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Abstract: Coal burst is a sudden dynamic hazard in deep coal mines caused by the coupling between
energy accumulation under high static loading and transient dynamic disturbance. Conventional
static similarity criteria cannot adequately reproduce the consistency between a physical model and
its prototype in burst proneness and energy release. To improve the ability of laboratory physical
models to reproduce the dynamic disaster evolution of coal burst, this study examines a coal burst
event in the Binchang mining area as an engineering case. Physical modelling tests and comparative
numerical simulations are conducted using coal-rock dynamic similarity theory. The engineering
prototype is simplified as a structure consisting of three layers: a coal seam, roof strata, and floor
strata. On the basis of the coal-rock mass properties, loading conditions, and burst energy of the
prototype, the similarity ratios for geometry and density are determined together with the dynamic
similarity coefficient. The corresponding model parameters are then derived. Using these design
parameters, a medium-scale physical analogue model is cast with materials of low strength and high
brittleness. Impact loading tests under combined static and dynamic loads are then performed. The
test results show that dynamic loading induces an instantaneous increase in stress at the top of the
model. Spalling, block instability, and contraction of the roadway cross-section occur in the upper
part of the left roadway rib near the roof. Acoustic emission energy also increases markedly, with
shear cracks accounting for the largest proportion. These observations indicate that the model fail-
ure is dominated by shear spalling and block sliding. The numerical simulations show that the static
similarity model produces more dispersed displacement responses, slower velocity growth, and
weaker stress disturbance after dynamic loading. In contrast, the dynamic similarity model and the
model based on analogue material parameters better reproduce the prototype response, especially in
displacement concentration, abrupt velocity increase, and stress disturbance pattern. These results
indicate that coal-rock dynamic similarity theory can effectively constrain dynamic loading energy,
inertial response, and dynamic failure processes in physical modelling of coal burst. The theory is
therefore suitable for physical simulation and parameter design of coal burst hazards triggered by dy-
namic loading. The findings provide theoretical and methodological support for applying dynamic
similarity theory to physical similarity modelling of coal burst.

Key words: coal burst; dynamic similarity; coupled staticcdynamic loading; physical simulation;

numerical simulation
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Fig. 1 Schematic abstraction of the experimental prototype
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Table 1 Basic mechanical parameters of the coal-rock mass in the prototype and dynamically similar model
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dynamically similar model
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Fig. 2 Basic procedure for fabricating the similarity model
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Fig. 8 Stress monitoring analysis of the similarity

simulation test
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prototype numerical simulation
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ity, and similar-material parameter calibration
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Fig. 16  Monitoring results of maximum velocity under

various dynamic-static coupled loading conditions
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Fig. 17 Stress monitoring results of roadway surrounding rock under various dynamic-static coupled loading conditions
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