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Status and prospects of research on vibration reduction performance of metaconcrete

XIONG Jianrong , REN Fengming', TIAN Shiyu, LI Yongsheng
(School of Civil Engineering, Guangzhou University, Guangzhou 510006, China)

Abstract: Metaconcrete, a new type of material with vibration attenuation characteristics, is formed by replacing
natural coarse aggregates with a heavy metal core wrapped with an elastic soft coating and mixed with mortar.
When subjected to dynamic loads, metaconcrete could attenuate the vibration response of concrete using the
bandgap generated by the local resonance of artificial aggregates. Recently, metaconcrete has received great
attention in the field of blast and impact resistance due to its remarkable vibration reduction performance under
high-frequency dynamic action vibration, and various forms of metaconcrete have been developed by changing the
structure and arrangement of aggregates. Systematic theoretical derivation, numerical analysis and experimental
studies have been carried out for the vibration attenuation performance of metaconcrete. In order to accelerate the
research and application of metaconcrete in the civil engineering, the research work on its vibration reduction
performance was systematically summarized, the problems and bottlenecks in the engineering performance were
discussed, and the future vibration attenuation research and application prospects of metaconcrete were
prospected in this paper.

Keywords: metaconcrete; artificial aggregates; local resonance; bandgap feature; vibration attenuation
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(b) Local resonance bandgap formation mechanism

a—Unit cell length; M, and M,—Mass of the matrix and the heavy core,
respectively; u and w—Displacements; k—Equivalent spring stiffness;
a—Wave incidence angle
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Fig.1 Mechanism of metamaterial bandgap formation
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Fig.2 Schematic diagram of metaconcrete unit cell
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Fig. 4 Effective mass-frequency relationships of metaconcrete
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(b) Vibration model with damping

I—Equivalent spring length; Al and #—Displacement deflection and
angular deflection of the transverse equivalent spring, respectively;
y—Axial displacement of the heavy core; c—Damping
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Table1 Metaconcrete with different aggregate shape
Aggregate shape Aggregate schematic Bandgap characteristic Ref.
Sphere Isotropic fundamental stability bandgap [9, 50]
Cuboid With the same planar bidirectional bandgap [35, 55]
Cylinder Longitudin‘al ba.ndgap with lower frequency and transverse [35-36, 50]
bandgap with higher frequency
Ellipsoid Longltudln.al ba.ndgap with lower frequency and transverse [50, 56]
bandgap with higher frequency
Cubic Capable of generating bandgaps in a wider and higher frequency [50]

range in each direction than spherical artificial aggregates
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No.Test type Test schematic Ref.
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Abutment | .. @ @@ @ | Abutment
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Metaconcrete slab
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3 test/damping test 2 [31,70]
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. Nylon string
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4 d . . Specimen [33, 71-72]
ynamic impact test Launching rod CIX Y XT3 Transfer rod
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Impact damage test i Striker bari Launching rod Specimen Transfer rod Absorber rod Buffer
5 and dynamic ll_ l (X - ‘ ‘ ‘ [71-72]
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Fig. 12 Structural diagram of artificial aggregates in metaconcrete!™ ™
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