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Abstract

The great tsunami flood occurred in the 2011 Off the Pacific Coast of Tohoku Earthquake in Japan and many
houses and infrastructures were damaged severely. For the reconstruction and future preparation against the
tsunami flood, the Japanese Government proclaimed the measures of the multiple defenses which reduce the
tsunami applying many kinds of structures such as sea wall, forest and earth bank etc. However, the multiple
defenses haven’t been proposed actually even now. Although the tsunami-reduction function and toughness
against tsunami of earth banks are necessary to be clarified, the adjoining highway and railway earth banks
corresponding to the typical multiple defenses can be found newly in Iwate Prefecture. The field survey on the
above earth banks was conducted to investigate the eroded and attacked conditions induced by the tsunami
overflow. Furthermore, the tsunami simulation was conducted to discuss the tsunami attacking conditions and
the tsunami-reduction function of the above earth banks. As the results, the several important lessons on the
toughness and the tsunami-reduction function of earth banks against the tsunami flood can be obtained.
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Photo 1 Namiita District after tsunami
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Fig.1 Time history of overflow depth (upper) and flow
velocity (lower) at highway bank
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Fig.2 Time history of overflow depth (upper) and flow
velocity (lower) at railway bank
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Photo 3 Eroded railway bank

Table 1 Conditions of eroded banks and tsunami

HRE T SRR N
SR BLclE] BUE | R | e | o
PaEEt|  2.2m 3.min | FK200cm| 60~80cm | T % K
G| 10.8m 11.8min P F TX@;QV b
GlEEs

3.3 BXICERALEEE#ETEELHERR

bk U7 o =R &I ER Lz Bk ot oHERE
DF & HE&Table UIRT, RIRIRT@EY, BEREEZETICE
@Mme®¢&®%wﬁﬂm“&r&7)/7##%@
12~1553FREFR Ll » Bl & & UCTER L72AS, Bt
K a2 ARR L, HIAERRE LT WEFTCH IREICIT
ELRMhoT, H-oT, FREICHEDN, ERELOL I
FAFTHEE D SN TT A7 7 /0 M X 0 KT8
THZET, 10mAEAE R DEBBTIC L Chilitx o 26
EHTHIENRBEINT,

—J7, SREREX, SRE2mOE 23 10 RE(e T U v

TP DIRT~103FRE)Z T T2, Z D72, 1N & % $oik
TITERE I AR TR ORI N S o128, RN

HEN D & —HEIZ60~80cmREE D RKIE RN H - 7=, ZIIIR
AN T A MEETHDZ L, HEDEN KK Lz
i.@'é LML, ghEELbicknTh, BIET52

LIS, MHISOBRBRFFSINTEY, BEICHT DR
BEEET D EBNRB IR,

4 BEIZKHZRBBZRDREE

4.1 fRMTEY

AW TIE, FERIE R B %dwt/\nv%ya
/%T/v%ﬁﬁb\fwﬁ%;@#@%to FEATIC 3T 2 ERM e 55
{: % Table 2IC 79, = _’C WIRE T I, HEH: - ETverd.6
%7»%%%5% RSB A I AT A LD

ﬂxgﬁi%ﬂﬂﬁbf\—o BRI BV TIE, fHEIC K B %800
IﬁK%;U&@%@ﬁ%@%%&ktf%mto
AMEAT VIR AT K DB R OMGEN E7- 5 B TH
D, EMEALHICHRTAZENEETHS, TIT, M
et B H O IR AR AT T, EREBIRI SN 10mA » 2 2 T
A bfdbi‘ PR NAP N =] _Ob\f XL EMICEBLT 57
O, BTIZiho Ay aD8ERIZ K & %0158
SBE A BRI LTb\éo 0E, Kﬁﬁﬁ“( ‘Mxﬁ LB RE R
DOEALEZBETE RN, SRERIZR T 5 KO A3
WMThHoTZ e d, HRICKERERITARWVEHIT L,
FENTIZCH W= /BT — 2 1%, AFREMHtOT —% 2 Hiz
B, SEEKTOREEITIRRAARL 2EERT —%, B
B D F T E A2 s T A R = R E ST L D
BAPEREELZZR L CRE LR,

fEMT 77— A ZTable 31277973, Casel~Casedl, Bl D45k
T ORI F MBI D Z & &, Case5~CaselliE, &%
TOWBIROM EREBRTT D2 B L TERE LT,
AFETIE, B RT, FHRERERPICRB VTR L 22
DRI T d6 J ORI BIERE R O IE 2 B (LT,
WOEIERN S L FESNTAE B LTV 5, 77, HEEERRS
HIEI A HIRAKED20emIZ T 5 £ TORM & E5% Lf_
42 SEBRET B K UERBLICKSEREZ MR
(1) mKBKER

