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Failure Mechanism of Mooring Pile System Pontoon by Tsunami

Taro ARIKAWA*,Kunio NAKANO**,Arata KIDOSAKI*** Kiyoshi SHIMADA***%*,
Takashi MIKAMI**** Kazuhiro NISHI***** Yasuo TSUKAHARA***%*%*

Synopsis

Many port structures were severely damaged by the tsunami of the Great East Japan Earthquake.
Meanwhile, most of the pontoons were only slightly damaged in Miyagi Prefecture and remained
usable even after the earthquake. Damage survey has shown that the pontoon contributed to
decrease the damage to the ship moored to the pontoon. However, there is little knowledge and
design examination of the pontoon on the occurrence of tsunami, and design technique for such case
is not established yet. In this study, various failure situations of pontoon in Miyagi Prefecture were
carefully investigated. In order to clarify the characteristics of pontoon at the time of tsunami,
hydraulic model experiments were conducted with pontoon of the mooring pile system. Mooring
reaction force and dynamic behavior under the tsunami have been clarified through the experiments.
Furthermore, the situation of the tsunami of the Great East Japan Earthquake was analyzed using
numerical computation to verify the failure mechanism closely and to establish the countermeasures
and design techniques against tsunami. Major conclusions out of the experiments are as follows;
(1)Horizontal mooring reaction force corresponds to the dynamic pressure of the flow. Resistance
coefficient is estimated about 1.2.

(2)Vertical mooring reaction force occurs when the pontoon goes up by tsunami, and the mooring
roller and the access bridge come into contact with mooring pile head. When pontoon is totally
below the water surface, vertical mooring reaction force is almost at the same level with the surplus
buoyancy of the pontoon.

(3)When the surplus buoyancy acts on the mooring pile head, pull-out force, which hardly occurs in
the normal situation, is caused and acts to the mooring pile. Mooring pile is pulled off the ground
resulting in the flow-away of pontoon to make the damage extensive.

(4)When the horizontal speed of the flow is about 2.5~3m/s, the pontoon shows the behavior of
overturn due to the partial submersion. However, when pontoon is buried in water totally, pontoon
is not overturned.

(5)It is recommendable that the distance between mooring piles is amply wide, and mooring roller
should be installed at the lower part of pontoon, which eventually suppresses the lurch of pontoon
by the speed of the flow.

Key Words: Pontoon, Mooring pile, Tsunami, Hydraulic model experiments, Failure mechanism,
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TR LD &R TRINEDEEN IS WEE XS
o7z, B-2. 7 TR E RO A 10%HML T\ 5
FIRE, AL CH D EEBEZLDND. fiE> THE
HIFLERED WGT D 0.9 1523, BAINEWGETO WGT &
nbHEBZT.

0.14 T I
® measured
- - - - calibration +10%
012 1 calibration + 0%
------- calibration -10%
0.10 h=0.20m; WG3
E
;E, 0.08
£
b=
2 0.06
0.04
0.02
0.00 !
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Wave Calibration [m]
E-2.9 &0 k#E(h=0.20m, WG3)
e - BORE E RN, B M EBUER R, @ ¢ FHH

I, AR - UE 100, SERR : WUE 0%, AURR : BUE E-10%

QO ERERFD WGT LHERIEREMED WG10 1B 5
WA i L7- b 02 E-2. 10 (12777,

0.14 T .
® measured
- - - - calibration +10%
0.12 1 calibration + 0%
------- calibration -10%
0.10 H h=0.20m; Calibration
E0.08
=
5
= 0.06
0.04
0.02
0.00

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
WG7 [m]

K-2.10 & o i (h=0.20m)
FOEH - 5 AR E BRI B (WG 0), REH - i B BRI B (WGT),
@ : SHAME, AR WGT+10%, S28% : WG7+0%, ik : WG7-10%

B-2.10 7»5 WG7 & WG10 (R < —H L TkY, HH
177 1m O WGT O & AR EALE O 13T & A 8%



fELTWRWNEWZ D, o TR — AITIUNTHI ) 48
WIEAE D WGT7 11X WG10 72 %, DLEODO~QIZ L - T
TIRENEBEICRBT D, BN WA O E 572,

2.2 REHER

(1) X

R R TR E LT 2 >OHl %R

B-2. 11 s 2 5HATE 2-2, B-2.12 L3575
BHZBH2-3|TRT.

