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Risk Evaluation of Water Tank Damage Considering Site
Specific Ground Amplification Characteristics

Hiroki KAMEYAMA*, Naotsugu SATO**, Taisuke ONO*** and Hirokazu HIRANO****

The Kumamoto earthquake in 2016 caused damage to many water tanks. Sloshing caused by slightly longer-period seismic

motion and bulging caused by shorter-period seismic motion are possible causes of damage to water tanks due to earthquakes. Since

the periodic characteristics of seismic motions are greatly affected by the amplification characteristics of the surface soil, the damage

to the water tanks is expected to be greatly affected by the ground characteristics. Therefore, this study evaluated the relationship

between water tank damage and ground characteristics, and assessed the risk of damage to water tanks for earthquakes that are

expected to occur in the future. The results showed that there is some relationship between water tank damage and ground

characteristics, and that analysis of ground characteristics may be used to assess the risk of water tank damage.
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Table I Damage to water tanks caused by the Kumamoto earthquake.

target location location Cause of Damage
Mainohara Water Distribution Plant Minami Ward_, S
Kumamoto City
. . Minami Ward,
Saiseikai Kumamoto Hospital Kumamoto City B
— Otsu Town,
Rakuzen Water Distribution Pond Kikuchi District B
. [ Otsu Town,
Tsutsujidai Water Distribution Pond Kikuchi District B,S
S Otsu Town,
Fukeda Water Distribution Pond Kikuchi District B
. L Kosa Town,
Yomoti Water Distribution Plant Kamimashiki District B
L . Mashiki Town,
Mashiki Hospital Kamimashiki District s
B : bulging, S : sloshing
Table I  Target locations in Tokyo.
target location Location
Nippon Medical School Hospital Bunkyo Ward
Toho University Medical Center Omori Hospital Ota Ward

Tokyo Metropolitan Hiroo Hospital

Shibuya Ward

Tokyo Medical University Hospital

Shinjuku Ward

Teikyo University Medical School Hospital

Itabashi Ward

Tokyo Women's Medical University East Medical Center

Arakawa Ward

Tokyo Metropolitan Bokutoh Hospital

Sumida Ward

Nihon University Hospital

Chiyoda Ward

Showa University Hospital

Shinagawa Ward

Kanto Central Hospital of the Mutual Aid Association

of Public School Teachers

Setagaya Ward

Nitobe Memorial Nakano General Hospital

Nakano Ward

Tokyo Metropolitan Ohtsuka Hospital

Toshima Ward

The Jikei University Katsushika Medical Center

Katsushika Ward

Koto Hospital Koto Ward
St. Luke's International Hospital Chuo Ward
Tokyo Saiseikai Central Hospital Minato Ward
Eiju General Hospital Taito Ward

National Hospital Organization Tokyo Medical Center

Meguro Ward

Rissho Kosei-kai Affiliated Kosei Hospital

Suginami Ward

Tokyo Kita Medical Center Kita Ward
Juntendo University Nerima Hospital Nerima Ward
Nishiarai Hospital Adachi Ward
Tokyo Rinkai Hospital Edogawa Ward

Table III Damage to water tanks caused by the Fukushima earthquake.

in 2022
target location location Cause of Damage
Fujita General Hospital Ejlzz?t:isr;rjic;refecture S
Soma General Hospital iﬁ?uihcl:;}; Prefecture B
Chuo University Korakuen Campus _?_:El;go Ward, S

B : bulging, S : sloshing
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Table IV postulated earthquake.

