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The Numerical Analysis of Base Isolation for
Elevated Vertical Cylinder Storage Tanks
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Abstract ; Through the numerical analysis of the base isolation elevated vertical cylinder storage
tanks , the feasibility of base isolation is explored. According to the simplified mechanical model of
ACI, the method of simplifying the mechanical model of dispersed bearing mass is proposed. By
installing the isolation layer at the bottom the simplified mechanical model of the base isolation is
established and the motion control equation is derived. The numerical method is used to compare
and analyze the ground motion under different conditions. The calculation results of ACI simplifi-
cation method and dispersed bearing mass simplification method are similar, which shows that the
simplified mechanical model of dispersed support is feasible. The base isolation can effectively
control the ground motion response of the vertical cylindrical storage tank. The longer isolation pe-
riod and the larger damping ratio, the higher the efficiency of base isolation. It is suggested that the
optimum isolation layer parameters should be selected according to the actual engineering condi-
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Table 1 The parameters in the example

SIS BIRAE/m  ## T /m

B TR 7.50 0. 450 x 0. 450
HAx k% 5.00 0. 400 x 0. 400

P 7 — 0. 250 x 0. 400
B — 0.250 x 0. 400

HE SR8 44 THUHR Bl 2 L A2 R 4. 8 m, AT
HA—E MR, N 1720, K5 B2 12
k1 8.05 m. JICEAKE RS- A HRE 0. 2 m. 32K
RR IR A AR SN AT TR BE 254, S5
WK E=2.6 x 10" Pa, % & p =2 400
kg/m’. B fE BUGATE B4R 55 T00 )2 B A ), 9
i FET R R R 25 3.0 o, IR VS M R R
JEX15 10 mm. fift i Ay 4R TOURE | HE 004K B )R
6 mm. A AR E =2.06 x 10" Pa, i it
S o, =490 Pa, BTYIEE G =39.73 Pa. HEHN
WARBE p=1.0 x 10°kg/m® , Vi 1Hi 25 J3 A1) 1%
N 2.2 m.

2.1 HUEZNENBIER

VEHR A 1A i Jb 50 % (El - Cen-
tro i M Pasadena JAE M HLEZ Sh% A, PGA =
0.2 g.

2.2 PUEAEEY ML E B0 A R L 4 AT

TEH 134 4 20 b 7% U Ay b 72 2y 4 28, 0
EE R FRIEE I R 0.2 g UGB R B E
SCREIGHS 5 ) KNS R A il B bR b oy



%513 A ) B4 s Ay 2 [ ) B A R A e itk B = B AT 53
i ACI ¥E M BUR vk AP AL 7. o F 3 a5 4 Kk 2 Fik.
400 - —ﬁ%lﬁﬁfﬁkﬁ%&ﬂ 10 000 - —Z} REMHERE o —Z}%Jﬁﬁfﬁﬂsﬁ%ﬁﬂ
I |Il _ 0.4
. 200 | E 5000 o
g 02r
= z £
e
g 0 “[I“MI J“L"ﬁl”dhd Wd\ “ “ ‘N"J g 0 wm % 0
i<3 T
ﬁ E Jﬁm l IR _0.2
-200} #-50 000 - '
| -0.4
400620 ” 3020 350 0005525 e 30 20 50 %010 20 y 30 40 30
(@) IR (b) A (©) BB
B 4 El Centro #i17% 3 Juj isf 72 i £k
Fig. 4 Time history curve of El Centro ground motion response
FT2 LT AR N g {E
Table 2 Peak ground motion response of Jinmen park
) ) HRENCHREY S o iy i) R 5
Hh A fRifb = ) .
145 /10° N 1%4H/10° (N+-m) = £/ mm
Gy TS 7R T B R Ak T AR 0. 825 11. 46 100. 7
EARUNTY;S
ACI 178 0. 507 17.01 60. 4
A3 A BT Ak AR 7.427 204.77 1861.9
b TR
ACI i) 6. 550 220. 35 1712.0
3SR A TR Ak ) 2 A 2.903 78. 44 521.0
El Centro %
ACT il 2.462 82.75 455.2
ST 7R T f R Ak Ty AR 4.527 123.39 740. 6
Pasadena {7
ACI #5 1Y 3.944 132.51 655.3
MRPEE 2 s, 78 LIRS MR DR E 0. 1. WF5 25 2R At T S ik PR i O IR RER

