55 35 45 6 1)
2022 4E 12

k o T

Journal of Vibration Engineering

% R Vol. 35 No. 6

Dec. 2022

JE] BR 1 B ik b 72 A 32 R 1 BE R EL i 06 06 E

AR, ¢

#L, MO Y L?

(1A ME Tk K2 AR 50 T4 2

Be, L8 AR 230009;

2.Department of Civil and Environmental Engineering, University of Houston, Houston 77051, USAj;
3. [ M 7R JR) TR ) 2R F ST BT v AR R R TR S TR S E N S E, BB IT MR URE 150080)

TR N 7 50 UE A U 45 4 6 ik 1 LR VE L 26 T Bloch-Floquet B8, 3 5 J& 101 1k 25 449 (0 40 B3 G 27, 759 300 J30 0 0k 4
A A AREAR A BT ol ST — A T 0 B0 R el (A 2 3 30 LA B 5 4 3l R b 7 D A A i AL D, T o B LRIk B
T8 X A TG R S ) =) ARE AR R AT T AR O BT AR AR AT o A RIS Ak T I e
il A3 B DA B T LA S DR/ IS 45 R G 2l ) 5 3 K AU ) Ak T U R A R AR IR T 1 B
R R Y Bl Ty Rz o PRt T e R S0 A A T A B S R A 5 M R D Ay AR B, AT LA L R R

A A2 47, Dl /IS T 445 ) 1 b 7 o

KRR : FEANFARE 5 IR LA AT B 5 )y e
FEISES: TU352.]  XEFRED: A
DOI:10.16385/].cnki.issn.1004-4523.2022.06.019

5l

T

BEAih B 5= 2R 58 (RS S P R PE 8243 R 458 ) /2 H T
T2 3T B S R B = 07 s . Bl e B
45 K Y S o0 R e T TR 2 ) /DN R JRE R g L B
RO, LIBU/NGE i i B R SRR PR R R4 T
BRIz N T e A AT R A R A A it A AR
IR A% G5 kil B R R GEATY AR A AE AL % R, TE i
I B 5, AL R R 9 AR D R PR R R
— b B 1 I R AR Ok ik b 3R TR M

[E] (< 49 B2 v 1) BIF 9 2 B, R A B it 1 g
1E RV 5 & A Bt b AL 375 1), i T Bragg BT 5 3L
9 AE T 05 A A5 3200 B (1% 5P TG 1k o ok ] A0
S AL, 3k B AR [ BR Oy R 2R . Kushwaha
SELOE BF ST AR 2 R S A T R
FE AR AR RE &, O 4 H A A A 8 I R A A i
TCHR S A5G 5 B A BRIy . Liu 57 i AR K
PEIEAR A RL i AT BT, SERA% Gt B e R, S
BN RO 42 R P B K 3 98 T 75 F S AR S5 1
AR ATRIF 5 450 358 1) 7T 35 T RS Y FL

BT bR A BRI L B ST O 20 R
PESZ A MR BT 2 6 T B P e M RS B B

%5 B #: 2020-12-29; 1&1T H #3: 2021-05-06

XEHS: 1004-4523(2022)06-1471-10

SR B 2 A TORE W) B AR R B BE T AR X s T
G I A A 5 3 Bl 3 A 55 kHz B THz. 40 el FII
T - AR B D ik R B 32 A 48 B2 0.1~50 Hz
) Hb 72 Bl I SRR — I S Pk R B A SR AR
SCERL10-11 ] 356 75 F ARt &5 A8 £ KT
U, 4 1 ] 0D 12 o A Al v AR, ) HH LA B R
P f BB K 7 R B 1) B MR ) . Cheng 45
FE T S50 0 1) R v R L R T RS
JE S0P Bl O ik BB A EL R AR A ) A5
PR % v S B 2 4 o Y T B . Witarto 58RI
Zhao % 2 BUE 43 BT IR 2h R 86, F B R
T — 2 = A A0 S Al E R L T IR o
BT T S P B A A /D AR B Ak B I HE A R
S JEL S M L il DS 1R T BIO(E A AL ) S B R 4L
TZ%,

TR SO RT T S0 e i D R e B L
MR RE 1Y WF 5T, A% SCORI AR e FTE 36 - 79 b 4 ) A
1 — 42 A2 R R B S Al . AR P% Bloch-Floquet
PRS- 2 AR — A R ) Ll A% O R L X L A
v J 30 R il 0 e R AR S S P B AR ML B Y 25 5 . ol
T B A AT RN BE 2SS 43 BT, X A — 4 JE 30T L A RN
S 30 A A7 T B - S ) = 2 ANOHE 4R A R AR R R AT
W58, IE R /INELR 2h 5 1B AT 30 IE . A5 R R,
A7 50 S0 il A 25 A T R B M Rl A R AT B PN B T A

E£WMB: FEAAR AT H (51508148,52278302) ; v [ M 52 Jy T.F2 J) 2 58 it SE AR B0l 55 9% % 5 %% B 1ot B

(2020EEEVL.0404) .



