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Introduction(The Great East Japan Earthquakeﬁ"a.emﬂ

In 2011, tsunami hazard occurred in Japan (the Great East Japan earthquake).
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INntroduction
Wave A past tsunami research has been
discussing damage of marine structure
Ocean Hazarad with the interaction of the tsunami and
wave f Ground ) the structure.
" Marine Hazard
Hazard Wave

m/ Hazard

. Ground

The ground hazard mechanism  HaZa rd, i
by the tsunami is not understood. Tanimoto (1994) etal.eq.: P, =2.2p-Q-a,

Clarification of damage mechanism

with interaction of the tsunami, seabed soil and structure

Development of Started from 2009

k Experimental methodology using centrifugal device
A\~ _

v i

Numerical analysis using SPH method @=
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Introduction - Estimation of damase -

Tsunami coming from offing

Scouring with
crosscurvent and
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Tsunami return to offing
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Tsunami experiment with
drum-type centrifuge device
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Tsunami experiment with drum-type centrifuge device ICSE2012 20120829(Wed)-31(Fri)
v AL

I Reservoir area,;.........
Model test device P ... A300rpm

Drum-type centrifuge device

Toyo construction Co., Ltd.

The experiment study used a 2.2 m diameter

drum-type centrifuge device. The tsunami was
generated by dam break using gate.

—
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Caisson-type
MaIX|murT.1 acc. 440G (ﬁoz:z:))type Rubble mound breaater
Dimensions Model (Maximum ace.) Gravel: 2.9mm)
Diameter 2.2m 3041 m
Width 0.3m 132 m
Depth 0.3m 132m (Ground 32 m) k , s k
Maximum force | 3.7 ton 1628g-ton Seabed soil (Toyoura-sand: Dr=40%)




Tsunami experiment with drum-type centrifuge device
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Tsunami force
Tsunami experiment in a 32 g field

Gage points Maximum incident wave | Maximum overlapping wave

CH 1 near the gate 0.69 m 2.58 m
CH 2 near the breakwater 0.77 m 2.39 m
3 ' | ' | ' I ' . ' ' o 4-2
— Centrifu del test
_ | CHI - CADMAS.SURF
=
~ Maximum overlapping wave: 1-1 N
Q_ 2_Maximum incident i E
= wave: 0.69m 1 =
(@)] Fo ' %)
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Duration time, t (s) Wave Pressure, Py (kN/m?)
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o
T

® Centrifuge model test
—— Tanimoto et al.

The experimental wave pressure were as . - Godaeq
large as than the results obtained using 1 2 3
Tanimoto’s equation or Goda equation.
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Deformation of breakwater, rubble mound and

seabed soil _
Rubble mound and seabed soil

The breakwater was slided was scoured

P1 (KE_LEEScm)
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Wave prssure, P, (kN/
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Tsunami experiment with drum-type centrifuge device
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Deformation of breakwater, rubble mound and
seabed soll y

-
The breakwater was slided (points A and B) when the maX|mum bore
pressure acted.

PR | Ml A S |

—— T ey

|
Shear deformation occurred in the rubble mound and the seabed soil, and
decreased the bearing capacity.

Rubble mound and seabed soil was scoured while continuous wave |
pressures were acting (points B-E). f P

Blowoutof stone and sand from Directif{hofthe ABCD E
""themundandtheground Tsunami = 30— T
- 3 wZ Maxi bore | Maximum overlapping

: 9 o= aximum pore : wave pressure
Slide of the breakwater\ S3 200k pressure . ep i
£2
23 [
2 100- i
o
S5 :
c
o O L

! . | .él L ! .él L I P Ié. | I R
56 78 91011121314151617181920
Duration time, t (s)

SRy
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Tsunami experiment with drum-type centrifuge device

Deformation of rubble mound and seabed

: S— 1.0
soil due to tsunami _ — 4o Tsunaml
Discussion of bearing
capacity destruction 05
Shear deformation occurred in the
rubble mound and the seabed ground
with move of the breakwater. — 0.0
i i m/s
And, the safety rate of circular slide Deformation velocity by PIV analysis [m/s]
was smaller than 1.0.
) i {B_Fzg_lfwater Direction
Circular slip AN of the tsunami
Bishop method surface analysis —
: . . secd Rubble mound
- e S+(W+q)tan¢]}1+tan¢9tan é Seabed ground
© D (w+q)sin 0'+aP, /R|

Safety rate of circular slide

1
[ F =0.91<1.0 ] 0 >0 100

Shrear strain
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Tsunami experiment with drum-type centrifuge device
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RRDOBATA

Scouring and b]ovvout with seepage flow

ABCD E

300 T T - T .

200}

100+

Moment that acts
on breakwater, M (kN)

l .
[
i 3.

