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Compaction and re-crushing characteristics of granules with varying
lithologies under multiple mining-induced disturbances
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Abstract: To investigate the compaction and re-crushing characteristics of fractured rock under multiple mining.
This study conducted cyclic loading and unloading mechanical tests on aggregates of different lithologies. The
variation patterns of mechanical parameters of granules were systematically investigated. The granules energy
evolution characteristics and fractal dimension were clarified. The research findings indicate that low-strength
mudstone granules exhibit the greatest strain under identical loading conditions, requiring relatively low
cumulative energy during compaction. Meanwhile, mudstone shows the highest fractal dimension, indicating the
greatest degree of crushing. During the initial loading stage, the granules porosity rapidly decreases, the
compressive modulus rises, and the granules is rapidly compacted. When stress exceeds a certain threshold, the
compressive modulus continues to decrease, energy density increases significantly, and the granules undergo
extensive fracture. The research findings provide significant support for elucidating the compaction and
re-crushing mechanisms of granules in caving zones under multiple mining.
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Fig.1 Granular samples with different lithologies
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Fig.2 Compression experiment of samples with different lithologies
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Fig.3 Test system
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Fig. 4 Stress-strain characteristics of granules with different lithologies
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Fig. 5 Variation of compressive modulus of granular with different lithologies
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Fig. 6 Energy density variation of granular with different stages
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Fig.7 Cumulative energy density curves of granular with different lithologies
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Fig. 8 Variation characteristics of acoustic emission ringing signals of dispersions with different times
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Fig. 9 Variation characteristics of cumulative ringing signals of granules with different lithologies

5 BWEAESHEFLREESHE

FER 7 B P VA R 2 A0 T 2 W A6 i TR B N 0 ) T UR A SR HT S R R b A 4
AR DX ) 9 5 0 4 D0 B P 0550 90 5 9 BCPAC 177 5 b 0, D8 £ WO 5 X 19
4 ) T B A RO P AP 10 IR T A B BT R LR B L . M
TIE 5 9 A5 AR IOV O 43 0 42 X 6] 6~8 mm 1 55 I o LB 7

R T 4 B 53 U5 00 SR AT 7 A 1S o B AT R PR 3 AL R R BT R 4 A
SAVPTE o L O A0 J AR T  TPA RE 2 9 /D RE 4 A RE R A o LR, D 0 s
FEAFER S0 8o 0 P R 3

140
o RE
= B8,
100 al
2080 -
i
= 60
40
Tl -
0 1 ]
0~2 mm 2~4 mm 4~6 mm 6~8 mm 8~10 mm
AR X (6]

B 10 7[EE BT S 5 RE S T i

Fig. 10 Characteristics of mass distribution after sieving of granules of different lithologies
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Fig. 12 Logarithm of particle size ratio and mass ratio of granules with different lithologies
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Fig. 13 Variation of fractal dimension of granules for different lithologies
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Fig. 14 Porosity variation of granular with different lithologies
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Fig. 15 Variation of energy and porosity in different stages
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