Damage variable

/
p 4 0/C P/MPa parameter
(g.em™)
s r
200 1.4648 2.5397
400 1.4086 2.9628
4.25 0.2
600 1.1456 1.5163
800 0.8492 0.7301
4.09 1.6925 1.5217
3.95 1.5042 1.4424
600 0.2
3.31 0.7845 2.3936
2.95 0.7251 1.1735
0.2 2.2269 0.7339
0.3 1.8387 1.4971
435 600
0.4 2.2237 3.6705
0.5 1.3747 2.6384
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fragments of copper-bearing skarn after high temperature
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treatment: (a) Different heat treatment temperatures; (b)
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Dynamic mechanical characteristic and damage-fracture behavior
of deep copper-bearing skarn after high temperature treatment

WANG Chun'**, XIONG Hong-wei', SHU Rong-hua** XUE Wen-yue', HU Man-gu',
ZHANG Pan-long', LEI Bin-bin'

(1. School of Energy Science and Engineering, Henan Polytechnic University, Jiaozuo 454003, China;
2. School of Resources and Environmental Engineering, Jiangxi University of Science and Technology,
Ganzhou 341000, China;

3. Collaborative Innovation Center of Coal Work Safety and Clean High Efficiency Utilization,
Henan Polytechnic University, Jiaozuo 454003, China;

4. School of Resources and Safety Engineering, Central South University, Changsha 410083, China)

Abstract: To explore the dynamic mechanical characteristics and damage failure behavior of the rock after heat
treatment, a dynamic impact study was conducted on copper-bearing skarn under the influence of three factors:
density, heat treatment temperature and impact pressure. The results show that the influences of the "three factors"
on the trend of the constitutive curves of copper-bearing skarn were not obvious, and cannot change the
approximate straight stage, nonlinear upward convex stage, plateau-like stage and post-peak stage of the dynamic
compression stress-strain curves. However, the dynamic compressive strength and deformation modulus of copper-
bearing skarn decrease with the increase of heat treatment temperature, but increase with the increase of sample
density. Based on the biological population theory, the damage variables reflected the thermal damage degree is
defined and it is found that the internal damage of rock samples have experienced four stages successively: slow
increase—rapid increase—deceleration increase—macroscopic failure. Then, by capturing the damage history of rock
sample during the impact process and analyzing the shapes and fractal dimension behaviors of rock fragments, it is
found that the cracks initiate from the incident end of rock sample, and the changed rules of fractal dimension
corresponded to the variation of the fragmentation with the change of heat treatment temperature, density and
impact pressure. Finally, combined with the internal fracture surfaces of rock and the fragments which are mostly
shown as long strip, triangular pyramid and powder shape, it could be obtained that the failure modes of copper-
bearing skarn after heat treatment are complex and variable, which are mainly tensile and compression-shear
failure and supplemented by mixed friction failure. Based on the conclusions, it could be speculated that the heat
treatment temperature and dynamic disturbance promote the dynamic strength degradation and damage failure
degree of deep ore rocks, and the increase of sample density is beneficial to improve the ability to resist external
impact loads, which could provide theoretical references for the exploitation and utilization of deep resources and
the formulation of surrounding rock state control scheme.

Key words: high temperature treatment; copper-bearing skarn; dynamic mechanical characteristic; damage-

fracture behavior; fractal dimension
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