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Abstract; This study investigates the deformation characteristics and energy consumption patterns of
natural and saturated crushed gangue with large particle size during loading-constant load stage through
compression test. The results show that:1) The deformation of natural and saturated crushed gangue in
the loading stage accounts for more than 90% of the total deformation. The load gradient significantly
affects the displacement deformation in the early stage, and the water also exerts major influence on the

displacement deformation in the creep stage. 2) Under natural and saturated conditions, about 1/3 of
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the work is consumed by friction, while 2/3 by crushing; 3) Compared with the natural state, energy
consumption and its variation rate are reduced in the full stage of saturated crushed gangue. The dis-
placement curve shows an explicit three-stage pattern of sharp deformation, linear deformation and
creep deformation. According to the first-order and second-order derivatives of the displacement curve,
we proposed the judgment basis of the threestages of sharp-linear-creep deformation. When the deform-
ation of crushed gangue exceeds 15% , we observed improved bearing capacity. By observing the
gangue compression process, we found that the crushed gangue shows a more uniform internal force
chain distribution in the saturated state, with a higher number of cracks, crack growth rate and second-
ary crushing rate than those in the natural state. Under natural and saturated conditions, when the top
void ratio of crushed gangue exceeds 0. 65, we observed the maximum secondary crushing rate, with
the bottom void ratio of less than 0. 45, as well as the minimum secondary crushing rate, with the mid-
dle void ratio remaining stable at about 0. 5. The secondary crushing loss and the top sliding retention
can offset each other. The present study could provide reference for the design, stability monitoring and
prediction of coal gangue filling.

Key words : water-bearing state; deformation under compression; energy consumption characteristics;

secondary crushing rate; void ratio
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Fig.1 Deformation-seepage test system for crushed rock
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Table 1 Deformation parameters of linear loading process under natural and saturated states
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Fig. 3 Displacement-load curves under natural and saturated states in the loading and constant load stages
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Table 2 Energy-dissipation-rate-strain under different saturated states in different stages

EHB kg B EE=E
A Bl _ . ab ~ . _ . &b _ .
R s REFE/ s S—Ratio/ RERE/ E-Ratio/ s S—Ratio/ RERE/ E—-Ratio/
(MJ - m™) % (MJ - m™) % % (MJ - m™?) %
EE’S 0.17 0. 046 1 0.15 88 0.034 2 74 0.02 12 0.0119 26
K 0.18 0.042 4 0.17 94 0.038 7 91 0.01 6 0.003 7 9
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Fig. 5 Displacement and its first-order derivative and second-order derivative under natural and saturated states
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Table 3 Three-stage deformation parameters for different states
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Fig. 8 Distribution of loading force chain at different loading steps under the natural state
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Fig. 9 Distribution of loading force chain at different loading steps under the saturated state
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