Average occurrence | Latest activity | Distribution [ Epicenter
postulated earthquake M interval period Shape depth (km)
North Tokyo Bay earthquake 7.3 27.5 years Poisson 30
Kamogawa Lowland Fault Zone 7.2 7900 years Poisson 15
Shiozawa Fault Zone 6.8 800 years Poisson 10
Southern part of Miura Peninsula Fault Group 6.1 1600 years Poisson 15
Kinugasa-Kitatake Fault Zone,
Main part of the Miura Peninsula Fault Group 7 3400 years 1409 years ago BPT 5
Takeyama Fault Zone,
Main part of the Miura Peninsula Fault Group 66 1750 years 2105 years ago BPT 5
Tachikawa Fault Zone 7.4 12500 years 16500 years ago BPT 18
postulated Tokai earthquake 8 118.8 years 166 years ago BPT 20
Tonankai earthquake 8.1 86.4 years 76 years ago BPT 20
Nankai earthquake 8.4 90.1 years 74 years ago BPT 20
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Fig. 1 Conceptual Diagram of Uniform Hazard Spectrum.
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Fig. 2 Conceptual diagram of feature vectors representing periodic
characteristics.
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Fig. 3 Ground Amplification in Kumamoto Earthquake.
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Fig. 4 Acceleration Response Spectrum in Kumamoto Earthquake.
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Fig. 5 Velocity Response Spectrum in Kumamoto Earthquake.
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Fig. 6 Results of Similarity Evaluation of Acceleration Response
Spectrum at Fukeda Water Distribution Pond.
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Fig. 8 Results of Similarity Evaluation of Acceleration Response
Spectrum at Tsutsujidai Water Distribution Pond.
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Fig. 9 Results of Similarity Evaluation of Velocity Response Spectrum
at Tsutsujidai Water Distribution Pond.
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Fig. 10 Result of Hazard Assessment of Water Tank Damage.
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Fig. 11 Results of Hazard Assessment of Water Tank Damage
Considering New Assessment Indicators.
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Fig. 12 Ground Amplification in Fukushima Earthquake in 2022.
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Fig. 13 Acceleration Response Spectrum in Fukushima Earthquake in
2022.
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Fig.14 Velocity Response Spectrum in Fukushima Earthquake in 2022.

WREAN 72 BRI AR AR RS Rt 2 o e K& <
T TN EEZLND.

4-5 FEMTEROEL®D
ZETORREIY, ThENoMELE S O A
%%K%ﬁé& VY TRRER ST, AR

w977®EﬁH%T%é(MMMS@@IW®ﬁH%
MTHEHBLTRY, A0y FHEMETIE, Sy
VUHEMS LY S RFAHMCEET S & S A
b, ZoZend, "y rstzraay 7o
fERE & HARRFEICIY, HOREOHEENRH L B X5
N5, FRZ, 7LD TREENFA LT R O HAEHEIE
RIZOWTIE, 1 E A ORI TR 0.15-04s THEIL
THEY, — ISR R, HBGRENMR &



ENHZHILTH-TH, ST IO TIHAERET S
fERRMENH D Z LI/ ETERNEEIBND. —FHT
NV TREATLZE D R THh A v v > 735
AL THHEFABERTETRY, "YUV, 2oy
VT DOELLPE I 5 THEN L RVHLEIIMIZ
HLE< HHEEILND.

5 Bbhic

AWFFE T, REARMEC X 2 iA=L Ic BT 5
HAE P EDORRAT, IGE AT PAVOFHEITY, #EIC
X B KRR E & R R O BB I S W CREI A AT D
& & BT, RS 23 KD SEERLEIRPE 23 HLE A KFBIZ,
HAE R R, SRR T MV TV, T ORE
A REAMBRIZ BT 2 MG R A2 J5 0 & U CIRELEERE
MiZz1T5 2 &C, FpKlgEDfmBRETMEIT>72. &
7o, BEARHUBDIAAOHIE L LT, £ 4 445 B IR phh s
BRI, REAMEE & RO 21T, b2 L
T, EAHE TIIHOMNCTE D) - EBS DK,
Pl AT o 72, LFIORTHRER LD, ARBFETIE, HE
12 & DRk E & R ERE ORI, B DR OB
NHDEEZLN, WO ST EZITH Z LIk - T,
Bk HE O R 2 i X 2 /MR H D &0 D
ZERghole. TGN L E LD 5.