80 \ 10
---Fx =
60 | — 188
----- Fz =
Z 40 | —WG7 )} \\\k 62
~N /', B o~ =
TN o — 4 g
; i ,/—/_/’ _____ - \\ c;
LL 0 -—‘:._/ ~ - i 2%
_— e
220 I I I I Og

2 8 44 46 47 48

Time [s]
B-2. 11 {REE IR S
(b - o, AREALRE : LB, /KT 0. 28m, & 0. 083m)
TR AR (F) 38 X OSREL ) (F), Afiedh - 9%
e, REED SRR AR & ORI, B - £, RR
B F, KB WGT TR B

BE-2.2 BREEORI BLiHE 5%, (RRAE : -

B, JK¥E0.28m, i 0.083m)

X-2. 11 TIHRENLED [T B CKNOLA 0.28m TH D,
MEHE R e —T —Mo 7 V7 7 2/ E < (0.008m),
X-2.12 CTIIREAEDS [FE TR 0.28m TH Y,
MEA LR e —F —BD7 V7 7 AR KEV (0.058m).
K-2.11 TEZ V7 T AN E W2, KERITFx,
BT Fz PIFIERRHICA RO TN D (42.5~43.5F0).
—, B-2.12 TIXETKERIIBAECITILD 44F), #t
HE RO —F—D 7 VT TV ARKRENED, T0%L
KN B % 558 T B AT HTBAA~TR AR DS Bl LR ELC ) Fz 8
ELTWND @558 ,; BE-2.32H).

40 :
---Fx

0 H g /\ 1
=20 | —WGT / \\
w - TIs

210 / T IO
L 0 __ - B L T BN ~

10 '

42 43 M 46 471 48

45
Time [s]

B-2.12 (RBE T IHERS

[\S] ES N [ere] 5
Wave elevation WG7[cm]

(=

(BLREIRG < s, AREENLIE : T EE, /K% 0. 28m, & 0. 077m)
FEf © KR (F) 38 K OREIR A (), At : 3%
&, M S BRAA D D ORGERER], B - £, KR
BB, KB WGT T DI

BE-2.3 HUBHITAREE v — T — 23k U 7B OdR 3L (Bt

IR« i, PREAALE : T B, KT 0. 28m, 37 0. 077m)

a) KISy
R R A DKEF MRS 2 B-2. 13 1 oR$. F-2. 13 Ti
EELTRWEr — AR LTV,

4.0
3.5

- 3.0
E2S5
2.0
1.5

2

F/12pV,

1.0
0.5
0.0

®h=0.32m
Oh=0.28m [
Ah=0.24m |
Ah=0.20m

» O

0.0E+00 5.0E+04 1.0E+05 1.5E+05 2.0E+05 2.5E+05
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X-2.13

Re(=V,,B/v)

B I TI KRk oy
fhemh - AP Rl BRED LA 2 VXL, A K
0.20m, < : /K¥%E0.24m, O : /K¥E0.28m, @ : /K 0.32m



eI ACE R I KB Fx 28 X £ mfd ek
LCW 5. BYERHH OFEILFH S 72 K5 R K3
W Ve, REEME L TUIREES S DXERE L 20T
LA JVZED 1.0x10° L0 @WK T, KECEHT
0.7~1.7ZH D PRI 12 LHEESND.

NEATEwAR %
RN OE ISy #R-2. 14 12+, B-2.14 T
B L TRV —RAZ R LTV 5D.

