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Band Gap Properties of Metaconcrete with Vibration Reduction Function

CHEN Junhao, ZENG Xiaohui, XIE Youjun, LONG Guangcheng, TANG Zhuo
(School of Civil Engineering, Central South University, Changsha 410000, China)

Abstract: Based on the local resonance theory, a structural model of a new type of vibration reduction material—metaconcrete was
proposed, and the band gap number of the metaconcrete cell was increased by increasing the type of resonant aggregates in the matrix.
Firstly, the energy band structure, eigenmodes and attenuation characteristics of single, double, and three resonant aggregate
metaconcrete cell were calculated by the finite element method. Secondly, the generation mechanism and the influence law of band
gap were studied. Finally, the band gap estimation formula was derived base on the effective mass theory. The results showed that the
metaconcrete cell exhibited band gap properties, and with the increase of the types of resonant aggregates in the matrix, the band gap
number increases but each band gap width decreases. Moreover, there is a one-to-one correspondence between the types of resonant
aggregates and the band gaps. The starting frequency of the band gap was determined by the translational vibration of the
corresponding primitive cell scatterers, while the cut-off frequency was determined by the reverse vibration between the
corresponding primary cell scatterers and other units. By properly configuring the material and geometric parameters of the primitive cell,
the position and width of the corresponding band gap can be optimized. The band gap calculations from the effective mass theory agreed
well with the finite element method, and it can be used to obtain the band gap of the multiple resonant aggregates metaconcrete cell.
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Fig. 1 Analysis model of multiple resonant aggregate metaconcrete cells
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Table 1 Material and geometric parameters

Elastic . 5 . .
Parameter Density/(kg'm ) Poisson’s ratio
modulus/Pa

Resonator 2.10x10" 7780 0.30
Soft coating 1.20x10° 1300 0.45
Matrix 3.45x10" 2 000 0.20
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Fig. 2 Band structure curves of resonant aggregate metaconcrete cells
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Table 2 Band gap of resonant aggregate metaconcrete cells

Frequency/Hz
Type Band gap
Cell A Cell B Cell C
Single Starting 208 308 416
Cut-off 308 416 458
Width 100 108 43
Double A+B Starting 208 308
Cut-off 234 386
Width 26 78
Double A+C Starting 208 416
Cut-off 248 446
Width 36 30
Double B+C Starting 308 416
Cut-off 347 452
Width 39 36
Three A+B+C Starting 208 308 416
Cut-off 228 344 442
Width 20 36 26
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Fig. 5 Vibration modes of cell A+B+C
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(c) Calculation model

mo—Equivalent mass of cement mortar matrix; m—Equivalent mass of resonator i; k—Equivalent stiffness of soft coating i; up—Displacement of cement

mortar matrix; u—Displacement of resonator i; Fp—Force magnitude; F—External force; t—Time; w—Angular frequency; mer—Equivalent mass of the system;

Ar—Soft coating thickness; ri—Radius of resonator i; ri;;—Outer diameter of soft coating i; 8—Angle.
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(a) Starting frequency (b) Cut-off frequency
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Table 3 Band gap influence factors and levels

Parameter Influencing factors Level 1 Level 2 Level 3 Level 4
Material parameter Resonator A Elastic modulus E,/Pa 1.1x10™ 1.6x10™ 2.1x10™ 2.6x10™
Density p/(kg'm™) 6780 7280 7780 8280
Poisson’s ratio % 0.20 0.25 0.30 0.35
Soft coating A Elastic modulus Ey/Pa 0.2x10° 0.7x10° 1.2x10° 1.7x10°
Density py/(kg-m™) 300 800 1300 1800
Poisson’s ratio % 0.41 0.43 0.45 0.47
Cement mortar Elastic modulus Eo/Pa 2.45x10" 2.95x10" 3.45%10" 3.95x10"
Density p./(kg'm™) 1000 1500 2 000 2500
Poisson’s ratio ¥ 0.10 0.15 0.2 0.25
Geometric parameter Resonator Radius ri/mm 8 9 10 11
Soft coating Outer diameter r,/mm 12 13 14 15
Cement mortar Side length a/mm 30 35 40 45
(@) E (®) pr © ¥

9 HUIE A BIRORES BO R B

Fig. 9

Influence of the material parameters of the resonator A on the band gap
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Fig. 10 Influence of the material parameters of the soft coating A on the band gap
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Fig. 11 Influence of the material parameters of the matrix on the band gap
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Fig. 12 Influence of the physical parameters of geometric parameters on the band gap
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Fig. 13 Calculation model of attenuation characteristics
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