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Low frequency bandgap characteristics and application of a novel two-dimensional

three-component cement-based phononic-like crystal composite material

XIAO Peng, MIAO Linchang , ZHENG Haizhong, LEI Lijian
(School of Transportation, Southeast University, Nanjing 211189, China)

Abstract: In order to widen the width and number of elastic bandgap of concrete metamaterials, a novel two-
dimensional three-component cement-based phononic-like crystal was designed based on local resonance theory.
Firstly, the finite element method was used to calculate and study the energy band structure, vibration mode,
displacement field and attenuation characteristics of the novel two-dimensional three-component cement-based
phononic-like crystal. Secondly, the formation mechanism and influencing factors of the bandgap were analyzed,
and the theoretical estimation of the bandgap range was derived according to the mass-spring system model.
Finally, the cement-based phononic-like crystal was applied to the subway track bed, and the vibration reduction
performance of the cement-based phononic-like crystal subway track bed was analyzed. The results show that the
novel two-dimensional three-component cement-based phononic-like crystal opens 5 low-frequency bandgaps in
the 200 Hz frequency range, and the attenuation values are mostly above 10 dB within the bandgap frequency
range, and the attenuation effect is good. The opening of the bandgap corresponds to the vibration characteristics of

each primitive cell, which is triggered by the translational vibration of a specific primitive cell and controlled by the
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strength of the coupling between the specific primitive cell and the matrix. The density of scatterer material, elastic

modulus and thickness of cladding material are the main factors affecting the bandgap. In the 1-200 Hz frequency

band, the vibration acceleration of the cement-based phononic-like crystal subway track bed composed of the

novel two-dimensional three-component cement-based phononic-like crystal is lower than that of the ordinary

concrete subway track bed, and the maximum insertion loss is 10.22 dB and the average insertion loss is 8.76 dB,

which has remarkable vibration reduction performance.

Keywords: concrete metamaterials; phononic-like crystal; locally resonant; low frequency bandgap; subway

track bed; vibration reduction performance
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(b) Novel cement-based
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Fig.1 Cement-based phononic-like crystal primitive cell and

first Brillouin region
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Table 1 Structure parameters

Scatterer i Ry/m R./m a/m
1 0.0275 0.033

2 0.018 0.0216

3 0.013 0.0156 0.1
4 0.01 0.012

5 0.007 0.0084
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Table 2 Material parameters

Component Density Elastic modulus Shear modulus
po/(kgm™) E/Pa G/Pa

Scatterer 3300 1.2x10" 4.8x10"

Wrapping layer 12 1.34x10° 5.93x10*

Matrix 2000 3.45x10" 1.44x10"
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Table 3 Bandgap influencing factors and their levels of novel two-dimensional three-component
cement-based phononic-like crystal

Influence factor Level 1 Level 2 Level 3 Level 4 Level 5
E/Pa 1.2x10° 1.2x10" 1.2x10" 1.2x10" 1.2x10"
Scatterer o/(kgm™) 2300 2 800 3300 3800 4300
v 0.15 0.20 0.25 0.30 0.35
E/Pa 1.34x10° 1.34x10* 1.34x10° 1.34x10° 1.34x107
Material parameters Wrapping layer p/(kg:m™) 6 9 12 15 18
v 0.09 0.11 0.13 0.15 0.17
E/Pa 3.45x10° 3.45x10° 3.45x10" 3.45x10" 3.45x10"
Matrix o/(kgm™) 1 000 1500 2 000 2 500 3000
v 0.10 0.15 0.20 0.25 0.30
Scatterer Ry/m 0.8R, 0.9R, R - -
Structure parameters Wrapping layer R./m 0.8R, 0.9R, R, - -
Matrix a/m - - 0.1 0.12 0.14

Notes: R,—Inner diameter of scatterer; R,—Outer diameter of wrapping layer; v—Poisson's ratio.
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Fig. 28 Infinite mass-in-mass lattice structure of local resonance phononic crystal with multiple oscillators
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