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Sloshing Impact of a Rectangular Water Tank
(Water Tank Damage Caused by the Kobe Earthquake)

Chikahiro MINOWA

The 1995 Kobe Earthquake caused an enormous amount of damage to the Kobe area. Water
tanks were heavily damaged, in particular. The tanks built in according to the old design code were
broken by bulging, as shown in the 1978 Off Miyagi Earthquake. The new design code tanks, which
have steel beam reinforced walls, suffered damage to their roofs as a result by sloshing. Bulging type
damage was previously explained™®. In order to investigate the roof damage caused by sloshing a
shaking table test of an actual water tank was conducted, and the sloshing impact was discussed

using nonlinear theories.
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Fig.1 Roof Damage of Tank in Kobe
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Fig.3 Damage Test in a Shaking Table
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Fig.7 Sin 0.32Hz Recorded Response Waves
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Fig.9 Calculated Wave Heights at Corners
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Table 1 Estimated Roof Impact Pressure
Shock Number | No. 1| No. 2| No. 3
Wave H. Accel. (gal) 100 | 1000 712

Wave H. Velo. (kine) 177 304 102
Meas. R. Pres.(HPas) 78 230 113
Calc. R. Pres. (HPas) 150 254 126
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Fig.11 Calculated Roof Pressure Time History

NII-Electronic Library Service



RABAEDO ROy ¥ 74 X7 | 2649

JERHEREROEU EOMEETRLTWS. Figlld
HED, BEERERBRERTHDAT v S AR
BRICRERUD R LD TH D, ZORGOHE
@ Roof Pressure i3FEHEIC K& EEE 5. Fig.1l
PEPEOIRHEA 0 v L SIS EC L VB HEL
TWBADIZx L, Table 1 IXHBIZEIZ LI EELE
W(12) KD 1 1 BOREEZHE L TEY, Th
A Table lOBWERFEAFE L DL BDbNS. Zh
LRBERIIA 1 v ¥ U VBB FHE TE NI T
BEY, (10)3R Tz OMYEEOMEIRDICLTD,
FIFHETE D LE2TTLOLEZDNS.

5. & ]

PR AR CRIRPIEFE L ST BRI AKEOH
RISERSR%, BSKEOA 0 v TIEEOBRED
LRIML, RAuy T ARy MIOWTHBHEE
RE 527

KR T HEREI I EERE, R
BfRT 5. ZhbEBRATHITE BEAry vy
IRETIIRELLS, A v U TIEERERT S
VERHLLEZDND.

EEAKE2HEAR v o TRETERRINE—FR
REDTEHENRSHS.

L [

RMETHIZ OV T B EPR Rt DR EE
LT, BB 2KRETHD. ERICO
WTIKEAK S 7 TERROB 2B, EREMEILHE
FERK WKTF 2 b AT L) ICAIFNRED. H
REN KB IIRERF AL ED D ICHT-
D ERERERE 2TV V. DD OBRETARETHS.

X S

(1) C.Minowa, PVP-43,(1980), pp.135142, ASME

(2) F.Kito, Princciple of Hydro-Elasticity,(1970),
pp.93-121, Yokendo

(3) O M Faltinsen, J.of Ship Res., Vol.18 No.4,Dec.,
(1974), pp.224-241

(4) o, BAFSREETRIZCREE No67, (1981),
pp.71-109

(5) S.Kaneko, et., PVP-Vol.272, (1994), pp.31-42

(6) KA, No.940-30, (1994-8), ppl47-149

(7) N.Kobayashi, Proc. of TWCEE, Vol.5,(1980),
pp.315-322

(9) R.A.Uras, "Sloshing Impact in Rooted Tanks”,
1996 PVP Conferece Proceeding

(8) C.Kurihara, PVP-Vol.232, (1992), pp.19-24

(10) &R, &2 199642 A5, (1996), pp.19-
24

(11) Lamb, Hydrodynamics 6th edn, Cambridge,
pp-10

(12) ¥k, M, %@, D&D 96 Conference, No.96-

5(I), pp.1-4

NII-Electronic Library Service