PwPs L

—— PWP3-PWP1
- - PWP1-PWP4
------ - PWP4-PWP2

g éi w=mm= PWP2-PWP5 Cxy
-‘Sﬁ '—Df - PWP2-PWP6
'k " PWP2~PWP4 (into mound) : i, 0.8 )
T3 PWP2~PWP5 (into mound) : i 0.5
o
= PWP 4 ~PWP 5 (near the ground surface) :
e | Ground surface weeewee | ] K max_o g /
5 é I T e - PWP5-PWP6 | |
g5 | 7] {  We calculated the hydraulic gradient
280 j e | using the measured pore water pressure.
};% ﬁ A e . The results, the hydraulic gradient
O_Af.. I S e increased from the center of the
10 20 30 40 50 .
Duration time, t (s) breakwqter bottom toward the shore w_hlle
g1 _ 2656-1 the continuous wave pressure was acting.
o 1ie 1108538 MDA L2

Technical Research Institute
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Numerical simulation
using SPH method




Numerical simulation using SPH

Smoothed Particle Hydrodynamics "SR

Superposition of Smoo_thedphysicalvalues o
smoothed p{’n‘ysicalvalues ?L}J,nist:gr?:gzgtcmegarticle ,//—-::’(:\ P‘a\r\tig\le:i
< f(x)>= j W (x—x", h) f (x")dx’ pariie x:
. 4 : > % '
The feature of the SPH method is as follows; P
© Mesh free ‘. . .
H \ imited zone of influence
© Lagrangian method HT P

© Initial modeling is easy.

Soil-fluid coupling

Soil-fluid coupling in the SPH method calculate fluid
phase and solid phase, and the obtained results are
overlapping by Darcy's low.

f 2 P f g f Interaction body force
f =n>—=(v'-v") o
Superposition | Layer of Fluid _" Layer of Solid
n : Porosity of fluid-solid £
layers

k . Permeability

ps + Density of fluid

Porous material,
soil
g - Acceleration of gracity Seepage around sheet pile

(K. Maeda, M. Sakai (2004))

. ] ) L . - MAEDA Lah. Technical Research Insfitute
vf . Velocity of fluid Total volume fraction: 1 = (Volume fraction: n) + (Volume fraction: 1-n) aeocomioagy MJAEDA Lab. E c

Laboratol ry

vs . Velocity of solid




Numerical simulation using SPH
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Comparison between experimental
result and numerical analysis result

Tsunami experiment
using centrifuge device
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Comparison between experimental result and numerical analysis result
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Wave pressure that acts on breakwater

- Tsunami
.
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The wave pressure of numerical analysis were as large as than experiment result and tanimoto’s equation.



Comparison between experimental result and numerical analysis result

Margin of bearing canacity

"L

The decrease in the safety factor of the breakwater was

€ 80.0 , .
> 6001 larger when the excess pore water pressure in the ground
< 40'0— was taken into consideration
q5 _.Z.; - . T
£ 20.0¢ \ e
- S VW —
2 N
= -40.0 .. . - - — Exp.
S -60.0L Initial decrease is the same. —— Numerical analysis
e | - = = = Numerical analysis(EPWP)
_800 | | | | | | | | | | | | . . . . . . e
0 10 20 30 40 50 60 70 80 90 100
Duration time, t (s)
Margin of bearing capacity
' . . secd
F= 3 s (waang o
Margin of bearing capacity = - (w+q)sing+ap, /R}

Bearing capacity strength — Tsunami force
— Bearing capacity decrease in breakwater due to
increase of excess pore water pressure
in the ground



Comparison between experimental result and numerical analysis result

Directionofthe
Tsunami !

@Blowaut of stone and sand from
#the mound and the ground

“ihe
1g channel test

High-speed flow
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Numerical simulation using SPH

Hydraulic gradient into sealbed soil

"L

435 &
1 | . | Exp.(PWP3-PWP4) T P1h— .
- - = = Exp.(PWP4-PWP5) . gunaml
= c - — Exp.(PWP5-PWP6) ° Q
o S ©  Numerical analysis(PWP3-PWP4) 9 P3O © %
<. > A Numerical analysis(PWP4-PWP5) P4
© = " O Numerical analysis(PWP5-PWP6) ' ps5
c) v
c
= |
= §  PWPE WP2 PWP1
cjs (o PWP5 PWP4
= @
e
f; © : Wave pressure meter !
= © : Pore water pressure meter PWE i
Unit: mm

p - Density of fluid
( PI — Pj J+ (H Ty ) g : Acceleration of gravity
ei €] P

. Total head of measurement point i

. = , o
1 A H . : Elevation head of measurement point i
A . Distance of measurement point i and j

In the outcome of an experiment and the analytical result, the value is
different. Behavior looks like.

