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1. Introduction

BACKGROUND

Hachinohe Port in Aomori Prefecture

Cross Section of the damage
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1. Introduction

BACKGROUND
SCour
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Mechanism of collapse

1. Tsunami overflow the breakwater and
the ground behind the breakwater will

be scoured.

2. The bearing capacity of the ground
was reduced due to scour.

3. Although the water level did not
exceed the sliding limit water level of
the caisson, some caissons were
moved and some of them collapsed.
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1. Introduction

Previous Research on Scour Depth behind the Breakwater

Dmax=2.1Ry Noguchi et al.(1997) They designed the prediction formula
Dmax= 5.83Ry Arikawa et al.(2014) for maximum scour depth

Dmax : maximum scour depth

The Ry is obtained below (Noguchi et al.(1997))| I

scour depth

I/

== {(,:CE 36TH INTERNATIONAL CONFERENCE
~

211 1
RN =g 4(Qqz Zf4
g : gravitational acceleration [m/s?]
g : flow rate per unit width [m? /s]
Zf : overflow height [m]

la1emyealq

ground
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1. Introduction

Previous Research on Scour Depth behind the Breakwater

They designed the prediction formula

for maximum scour depth

Dmax v Noguchi et al.(1997)

Dmax=®.8 Arikawa et al.(2014)
\§

However... |Little Is known a

are different.

nout the coefficients of these formula

The purpose of this study...

To clarify the difference of the coefficients...

Scour experiments are conducted, and the experiment and past experiment are
analyzed.

And we trled to design an estlmatlon formula for scour depth.
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2. Experiment

Previous experimental cross section é—/\
_ : : | : 2019
Small scale experiment Arikawa et al.(2014) Noguchi et al.(1997)
— 49.(.) ] unit:mm Case, {c-};.) (2?1) (C?:.I) (ci?n) (n::'s) (111({-'5) -4 -2 0 2 . (m) 4 T
9‘X4TZ; ) 1 -13.2 1.0 0| 017 | 0.002 o Upright type fe‘;ctmeﬂtlw | 5 l Wave gage2 | Wavelgagel
/18 2] 2 -8 3.3 25 | 080 | 0026 } ave gage \
SO0 ) 3 24 o| 47| 55| 109 oosi ~1L E Wave gaged | i Current meter 1
Tt 4 5 6.0 8.6 1.31 | 0078 é s L 1/40slope I .
5 16 6.8 13.9 1.37 0.093 N O_C“r!?‘[t_ffle}e;f_z_____,j‘"d __________________ ___% L
6 34 0 4.2 51| 1.06 | 0045 Fgi:ﬁ:i:ﬁ:Z;.:.;.;1{20;19;@3;...?..?'...
7 0 4.0 54 | 1.07 | 0043 L
'-18 . _1\_ ................
8 0 42 55 1.09 0.046
*Refer to Experimental study on the seawall overtopping and scour
— experiment Arikawa et a|_(2014) behind seawall due to Tsunami upstream Noguchi et.al(1997)
940 3360 2040  UNILMM
case (ci{l) (c:?n) (c?n) (m?s) (mgfs) -
: oo w o | Arikawa et al.(2014) conducted
777777 , : : , 12
oo 2| too | too | 122 | 170 L0170} gCOUN eXperiments on two

3 14.8 15.0 1.95 | 0.288 )

N B different scale.

*Refer to Experimental Study on Scour behind Seawall due to Tsunami Overflow Arikawa et.al(2014)



2. Experiment

CCE
Experimental cross section é;f\
2019
150 . 60 200 100 . 100 . | IThe wave flume in Chuo University :
5 - =~ | 0.30 minwidth, 0.50 m in height.
| i Voo - -
h . | Particle diameter : 0.34 mm
T sand gr ound \ sediment gathered p
\ Experimental video
breakwater mat unit : cm D50 = 0.34mm P P
case No.4 16 times speed

Experimental condition

case No.|Zf [em] | ¢ [m?/¢| case No.|Zf [cm]|q [™/s]| case No. |z [em] |4 |™/s
q p

1 5 6 15 9 15

2 10 7 20| 0.0024 10 20| 0.0055
3 15| 0.0043 8 25 11 25

4 20 12 25| 0.0087
5 25

Zf . height of waterfall
q : flow rate per unit width
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Scour depth[cm]
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3. Result of the experiments

1000 2000 3000 _ 4000 5000 0 — 200 400 600 800 1000
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The ground was scoured at a stretch in early phase.

And after, the ground was scoured slowly:.
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3. Result of the experiments

Investigation of the past experiments conducted by Arikawa et al.(2014)

Arikawa et al. (2014)

middle experiment

small scale large scale

(this experiment)

grain diameter[cm]

0.021 0.043

0.034

o

Because the grain diameter are different, we considered a law of similarity.

