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This paper examines the influences of the foundation flexibility and the initial irregu-

larities on the seismic response of cylindrical tanks. A calculation method for describ-

ing those behaviors is showed and dynamic shaking table tests are performed. The re-

sults of dynamic tests agreed fairly well with the results obtained by numerical

calculations. It is concluded that the base fixty conditions will significantly change the

seismic response of tanks. It is also concluded that significant high radial accelerations

are induced on account of the irregularities, however, stresses induced by the irregu-

larities are less significant.
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Fig.4 Vibrational Modes of Shell Plates.

5y 7 FERBLHEROCC LR IR T <,
R SO F RN SR &, ®BELY v T
WBEIROLDOFFIE IR T2 &, cos nd DYHIAR
B LR E NS cos(n—1)8 & cos(n+1)0 DIEE
DB cos(n—1)0 DISFDOHEPEORETNTE, F
T2 DISEMIT e iCHBTHEnEEZWLMITU L.

T, XHBL10) TR U Ao, RS
M, LIRS L AT O RS % 3
FA=F—IILT, PR ESREESICRITTEES
W3 5. RFss v 7 CHRUHREAS <BEE L%
FTNIEENHDY 7 FE e RELIBLVRTINE
EXoNBIENH, BE20m, 5 11 m, &KEE10m,
B E 10 mm ORI S » 7 B EEEFMITIH .
ASIHBEF & Fig. 5 DIGE AR T MR 25 IL$ 5 Bt
ISR 2 B 13) OFEEHOTERLIZ LD H
oo jiii U 72 &9 4C sin ng OPIREEIC &k 1 sin{n—1)



444

‘ AT ———
5 Classification of
5 s ground
I v
5 2 A A AN NO-N1 5 |
- 0.
B s A = NN %3 J
z 2 N No. 4
E “ﬂ’ Ny V\\ o, 4 _,
s —
1] [ AN AN

0.8 | N\ =
T ! AN N
) AN s
g os
2 0

0.3

0.040.05 0.07 0.1 0.2 0.3 0405 07 1 2 3 4§
Natural Vibration Period ( Sec. )
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EGRO IR — FEGGE DY - pasn, RA
b = e . o ~ o ‘
®E§1ﬁ%—‘?xé'it#&éﬁiﬁblﬂﬁ-ﬂﬁ@%n (FARH o (e ' ey L ae
i 2 i " !
BB £ 20 % RENE 5o T B ~ﬁ,%t oS ot T
P HAL Ty B &£
kEl[Hx?ﬁbtfmn@%?aﬂ‘{JZVJP}Zi%:L.,—.Eﬂl‘ﬁ £224.3 Hz £210.4 Hz £234.4 Hz F=15.7 Hz
AR 7o LS MR O TERE U, ZF OfE AR »Jiéf_ri@ﬁ—i Fixed Basen . Free 3:;0“” EXC'[a“FDx"xed Basea TAN(rree Base
BHE L EC—KLTWLWA, £HHATHOBEOERK Fig.11 Circumferential Modes of Radial Accelerations

EEEO /2 UTEL NN BTSN
DREAE A 5 2 B rBIREEIC 5 B R AR EB O T
A1 & 57 3 0D AR T 1R IR 1 Figu 11 IR kD i
DA &L B TS, AL cos 6 BRIy DIGEE

cos

BRI O PIHAARE RN 4 A LT S BURB DTG A E A E
BotthvEEALLNS.

NEEE O EER L 0SS N EARE Y, TiRER
BEOEM % F RO - 2B, AEBROBEHFRD
EHCEZHND MWF%%%@ ICHEEY BB, @
I EA DA ;nmmhﬁtﬁéﬁ MESE FiHS
vya /;ﬁ@?ﬁiﬁﬁlf‘ﬁuaﬁﬂ%bt. bf)>b9§3f§7)>+n

TRCEFT A Y ML VAR FIRS DO I L TH LN
X LA RAEESBV. TORDEST Y X I
H U TFHAREEDREAMESCLIENTE LN,

on Mid-Height.

OTRE O EELZLND
ENNA LD,

RIECEE FIcE B S M ga, TR0 S AR Sl
ahXd <, BEEBCARYFI AL —RoT
¥ v SR LR TIEC S BRSO BE I s 0. O
Nod3 cERIEMEHEOMEE: —FHL s AR
TR NS, ANIEENKE /2 b EHElT— A
v MCEVEE EPUNE LRV KERTIE, A
FIMEE % 20gal SELS B 2D, WKREFE I
MOZEIEAI SN sz Fig 10103 &9 1S,
RE AN EZERL LEEOO X ST L OKRES
BAERESEEREE P EIC—HLTOLDH LN S,

Fig.10 L DIRD LD 78



MfE 5 > 7 OMBISERMT LT S » 7 DIIRESR

50
EOR Fone B
a X ixe ase
o 40‘ ~
{ 1800
7 30! - - /
° !
g |
&
g 20|
i Axial mode number S=|
1ol

Sinusoidal  Excitation
* Impact Excitation

TTTs o 15 Teo

circumferential wave number k

447

o
o

B Tank

J Fixed Base

. 1600 _

EN
(o]
800

{c.ps)

o
o

frequency
n
o

T

Axial mode number S=1
o Sinusoidal Excitation
* Impoct Excitation

| 5 {e] 15 20

o

circumferentiat  wave number k

Fig.12 Natural Frequencies of Tank Models.