MAEDA Lah. EF Technical Research Institute
Geoteannios g MAEDA Lab. ' d TOYO CONSTRUCTION Co., Ltd.




Numerical simulation using SPH
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Tsunami simulation
INn virtual coastal area

MAEDA Lab,
ceano MAEDA Lab.




Numerical simulation using SPH

Tsunami simulation in virtual coastal area

Marine model

"L

Measurement of wave level
< LWL +350 WILl W:-Z =) W& 1 15
< LWL +20.0
1:3 ﬂ‘
offing 350 |30 | " 210 | 50 | 50 | <hore
T T 1,000 T 1 1

Caisson-type breakwater model

Measurement of Caisson-type
wave pressure 8.8 Breakwater .
Unit:m
offing shore
I.W.L +20.0
Av4
Lo
—
Rubble mound
Seabed X
eabe 'y
—\ 9\ J,
L L4 L L o s L L L A
PWP1 PWP2 PWP3 PWP4 PWP5 PWP6 PWP7 PWP8  PWP9
L L o o L o L L L
- PWP10 PWP11 PWP12 PWP13 PWP14 PWP15 PWP16 PWP17 PWP18 -
Impermeability [ @ P 9 @ @ @ @ @ Impermeability
| PWP19 PWP20 PWP21 PWP22 PWP23 PWP24 PWP25 PWP26 PWP27 |
ayer ayer
\4

Unit: m

Stability of breakwater due to tsunami was investigated using a standard model of
coastal area. A tsunami was generated by dam break. The permeability coefficients
of the rubble mound and the seabed soil were set as 1 X 102 m/s and 2 X 10> m/s.




Numerical simulation using SPH m
‘\F
Tsunami simulation in virtual coastal area
- LWL +35.0 WlLl W:_Z o WL3 Measurement of wave level 1 15
< LWL +200
1:3 % ﬂ‘
offing 350 130 | " 210 | 50 | 50 | shore
- 1,000 ' ' '
20 | Unit: m
- | —wi ----wi2 ——w13 |
Height of Height of ;E: !ﬂﬁw |
incident wave | overlapping wave [ ;; “l .
L 10 P R s E
WL1 16.8 m el : X
7.17m = N R 1 il
WL2 17.1m = ¥ \\ . o
WL3 — 16.6 m % 100 200
. . Duration time, t (s
Wave period: About 70 [s] . : ¥
B Soliton wave T
Soliton wave was confirmed for the first timein = Aor
middle Japan Sea Earthquake in 1983. S HAVE iy T
The feature of soliton wave is as follows; g 10 ; f"’ ! \ ]
Wave for about ten a few seconds of cycle g '! ' "‘\ a
’. ; -: i e \ [
Breaking wave 0 N . . . R
= 0 20 40 60 80 100
wave force is very large Duration time, t (s)
MAEDA Lab.

Lab:

we MAEDA Lab,
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Numerical simulation using SPH

Tsunami simulation in virtual coast:

e breakwater will

>
large def lon.

3-2.0
0

Stability of the breakwater s & .
against anaseism | 2= g
55 .l
=2 40F
The breakwater is moved due to é%% :
the action of the initial impulsive S
wave force. 5 o — .
. 0 40 60 80 100 120 140 160 180 200
1.0— t
Shear deformation occurred in 2.5 05 !
the rubble mound and the seabed _;‘,E 0.0
soil and it receive seepage force, g > |
. ‘- =-05
which decreased the stability. Te | — PWP5-PWPG - — PWPT-PWPS |1
) ] : - —PWP6-PWP7 -~ — PWP8-PWP9 |1
Especially, the decrease in the Lo é ' 8'9 e
X 100 120 140 160 180 200
safety factor of the breakwater o
E . T T T T T T T T T T T T T T
was larger when the excess pore 2 05 i
water pressure in the ground was 5 2 0.0
taken into consideration 5505
CEU 3-1.0 About excess pore water pressure
=2 — Non-consideration
-=-1.5F - - - - Consideration .
o I (C) | | | L | L | L | ]

40.

