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In this project, the feasibility of using the friction pendulum bearings (FPS) for seismic
isolation of storage tanks is investigated. Since the fundamental period of an FPS-isolated
structure depends only on the radius of curvature of the dliding interface, the dynamic
characteristics of such an isolated tank is invariant and fully controllable, regardliess of the
level of fluid in store. In this study, the equation of motion of flexible tanks under seismic load
has been derived based on a simplified model, which allows for analyzing the dynamic
characteristics of flexible tanks. A series of numerical simulations has been conducted to
explore the difference of dynamic characteristics between flexible and rigid tanks via different
earthquakes of various intensity levels. Simulation results indicate that the impulsive pressure
for slender tanks increases due to the vibration of the tank shell, while the distribution of the
dynamic pressure becomes closer to rigid tanks as the storage level lowered. The dynamic
properties of broad tanks are similar to rigid tanks as reflected from the distribution of dynamic
pressure. Moreover, the coupling effect of surface sloshing with the shell vibration is found
negligible in the cases studied, which suggests the sloshing displacement may be estimated
from the hydrodynamic analysis of rigid tanks.
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Hamilton’s Principle

( liquid-structure couple system )
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o9

o¢
=7 4.1-4d nstead
=0 at‘ (4.1-4d) (unsteady)

Bernoulli Equation

%+£+1V¢-V¢+ g(z-H)=0

ot p 2
p P
1
—Vo¢-V
5 $-Vo
(1.1) P
0
p,a—¢+p+p|g(Z—H)=0
t
0
p=—p|5¢—p|g(Z—H)=0
0
p=0  (A3) p Lt piglz-H)=0
(4.1-4¢)
B
(4.1-8)
29°R roR r?o’Z  10%0
— t=—+t = =—=
Ro®> Ror 7 oz 0 06’
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(4.1-8)
r? 8 roR r?o°Z
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+u*0=0
02 H
#(r,2,0,t)=4(r,z,0 +27,t) 6(0)
é(@) = 9(9 +2n7)
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(irrotational)
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C

(4.1-4531)8(3—?1 = 3T, (t)cos(n)J,, (kr) cosh(kH ) = 0
z=H n=1
cosh(kH)
cosh(X)
X —X kH —kH 2kH
cosh(x):e e cosh(kH):e e ¢ +1>0
2 2
D
(4.1-53b)
o9, :'I:Z(t)cosﬁzo
ot | a
cosd 0= z
2
0="
2
(4.1-54¢)
% ZT (t)cos .9( BYK (— R) cos(— 2)=0
or - 3i
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|1'(—i R)

X 2m+n
1 ()= Zml“(m+n+1)(_j
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T > )

X 2m
(9= Z2 ml"(m+1)( j
I [, >0
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[(x+1)= I:txe’tdt ="'t |7+ xj:tx"e"dt = X[(X)
rQ2)=Td+1)=1I(1) =1
rm+1)=mlC(m)=m

1(X) =

1 I, >0
2(m+1)
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Hz

shell Liquid

H / 1st 1st 2nd 3rd 4th 5th

3 0.2501 | 0.4256 | 05386 | 0.6307 | 0.7107

RIGID | 225 0.2501 | 0.4256 | 05386 | 0.6307 | 0.7107
TANK 15 0.2491 | 0.4256 | 0.5386 | 0.6307 | 0.7107
0.75 0.2348 | 04255 | 05386 | 0.6307 | 0.709

3 3.53 0.249 | 0.4253 | 05385 | 0.6307 | 0.7107

FLEX. 2.25 6.27 0.249 | 04253 | 05384 | 0.6306 | 0.7107
TANK 15 1422 | 0247 | 04246 | 05378 | 05303 | 0.7105
075 | 134.24 | 0.1108 | 0.3804 | 05127 | 0.6137 | 0.6994

2 Hz
shell liquid

H/R 1st 1st 2nd 3rd 4th 5th
3 0.2501 | 0.4256 | 0.5386 | 0.6307 | 0.7107
RIGID TANK | 5 o5 0.2501 | 0.4256 | 0.5386 | 0.6307 | 0.7107
1.5 0.2491 | 0.4256 | 0.5386 | 0.6307 | 0.7107
0.75 0.2348 | 0.4255 | 0.5386 | 0.6307 | 0.709
3 0.7789 | 0.2182 | 0.4168 | 0.5337 | 0.6269 | 0.7064
h=0.1in| 225 | 1.3473 | 0.2226 | 0.417 | 05342 | 0.6282 | 0.7091
15 | 3.4959 | 0.2001 | 0.408 | 0.529 | 0.6249 | 0.707
0.75 |126.7006| 0.0246 | 0.3718 | 0.5092 | 0.6117 | 0.6981
3 0.7152 | 0.1928 | 0.4091 | 0.5263 | 0.6098 | 0.5643
FLEX. |h=0.05in| 225 | 1.08 | 0.2012 | 0.3989 | 0.5313 | 0.6263 | 0.7077
TANK 15 | 2.9754 | 0.1707 | 0.4015 | 0.5258 | 0.6231 | 0.7059
0.75 |126.5095| 0.0174 | 0.3716 | 0.5091 | 0.6117 | 0.6982
3 0.7125 | 0.1111 | 0.3861 | 0.4892 | 0.5573 | 0.6356
h=0.0lin| 2.25 | 0.8309 | 0.125 | 0.398 | 0.5234 | 0.62 | 0.7016
15 | 24851 | 0.095 | 0.3922 | 0.5215 | 0.6206 | 0.7043
0.75 |126.3564] 0.0007 | 0.3715 | 0.509 | 0.6116 | 0.6981
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