REBILFE LBV PR LAER LS REOGHEICE &
FolbDEEILONS.

Fig.12icix A, Bliy v 7 o FHEE 0B S OES
& BRI B G 5 ER RSN OERE L FHEME RS
OHNZIERBINEERIZB I 5B AR MNBOEEH A
fn#E % Fourier 347 U, A LIMEELE URKS %2 6D
REER S OIRIBE A L 0k - EHRESHNTH 5.
F 72 o HNSFTRIRER D T — S VI L v sk 1-@H
REMTH A, E—FWVBEHFDOY 7 MZiZ SMSH O
E-FN3 0N, 2. ODFELVROIZENRY v
7 DEFRBEPERTRINTVS, Fig.12 k0 &
B U B T B BB RENE O I R IR =
BRd B DISITEIMRIESR & 0 RO BB & & < —BL
ThBZEbhhrs, RS Y 7 ICSRENSTELE L
TWVAZ & o BARBIERIC R TR EOE 811
MNEVENE K.

b) B IR

Fig13ICA Y v 7 O FHBEE S K CAHTHEOBRS
DO HB L OHEFEOBABEERBOERT.
Thd 1 AHEROISERBICELS, BEORINTE
BLUTWBRETNAH>ND, Table2 |z, {EERRZMI
BB 0T 4% Fourier Z5H L T3k 12 SRS

A TANK Fixed Base Rigid Foundation H=1280

strain-x ¥=0.45 max. 24.3 , .

LT D U S

strain-o X=0.45 max. 49.3 y

L s e B R s St
0.5 0.7 0.9 1.1 1.3 1.5

Time (sec.)

Table 2 Fundamental Natural Frequencies of Tank Models.

(Hz)
Tonk Support ‘ Morked Theor. Naturai
{H/D Frequency: Frequency
Name - | Condition on Exp. beam sheil
S b - e e
' Fixed Bose 10.8: 24,9 29.8 29.6
. R
A - Tonk | Rigid Found. 0.5 38.6 '44.9 445
| R 1 e
Free Base |
| | Flex. Found, ‘0.8 10. 4 . 9.6 9.4
T Fiked Bose T L T
6 - Ton. | Fisid Foma o o 30.4 388,385
Free Bose | =
Flex. Found. | | 7.6 185,182
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Fig.13 Time Histories of Shell Strains and Pressures (Input El Centro NS 1/8).
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Table 3 Maximum Values of Acceleration, Pressure and
Stress (A Tank).

Base Water Type Acce. Dyna. Press. Shell Stress {MPa)

Condi- Depth of tgal) { Pa) 2-005 X:0.45
tion  Hmm)}  Data B B
(H/D) %:0.5 X:005 X:034 Oy O Ox U
800 observed 1190 1170 1350 0.84 .86 0.28 2.40
pre- beam 276 1120 1130 0.85 | 31 0.02 0.986
Fixed (0.5}
dicted shell 333 1180 1280 0.68 (.18 0.03 1.08

observed 657 1510 1830 2,38
pre- beam 283 1390 1520 2.02
(0.8} gicted shell 325 1380 1630 2.12

B |
free 120 ObseTved 356 1450 1920 2.44

.73 074 3.26
.85 052 2.17
.58 0.48 2.30
.76 0.85 297
.97 065 2.46

Rigid 1280

pre- beam 319 1480 1760 2.26
Flex. (0.8) . ! . . .

dicted shell 323 1470 1880 2.38 .52 0.60 2.42

Table 4 Maximum Values of Acceleration, Pressure and
Stress (B Tank).

Base Water  Type  Acce. Dyno. Press Shelt Stress (MPa)
Condi- Depth  of (gan (Par % - 005 %047
tion Hlmm) Data _ o _
(H/D) %-05 X-005X-047 Ox Os  Ox Ue
Fired | 80 Cbserved | 324 1410 1530 0.52 143 032 2.50
. pre- beam 206 1 1440 1380 _0.41 192 0.12 1.73
Rigid “0-5’ dictedjshell 240 1450 1420 0.43 1.27 0.2 187
djshell, LA 0,043, oz,
free | Boo : Cbserved | 3011520 1560 0.46 148 0.18_2.38
pre- beem 245 1540|1580, 0,40 205 0,10 2.1
Flex. [(0.5) dcted|shell | 268 1620 16301 0.42  1.32 ' 0.12 | 2.24
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Table 5 Loss Factor of Initial Irregularities due to Static

Pressure.

nl s a4 s e 7 8 9
ATonkH/D=0.8 | 0.03 © 0.1 | 0.84 0.90

1U.29 . 0.52 0.72
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Fig.15 Radial Displacements produced by The Hydrodynamic Pressure (g,=1).
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