O

We applied a law of similarity using sedimentation velocity as shown
In Eq. (1), refer to Yamano et al.(2013)

i, = (1) -0

w : sedimentation velocity
| : representative length

m: model
p : prototype

Field observation and reproduction experiment of local scour around the pile

Yamano et al. (2013)

{(ECE
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3. Result of the experiments

Considering a law of similarity {(ECE

\5()18

15t. We calculate the sedimentation velocity w, in each experiment using Eq.(2) and Eq.(3)

512\ 1 s : specific gravity of water (= 1.65)
Wo = +/sgdy (0-954 T ) (2) g : gravitation acceleration

. = Ge/sgd (3) | " coeficontof inematcvelocity
& The following table is the sedimentation velocity in each experiment.
Arikawa et al. (2014) middle experiment
small scale | large scale | (this experiment)
grain diameter[cm] 0.021 0.043 0.034
Wo (sedimentation velocity) [cmV/s] 2.38 5.92 4.58

2nd, The scale of the small scale experiments is 1/42 N o
¢ "l = ()
1
Wop = (42)2 X 2.38
= 15.4cm/s = 15~16 cm/s

m: model w : sedimentation velocity

‘Continued on the following page p ‘ prototype L : representative length

The sedimentation velocity in local scale is 15~16 cm/s




3. Result of the experiments

Considering a law of similarity {(3(/:5
\fm{%

314, We set the sedimentation velocity in local scale to 16cm/s.

Vg The others model scale that satisfies this sedimentation velocity are calculated below.

Large scale Middle scale
1 1
"= () = i RS =T
1 1
592/,6 = (", 0)2 T 7 +58/,6 = (/4. 0)2 T 12

As a result of applying a law of similarity using sedimentation velocity, the experiment
scale are as follows.

small experiments = 1/42
large scale = 1/7

middle experiment =1/12




3. Result of the experiments

Investigation of each experiments

Original scale

case No. | Zf [m] |q [m?*/s]
m-1 0.20 0.0055
m-2 0.25 0.0055
m-3 0.25 0.0086

small scale

case No. | Zf [m]|q [m?/s]
s-1 0.24 0.026
5-2 0.34 0.045
s-3 0.48 0.043

large scale

case No. | Zf [m] |q [m?/s]
-1 1.0 0.124
-2 1.0 0.170
-3 1.0 0.288

=

The scale applying
a law of similarity

case No. | Zf [m] |q [m?/s]
m-1 2.4 0.229
m-2 3.0 0.229
m-3 3.0 0.357

large scale

case No. | Zf [m] |q [m?/s]
-1 7.0 2.23
|-2 7.0 3.15
-3 7.0 5.33

small scale

case No. | Zf [m] |q [m?/s]
s-1 10.1 7.1
5-2 14.3 12.2
5-3 20.2 11.7

Original scale
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3. Result of the experiments

Investigation of each experiments

The scale applying a law of similarity

case No. | Zf [m] |q [m?/s]
m-1 2.4 0.229
m-2 3.0 0.229
m-3 3.0 0.357
large scale
case No. | Zf [m] |q [m?*/s]
-1 7.0 2.23
|- L0 3.15
s; 7.0 5.i3i>\
gt
S- . .
s-2 ~ 143 12. \
s-3 20.2 11.7

The scale applying a law of similarity

| | | | | | | .m_l

B Em—2
E : Am—3
—_ | °]-1
-E 5_ n]l-2
S L 4 “1-3
o | Jl es—1
5 — - IS—2
8 101 * as—3
p)] = _

15k 1
0 600
Y / . . ..

= |ls-11and -2 are similar conditions
|'3 and the results are similar.
s-1 <L

\

The law of similarity probably consists
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3. Result of the experiments

Investigation for a relation between scour depth and R, designed by Noguchi et al.

The left figure shows the relation between
scour depth and the Ry designed by Noguchi et al.
(The result is applied to the law of similarity.)

D200 : the scour depth in 200 seconds after start of overflow
D4000 : the scour depth in 4000 seconds after start of overflow

T T T T T T
i @ D4000 * |
20 -
- A D200 T
= * i
— 15+ :
s L i
s [ i
5+ A
3 10 .
@ T A
i A i
S ]
_ A A 4
S i
- A A ]
O_I . 1 1 . 1 [

0 1 2 3 4

Rn of Noguchi [m]

101
RN =g 4(Qz Zf4’
(Noguchi et al.(1997))

g : gravitational acceleration [m/s?]
g : per unit width flow rate[m?/s]
Zf . drop height [m]

A :Scour Depth in 200s after the start of overflow
& :Scour Depth in 4000s after the start of overflow

