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Abstract: Combustible gas explosions in_building spaces can result in severe structural damage and casualties. Unlike the
predominantly axial flame accelerationrobserved in long ducts or tunnels, building spaces are often characterized by low aspect
ratios and complex boundaries.\Explosion” dynamics in such spaces are strongly influenced by wall confinement, venting
boundaries response, internal obstaclesynon-uniform gas distribution, and multi-compartment connectivity, leading to multi-peak
overpressure histories, ‘multi*directional flame propagation, external flame development, and unsteady flame—flow—pressure
coupling. Experimgital, theoretical, and numerical studies on low-aspect-ratio confined gas explosions are reviewed, covering
overpressure evolution, flame propagation, flame—flow—pressure coupling, and simulation approaches for complex building
scenarios. Representativeé overpressure peaks are classified as initial venting, external explosion, combustion-induced, and
oscillatory pressure peaks, and are interpreted in terms of vent opening, external re-ignition, flame-area growth, turbulence
enhancement, Helmholtz oscillation, acoustic coupling, and pressure feedback. Accordingly, explosion loads should be
characterized by combining peak overpressure, rate of pressure rise, positive-phase duration, and impulse, rather than by peak
overpressure alone. In low-aspect-ratio spaces, flame morphology is governed by multidirectional flow, wall interaction, vent-

induced flow, obstacle wakes, and inter-compartment jetting, rather than by a fixed spherical-finger-shaped—tulip sequence.
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Complex overpressure peaks, local flame acceleration, and cross-compartment propagation are mainly governed by interface
instabilities, cavity oscillations, external deflagration—back-pressure feedback, obstacle-induced flow reorganization, and jetting
through connecting openings. Numerical simulations are further reviewed in terms of engineering correlations, computational
fluid dynamics models, porosity distributed resistance treatment, and high-resolution approaches such as large eddy simulation.
Future research should address non-uniform leakage—accumulation—ignition processes, multi-compartment interactions, dynamic
venting-boundary failure, scale effects, and hierarchical model validation, while hazard assessment should shift from peak
overpressure alone to integrated analysis of pressure histories, flame trajectories, flow-field structures, structural response, and
accident-scene evidence. The findings summarized here provide guidance for mechanism studies, explosion mitigation design,
risk assessment, and accident investigation of gas explosions in building spaces.
Keywords: low-aspect-ratio confined space; building space; gas explosion; vented explosion; overpressure peak; flame
propagation
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Fig. 1 Typical multi-peak overpressure structure and formation stages of vented gas explosions in small length-to-diameter
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Fig. 2 Flame propagation images and sensor-lighted arrays of prémixgd'methane—air explosions in a small length-to-diameter
L-shapedwented vessel
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Fig. 4 External flame evolution of vented methane explosions in a rectangular chamber under different ignition positions
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Fig. 5 Flame propagationvprocess of gas explosions in a twin-compartment enclosure
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Fig. 6 Flame images and propagation schematic of premixed methane—air explosions in a small length-to-diameter L-shaped
vented vessel
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