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Mesoscopic numerical simulation and stress wave propagation mechanism of
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Abstract: Traditional homogenization models have difficulty accurately capturing the mesoscale effects of aggregate
distribution, aggregate particle size, and reinforcement configuration on stress-wave propagation paths and energy-dissipation
mechanisms in concrete, thereby limiting an in-depth understanding of the blast-induced failure mechanisms of reinforced
concrete slabs. To address this issue, a three-dimensional mesoscale finite element model of reinforced concrete slabs incor-

porating reinforcement, aggregates, and mortar matrix was established through the combined use of MATLAB and LS-DYNA.
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The aggregates were modeled according to actual aggregate gradation characteristics, the reinforcing bars were accurately
arranged based on practical engineering layout parameters, and appropriate contact algorithms were adopted among the matrix,
aggregates, and reinforcing bars to simulate interfacial effects. The model was validated against contact explosion tests, and the
results show that it can predict the failure modes and crater dimensions of reinforced concrete slabs subjected to contact
explosion loads with reasonable accuracy. On this basis, the effects of aggregate characteristics, including distribution pattern
and particle size, and reinforcement arrangement on the blast resistance and stress-wave propagation behavior of reinforced
concrete were investigated through parametric mesoscale numerical simulations. Regarding the aggregate parameters, the
particle-size distribution pattern and aggregate size govern the evolution of stress waves and energy-dissipation characteristics,
thereby affecting the geometric dimensions of the craters on the top surface and the spalling craters on the bottom surface of
the concrete slab. When the aggregate particle size decreases from the top surface to the bottom surface, the expansion of the
top-surface crater and the development of bottom-surface spalling can be effectively suppressed; in contrast, an increasing
particle-size distribution aggravates surface cratering and internal spalling damage. In terms of aggregate size, the bottom-
surface spalling craters of slabs containing small aggregates exhibit shallow and wide characteristics, whereas those containing
large aggregates exhibit deep and narrow morphologies. Compared with aggregates, reinforcing bars exert a weaker influence
on the overall failure mode and stress-wave propagation behavior of the slab. At a low reinforcement ratio, the reinforcing bars
have little effect on the dynamic transmission of compressive stress peaks, whereas under high explosion loads, they suppress
slab fragmentation, mitigate flexural damage, and improve the structural integrity and damage resistance of the slab.

Keywords: reinforced concrete; mesoscopic numerical simulation; contact explosion; parametric analysis; stress wave
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Table 1 Basic mechanical properties of concrete

MR YU E/MPa PLHiE E/MPa YU B/ MPa FVERL R /GPa MEL/NEA HRIBPEN A W /(kg-m )
c4s 43 3.9 6.36 26 0.20 0.000 15 2500
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Fig. 1 Dimensions and reinforcement
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Fig. 5 Mesoscopic model of the reinforced concrete slab
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Table 4 Material model parameters of aggregate!

pol(gem™) G/GPa 4 B c N f/MPa Jima/MPa &fs’ Ef min
2.3 10 0.55 1.23 0.0097 0.98 60 4 1 0.01
Shnax Perus/MPa Herush Proa/GPa Hock D, D, K,/GPa K,/GPa Ky/GPa
20 20 0.00125 2 0.174 0.04 1.0 39 —223 550
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ik, IWL RS TN

R R
p:Ae(l—%) exp (——1)+Be<l—%)exp (——2)+wpee @)
Rl % RZ ¥

K 4, B R\ R, fll w R 5 HEL AR IM B Z B o=pJ/p. WIETELG I, p. WIELT IR, po N
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Table 5 Material model parameters of explosive!*"!

A/GPa B/GPa R, R, w

3.74 3.25 4.10 0.95 0.35
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Fig. 7 Experimental"'” and simulation results of contact explosion on reinforced concrete slabs with different thicknesses
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Fig. 9 Contour plots of damage evolution in mortar matrix with time
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Fig. 10 Contour plots of axial stress evolution in rebar with time
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Fig. 11 Contour plots of damage evolution in aggregate with time
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Table 6 Comparison between experimental and simulation results of reinforced concrete slab under contact blast load
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Fig. 12 Stress wave propagation obtained by the homogeneous model and mesoscopic models,
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Fig. 13 Finite element models for slabs with different aggregate distributions and particle sizes
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Fig. 14 Measurement of concrete damage range under contact blast
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Table 8 Results of test slab with different aggregate

distributions and particle sizes
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Fig. 15 Damage distributions on the top surfaces of the test slabs
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Fig. 16 Damage distributions on the bottom surfaces of the test slabs
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Fig. 17 Damage of the cross-sections of the test slabs
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Fig. 18 Stress wave propagation morphology of test slabs
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Fig. 19 Stress wave propagation and amplitude of vertical compressive stress of the test slab
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Fig. 20 Equivalent stress at the center point on the bottom surface of the test slab
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