Ah=0.20m ©Oh=0.24m
0Oh=0.28m (Lower)  Bh=0.28m (Upper)
®h=0.32m
1.4
1.2
m o
2 1.0 e m =
ay o * =
NEE -
[
0.6 =
0.4 o
0.2 ! &
. d o
0.0 -0 a—oRL A
0.0E+00 5.0E+04 1.0E+05 1.5E+05 2.0E+05 2.5E+05
Re(=V,B/ v
B-2. 14 R IENERY

foelh - BREL SuEORME, AEEh Lo VXK, A K
0. 20m, < : /K% 0. 24m, [J: /K% 0. 28m T B, M : /K{%E 0. 28m
B, @ : KO0 32m

FRIIAKNLZ L - T EFT 52, HEATEARGT O
2 & CEENPERT 5. HEEIIEAELREE K T KA %
FRERBNET 2R NIPOEREZ LIV (REF
1) Lo TERTILLTWSD, £ TILO RS,

JKIE 0.20m 7 IIATEE IS BEfih L 22 W72 D RS DS T2,

K 0.24m B & /KR 0.28m FEOMREE 01— T — N FEOHE
IR —F — LMD 7 VT T ANRKE L ERICED
72U, KR 0.28m TR 0 —F —2 EEEDFEIZ I VT F
VAMPPNEN. D, EEMROEED DARICH T D
EORNIAET DO, BEICIIELRNZD 1.0 &7
D83, WaNEm L DIV 1.0 1TES5< . £,
KR 0.32m (B W TR S HEEICHEM L TB Y, &%
BHERZEL RS 1.00FETHD.

PLEMS, BERHEEIZHZ 5 K 5 2R TIRENE R )
WAL, BEOREERN LIZERBEO IMMER L TWD
LEZ TRV
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(2) Az
TR 2 EE-2.4~2. 71277

BE-2.4 dKkAL

BFE-2.6 & (REtmE v (cEdEs)



FRRCIE, AKEEMITG CTRELEISEKRT 5 2 L7
SHIZET#zd 256 (BE-2.4), HoEketd 55
B (BE-2.5), @FNPHERTETEELCLEI LA (B
E-2.6) BLOEEMIZITEERELD, KIENERNTZD
FlfsE s CIk E o RE (DI, MRS ek (BE
-2.7) EWwoTRRBL ol RFERRT — ATEBIT DA
HFEHOFE L DER-2.4ICOAXDORET TERETS.

z-2.4 BEBRS— AR HEREZEH)
(BIKBRIZER T D775 DWW TNIER-2. 3 OB EE)

7K h [m] O @KL, A oK,
A BE X R, R

BIbE - Bk, fREENLE @ B

0.20 A A, A, X, X

0.24 O, O, A, A, A, A, X, X

0.28 O, O, A, A, X, X

032 A A A A
BuIbE Bk, PREENLE - T B

0.20 N, AN, AN, A X, X

0.28 A, A

0.32 A, A A
PURIE ¢ N, PREINLE - B

0.20 A, X

0.28 A A

0.32 A A
FURIRE ¢ R, FREENLIE @ T B

0.20 A, X

0.28 A, X

032 A A

2.3 ER

(1) BIRO R RER

NS O fie KU N b T~ 5 A D Fe RAF R 0 RS
BAE-2.15 (2739, 728, E-2. 15 Tk & FEP 5 E
LU, FEBREHMEIE, T— FRIZ#ER LEHIED 5 o
e Lz, B, B LEE%90° L LTHFRRLE.
T, MUAEREr—F— Loz V7 T RAn+-4
WCHDEA, R e —T =R ERICHE Shi-7r— AT,
SRR TR A 2.5m/s TR A 2 % &, iRITR
L EHRL, K, HHVFEELTWD. —FHT, %Y
0—7 —N FEICHEE SN2 — A TlE, EEELEICHEAN
TEHRIZE D RIEEHNE T REL RoTND. ThiT,
EEREICBWNTE, B — T —(EIELLY &V
D XL DE—AL MIBEE—RA 2 MDA, TE
BBV, mOIE X VKL b, BIFRE—A
YRrELTHERT 2 &L 5.

WIC, R e — T —PPEEICEEt T 2 545120, K-2.16
\ORT Fz NMEIRT— A 2 b & UTER L, e RMERHA 13

90

=
1=

ui}

O Upper, Narrow (EXP)
—Upper, Narrow (CAL)

® Upper, Wide (EXP)
— = Upper, Wide (CAL)
60 < Lower, Narrow (EXP)
— -Lower, Narrow (CAL)

O
—

»
b
!
|
!