1472 & 3 T

A RN LR Bl T R A A
JO9 P R TR B 9 R T R A S M AR D Y B
BB o

1 —%#EREREEMAEIRRE

R 45 T2 A Jo A 58 55T Ak 54 05 A% A1V 7 ) i 5
P, I 45 & Bloch-Floquet & P, F F 1% 38 46 B 74 ]
20 AR — 2 J2 MR S0 P A5 R R OE &R LR
PR EMT .

WA 1Ca) Bz, 2% 1 PR J5T 4% 1 ] 4 ) it
PEAY BT = 07 1) S8 HE AT 04— 48 J 0 PR ke mil o Ok
i A 3 A, (B B Bl 7E oy ~F- T A S TERR K, P b bE
A 52 5T AR R 45 58 I, O 22w A REBELJE /9 5
AP 454 1 Je S0 R e, AT U — A i B B ST 4T )
B A 1) 7 , M5 SR E f) T b e JE BE S
SRl R By, BTG R JE N h=hy+ hye AR — Bk,
LA oy V- ¥ 35 = J7 10 A 48 o J7 10 4R 3 1) B9 V1) 38
B A — 28 T2 AR S S Rt 0 A0 R

i

(a) — 4R AT R R R
(a) Schematic representation of the one-dimensional (1D)
periodic foundation

ZZL B2 p it k.
o 1 n
o 4
Z‘L BUR podo iy h,
¢ x
‘ (b) #2735
(b) A typical unit cell

FIT o J2%— 2 Jo 0 1 5 i o e 280 5

Fig. 1 1D periodic foundation and its unit cell with n layers

YRS T PN SRR ST 2 O 10 AR E n JR A B

B W sl 7
u, J0%u,
= (? 1
o g (1)
X w, M2, 3 AR RS AEE n EN PR

77 18] B9S2 8% AR #8 AR s, C, 3R 7n i 3dt, ¢ ] . P
PN S WAL n ]2 B ) PR R U

T 55 35 4%
Co= J(A.+2u) /0, (2)
CS:A/#N/{O/I (3)

AP M, RN Lame 250, o, #7850 JZ 0 LK)
HE
4 Bloch-Floquet & # , #AE J& 1] 25 #4 o )k B
A I 2L i
u,(z,,t)=e"u,(z,) (4)
w N, P=—1,
B EORATREDER T o (2,) 8 =
FF UL J7 B SR M Z o 7 RS BN A 2
%

u,(z,)=A,sin(

{rp

@)JFB,,(:OS(%) (5)

A LA J7 72 A1) B 5 R A5 2 26 0 J= B 59 1
VINE

;‘lnw . wz,
Az2,)=A,——sm(——)—
7, (z,) C. ( C. )

M@ wz,
B,——cos(—— 6
C ( C ) (6)

LU, (z)=1uz,), r,(z,) 1" KIRE R W =,
v =I[K, Q1" NfEE RE & B J5 # (5) Al
(6), 53U (z) MW, BRI KRR

U,(z,)=R,(z,)?, (7)
Horp,
Sin(%) cos(%)
R,(z,)= ’ ! (8)
1@ wz, Lo | W2,
—cos(—) ———sin(—)

C, C, C, C,
FAT IS5 J2 A 5 R 308 R0 T00 5 F0 R 2 1 1 49 00
U, U, WA :
U,=T,U, (9)
KX T,=R,(z)[R,(2,)] "FR NS n )2 W15 E
W, T, 8 BH RS e B ) i 1) T — R AL BRI o
BT 4% 2 A0 BT 28 S 11 A 1 60 B RN ) 02 i 22 11
FAE 5 FE (9) Al 1%
u=r17T, - TU'=T(w)U} (10)
o, B P T AR 3B AR BE T (w) 8 AR o 1Y
PRIES
R BA A A R 3 RS AN H A 2, €0, A ] R
JAIPEE S B, i Bloch & BLA

Ul=e"U (11)
A Ao B2 (10) (I A
[T(w)—e"1] U =0 (12)

A{rp
i A2

Ly BB . 5 7 (12) 4 A AR i, a5 20

|T(w)— eW’I‘ =0 (13)



46l

AR IR, A5 o S0 S i 7 2 e i R R R 6 ik 1473

i 3 SR i 7 AR (13) AT A5 2 50 & FIIR @ 2Z 1]
M5 Z8, RIARIIOOG 28 o T X iy 79 b ek 400 1 11 — 4
JER S FE Al AR T e R AR T A

wh, wh,
s(kh )= cos —
cos (kh )= cos( c. ) cos ( c. )
1 C ,C h h
(#1 2y f)m(“’ﬁ)sm(‘“;) (14)
2\ 1€y 11Cs 1 C,