® Small scale Large scale ~ ® Middle scale

v

We draw approximate curves
in each experiment...
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3. Result of the experiments

Investigation for a relation between scour depth and Ry, designed by Noguchi et al. {(ECE
———————————— ) Mot
i ] /‘Dmax: 2.1R, Noguchi et al.(1997)
2ok 4 D4000 Y:25.75x- 4 - D = 5.83R )
N R® =0.99 : max = 9. n Arikawa et al.(2014)
T [ . ]
£ 15[ : ¥
gt A The approximate curves are similar to the
§ 10f . previous formula for scour depth.
i 4L Asaresult...
5¢ Y=2.25X - :
2 A R?=0.91 1 | D=2.1Ry (Noguchi’s formula) : the scour depth in
of 4 4 |200 seconds after overflow in local scale
o 1 2 3 4
Rn of Noguchi [m] D=5.83Ry (Arikawa’s formula) : the scour depth in
1 1 1] g:gravitational acceleration [m/s?] about 4000 seconds after overflow in local scale

Ry =g +q ZfZ q : per unit width flow rate[m?/s]
(Noguchi et al.(1997)) | Zf : drop height [m]
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4. The estimation formula on scour

1 1 . — -V X - - - o
Weibull Function: ¥ = 1 — e™V* Previous research using Weibull Function
N, Ohta et al.(2012)
/I \ - L They investigated temporal evolution of the scour hole
in front of the wall using Weibull function.
Y=1-—eV |
~T g . Ay BB K b
F)_S_ | ﬂ?‘% z hol.h”’ L 2 |
I Dokt v
| géﬁ%\ﬁ%\ \‘ *ﬂﬁ‘ﬁiﬁl “ z sm
- Bhhi T
0 ]
T . . . L . . T * Local scour in the upstream region of dam gates (Part 1) - Temporal evolution of scour hole geometry-

k 5 ) CRIEPI Research Report Ohta et al.(2012)

The horizontal axis Is the time, the vertical axis Is the scour depth.
We tried to design an estimation formula for scour depth

{(ECE 36TH INTERNATIONAL CONFERENCE
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4. The estimation formula on scour

We tried to design an estimation formula for scour depth.

1st. We made the overflow time and the scour depth dimensionless as follows.

Non-dimensional Scour Depth

D., : Non-dimensional Scour Depth, D: Scour Depth [m]

D)
~ 5.83Ry

Dy,

— | value of Arikawa et al.(2014)

The denominator 5.83R, was based on the

1 1 1

Ry =g +q2Zg+ [m]  (Noguchi et al.(1997))
g : gravitational acceleration [m/s?]
g : per unit width flow rate[m?/s] Dmax= 5.83R) Arikawa et al.(2014)

Zf : overflow height [m]

Previous research

ON COASTAL ENGINEERING 2018
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4. The estimation formula on scour

1st. We made the overflow time and the scour depth dimensionless as follows.

Non-dimensional time t,, - Non-dimensional Overflow Time, t: Overflow time [s]
- U, ‘ Ry : the theory vortex designed by Noguchi et al.(1997)
n-— ¥4Ry u, : the critical friction velocity indicated by Iwagaki’s formula as follows

u, = +/8.41 x (d)11/32 [cm/s] (0.0065cm < d < 0.0565cm)
d : particle diameter [cm]

¥, : the experimental constant
\ 4

From experimental result...

ON COASTAL ENGINEERING 2018
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4. The estimation formula on scour

In order to determine the experimental constant y,,,
we compared the y, with the experimental value.

" Weibull Function: Dn = 1 — e~ Vin

2010

I = 1,10, 20, 30 D(® e
Ya = 1,10,20, (Dn= sz tn =7 at)
Ya =1 Ya = 10 Ya
T T T T T T T
a 5 0.8t e
k= PN S as
53 v ot - 53 8 vt .A’t
Q a ’. . (AR Q 0.6- ..... a ’. ..:..
E ° ° = vpesesee’ e & N 0% nd A 0l 0 e _vveTYVT o
o . v Y 8 vvvvvvvvvv =
(&) vVVI . ° 6_ vy
2 ‘vx" I . (2 7 .
< —_—
.g = | g 0.4f g A
] e Experiment-large = . o= Af ; -
5 oE P ) - 'gdl % o Experiment-large % o Experiment-large ° Experfment Iafge
'g Experlmen m ”e g 0.2 e Experiment-middle g e Experiment-middle * Experiment-middle
e Experiment-sma A Y4 . PN L i —
‘lé N Wzibull Function i e Experiment-small 9 e Experiment-small 0.2 ° Experlment srna"
= £ e Weibull Function 8 e Weibull Function e Weibull Function
. . , , ] 0 1Z _ ok _
10 20 30 40 50 L L L L L L L L L : L
Non-Di onal Time t 0 0.5 1 1.5 2 0.5 1 1.5 2 0 0.5 1 15 2
T n . b . . .
onimensionat time Non—Dimensional Time tn Non— on Non—Dimensional Time tn
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4. The estimation formula on scour