P g o g e——

o) & Lower, Wide (EXP) 0 3
) Grounding
g, ------ Lower, Wide (CAL) .
O Clearance=0.20m Upper,Narrow (EXP) \I\
30 A Clearance=1.45m Lower,Narrow (EXP) |
A Clearance=1.45m Lower,Wide (EXP) | \%Q
| : o
I A
9
m) o ! ﬁ [m]
ob
0 1
0 1 2 3 4
V(m/s)

B-2.15 ZEREHURITEE & i AE R

BOH ;e m— LA, Bl AR R E (SRR
BEM), O e —7— LB, B (ER), #i: Lk
By, ke GHHE), @ : BBy, & (52BR), f: BB, A
GHE), O TE, Bk (EBY), —A8ER GHRD) - T
Be, B2, @ TB, J& (EB), 5#f: T, & GHA),
O ERE 7 V7 50 2=0.20m, FB (FEB), A
FHEHEL 2 U 75 2 =1.45m, FE, 5 (EB), A
T 7 U T T A =1.4bm, T, J& (EB)

VA

Pressure

Roller Fender

G

Fz < —

Flow

X-2.16 (REAHL L BRI v — T — 23
B L7 Z LIk W AT Dol &

S mBEEICH D, T, ZhuE, FUERREAEVIT AN
S5, H-2150AL ATRTFERZLD L, Ok
THERTES.

RIS, MEALBRE e —F—L 027 U T 7 2 200N
SN —ATIE, HiEAE O X ZE0E TR & 0 )HE
JE—RA Y hELTHL 728, ERAEZIZ AEANRS
na. W7 V7T AR — 2 (KIE=0.32m) 2D
W EHRCARE S B S pnizd, B-2.15 TiEZEor
—ADFEREZEM L CND., P OEBBRE S VT T A
23020m & 1.45mOFEFRIE, KR 0.28m TR v — T —Hf
Bz LB TR L TR IR ERERTHS.

(2) FEDEEHRSLDOET VAL

FROEE (EZET) A=A LIRO L IITE X
L2ENTED. FTERRICHENBERATLZLICk-T
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B-2.16 (o3 & 92, WIRERANG CHRALORBEZ B0
FROERATTICEIENE L, HIRITRIHICERT . i)
O > TERA IR L, LEROFEKPFEET .
FEARIZ L DWREDN BN D bIEHT 5720, 3 HITHRHA
BERL, RHEOICIZREEECES.

TR DR IR B AL 2 fE L2356, A
MR EFHHIAVREE LT 2R EEZEZbh
20T, UTOL S RG0eEA AR LS. 27120
TITIE, MUEEE OBEITE X b0 LT 5.

TP, BEIERTSHE LT, ko 5 sy (B-2.17)
BEZD.

W RARE R
Fe : ¥%7)
Fr @ FREE
Fi @ BIREICIEMT 2 5E ) OF
Fo @ b, EEIZEMHT SHEI O
~Z
Flow
H-2.17 #ZERICERT 50
ZZTHEN %
1 2
F, =5,0(\/m xcosf)"DxC (2.1)
1 2
F, =5 V., d, xC, (2.2)

DR TRIZELLTH. 2FL, 22T
p : KOERE, V,  BeRFGE, 6 : EHEME, d,, : BoRK

D:&/&R&EE, 1 FHEEAKEE, Cpy @ HitkHEE IR
(=1.2), Cpp: ki, EHEE/FE (=3.5) THD.

B-2. 13 (2R BB R O F LR K TR Tk L7
RIBEOEREE 12 & Lz, 2oL &, HiEmETtEN
DFEIFIL, BiEOPRE L.

b, JEEICERT DHRENICOWTIE, SR ok
2P TIEIMRB B RPN R T 5 Z ENBEIND 2D,
T TIEHEMREE —EE (ERERICBESESET D 35
EH) LT HRb I ERM AR E LT,
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RN PE S WRE ) DRI R A ZE LT,
FESDAET L, LA EO L E L,
ABRAE R DAE SN D ENREEZAWT, mNOD 35y
NOEIE NP DIFEDOBRAZ RO LD Z LN TE 5.

b, T

Fi +Fgsind=Fg cos@+Wsind 2.3)
Frsin@+ Fg cosd = F, +W cosd (2. 4)
By WBOSO b (e cost+ Zg sind)

2 (2.5)

+ Fr(Ypm sind -2y, cosb)
B : V#RDIR, Y : FLD Y L, Zg : F0LO 7 JERE,
Yy : FREES DY JERE, 7y, FREEE D LVEETH 5.

