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Seismic Response Study of Top Isolation
Elevated Vertical Cylinder Storage Tanks
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(1. School of Civil Engineering, Dalian Nationalities University, Dalian, China, 116650 ;2. Transportation Equip-
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Abstract; According to the characteristics of the elevated storage tank structure, the top isolation
measures are proposed,and the simplified mechanical model and finite element numerical simula-
tion model of top isolation are established. In this paper,seismic isolation research from numerical
analysis and finite element modeling, the result was indicative ; the isolation measures can effective-
ly reduce seismic response of elevated vertical cylinder storage tanks,and that the damping effi-
ciency is closely related to the seismic spectral characteristics. With the increase of the isolation pe-
riod , the vibration reduction rate of the upper storage tank is gradually increased,but the vibration
reduction rate of the supporting structure is reduced gradually. With the increase of damping ratio,
the vibration reduction rate first increases and then decreases and there is a reasonable range of
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damping ratio optimization. The theoretical solution and the finite element solution are close to

each other,which verify the accuracy of the results. Top isolation design should consider the influ-

ence of site type,isolation period and damping ratio and optimize isolation design.

Key words:elevated structure ; vertical cylinder storage tanks;top isolation ; theoretical analysis; fi-

nite element numerical simulation ;seismic response
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Table 1 The example parameter

SCREE Y P& 22 ]/ m AR~ /m
K ZIERER 7.5 0. 45 x0. 45
TR gt 5.0 0. 40 x0. 40

Pl — 0.25 x0. 40

HE SR 45 A4 TOR B 2 A% R 4. 8 m, S AF
A —EWURHA o 1/20, K6 B2 H AR
8. 05 m. FBUEAETER) T HHRE 0. 2 m. 3K
RR R A AR SN AT TR BE 254, S5
MIKKE & E =26 x 10° Pa, % i p =

2 -
1
IU}
g
=0 o J'.'
-
g
=
k=3

-1

-2 1 1 1 J

0 10 20 30 40
t/s
()& 1A FE B

2
1
pl‘w
g 0
i
H
B

-1

-2 1 1 1 1 J

0 10 20 30 40 50
t/s
(c)E1 Centro

2 400 kg/m’. [ AP i B 5 002 P8 A2 A
[F] , B ] 7 T S B AR R 15 3. 0 e, i 08 VA RN
THERE S350 10 mm. i FE R HETOURE , BETOUAR A
JE 6 mm. PRI E =2.06 x 10" Pa,
JE IR o, =490 Pa, BIYIREL G =39. 73 Pa.
THEN WKL p=1.0 x 10° kg/m’ | 1 i =5 &
A 2.2 m.
1.2.1 MR BhH A LR

PEEL PGA =0.2 g, W&l 2 i 4 25
R A Ay Tl B A 8, ok R R ot £k an [
2 iR,

2r

TN BE/(m - s7)
(=] —

1
—_
T

0 20 40 60 80 100
t/s

()AL AR B

B/ (m - s7)

0 20 40 60 80
t/s
(d)Pasadenalff

B2 KPHiED

Fig.2 Horizontal seismic

1.2.2 BfEnbr

iz s FE LT Newmark — B 20(E )
Mook, 2o, 7, =2 5,0 =0. 1. LR 3l
Werm G ) BT SR R AL RS A O 4R
il H 45, El Centro I 1F b Hb 5% Bl A 247 3
72 B o X L A3 AT TR R AR 3 BT,

M 3 ] U H R A TR 78 i it
Jo  BER Y ) A R R A AL A = A
TR R R B AR G b D 2 4 ) S8R, | T %o £

TR S Bl v A o A PR 24 ey 0 R B R A
FHIRMIRAG H AR T2 B, 2577 A R 3%
5, H BRI R AR R 4. R 3 (e) (]
3(f) AJ A1 HE RE B (Y LB %y 2. 16 Hz, >R
PR 100 b 7 e )5 25— L i IR 1 23 4 i)
4 0.39 Hz 0.79 Hz, 4 K L 43l R 5. 54,
2.73 R T2, T LI T b 75 15 it A ke 2]

