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Tab.1 Lower and upper bounds of the first five band gaps
- S Pk

Eq.(18) Eq.(21) Eq.(22) Eq.(23) Eq.(24) Eq.(18) Eq.(21) Eq.(22) Eq.(23) Eq.(24)
S/ Hz 7.078 — 7.078 — 7.726 26.97 — 26.97 — 29.43
Sred/Hz 16.28 16.28 — — — 62.04 62.05 — — —
Jrww/Hz 19.29 — — 19.29 19.36 73.50 — — 73.50 73.79
Jres/Hz 32.57 32.57 — — — 124.09 124.1 — — —
Sowan/Hz 34.29 — 34.29 — 34.31 130.6 — 130.6 — 130.72
Srea/Hz 48.86 48.86 — — — 186.1 186.1 — — —
Siwan/Hz 50.05 — — 50.05 50.05 190.6 — — 190.6 190.6
Srea/Hz 65.15 65.15 65.15 — — 248.1 248.2 — — —
Sosun/Hz 66.05 — 66.05 — 66.05 251.6 — 251.6 — 251.6
Srea/Hz 81.43 81.43 — — — 310.2 310.2 — — —
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Tab.2 Specific parameters of the four-layer steel frame
structure in the finite element simulation
o i/
GPa
200.0

I/
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Tab.3 Parameters of the benchmark unit cell

. " T ER A i wE/S L 2R/
Z8 M MPa (kgrm) TR L
1 B 0.1586 1277 0.463 0.2
2 REt 40000 2300 0.2 0.2
g
<
|
y
s s
(a) HEZE (b) FFth
(a) The frame (b) The foundation

&4 HE SR AIEA B9 P

Fig.4 Configuration of the frame and the foundation

FEBTE R B A BB IR 0.0~30.0 Hz, # 5
TRZEMFRIN BB, Bt H bR /e b Rss
FIAE S YA PP ALA T BRI N HEE, AR
- 43 e R 4 o AR W 7 SCA

— 1 -

FR(hyoh)y=———| | FRyi(0)|do,
Wend-FBI — WsiarFBI ¥ @

(25)

J_:ﬁ: EF‘ |FR max*b| — max { |FR I*b‘ ’ ‘FR2711| ’ |FR.‘H»| s

IFR |} FR WS i J2 M X T 5 6l JiS 1T A9 451 3% 0 i,

B FR.,=uw/w,, F A, u, 56 0 )2 e KA (=0, u,

Sy BBl T T B AL S )y, SRy FE RS T e KA S o
e, OF M.

OF (hy, hy)=—FRs(hy, h,) — WoFR (hy, h,) (26)



o5

ST Z5 A5 o — Yk SR T Rl Y AT A S LA A BT 785

A FARCSTRIPT A AR FR S B AP Y X R
{6 Wo oy P U PACE %5 B 5 s i S 45 5 52 11 S
We g5 , 7E LA R A3 ok Wi Sl 0.5,

5 B RS b I ER 3 AR b
HB U B RE 4 Y AR i 1 R B (FRE) -
FRF,=20lg(FR,,) ,FRF,, =max{|[FRF, |,|[FRF, |,
[FRF,|IFRF |}, W Al P 3 A 45 5 0 R 653 %5 43 59
T AE o Ay 7 ) AR EB Y SR A R, T
IR EDENEE TR R DA Z TN S BT BUR vk I
B A A AR 0 1 SR 7 DR T RH L B4 R R B 1 RZs AN
RZy, Fov S WA P gz 9 B 20 53] ¢ o 0.0 1 3.0
(7£:201g(1.0)=0.0,201g(1.414)~3.0) . P i (1 [
{E R F S U A J5 R K T b 72 3l 8 51 LR g
B 5E - RZ={(1.38,2.79), (5.06,5.16) , (6.44,
7.37) , (11.78,12.66)} fl RZ,={(22.99,23.31),
(27.16,28.55)}. & 5(a) Fil (b) 43 B /R T S WA P
W ok 107 (¥ DU A L S 4 A i A e g

PRIX
40
23'J 1

51K 2 /B
5

_FRF4z _FRF(H
-80 F _FR-FJx _FR‘Fmax-t
RF,, ~ RZ
-100 - —FRF

0 5 10 15 20 25 30
$HiF /Hz
(a) LB AR N A HERX : ST

(a) Frequency responses and resonance regions of superstructure: S wave
40

201

~201 _FRF,, —FRF,,
*F RF 3t _F RF max—t
-40 — FRF,, RZ

AR S B 4/ dB

0 510 15 20 25 30
#iZE / Hz
(b) LEE RN AR : P

(b) Frequency responses and resonance regions of superstructure: P wave
5 bRk iy iy A e oy 4 X
Fig.5 Frequency responses and resonance regions of

superstructure

HEMATLAB 45 T SCBLEE 3.1 1 P th 19
Ak BTt kR Y O TR . 4
K OF o W85 3 45 3] (1 s o s ) P AR G
(0.7719,1.6243,2) , fie Ji Zead S B2 B8, B 5 (N oy
R ) H3(0.75,1.65,2) , Horft H R OF Xt B (49 43
Bk 4.8 m 1 —0.7657. & 6(a)Fl(b) 4y T H1 R 1)

A BRI X, DCIET 6 v mT LU H BT A iR XA 23
Ay A R B A B

*4 BEEMBEHENKEHS
Tab.4 Trial combinations of the layer thicknesses and

number of unit cells

Iy hy n H/m OF
1.1675 1.0739 2 4.4829 —1.2597
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1.0292 3.2765 1 4.3057 —0.8755
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Tab.5 Parameters of the three kinds of foundations

Ko h,m h,/m n H/m BooZnl
etk it 0.75 1.65 2 4.80 C3D8
ey 0.20 0.20 12 4.80 C3D8
TRBE 1 0.00 4.80 1 4.80 C3D8
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Analytical solution of one-dimensional periodic base band gap

and its optimal design

wuU Qz'a()-yunl‘2 , XIANG Fujia’, HUANG Ying-hong’, JING Gu()-qiang] s
XU Zhi-feng”, WU Ying-ziong'
(1. State Key Laboratory for Health and Safety of Bridge Structures, Wuhan 430034, China;

2. School of Civil Engineering and Architecture, Wuhan Institute of Technology, Wuhan 430074, China;

3. China Power Construction Engineering Consulting Central Southern Co., Ltd., Wuhan 430071, China;

4. College of Civil Engineering of Fuzhou University, Fuzhou 350116, China)

Abstract: The band gap characteristics of periodic structures provide a new idea for the field of seismic isolation in civil engineer-

ing, among which the one-dimensional periodic foundation structure has garnered significant attention due to its simple structure

and economical applicability. In this paper, by studying the vibration characteristics of the one-dimensional periodic base structure,

an approximate analytical solution for calculating the one-dimensional rubber-concrete periodic base band gap is derived, and on

this basis, a one-dimensional rubber-concrete periodic foundation optimization design method based on the resonance zone of the su-

perstructure is proposed. Numerical examples in the frequency domain and time domain show that the periodic foundation designed

by this optimization method can ensure a good damping effect of its superstructure in a wide and continuous frequency range.

Key words: periodic foundation; band gap; approximate solution; vibration reduction; optimal design
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