AEHET M X DERMA O SR 2 K-2. 15 123k
FER L ORLTEY, BhRGRBRES AT
5. fEEHAR 100 BREAZBZ 5 &AW EE AL,
EERICEDLBEN LN TS, 2, 10° FRE TR
N LT EREROFEANPTAEL, B EDERITDEE
DR S A DA L - THE, BEICE 721
DEEZHND.

RN L AR E— A > M, B e—F —OHE
frE% NP 5DZ LK o THIFHFANCE < 729, [HHER%
AT ARRREA T = L1225, SEOFERETIE,
FEEr—F— L TR —F —CREHGSOEN1.25mb Y,
FRAFRDFEIL 0.2m/s FLE L 72> T 5.

X-2. 15 TR L7 3HERE IR R 0 — T — S HLEEIC Bt
LARWHEDE L RBR L LTKREOHREERE LT,
MERE DI VT T U AD/NS L, BB H 5856 11380 HE
THIRERANER TS, ZHEERE—2A M eRd
7o, FEEROMERZ M 2 M <. B-2.15 [ZRd 7
U7 52 ABPNE W — A DORERKE RIS ZEOFAN RSN
THEY, SEENEAT HEE RIGERE) 23460 (SHEEm)
WIBBL TS, HMEBEE D7 VT T AE/NELTDHZE
T, FEED S ORE XN & > TRIKOREEZ G195 2
EWHREE 72D, T ORI OBIHhE 1L LTE
A7 2%.

(3) HoslkEH

KREREEINFAE LT — A O RS O—1f %
X-2.18 (Z/RT. KEOLEH L & HITHO5IHE DITxs
95 LM OREKINTIERL, BEPEE L THLIEFA
WA T 5 BB O TWA.

ZORERNG, BRIERT 2MEMES LT,
JEIRICVERT 280 KE (%))
FHECERT o2 KLERZ (R-2.19 2H)

ICHAE L TEX D Z L T 5.



--- Buoyancy =~ Deck Water Load ===Fz(Prediction)
=Fz(Measured) --H —V
90 0.45
80 | Ak fﬂmk SEET | 0.40
70 =, L 035 _
60 A\ \ 0.30 &
50 025>
Z.40 ‘ 020 5
3o | / \ ’\ 1 o5t
20 S 0.10
10 + > // » 1o \\ “‘ 1 0.05
0 il e =L L 000
-10 ' -0.05

42 43 44 45 46 47 48 49
Time[s]
B-2.18 iRl /1 (£) DHEE
(BUrIbg < 22, FREAALIE : LBy, /K 0. 28m, & 0. 083m)
FEREED - SR (F), AftEh - B, B, Al &
WEBRLR & ORWMIER], R 0 %0, S LmElcfE
MDA, BAGH : HEEME, PO« BHIE, — A
PR - B, AR - BT T T

IKIRFTE

X-2.19

HRICAERT % kAT &

AL, W G OIS DKAL & IR DOALE D B E
LHKEL LTRODZEET D, AKIUL, FRBPIHBED
Wi, oF VAL OKRA DS ZAE L E T EA LB
(442 YD HEMRICHEML, KD E—2 24T - 7214,
FOVHE LiEE CTHBT L7cBRM 471 8) ICR K& %R
THLOLT B, TOHK, KBLIZE OB O I O itk
02m/s TIHAEHZBBLTHETTI LD LETS. K
BEREORKMEE, FHIERZ2BI2 L TSON L% E L.
ZAE, A B 28mm KIEOKBLANEL Y 7R S i
WiBIZxHET 5.