FHTR 2R A B AR o e v AR 18 SRS
TR B W R A S Bl R FE R T ACT i
117 S A JG 08 25 R W {00 3 4% SR 4 1 47 M
. ARYES R AR M = 0-H, Fm /K F5]
T 5 ERE B IRAL, f It ACT 740k Ul B 8%
SR JEC B BY I 0 e /)N, AR A5 50 B H K
(S P T SOREEHI TS ) | i LA A5 IS
A A TR 2 R A S R B R R (R
SR EE, R 45 R 2 7R
JIN, BT AN Ry 2 2 4 A9 SR P 0 S0 7 o o
ER OB A e B E R iU
2.3 BEEITAAGHERRSEMEE

BESH

1 B El Centro 3% E b Hi 5% 8l iy A,
PGA=0.2 g. KM REZRSHT, =2 5, =

THEZERAE S iR,
*E%EWI 5 AT, e AR | AL B
B SRR S AR S5 A8 3 40 ( A ISR 5
ﬁ\%%ﬁ,El‘Eﬂ{ﬁZﬁl,EI‘EHEQJJ)&L%M%
R 43 (R S B0 o FE AR TREIICRR 59 07 ) 1) b
Y. Horh AR DR R Ry 45% 5 X
HREER BT E R LI 48% ~56% , H 07k
S5 2 8] 60 % f i KAE 2 K TUE B ir
1/300Z°F , s 25 #8475 4k 1 sk B Bt 13 W]
SLH R R Tt A 5 s/ N T M 7R Bl B bR
[T o e R s S VTR EN 1 3 s S <
tFER R 1. NE 5 (d) BT LA Y, 3
il o 72 X AR 528 B0 2850 o 1 42 i A B 3 2 F
ThgW s F i K A B R 2 T 45
A R SR AR E K {9 A S 8 A YA 5% B



54 Tk B B OR E eE R (A SRR ) 535 4

A, ok BRI ORI B HORAE.

100 300 7000 _ Him
50 /E
g § 100+ Z 2000
R R <
® 0 . o LA =]
o) o i u i '
& M_100} 4@ 3000 ] "
_50 L
-100 - L L L ! -300 -8000 L L )
0 10 20 30 40 50 0 0 30 40 50
tls tls t/s
(b) BT 1 (OF:3:55::
06 5B 400
=
~1/300 Igwpﬁg
0.3 I 300 &
. N N N -
& 7 T g
=R =
* /\.\'\n\. I
-0.3 £ 100 \
_0'6 1 1 1 1 J 0 1 1 1 1 J 0 1 1 1 1 1
0 10 20 30 40 50 1 2 3.4 5 6 1 2 3.4 5 6

(@ gt © Enla (o B
5 HhER B
Fig. 5 Ground motion response

Mo S RGN 6 Fron. N R AIRBR A LU R T 1. 414 1, 2577 AR 8
6 (a) FAE IR Bl Centro A HLEE  FRACR | HHEBOIBRMOR M. HeflifR =
WURAME R 2. 16 Hz, MAERR AR SRR IAE SRR B 57 ) s8R 5 #h 52 5 5L
BT Iy IR M R 0 R AR A3 5 0. 85 Hz BB LU A 22 KT 1. 414, i LLUGE & 5] B A%
£ 0.37 Hz MRAECEEM B 12) R TRaE MR THIRCR.
PR R IR AR B 8 | 2 1oy 485 15 B A= 1A

0.014 27 14
0.012 12 |
0.010 1l 10
0.008 8 [
E & -
0.006 6 I
9 -
0.004 4l
0.002 ‘ M 2 F LWL
0 246 8101214161820222426 0 2 4 6 0 ‘; ‘II- é
=/ Hz % /Hz Mz
(a) E1 Centroffi i ik (b) PLERIR Y S k4 (c) ZERl R B ALY i s ik

Bl 6 M= N

Fig. 6 Spectral characteristics of ground motion response



CAR Ul

FE BT 45 2 R B FRT R A e i il B R S (B 55

2.3.1  AN[E) AR 3y A BT B RE 3l i 6 L
il

PEH PGA =0.2 g, ¥4 T2 Bk db st

A Ry bR Bl i 2, A TR LY, e R
BIESMT, =25,6=0.1. ANFRMZSHEA
% 2 BLEH KRR N R 3 P,

)5 % El — Centro Ji% & Pasadena Ji% 4 254
R3 REME SN AL LOUEE SOfR R

Table 3 The vibration reduction rate and each condition peak for different ground motion input
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Table 4 The vibration reduction rate and each condition peak for different isolation periods
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Table 5 The vibration reduction rate and each condition peak for different damping ratios
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