Margin of bearing capacity = Bearijg, sanasity #{

ngth — Tsunami force

— Bearing capacity decrease in breakwater due o increase of excess pore
water pressure in the ground
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Part. 4
Conclusion

MAEDA Lah. Technical Research Institute

bpraniiad | MAEDA Lab Eﬂ TOYO CONSTRUCTION Co., Ltd.

bbbbbb




Conclusion
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Tsunami - Seabed soil - Breakwater interaction

Event Sliding of the
Breakwater |p, |- P
iw Bearing capacity of
_____ oE (. the Breakwater
______________ u-_________‘.

AD
o
—
Qo

. ) Seepage of.the
Falling of the----e———=--¥ lﬁ@——@eabed and Rubble
Breakwater""";"i;u';u """" - mound

Time
Damage mechanism of breakwater by tsunami

The breakwater slid due to the action of the initial impulsive wave force.

Shear deformation occurred in the rubble mound and the seabed soil, which
decreased the bearing capacity.

The hydraulic gradient increased in rubble mound and seabed soil at the shore
side under breakwater due to seepage flow with the continuous wave pressure.

The bearing capacity of breakwater decreased due to degradation of the ground
caused due to the increment of excess pore water pressure in the seabed soil.
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Numerical simulation using SPH

2D -Dambreok 3D -Dambreok

Tsunamd hazoro simudotion (Hackhinoire port)



Numerical simulation using SPH

Tsunami simulation in virtual coastal area
Stability of the breakwater

10 T T T T T T T T T
against backrush S g ]
— & E -
= By 9 ‘_
E2 4 ]
= 22 |
— /é S 5 2+ |
l g 0- (a) (T I llII d [\ -
] 0 20 40 60 80 100 120 140 160 180 200
— é 1-0 T I T T T T T T T T T T T T T
S = 0.5+
Ss |
Unit: m g = 0.0
offing _ shore =2 7
o oo | coren s 3
T C -
22 0.5 —— PWP1-PWP2 -~ PWP3-PWP4
Rubble mound = I(b) ---- PWP2-PWP3 —- PWP4-PWP5
-1.0 ! | , | , | , |
. SRR 0 20 40 60 80 100 120 140 160 180 200
PWP1 PWP2 PWP3 PWP4PWP5 /é\ 1.0 | — | | | | | | | ,
5.0, s |
Seabed é 05_ ......... N e N
l'.C_) = i “‘i! ik !-"‘
c.= 1 1
Unit: m g § 0.0r EE
ffi I3 *
— Ll = ; 05 About excess pore water pressure
s — Non-consideration
5 : --- - Consideration
8 (C) | L | L | L | L | L | L | L | L |

s
e

‘20 40 60 80 100 120 140 160 180 | 200

uration time, t (s
Margin of bearing capacity = Bearll%g capacljpv sf(rengfh — Tsunami force

— Bearing capacity decrease in breakwater due 1o increase of excess pore
water pressure in the ground




Numerical simulation using SPH
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Tsunami simulation in virtual coastal area

n 2 T T T T 1% 2 T T T T
w 1 w0 ]
> | — Analysis | > | —— Analysis |1
% 1'5:' _____ Theory 1= 1.5:— ----- Theory _
5 IF, 2 [F212] |
o 1f s 1f
B I =R
> [ > 0
o5 2050 AN AT WMNy g Y
A 8 |
% 20 30 40 50 60 % 20 30 40 50 &0
Duration time, t (s) Duration time, t (s)
Safety ratio of sliding Safety ratio of tipping
1.5 T ) | T [ T [ ! I
I ! — Sliding
| ----Tipping |
-/ BN | Bearing capacity | |
1- ' v i
ILU) 1 y ! "I- v-“ /
] y ",.5’-.5
L S W ‘
0.5¢ A e o & '* ; -
- y ' " |"' ¥ ;ifﬁf
- cyo ] SR P !
i : ! AN |
| L | L | L
q.O 30 40 50 60

Duration time, t (s)

Sa‘fety I’atIO Of Slldlng! tlpplng and bea”ng CapaCIty MAEDA Lab. Technical Research Institute
we-e MAEDA Lab. |42
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R IC K DEORIRE B DAZEL

= o N e " 7
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Non-overflow 7.36 (m) 3.20 (m) + 3.20(m): Seabed +0.96 (m)
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offing Al WL1 wL2 w3 Measurement of wave level shore
v N | T WL +32 3.2
1:3 AL Y
112 9.6 67.2 16 | !
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Tsunami experiment
using centrifuge device
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