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Energy response laws and failure fractal characteristics of coal rocks under dynamic and static loads
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Abstract: The path of static and dynamic loading exerts a significant influence on the stability of roadway
surrounding rock. To investigate the energy evolution and damage failure characteristics of coal rocks under
coupled static and dynamic loading, dynamic and static load tests were performed on coal specimens by using split
Hopkinson pressure bars (SHPB). The peak strength, residual strain, residual strength, energy evolution
characteristics, and failure morphology of coal specimens under different loading paths were analyzed. The crack
propagation and acoustic emission evolution under coupled static and dynamic loading were numerically simulated
using the coupled particle flow code and fast Lagrangian analysis of continuum(PFC-FLAC) method. The results
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showed that when the static load was 6 MPa and the dynamic load increased from 0.2 MPa to 0.8 MPa, the
residual strength attenuation rate reached 48. 34 % , demonstrating that dynamic loading dominates the post-peak
mechanical behavior of coal rocks. When the static load remained constant, the average fragmentation size
decreased by 11.19 mm per 1 MPa increase in the dynamic load, whereas it decreased by only 0.29 mm per
1 MPa increase in static load when the dynamic load remained constant. The fractal dimension showed more
sensitivity to the dynamic load and it grew fastest when static and dynamic loads increased synergistically. When
the dynamic load increased from 0. 6 MPa to 0. 8 MPa and the static load simultaneously increased from 5 MPa to
6 MPa, the energy conversion efficiency of damage failure dropped sharply by 13. 23% , indicating that the failure
mode of coal rocks transited from stable energy dissipation to unstable failure. When the static load was 6 MPa,
coal specimens exhibited ductile failure under dynamic loads ranging from 0. 2 MPa to 0. 6 MPa and brittle failure
when the dynamic load increased to 0. 8-1. 2 MPa. The cumulative crack count of coal specimens under static and
dynamic loading increased exponentially with the increase of dynamic load intensity.
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Fig. 1 SHPB test system and ultra-high speed camera
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H[E X BEE A, RiE GB/T 50266—2013¢ T, Table 1 Scheme design of dynamic and static load tests
PR IR GG 5 AR v ) o 2 #8850 b B A R R n  wsE MEER e /MPa  WEER P,/ MPa
H $50 mm X100 mm A5 B A, =4 M-1-1 6 0.2
X 253 g, B 1,29 g/em’ . B - M-1-2 6 0.4
1t 0 v B Rl ) T 0 B ) 1 o T AR AR M-1-3 6 0.6
WE TR S S BR TR S R EE . A M-1-4 6 0.8
R BT R R N 15,4 MPa, 45 B M-2-1 0 0.6
LR B HE 2 0T 52 [l IR 2S5 ) A s o 0 480 0 - M-2-2 2 0.6
o BOR A AE 3 2 F AT & AR #R S TR M-2-3 4 0.6
) 2 o R il 1) 0 48008 2 R 6 MPa, HRU(E R W] M-2-4 6 0.6
W IRE S BSEN S IR B L SCRE A R AR 1 AE o M-3-1 3 0.2
29 AU 2 AR AT vh s B b & A B A M-3-2 4 0.4
TSI A O T L A Rk SR, B s 5 0.6

sl K Ty R wE 1 iR, M34 6 0.8
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Fig. 2 Stress-strain curves under different dynamic and static loads
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Fig. 3 Variation curves of incident energy and reflected energy under different dynamic and static loads
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Fig. 4 Damage failure energy conversion rate of coal specimens under dynamic and static loads
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Table 2 Comparison of mechanical parameters among coal sample, numerical model and SHPB pressure bars
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