FH E AU ENE N Fz 11X, AR SVRE BT — BT B
WS R R 2R Lo, BRI L, KO3 FHONVE
REBEECTHETLTHOIE, OISR EEZH L CHER
BT AN R BN TR Y, RSHEEEIC X 56
EARE S OB RINEIE, FHAR RS —8T 5
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2.4 £
MUAREE & O T2 F RN LT, EER o D I

WIZEDEREAT S TR, LT OZ L LN o7

O  ACERINFBYEIC A L, 2R E S TRl LK
SEFED LA VR 1.0x105 X 0 S iER T, B
THREIL 07~1712H DV FH 1.2 LHESND.

@  EEMBEIRRE e — T =B85 L AL, =
DORE ST, BRBEZE LZL EORER L FRE
THD.

®  EBRAEIT o IR TTIZRB N T, IRl L
7RV NIRIL TUIHEE DGR AS 2.5~3m/s F2 L Tz
(ETIIMIE) 5225, IHEPEET D L9 IR T
WERICE D Z L3R,

@® FBEu—F—ZELLY FICT D0, HEE~OH %
HETIHAIMREMOMEE TEL7ETIELT5
CETHEFEE—AY MRREL D70, Tk L
TEEROBERAZ/NSLSTDHIENTE S,

3. BEHEICLDEROKREBKA D=L

3.1 STOC 2 & BFRDIKRIEE

HWAAKREBERICRIT 28 O AR L, RO K
AN ZALERGRET D728, i~ I 2 L —4 [STOC]

(FH5, 2005) (LAKE, STOC &M&97) 1T & % i m st
A SEhE L7z,

(1) FHEFE

ARFHETIE, WMAETHRAE LB MEIE L, B RE
ENTV DR CTOEBOREEZR T D720, KL
WP 2 ARE L= 3 RoeE 7 /L [STOC-ML] % M7=, &
BRFRENY, BEHUIRORETIICEEOS 1 ENFETH XD
3 WM & RE, AR BRI AL DT M AR 36 FEA D AbkE 40
B, T T T HGRE 140 BED~ D HURE 146 J, &1 XX
THHAE DR E ST 5 % fe/y 10m/mesh & L7=. F7=HiE
5 — 4%, 810m/mesh, 270m/mesh, 90m/mesh, 30m/mesh,
10m/mesh D& 5 FifH%Z HE G b7z,

HOE ORI IR A (R, 2012) 1%, KBrEm% 98
DT vy ZITEIL, HERRAERZEZ 0 E L, 0~60 7,
60~120 75, 120~180 F», 180~240 F», 240~300 F» DR
TEIETay s OTRYEERELTODLEIE T A —
X uEHWE (F-3.1).



®-3.1 W@/ 7 A —%

(2) FEAER

STOC {Z & 2 FHHFE RO BT O 2 VA MFET 5 72
W, WA O GPS KIRFHZ L 5 FEHIME (F-3.1) & STOC I
L DREERE 4 MUK TR L, BAMEORGR 21T 72 (K
-3.2). STOC DF-HiERIZ L BT GPS BT LD
FERE LR L TRY, BEERHDL L VR 5.

F=-3.1 GPSPIRFHC &L 2 FHHI S

Hi g4 b HR
& F s 39°37'38" 142°11'12"
SRR 39°15'31" 142°05'49"
B ALER I 38°5128" 141°53'40"
B R I 38°13'57" 141°41'01"

RIZ STOC % A CHE Y =3 B 0y TR H BRI s
JAER ORI EFET S, HEREOMEX & YIRE
#R-3.3, B-3.4, BRI ORKME & fhokeE
%#BE-3.5, K-3.6 (277,

STOC 2 X Wit 5 ROV AR & MR T ou & L ik
DR EREREZR-3. T IR

8 The offing of central Iwate Pref.

0 w ‘I'n o {\ ; I\:'\'N( \_’:, 0\ v Vi‘:l\/\" AN
. 2
-8

8 The offing of southern lwate Pref

i

4

0 \:/lj\ﬁ . {/\ra_ﬂv\: S 2V ey o SRR
ST W

-8

g The offing of northern Miyagi Pref.