REIZ K 2B KEOIRBEI R D 534 & Fig3lord, 72& %
IE, R, BERELORSDEEORKEEE LR RN
LBAEDENEDETHY, AEBPRKEWVIEE, BLICL DK
BERAKRE N L ERT, Fig3 @)XV, ERELIL, Bt
AT D ILFFHIC DTz > TIRAKEEZEB L TR Y, TOREX
KA AR EMRImRHE TH D, —JF, (b)L Y, SkEK L
1, R RBEEE RIS HR DL T, ERETONRNB KRS
FPHIC AT/ I DD, KB EII 2~ 4mfEEERTH Y,
BRI TRE W, ZhuE, Shimkt 2 28k

- 427 -



DEBELICHERTASWZ EICERT S EEZTWD, F
72, (©& Y, 2200ELDH H5EER)DIRKER, LA
RN BT AR TEGERE L5 12380 T2 ~4mfE E O Z)
ERHENDN, SHEELOHROEE & RT3~ 4mDO KK
RN HAHEANIAL o TWNB, DFEY, 22008 DFh
TNDRKIBEDOWEN R ERGOEENEZRLTREY,
ZEHENC &L > THEMICRAKEEZEB L TWD Z L E27RT,
(2) EIREERR

RE TN X A RIEZh R D 3 Ai & Fig 4l 9, T2 & 2T,
[l (a)iXCased & Case2 DEE BRI D72 T, EOEMEHK
TUNTE EEBE R I X D ERBIE R R KRE N L ERT,
F 72, 600seckh EIZ/HE I A REIIE, B LA 720 A (Cased)
IR LT, BEOBRIC L - TR GNTZHEET
HY, -600secLl FOMEMLIE, BEARWEAITITIRALTY
o, BENRHDHZETRAKLTLE > EIkERT,
R & v, BRELICL-T, BRELE%OKWGERT
10BPLL b, ERATEICIZ60RPLL L, E BN E, FT-,
FEXb) LY, SaEt SRS, SOEK %I %k
DOBIFEIFI0LL BV, L LN s, WInogae b
BT, >F 0B DR T TIRrE I & B IR ER A R
sy, FK@E) &Y, ERETR X OSEK O )T 2%
B0 LT, 200 LORIEHFEE E LGOI iR
LTW5b, BfRmICiE, —8 2R3 E A EOFERTHK O
BIEAZ 10 LI EBIEL TN D,

PLEX Y, Bz X aEERSS RIS, &%
ZHEICHKETDHZ LT, TOMERNLIVKREL D Z LW
L ERoT,

Tabl

e 2 Analytical conditions

Er A L g FERIEE N TR (Leap-Frogis /i)
i e 45 ARARIC & % Bk A

B AR T M 1350m. 450m, 150m. 50m, 10m
SRR 1] 8] Fd 0.1s

AR 28 L B Okada(1992) Fi% L 0 5

b2 b3 A
B D emAR

10 ORI KT & BRI 1A% 15 oD 52 28
R Z 25625

1350m~ S0m{ % 1 9efi 5 22 e AT 7 — 4 -

HLE fR 2L 10miE i3 FR X ViRt a7 —4% %
f#

WIRET L FRKE S - T T A (ver 4.6)F

W7 HE R BRI O WAL : T.P.-0.42m

Table 3 Analytical cases
TE T RiEs 1

Casel EIRIN BLIR
Case2 BLIR L
Case3 2L BRI
Cases el oL
Case5 +2m RN
Caseb HUR +2m
Case7 T S A BLIR
Case8 BLIR YT R
Case9 EIRIN PN 25 %
Casel0 EIRIN PN 50%E i
Casel 1 HLR PRI 75 %l i

(a) Case2 — Case4

1

02 -0.2

Bl 4

(b) Case3 — Case4

-1

e

(c) Casel — Case4
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Fig.4 Delay effect of tsunami arrival by each bank
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Fig.6 Delay effect of tsunami arrival by 2m levee raising or closing aperture
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Fig.7 Concept of multiple defenses using earth banks in
petrochemical complex area
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