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Analytical study on multiple defense
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Background

Broken sea wall in Sendai plains photographed by TOKIDA

Many infrastructures were damaged destructively by
the 2011 Off the Pacific Coast of Tohoku Earthquake.



Background
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Measures against tsunami in
Industrial complex Iis important.



Concept of multiple defenses

Concept of multiple defenses is to utilize
some constructions to reduce the tsunami damage.

- Multiple defenses -
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Source: Asahi Shimbun Digital

It IS Indicated that earth banks iIs

effective to reduce tsunami damage.



Previous study at Namiita District

CONamiita District, Otuchi Town, Iwate Pre.

Hypocenter
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Effect of earth-bahks to tsunami-reduction

Road earth bank
i > T.P.9m
> Height of bank :6m

Railway earth bank
> T.P.17m

> Helght of bank : 6m
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Effect of earth banks to tsunamisreduction

Road earth bank

> T.P.9m
» Height of ban

kK :6m

T E v
>~ SBRAE T X "
-~ v ;

e - \ 3 '."_/ ’ -
f‘ Aeoe ;.’ - x* - \ ."‘-:»' »

Lower 3m inundation depth,
delay tsunami arrival 10—60s by two earth banks.



Classification of multiple defense

Multiple defense

| Wide Narrow
multiple defense multiple defense

Unit: Number kKm Unit: Number m




Possibility of earth bank in industrial complex

Tsunami height Earth bank  Tank Back
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Investigating tsunami-reduction characteristics
with multiple defense by earth banks.

» With tsunami simulation analysis
» Considering the best-arrangement of banks
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Example area
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Analytical model

Simulation program: CADMAS-SURF 2D

Industrial Back
Sea area e complex —
4m heighton | Tank
6 coastline '
6 Sea-bottom slope 0
1/300

Unit:m



Analytical cases

Industrial complex Back area
Sea area, 300m 300m
, Tank ,
Front bank 62m Back bank
| : X 1:2

“Height of bank (m)

Case No. Front Back

Casel 0

Case2 1

Case3 2

Case4 3

Caseb 2 0

Caseb 3

Case7/ 0 2

CaseS8 3

Case9 5

CaselO




Evaluation on tsunami-reduction effect

Industrial complex Back area
Sea area, 300m 300m
| Tank |
62m

— Compared result
Distribution of
(MDlInundation depth h
@Horizontal flow velocity v
@Drag force D =1/2pv2hC,
In industrial complex and back area




Evaluation on tsunami-reduction effect

Tank

M eom 500m

Ime history of inundation depth/in Case3
(multlple defenses with 2m ba s)
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Averaging values in each point within certain time
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Investigating height of earth banks (Casel-4)
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Flow velocity increases behind earth banks.



Investigating height of earth banks (Casel-4)
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1m and 2m banks increase, 3m banks decrease

drag compared with case without bank.



Investigating number of 2m banks (Casel,3,5,6)
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Investigating number of 3m banks (Casel,4,7,8)
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It Is Indicated that multiple defenses

reduce tsunami damage gradually.



Investigating distance between each bank (Case3,9,10)
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Distance between each banks I1s not effective for

decreasing drag force.
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Conclusion

Investigating tsunami-reduction characteristics
with multiple defenses by earth banks.

Height of earth bank

€ Height of bank is important to reduce drag force.
(More than 3m bank is effective to 4m tsunami.)

Multiple defenses
€ Multi banks reduce drag force gradually.

Distance between each banks
&€ Distance between each banks is not effective.

Multiple defenses with more than 3m earth banks

Is effective to reduce 4m tsunami damage.



In the future

- Height of tsunami

Investigating the tsunami-reduction effect of
earth bank in case of higher tsunami

- Design method

Proposing design method to apply earth banks
for narrow multiple defense
against future tsunami

Thank you for kind attention