Height [m]

b
-4
-8
8 [he offing of central Miyagi Pref.
4 A ;
0 b /\ AT I A
s V[ v \\//« W A
-4 |
-8
0 30 60 90 120 150 180

Time[min]

B-3.2 GPSHEIRFET & STOCO Lhii 5
etk wem (m), AREH : RER (min), SEHR : STOC 12 X B3t
Bk H, SR OPS WRFHC X HFHAKE B, 1 BER  HFp
Bih, 2B R S TFRIERID, 3 EYR : EudbEsih, 4 B A -
EIRTERYR, ARl MR AR D D ORI RERT

E-3.3 HEEEMEN  (#F25HE@google)
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X-3.4 SRR O YRR

B-3.5 SRR Ok K

B-3.6 SRR O R K R O it O 4R R

7B, B-3.4~[-3. 6 O dH B BT STOC FHETHW
T HIET — &% OFEMRZ X PICE E LIAATE SO TH D,
B D WCEVEEZY) THANEE TER>TNDH I L
Nbhnsd. B-3. 7 B3 B O B AR E R T O
BT 7 X0, HERAENDR 40 TRREEZ LI Z,
ZOLEEOWIIIE-3.6 (TR THEY, HEZEVIALF
Al L 0 EEE S REE L T2 E b D.

B2 35
2
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20 zu-shima Onagawa Mivagi Pref.
- ; Maximum Height
g 10
= AN M
z M J W/ \u/
-10
1.5
Maximum Veldcit
. / “\
05 M
E o L :
= --- South-North
'S 2
° Maximum Velocity
(3]
> 1 S ‘
Nl a5 gl
0 AP AR T
1 ¥
-2
0 30 60 90 120 150 180
Time[min]
B-3.7 SRR & & O
L fe c BE (m), P fEh R (/s), T #EED

VI (S SPE 7 1Al m/s, AR R AL T IS cm/s)
RN« HUERFE D & ORRIRIFH, ARFR « S KB, AR - B
RfH

H SR ERIZ R D HURE O ARG B TOMREITH 1
WTRES EF L 2O EOREKERIIHN 15m L)
HHICKRERETHY, BREROHE L~V E@IIE R
TWDTe, HEFERE I OGEEAEM Tl iR GEfg
) NEEf Lz B2 Db, £, 82 U0 &I,
Bl Lb~hxsnwZ Enbns (B-3.7L).

VY, HUERFEAED S BRI SR E TR 0.41m/s &
ot Fio, RREEREOTHITF 0.21m/s THY, i
HWEBITES 2V nz s (B-3.7 &), ZDLEDRRKR
WS E TOWERN 0.41m/s & R FE S5 & At T4 iR
I5 L, B TR 0.24m/s, BEALITHCTHI 0.33m/s TH
-7 (B-3.7F).

[ERE T HEE & S & s TR W B RIS LIS O R B 5 2
DIFENHE SN TV HHLT S LT, FERIRaHE L 555
HHIZ OV T B IR R 2 i L7z,

7o 72 USRI & S B A O IR R, T
HEOBEMLMERLBEAAHATHO BT — 4
(90m/mesh) (ZF S TWRNWTZ®D, H< FTHEME
AT & B SRS E L TORERRETH 5.

FERIR AP & B 0 B i OB & PR EE 4 B-3. 8,
B-3.9, R RME & i okEZR-3. 10, B-3. 11 (2R 7.
X-3. 9~&-3. 11 O BT STOC FHE THW BT — 4



DOREH# AR P L LIAATE DO TH DM, E-3.8 D
FEEOHIE L N0 ESTNDLZ ENbNnD.

F 70, FERIAPET ORI E & ifE 2 R-3. 12,
BT SRS T T O i & s & -3, 13 1R

X-3.8 FEJRAIRIfAHE & OV B B i e 1 X
(2 5 HE@google)

B-3.9 FEJRIRIAHE K OV B o A T o0 f) IR R

B-3.10  ZEEIEE K OB B B IR AE AT T D d5 KK

=20 -

B-3. 11 R IRAME K OBFBF 5 1A A3 0 S R R g 0D
FAL DR AE
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