(1) REAHIEICIT 2FHMARERE LT, vy
BEENFEA U2 R T, B HEE R D v — 7 I3 — %Y
AN TOEHEEMTH D 0.15-04s LA, ST
VIWELEBRWHISEERLTWD I ER g oTz.
7o, Ay THRENREAE LM T, AR R R
DE—T1L, VYU TES L BEMIMHcHEBE L
TRY, #ESELRBEORAYPICHEBEL TWADZ &N
o T,

(2) IR T HBPETMOR RIL, W io
RIZBONTYH, JWEREZR L TOW D HEOmMHA T
TWD I EBNDhote. Fiz, Bk EOGRRIEFEL
OFERE LT, HEHl 23 ROBERTIEAsLvY s, K’
MTEARAE Yy v 7 OEBRMEDNE < 785 T D HEE A
%<, BHAHE O DR T H D TN #REFHE 23 )L )3
STWVDEWNI R E LR LIZfER o7z

(3) AFn 4 Ff@ B R LR I 3 1 5 AT R Tk, AE
AHBOGITIE, "YU T ORMERL TN DEHLET
A8y U TPREL TV D HIEIR D b1 < B 7z
HEIZBWT AT v &2 R34 LT D67 8 A3
RT&E. Zh b, REARHMETIIRA SRR - T2
THVY, R TIEBE TE COROGEM 2 BREES
BRERBEREREORBIZIZ2bOTHLEE L LN
5.

(4) BEBEOWEFETIE, SAVPrv T - Aryiy
TOELLENEELTHEEN L Z2WVWHAENREL HD
EEZbN, ZORKE LT, RS TIEEBETETWY

92

7 HEE A AR P LLA L 00 B 7 BRI AR RO 15 108 I
PR EORENEZ DND. 20D, SHOMEE L
T, REMIZRRIFF SRR R 722 LI K DT
WTRRES, RHIZATVY, HPARRE R R A O A B0 72
U KAEHE OSERIERIM 21T 5 2 & A TE D fEOM
MNETH>ZETHD.

2 UK

1) FEmA, W, KEF—: 2016FREARHEIC
BT Dk ER L OB A & OBEIZ O
T, RS CEAL (HE - IEET5), Vol73,
No.4,1 711-1_720, 2017.

2)  JEATHEAE  ER28E (20164F) REASHIER /KA A%
BB A S, 2016.

3)  HEbmy, SHE—, KEH— 201H4FERILHIE K
PP HIER IS 35 1T D /KA 0 IR B L O R B
FetE & OBTEO ST, ARSI CEAL (i - H
ET%), Vol.71,No.4, 1 746-1 773,2015.

4)  HEEPRE, EEFEFR, FRHEEIE, WHEE 0 SEERTK
E AW ToOVY v ZIRENC Y 2 IR ESR,
RIPEFHCHEAL (B - HIEET%R), Vol.73, No.4,
1 404-1 411,2017

5) IS, EEER, FEEmIE, VR FEEIE )T
AT VRISV E 7D Aa sy T EEE)
DR, PEIGH I E R SR U, Vol.62,
GS01-08, 2013.

6) /NEFIRSY, mEE, VAN, SERFER  REAHUE
WCBIIDAT U L ARRILYE v 7 OYEIRDL & A
By 3 IR O OMGE, M L 3,
Vol.66A, pp.137-146, 2020.

7) BB - T REHET TR R
FLEORF, PSR HAIRIISEATITE £, No.336,
2009.

8)  HUEEFRAMFIEHEMEALS 5 W M O A B O R
HIRHmRS R —%, 2020.

9)  ZZHE, [LIFSCHE, A KBTS TRIRE R

R a W e e K@ e SR BE A7 M LVHEER D

B2, 240 HE T 220 905 2 2 G0 SULE,

Vol.24, 161-164, 1997

DA TE, BERESHE 2« HUEBERE ORI h LR

AWTHLE R oM TFE, RS CEAL (%

W& - HIET5E), Vol.75,No.4,1 529-1 540,2019

A, W, MEER B ERO T

HiW & Uiz iR B ORIE IR O 4, A AREELY:

SREGE R SCE, #5555, pp.85-91,2002.

BT, FULEA, L SCRE - BUEMT I S < He

EHISHE & ARIERMEDBMRO ST, LRSS R

SCHEAL, Vol.65, No. 1, pp.606-613, 2009.

10)

11)

12)

13) ElwHZEZ: A0 v TR VBB LR
TEKHE ORI BT A HFJE, HOR TERFFNGE
KT, 2004.

14)  KIGNEE : 57 - HUBBY DO A7 R IVIRNT A, R
HRS, 1994,

15) HEHEB LA - AMERE V¥ — B O

 (GISKR), 2020.



