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Mesoscopic numerical simulation and stress wave propagation
mechanism of reinforeed concrete slabs under contact explosion
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Abstract: Traditional homogenization models are difficult to accurately describe the mesoscopic effects of aggregate
distribution, aggregate particle size, and steel bar configuration on stress wave propagation paths and energy dissipation
mechanisms in concrete, which limits the in-depth understanding of the anti-explosion failure mechanism of reinforced concrete

slabs. To address this issue, a three-dimensional mesoscopic finite element model of reinforced concrete slabs including steel
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bars, aggregates, and matrix was established based on the combination of MATLAB and LS-DYNA. Among them, aggregates
were modeled using real aggregate gradation characteristics, steel bars were accurately arranged according to actual engineering
layout parameters, and a reasonable contact algorithm was adopted between the matrix, aggregates, and steel bars to simulate
interface effects. The model was verified by comparison through contact explosion tests, and the results show that this model
can relatively accurately predict the failure mode and crater size of reinforced concrete slabs under contact explosion loads. On
this basis, the effects of aggregate (distribution mode, particle size) and steel bar arrangement on the anti-explosion
performance and stress wave propagation of reinforced concrete were studied through mesoscopic numerical simulation
parameter analysis. For aggregate parameters, the particle size distribution characteristics and particle size of aggregates
determine the evolution law of stress waves and energy dissipation characteristics, thereby affecting the geometric dimensions
of craters on the TOP surface and spalling craters on the bottom surface of concrete. When the aggregate particle size is
distributed in a decreasing manner from the TOP surface to the bottom surface, it can effectively inhibit the expansion of craters
on the TOP surface and the development of spalling on the bottom surface; an increasing distributiohwwill aggravate surface
cratering and internal spalling damage. In terms of particle size, the spalling craters on the béttom'surface of slabs with small
particle size aggregates show shallow and wide characteristics, while those with largesparticle SiZ€ aggregates show deep and
small morphology. Compared with aggregates, steel bars have a weaker impact on‘the overall failure mode and stress wave
propagation of the slab; under low reinforcement ratio, steel bars hardly affect the dymamic\ransmission process of compressive
stress peaks, while under high explosion loads, steel bars inhibit the fragmentation process of the slab, alleviate bending
damage, and improve the structural integrity and anti-damage capacity of the slab.

Keywords: Reinforced concrete; Mesoscopic numerical simulation; €ontact”explosion; Parametric analysis; Stress wave

propagation.
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(a) Geometric model (b) Mapped mesh identification (c) Finite element mesh model
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Fig.10 Contour plots of damage evolution in mortar matfix with time
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Fig.11 Contour plots of axial stress evolution in rebar with time

11



w5 b
Explosion and Shock Waves

e R

Time le-5/s | Time 2e-5/s Time 3e-5/s

History Variable#1 1 .
0.021e01__ | B8
8.920e-01 ]| i
7.937e-01 | | 8
6.945e-01 _
5.853e-01 _
4.961e-01 _
3.068e-01 _|

2.976e-01 _

1.984e-01

el tmesess
P12 B RH A B I R AR A 2
Fig.12 Contour plots of damage evolution in aggregate,with time
AR, A SIS R 55 T o A LA IR e A 2R Y P L S R o A A R A A S O 4%
P A SHAIRTEAS, AR AT DUA 25 T a9 s v Bt L a5 M B S i o« AR SCHERR 0 5 AU 1 4
gt 6 ps.
6 FEARRNE A B HA A VR U - B R BRI A SRR T
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Fig.13 Stress wave propagation and aggregate damage in theconcrete stab
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Fig.14 Finite element models of slab with different aggregate distributions and particle sizes
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Table 7 Parameters of test slab

AR T HEARRS) /mm BRI AT R I R /mm
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MA-2 700%700x100 NED AR I 215 A8 11 77 [ 34 9 ST 4~40
MB-1 700x700x100 AL AR BRI R 12
MB-2 700x700x100 AL AR BRI R 24
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Fig.16 Damage distribution on the top surface of the test slab
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Fig.18 Damage distribution on the bottom surface of the test slab
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Fig.20 Damage condition of the cross-section of the test slab
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Fig.21 Stress wave propagation morphology of test slab
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Fig.22 Stress wave propagation and amplitude of vertical compressive stress of the test slab
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