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Abstract: Coal burst is a sudden dynamic disaster that occurs under the superposition of dynamic and static loads,
characterized by a violent failure process, concentrated energy release, and complex occurrence mechanism,
posing a serious threat to mine safety. To reproduce the failure process of coal burst and reveal its dynamic
essence in laboratory conditions, conventional physical simulation methods based on static similarity principles
are inadequate to fully capture its dynamic characteristics. Therefore, taking the dynamic disaster mechanism of
coal burst as the research object, this study proposes a coal-rock dynamic similarity criterion system with the
acceleration similarity ratio as the core parameter, aiming to establish a theoretical framework for physical
simulation that can realistically reflect the dynamic response characteristics of coal burst. Through dimensional
analysis, the key parameters involved in the coal burst process were systematically analyzed. Using the
acceleration similarity ratio as the primary control parameter, a theoretical equation set of dynamic similarity
criteria for coal burst was derived, and a system of dynamic similarity coefficients was constructed, including the
stress similarity ratio, elastic modulus similarity ratio, time similarity ratio, and strain rate similarity ratio. By
introducing the dynamic similarity coefficient, the coupling relationships and constraint conditions among various
similarity ratios were analyzed, and a similarity criterion system describing the impact tendency of physical
models was established. Furthermore, based on the derived theoretical relationships, the evolution laws of model
strength curves under different geometric similarity ratios were summarized, and the applicable range and
parameter intervals of the dynamic similarity criteria were clarified. The results show that the dynamic similarity
coefficient is the key parameter governing dynamic similarity relationships, and its value directly determines the
similarity of inertia response and energy transfer between the model and the prototype. The optimal geometric
similarity ratio and wave velocity similarity ratio for the dynamic similarity criteria were determined. The
proposed coal-rock dynamic similarity principle for coal burst breaks through the limitations of traditional static
similarity theory, achieves quantitative characterization of inertia effects and energy release behavior, and
provides an operable theoretical basis for dynamic physical simulation experiments of coal burst.

Keywords: Coal burst; Similarity criteria; Physical model; Dynamics; Similar simulation
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Table 1 Model parameters under the static similarity criterion
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Fig.2 Model curve under static similarity criterion
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Fig.3 Numerical simulation of static similarity criteria for
models
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Table 2 Numerical results based on static similarity criterion.
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Fig.4 Principle of superposition of dynamic and static loads

i R Ry, (1) BRI A
A E 5B R SIS IE RIS R . (2)
R R 2T SBURE RIS AN R
R FRRUS R &5 2R 12,

EEEARF Y SRR RS8R . fEIR
BT R I SRS F A i R rh, LS S
A ST, IR AR i A HEREAF AL T e 7% I
%, I tEREE BG4S AT, LN IR RIELR
NI A SR IERT B R R A ROR, FRE
TBUHAF I FAEBE RIS BERE LLNL F3 98 T 3K
feffk, (EN TR RRLRE, XLk U™ A 80
T ahE . ARSI, X itin A 38 b sk
BEHEATAEALL, HH LT 7 27 IR REIE IR LS
IR B RS B L2

PR STHR AT &0 (1D BhESRAT TS 1R 15y
VEEZE SIS EGRE . SRR R (2)
ENEARAT TRCA R IR E AR (3) A EhE
F SRR R T A DU SR E, Bl AR - BN 1 e
HIFE 5 WAL SBCA RN AR BT, A 1ahas
U iR P8 7 1 0331,

o FHRER 4

854 A AR :
o~ T 2 el
£ o] wimie 2
~ R, =30+0.24¢
i
251 %
¥ R,=16+0.31
R 344

3
171

100 150 200 250
JREAF R[5
(a) AR E A 5 E RN

0 50



120

o M
o T
o 1007 —— g v sk g
£ RIS A 2k “
< 807 Ryy=206°%0% A
it
%m- 5
Xa <R medH00me
R 401
A“
20 : . : :
50 100 150 200 250 300

WA 57
(b) S ZE NS A58 FEE R S0
B 5 AR N A 5 I PR ) 5 g 30-33)
Fig.5 The influence of strain rate on the strength of rocks and
coal
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corresponding fitting curve
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Table 3 Dimensional expressions for physical properties
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