TR R TR rh s FH B TR 35 RV S R D 4 L
P — 2 MR S I el TR R A A LG
AR L2 90K 2300 kg/m®, 25 GPa, 0.33, 1 5%
B 4 BR800 Il 1300 kg/m®, 147 kPa, 0.463, R
Fi: T30 900 T, REBURBE R AR R Y R 0.2 m
A R (13) i U K &, BRI AR B — 4 )2 R
JEHAME FE A OC T S P M o R (WLEI 2(2)) . fH 15
Ul B 2, 55 — A B DK DX P B4 30k B0mT X ] 0 45
T B SRS A — A PR DX AT D i X
FRAE A AR AT S /INAS W 400 X3, Bk 5 — AN n] 20
BN X o BRIE R T o R B 45 4 1 ol B 1L AR
R L BRI AR 55— R AT 29 A B X B, B ke
[—n/h, n/h]. [RI3E,G54 % 20 75 7 F0 R 40 v 5 37t
A R P EC R, T AR AT — 4 2R JE I 1 3 A 6 T
Py By i 26 (LR 2(b)) .

F P 2(a) W], S I R = B A S5 B 40 1) 2 6.8~
15.54 Hz, 18.45~31.08 Hz 1 32.75~46.62 Hz, P i
55— B Ry 25.93~59.21 Hz, 3% 4 B4 45 B 4
b AR S R, 6 A MR U A B

50
401 3T
£ 30
~ 2R
\ 20 L
A
10F Eak
0 . . .
-1.0 -0.5 0.0 0.5 1.0
k
(a) S
(a) S wave
140 FER
120
L 00T ekl
T 80
~
k= 60 A
40 - 1R
20
0 1 1 1
-1.0 -0.5 OI.CO 0.5 1.0
(b) P
(b) P wave

P2 — Hi Jal 300 P R 4l ) 00 1O AR T
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Fig. 15 Specimen arrangement and test setup
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Tab. 2 Material properties of 1D PF test

e i/ (kg-m™)  #MEEIE/Pa AN

i 1300 1.47X10° 0.463
TREE 1 2300 2.50 X 10" 0.33

5 7850 2.05x 10" 0.28
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Tab. 3 Geometric parameters of the specimens

B 3 B /m K JE/m i B /m
REE+ 2 0.2 1.0 1.0
B2 0.2 1.0 1.0
T - Rl 0.2 2.0 2.0
4k WA EA/cm [ 1/m B #E 2/m
LN 3/8 0.15 0.25
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Fig. 16 Schematic diagram of the shaking table test
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Fig. 17 Horizontal acceleration response of the steel frame

roof subject to ambient vibration
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Fig. 18 Acceleration time history and response spectrum of

the Oroville earthquake
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Fig. 21 Horizontal acceleration at the top of steel frame

subject to sine wave
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Attenuation performance of periodic foundation and its experimental

verification for seismic waves

ZHAO Chun-feng'®, ZENG Chao', MO Y L*
(1.School of Civil Engineering, Hefei University of Technology, Hefei 230009, China;

2.Department of Civil and Environmental Engineering, University of Houston, Houston 77051, USAj;

3.Key Laboratory of Earthquake Engineering and Engineering Vibration of China Earthquake Administration,

Institute of Engineering Mechanics, China Earthquake Administration, Harbin 150080, China)

Abstract: Periodic structure possesses distinct characteristics that can block some certain frequency waves propagate through the

structure, which can be used to reduce the unwanted seismic waves in civil engineering. Base on the Bloch-Floquet theory, the dis-

persive relation and frequency band gaps, are theoretically presented and derived to validate the effectiveness of the periodic founda-

tion. A numerical model of 1D periodic foundation is established to investigate the filtering effects of elastic waves. The dynamic re-

sponse and filtering effects of a scaled three-storey steel frame with a 1D periodic foundation and concrete foundation are performed

and compared through the numerical method and shaking table tests. Ambient vibration, earthquake ground motion and sine waves

are applied as the input waves. The results show that the 1D periodic foundation can effectively reduce the dynamic response of the

structure when the frequencies of the input waves fall into the frequency band gaps of the foundation. Conversely, the 1D periodic

foundation cannot reduce the dynamic response of the structure when the frequencies of the input waves fall outside of the frequency

band gaps. Consequently, the proposed periodic foundation can be used to block the seismic waves and mitigate the seismic re-

sponse of the superstructures through adjusting the frequency band gaps enveloping the exciting frequencies of the waves.

Key words: base isolation;periodic foundation; frequency band gap;dynamic response
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