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Abstract: As resource extraction extends to greater depths, coal-rock masses are increasingly exposed to complex
environments involving high in situ stress, strong dynamic disturbance and high-pressure fluids. Dynamic disas-
ters, including coal bursts, rockbursts, coal and gas outbursts and water inrush, therefore show pronounced mul-
ti-field coupled disaster characteristics. Physical similarity modelling is an important method for revealing the
mechanisms of such disasters, while similarity principles and their theoretical framework provide the basis for
reliable simulation results. This paper systematically reviews the stress-seismic-fluid multi-field coupled disaster
mechanisms in deep underground engineering. Focusing on typical dynamic disasters, including coal bursts,
rockbursts, coal and gas outbursts and mining-induced water inrush, this review summarizes the progress in phys-
ical modelling studies. Particular attention is given to dynamic similarity criteria, multi-field coupled similarity
relationships and key control parameters. The applicability and scale constraints of different similarity criteria are
also discussed. The synthesis shows that physical modelling of coal bursts and rockbursts should primarily con-
strain dynamic-load energy, acceleration, failure duration and strain rate. Modelling of coal and gas outbursts
should further account for adsorption and desorption, gas seepage, coal strength degradation, fracture propagation
and gas-solid two-phase motion. For water inrush, the model should simultaneously represent solid and fluid iner-
tia, viscous resistance, pore pressure diffusion and fracture permeability evolution. Based on previous studies, this
review clarifies the development of physical modelling for dynamic disasters in deep coal-rock masses, from stat-
ic similarity to dynamic similarity and from single-field coupling to multi-field coordinated evolution. In view of
unresolved issues, including the incomplete theoretical framework of dynamic similarity, the lack of unified simi-
larity criteria for multi-field coupling and the insufficient coupled response capacity of multifunctional analogue
materials, future research directions are proposed. These include the construction of multi-field coupled dynamic
similarity theory, the development of cross-scale physical modelling methods, the design of new multifunctional
analogue materials and the integration of physical-numerical coupled simulation techniques. This review provides
a systematic methodological and theoretical basis for understanding dynamic disaster mechanisms and designing
physical modelling tests in deep coal-rock engineering.

Key words: deep underground engineering; dynamic disasters; similarity criteria; similar materials; physical
modelling
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Fig.1 Research progress in coal burst disaster mechanisms in deep underground engineering
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entire process of coal and gas outburst
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coal burst events
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Table 4 Model parameters under dynamic and static states
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Fig.9 Construction of a physical modelling system for dynamic disasters in deep coal-rock masses
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Fig.11 Development of multi-field coupled dynamic disaster test instrument for deep engineering
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