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Figure 1 (Color online) Schematic diagram of unit cell of metacon-
crete.
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Figure 2 Two-dimensional model of unit cell of metaconcrete.
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Figure 4 (Color online) Three-dimensional metaconcrete mesoscale model. (a) Metaconcrete; (b) mortar; (c) natural aggregate; (d) artificial
aggregate; (e) cross-section of artificial aggregate.
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Figure 5 (Color online) Impact loading time history [23].
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Figure 6 (Color online) Comparison of strain time history.
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Figure 7 (Color online) Comparison of failure pattern. (a) Degraded model; (b) the model in the ref. [23].
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Figure 8 (Color online) Mesh convergence.
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Figure 12 (Color online) Stress contour (after stress wave reflects from the right end). (a) Metaconcrete; (b) degraded model.
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Figure 17 (Color online) The effect of core materials on the energy
stored by the artificial aggregates.
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Figure 18 (Color online) The effect of elastic modulus of elastic layer
on the energy stored by the artificial aggregates.
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Figure 19 (Color online) The effect of elastic layer thickness on the
energy stored by the artificial aggregates.
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Table 4 Resonant frequency of artificial aggregate with different
thickness of elastic layer

M2 (mm) JLPRAZ (kHz)
1 5.05
2 3.571
4 2.53
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Numerical study on impact resistance of metaconcrete

JIN HeXin"’, CHEN WenSu’, HAO Hong" & HAO YiFei'

! School of Civil Engineering, Tianjin University, Tianjin 300350, China;
* Centre Sfor Infrastructural Monitoring and Protection, School of Civil and Mechanical Engineering, Curtin University,
Perth 6000, Australia

It is well known that concrete material is strong in compression while weak in tension. Concrete structure might
experience severe spall damage at the rear of the structure when it is subjected to intensive loading. Concrete is usually
simulated as homogeneous material without considering aggregate. However, the presence of aggregates has effect on the
dynamic material properties of concrete. In recent years, metamaterial has attracted much attention as the metamaterial
with artificial microstructures exhibits extraordinary behaviors that cannot find in nature. In this study, the metaconcrete
made of locally resonant metamaterial is investigated. Three-dimensional meso-scale model of metaconcrete considering
mortar, aggregates and engineered aggregate is developed to simulate spalling test by using LS-DYNA. The accuracy of
the numerical model in simulating the spalling tests is verified by comparing the numerical results with the previous
studies. The effects of material properties and geometric properties (e.g. elastic modulus and thickness of elastic layer) on
the dynamic response of metaconcrete are studied.

metaconcrete, artificial aggregate, mesoscale, spall damage
PACS: 47.27.¢k, 43.28 Mw, 28.41.Te, 28.41.Qb
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