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Design and Performance Analysis of
Resonant Seismic Surface Wave
Barriers
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Abstract: A periodic structure has band-gap
characteristics so that the vibrations or waves in the band-
gap frequency range cannot propagate in the structure.
Based on this concept, an embedded seismic barrier for
manipulating Rayleigh surface waves is designed. The
influence of the design parameters of the seismic barrier
and the constraint conditions between the resonant
element and the supporting foundation on the elastic wave
dispersion curve and the formation of the bandgaps of
seismic surface wave is studied. The results indicate that

the embedded seismic metamaterial barrier can form a
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surface wave band gap in the low frequency region and
realize an effective attenuation domain. The constraint
conditions between the resonant element and the
supporting foundation can significantly alter the band
structure of the dispersion curve. Different constraint
conditions can affect the formation of the surface wave
bandgaps, and even cause the disappearance of the
surface wave bandgaps. Thus, in the process of barrier
design and implementation, factors, such as friction, that
affect the relative movement between the resonant
element and the supporting foundation should be

considered and rationally designed.

Keywords: seismic metamaterial; wave barrier; surface

wave; bandgap; earthquake
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Fig. 1 Model of surface wave barrier and wave vector
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Fig. 2 Effects of heights of surface wave barrier element on dispersion curves and surface wave dispersion

curves (dot lines)
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persion curves (dot lines)
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Fig. 4 Effects of constraint conditions between resonant element and supporting foundation on dispersion

curves and surface wave dispersion curves (dot lines)

ol 304

=]
Y

»

B ST

fvth

5 BARR~TRERRERETEER

Fig. 5 Simulation of finite-size surface wave barrier

FEVERE .

B 7—9 s 1 AE BB AL BT T, A A
TS B Wi (ELAE 25 18] B 7015 3, PR PR T A [ A P
L7 AN

HT1&] da AT 152K HIZE € 20t , £ 15 Hz LR
B RMPT B, i T HAIE, PEH9. 0 Hz 118k B
(NAVREZ- 4

MIEL7 ] U, R ol DA% aod 7 35 i

I I A 40 2 A I, BSR4 e 240 5 A 2 T U3 o
BEXT 9. 0 Hz WY R T I WA TR . Silid o
ZFT I g T — 2

R FHAX SRV A 5% sl ) 20 R R R AR S FE 24
AR, ML Ad F1 R de B H1AT LA A 26 T A
Blo N T IEA TR, S E 2 T I A8 A A A
SRIX A P B — R MR, B RAEZ R T &
G2 N S SRR AE



57 1

<
>
%
a8

A SR B R T R R S PERE AT 1015

—10

—20+

—301 ¢

ki / dB

750_

- Pf¥10
-------- B30

760_

—70 I I
0 2 4

FLREIRAE / m

0.25
0.21
0.17
0.13
0.08
0.04
0

iz / Hz
6 ARR~TEREKERERESIL

Fig. 6 Transmission spectra of finite-size surface wave barrier

M7 RASEARRAMEY. He WEFERBAAR TN RWOLBIRES %

Fig. 7 Displacement magnitude distribution at harmonic concentrated load and 9.0 Hz for tie constraint con-

dition

1 8 Sk R FHAN FL 1R AH X e 8l i 29 B Z& AT, 43
HAES. 5 Hz f1 7.5 Hz Ab Ay N st e 3 . AL 4d
R[5, 5 Hz Ab TR EH N . I 8an] LA,
T 1T 2 1 o AL 4% 2 A O, B2 % 1T D S5 e Xof
AHF PN R T R . 10 7. 5 Hz AT
AR, R MR T D T B B 5 R A 1T AL
5 N AR T DAL AR DRI T 5 Ak oM A 38 1) A
J N AL HE , an &l 8b T, BRI ;- b e 285 44 R AT
RGP, ez R R R E . R ERM
T I XS L R U — A L Y R AL A

19 SRR R SCHE 73 AIFE 6. 0 Hz 8. 5 Hz Ab)
SRR R ) , X PRSI R A S TR TR Aty

BN NI 9b W] LUFE A TR I I A5 3
TR 2 Ak R R I 1) A1 BT PR TS A% 405, DT 3kE B, 1 R T
B ST EE A K AR AR B AR TARRESF I H Y

FiTE R U A NS TH AP s wees 1) ol 1 i B
JEAS  AE_EIRBETERYSERR L, i — 2 0he AR i
B B GBS0 o) R T U R R R AR MR R 1 sE e . BT 6 Th
25 W T 2450302 10 A4S i1 30 /4 2 1 9 57 s B e e
A BRI e e B i A& i, o] LU R T
W B B PRI RR 22 | 2T I 0 1% i SRR AL, X T U8 11

IR AR . i AR, SR D i K
K F T P BB BT RST, vk I o) T 4R L 1% .
R R e /DB i 3R 1T o B BR TR, SR A 104
AT Bf B FATT , 7R BRASR IX A] A5 55/ 0, Xof
AT P VR 5 15 5 2414 1) 30 A2 T e Bt
FATTRT, T LA BIAE T B DX ] PN AT S 3 1 0k

& 10 25 H 7 HAE 8. 5 Hz S5 s il 4k i il
BN IR IR A 53 A o NIRRT DL 21, SR TR %
o R S BT 2 TR B A SR AR B T R A B AL
il s SR H A BREE I RST8/N . I 10 ] DL
1) L e s ek FR I o B SR AL G (&1 10 Hh B 2k
HE A A B R e e R B ) o 5 oR 100 4~
AT S 5 BT HE , ST T X 2 T 00 A 408 ik, ROk
TEDAAT T BEANR , AH R R BRAIR T 2% 1H1 0 Bt Pt it 1
il A B AR

gi b, kb i 2 T B e B T 23 BRI X R HT
P R RIOR, T ek 22 1 2 T B B e 2%
it TR A . AR SERR TR, RS
JE R T R ARt T o s A, 7 T T I8 o e
JCHIAR B T A



1016 [ B K 2% 2 (A R RE 2% WD 5552 %

b 7.5Hz

8 RANRAFHMARZGHESETIERETHM T RANCBIEES .
Fig. 8 Displacement magnitude distribution at harmonic concentrated load for constraint condition of only
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