HRAEEI3 (d) 45 J2 2 B A Wi nT



6 4]

PINEERI A - 2 A7 5 e Y

1021

7000
g
g 200
B
0
$-3000
w
-8000
0
At E)/s B iE)/s
(DEEEHE
0.6 0.005 e
—=— ETRfRE
0.4 - 0.004| /'\*\\+1/300
g £ A A A A
&g & 0.003 / e
® 0 ® 1
R & o.002}
B 0.2 IT;’ .
-0.4 o 001T
_0‘6 1 1 1 1 ) 0 1 1 1 1 )
0 10 20 30 40 50 1 2 3 4 5 6
B [B/s B5
()R BB w (DR
0.014
0.012
0.010
gy 0.008
= 0.006
0.004
0.002
0 2 4 6 8 10 12 14 16 18 20 22 24
HiER/Hz R /Hz
(€)E!l Centroff i Rk (DHERBY T R
3 RSN L

Fig.3 Ground motion response
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Table 2 The vibration reduction rate and each condition peak for different ground motion input
B i 7 iD= =00
H A2 A T %;%kis 1%'??&:%/ i'%zjjrfz.m/ Elﬂ{rﬁ%ﬁﬁa/

EARUNT| B[ 82.451 1146.5 0.100 8 1/1 104
= LEREY 56. 840 1032.2 0.097 7 1/922
Bl Av7 YiZ 742.701 20 477.0 1.861 8 1/90
LR T P 7% 571.872 15 812.0 1. 606 9 1/124
B[ 290. 320 7 844.3 0.521 1 1/228
El Centro {ff FET 7 160. 620 3916.3 0.4419 1/477
biE 452.731 12 339.0 0.740 7 1/149
Pasadena i FET = 283. 740 7 390. 8 0.718 3 1/260




1022 WHERKESMARBFR)

o534 3

MR 2 Hal L AN [R] 3 = sl i 28, A T
PR MR RO A B 22 5. Xt 112
bl 5% Sl AR U, SR FH A T B 722 ) 6 e 57

FEAL, T4k A3 () 5 58 IR . A PR oG AR Al
W 4 k.

ADINA ADINA
1 5 SR (PR RS S A . R il
“ A TN MR Bh o BT R H K 3G S -
H R, Pl ISR PR TR 22l 0 i Ni-L P ‘

W 0 8RR A T, M 7 Bl o o B R 15
LB/, X AU RTRUE 7 7% sl g Ak U, %
JEAE TR e, A — & BRSO E
LER MR SR LTS ARAR R ZN. AT UL A
T B A it ) 2 S0 MR AR S PR g S it
ORIt — k.

2 HBROCEIED E b

2.1 BRTEBRET

FIFHA BRooi 4 ADINA 7 BUE I H
AR P T i O O R L B A A LT
A3/ ORI TR AT SR FHAF S D05 S5 ROt R
FH/NAS f = 2 SR BT B 0 SR &
W, AR ] 3D — Potential fluid H.o0, 37 7&
K HZE ] Beam HLIG. B 2R R BT

(@ R () TR
4 FHIRITHER
Fig. 4 The FE model
2.2 HEFHESH
2.2.1 PR FEIAAS [ B 52 )

B El Centro I 1F & #b 522 3 g A,
PGA =0.2 g, BFFEE: T b 5% B 22 A (] o] 40 e
(T,=2s3s.45s5s,£=0.1) MHESCEK,
THRELERNE 3 iR,

R3 AR EE LT 4 T AU (e SRR 5

Table 3 The vibration reduction rate and each condition peak for different isolation periods
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Table 4 The vibration reduction rate and each condition peak for different damping ratios
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Table 5 The vibration reduction rate and each condition peak for different ground motion input
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Table 6 Comparison between theoretical solution and finite element solution of seismic model
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Table 7 Comparison between theoretical solution and finite element solution of top isolation
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