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SEISMIC RESPONSE ANALYSIS OF CYLINDRICAL
TANKS WITH INITIAL IMPERFECTIONS
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By Hiroshi ZUI and Tohru SHINKE

The objective of this paper is to assess the effects of initial irregularities on the seis-

mic response of cylindrical tanks. Such out-of-roundness induces hydrodynamic pres-

sure components which are circumferential high order modes and neglected in current

design assumptions. Seismic response formulas are derived for cylindrical tanks having

arbitrary initial irregularities from Lagrange’s kinematic equation using natural

frequencies, vibration modes and the hydrodynamic pressure. The hydrodynamic pres-

sure in an irregular tank is evaluated by using velocity potential function. Natural fre-

quency analysis is done by means of the transfer matrix method taking into concideration

the initial hoop stress,
The effect of ratio H/D (H :

liquid height and D : tank diameter) and shape of

initial irregularities are examined by numerical calculations,
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Fig.1 Cylindrical Tank and Coordinate System.
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Table 1 Natural Frequencies of the cos #-type

and cos kf-type.

Natural Frequencies of Haroun Model Tank (cps)

Tank ﬂgvimrﬁm:’l m‘gf,'e"flﬁmwms pupev Huroun
| Broad Tank | | 6.7 | 6.8
0183 m ! D2 a3 liies |
£=H-12.2 m | P 279 | 2.7
f=25 cm > T | sia 837 |
Toll Tank | 536 531 |
a:732 m 2 15.71 1 1564
P1=H=219m ! | 2.05
R e T
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Fig.3 Vibrational Modes of a Broad Tank.
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Fig.4 Vibrational Modes of a Tall Tank.

Fig.4 ® Tall Tank O£ F2HTHH &, k=1,
k=50 FE— FEHLIINDEBKELEH TV A,

Fig.5 1z, Kana® 2588 ¥ » 7 O IESLH NHRFES & 0k
B AARESRE- FORBRSKEARALOHEMED
¥ %4, Fig.5 ¢ without roof & UCRL L DI
KA s WA, with roof & UCRU Iz DEKH
WIZ& D ERO Y 2 VENSHRINWTOLBE0RE
BixE&EDLTWS. [@L < Fig.5 T with init. stress i3
BREIC 5B N 2R L ZETEME %, no init,
stress (N 2 ER U CEHEMBEERL TS, Fig.b &
¥ with roof, with init, stress & U 723D Ef & E
BEIEELS—=HLTWEENbh b, T2 kN
XVWEETHBENORBIIEEAEARLNIZVS N
KELLBDIIONEDHEWKEL LB &, KIHKRD
HEIZ LD EEAROEEBIZ k=1 1250 TIRIEEALE

ST - BOEK :

KANA Exp. Model

oor Af

105

(cps)

50}

frequency

/. «« KANA Exp. Values
with init, stress}w“h roof

}no init. stress without roof

5 10 15 K

circumferential wave number

Fig.5 Natural Frequencies of the cos k#-type Modes.
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DfE 3, Haroun &[E U< cos § D 40% &7s-> T
W5, —7% Tall Tank @ cos5 8 514, Haroun & 4%
RUBLIEENSVERNTOEN, AXOFHEMDS
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Table 2 Impulsive Earthquake Response of a Broad Tank and a Tall Tank.
Broad Tank 0=18.3m f=H=.22m Tall Tank a=732m {£:H=2195m
Ttems Th\: Pcper Haroun Items |This Paper| Haroun
W X1 | 021 ¢cm| 022 cm W X1 113 em | LI3 cm
W X-1 276 el - - W X1 | 1204 o] 1294 oy
W X-05 | 059 c¢m| 060 cm ] X=05 | 069 cm ‘070 cm_
hot WX:05 | 776 U 796 W_X-05 . 749 i 879 s
Ny X=004 1746 Nem 1901 Nem N, X=004|15642 %m 14661 Nem
[N, X-05 12622 Nem| == | N, X-05 | 3862 Nem| 3812 Nem
Base Shear |[429x10” N | 397xI10" N Bose Shear | 2.38x10" N [2.27x10" N
W X=1 | 008 cm| 009 cm W X1 | 004cm -
WX 27 v ; WX 14 oyel  ——
k-5 W _X-05 | 008 cm T W_X:05 | 00l cm | —m_ |
W X05 15 ™y - KO R05 | 4 ewl
N, X004; 417 Nem. o N, X=004| 25 N —
[N, X=05 | 83 Nem, — N, X005 1 N
Input Acc. EL Centro NS 1940 Input Acc. EL Centro NS 1940
(Uglmox = 341 cs? Uglmax® 341 cm/s2
a:4d, (1 +00I1-cos68) a=a, (1+0.01 cos68)
Table 3 Dimensions of Clough Exp. Model, (x1000-€)
0.20}
D a 1 H ts H/D e r a=a,(i+E-cosnd
Broad Tork| 365.8 | 182.9| 182.9 | 152.4 | 9195 0.417 ' | Broad Tank
0555 Wae K= mox H/D =04
Toll Tark| 236.2 | 118.1]457.2 |396.2 | 3§63 1.677 4 Centro NS
Ny (X=0)mox \
o.1or _— N epelX Ol gy
I UYSHERETNV AATIVIEEM) 2HV. EFWL {
Ny (x=0) t
D Table 31CRT. PIMREILROE & is4i o
X-pcd A TN imax
IZOWTEHRB TR T AL EILLT, fulx)=1& 0T

BERAORM n % 2~ 12 X Bt 3 HCHERTL, #&
Ra =028 5 AN w& NR#AEEN N T
L, Fig.6, 7//R U7z, AL KHIEBRIIERIZS
b El Centro NS i # H{U & 0 Bl v3 5L 7
LOTRKIEE#Z0.59g& L. 2T gidENM
HETH D, PR EE cccosnf & LizEE, U5
RMOBEELT, k=n—1RE k=n+1 ROE— R

Fh#e4 5. Fig.6, 7 Tl 1%‘(5(%— FDOwe N 2Fh
FNIMIRE D 2 VEMOEEICE U A AER 1 IRDIG

ZAH woe & Nioc J&H"étbf"m LTWa., BT pe
54t Bl (perfectly circular) % 4ME Y » 7 i
T HINEETHH L EFKLTWAS, WLz LD
I SRR OICEEB YA BORE S 2RDO TR
WLl e KHBT 20T, MM e 2EHRETRL
. PHIABOR SRR n 26, ¢ £0.001 £F5&,
Fig.6 @ Broad Tank T3 wee 11 % D ws, 1% D
Wiy Nepe D4 % D N, 0.3 % O Noy DIGEEHE L
B EITisB. Fig6, 7L0RDEH LI ENNZ B,
Broad Tank, Tall Tank & & n X OHIAEIZXET 5
INEED S 5 k=n—1ROIGEDHMPKEL k=n+1
IRDIGBEDOHEL FE 55 TWa, Broad Tank g0
HRRE DS EMIEER (k=5~10) TK&L/-T
B0, ZOMEIEIIHEN T (100~200) cw,. F2IE, T
BT (30~50) eNgpe FEE T, & DOfEAT0.001 2 A& <

23456789|O\H2
n
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