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Research on the Seismic Isolation Performance of Independent Periodic

Foundations
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Abstract: Solid-state physics has revealed that periodic structures exhibit unique attenuation domain
characteristics, where elastic waves within the attenuation frequency range cannot propagate through
periodic structures. This principle can be applied to seismic isolation in civil engineering. Taking a
four-story frame structure as an example, this paper employed numerical analysis to explore the isola-
tion effect of an independent layered periodic foundation composed of rubber and concrete. The main
influencing factors considered included the type and amplitude of seismic motion, rubber layer thick-
ness, number of layers, and elastic modulus. Comparative analysis showed that the isolation effect of
independent periodic foundations on high-frequency seismic waves was significantly stronger than on
low-frequency seismic waves. As the amplitude of seismic waves increased, the isolation performance
of the periodic foundation gradually decreased. Material parameters played a decisive role in the isola-
tion performance, with structural stiffness decreasing as the thickness and number of rubber layers in-

creased, and increasing with a higher rubber elastic modulus. The maximum attenuation in structural
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acceleration due to periodic foundations reached up to 53.2%. The research results can provide valu-

able insights for the practical application of layered periodic foundations.

Keywords: periodic foundation; frame structure; seismic resistance; vibration isolation
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Table 1 Parameter analysis and symbolic representation

SRR SRR HAH L
R J2 5 H 10.20.40 cm
TR AR AL E 0.5.2.4 MPa

Y=L N 122232
A2 P T EL.WL.NR
b 52 % A 0.1gEL .0.2¢EL .0.4¢gEL m/s’

*F2 BAPHEEMSHEIWMIRE

Table 2 Periodic foundation parameter analysis conditions

Z R B SR BT HAb 25
IR 2 B H 20°em E=0.5, N=1, 0.2¢EL
40 cm
e 2 MPa N _ )
B B M A i 4 MPa H=10, N=1, 0.2¢gEL
BB JZHN § E=0.5, H=10, 0.2gEL
s 0.2¢WL
2 31k N ) = = =
R AT 0.2NR E=0.5, H=10, N=1
HWZMWWM A 0.1g/0.2¢EL.  E=0.5, H=10, N=1
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Table 3 The first 5 natural frequencies of the model and the rate of change of the fundamental frequency

Hify . Hz

o REE 1 FEE H=10cm,N=1 E=0.5 MPa,N=1 E=0.5MPa,H=10 cm
Femb T 2 MPa 4 MPa 20 cm 40 cm 22 3
1B 3.61 1.78 2.84 3.20 1.40 1.02 1.43 1.21

AR R/ % / —50.6 —21.32 —11.36 —61.22 —71.75 —60.39 —66.48
2 By 3.70 1.78 2.85 3.21 1.40 1.02 1.43 1.21
3B 5.11 1.78 3.56 4.47 1.78 1.37 1.78 1.60
4By 5.12 1.79 3.56 5.04 1.78 1.78 1.78 1.78
5/ 5.13 1.80 3.57 5.04 1.78 1.78 1.78 1.78
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tion response under different rubber layer thick-
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under different rubber layer thicknesses
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Table 5 Relative deformation of rubber layers under dif-

ferent rubber layer thicknesses
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B 10 % /mm 6.21 9.82 13.59
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Table 6 Structural fundamental frequency and accelera-

tion response under different rubber elastic moduli
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Table 7 Relative deformation of rubber layers under dif-

ferent elastic moduli of rubber

08 J2 FE X AR B 0.5 MPa 2 MPa 4 MPa
K [ 437 7% /mm 6.21 1.40 0.68
12 1A 3 F /mm 7.55 1.44 0.72
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Fig.16  Acceleration response of point P at the top story under different types of seismic waves
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Fig.18 Acceleration response of point P at the top story under different seismic wave amplitudes
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