CEE
As a function of The Scour Depth, we use a Weibull Function as follows é/\

2018

Weibull Function: Dn =1 — e Vin (Dn=ggare’ =70

D(t) U,

YaRN

Non—Dimensional Scour Depth Dn

=

o
(0 0]
T

O
o
T

o
N
T

o
N

o

I

|y = 20

The left figure shows the result of the
h g

- The Weibull Function correspond

| roughly well with the observed value.

y %
z':.:" ’ ¢ Experiment-large
o e Experiment-middle
! e Experiment—-small
e Weibull Function
] . 1 1 1
0 0.5 1 1.5

Non—Dimensional Timetn

estimation formula and the observed value.

>




4. The estimation formula on scour

We attempted to estimate the scour depth at Hachinohe Port using the estimation formula. gg

2010

Cross Section after disaster at Hachinohe Port

The armor rocks and the rubble mound were
Collapse | installed on the sand ground at Hachinohe Port.

e, f However, they were also scoured and washed
. Armor Rocks
w2 e | =y looogipies ]| | AWAY.
Fesaeas =i ’\\il@f | But...
| aom Rubblf|: Moulid o ) ) N - - .
otk e [ 1o The estimation formula is based on sand
Not Collapse {}
i We Investigated an adequacy of the
S / \L”" Eﬁjﬁ VAR estimation for_mL! la assuming that the
EerBSEEE== =<l ground material Is only sand layer.
| |

About 2.6m




4. The estimation formula on scour

Calculation result of tsunami water level at Hachinohe Port

7r e outside |1/ EStimation formula: Dn =1 — e~Vtn
— top of the caisson o inside | ‘

~—~ 6_
g 1 This formula can not evaluate the scour
2 51 depth in unsteady overflow as shown in
© . | left figure

3 . / Therefore, we investigated the scour depth

7000 7200 7400 7600 assuming that the overflow rate is constant.
Time(s)

*Refer to Ministry of Land, Infrastructure ,Transport and Tourism
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4. The estimation formula on scour

Calculation result of tsunami water level at Hachinohe Port

. | . . . . . . . To determine the constant overflow rate...
o top of the caisson e outside | 1. We calculate a surface area using free
6 e inside | spreadsheet program as shown in left figure.
:E/ | 2. The value of the surface area is divided by the
% or overflow time (480s), and an average of the
o overflow sea level is determined.
L 4r : )
This surface area is about 900[m - s|
\ &
3r | ] The overflow time is about 480(s]|
7000 7200 7400 7600 3
Time(s
©) The average of the overflow water level
*Refer to Ministry of Land, Infrastructure ,Transport and Tourism IS about 1.88[m]

o LCCE 36TH INTERNATIONAL CONFERENCE
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4. The estimation formula on scour

| CCE
The average of the overflow water level is about 1.88[m ] Conditions é;/\
,‘ q[mz /s] 3901 2019
The Homma's overflow formula for the overflow rate [m] 15
g = 0.35h\/2gh e

g[m/sz] 0.8
d|lcm] 0.001

g =0.35x 1.88xV2x9.8x%x1.8=23.91[m?/s]

1. Determination of the non-dimensional time t,, Ry[cm] 221
ty=—t= —= X480 = 0.142 Ve 20
- wlem/s] | 131

‘ t[s] 480

2. Substitution the t,, for the non-dimensional scour depth D,,

Dn=1-—e V0142 = 0 314 - -
‘ The estimation scour

/ depth : 4.05m

3. Substitution the D,, for the non-dimensional scour depth formula/
D,,(480) =5.83 X Rx D, =5.83 x221x0.314 = 405[cm]




4. The estimation formula on scour

The estimation total scour depth :4.05m

!

The actual scour depth at Hachinohe Port : 2.6m~10m

<

The order of the scour depth between the estimated
value and the actual value is roughly the same.

) 4

Collapse
‘ | ;LL Armor Rocks
o wmas g By 11000kg / piece
3 ~A e e caisson T
NP s WSS  pe > ]
—f““ ) [ \ [ — -, — S—— R
B e ¥ i
I Hom Rubble Mound X L )
100~300kg / piece About 10m
Not Collapse
.Outsidc . .o
RS g l:{’;u—r 4::?
are e —a om0 sx20x2
AL caisson
SivE R \\:jiﬁw/ -
1 . _

About 2.6m

FUTURE TASK
Conducting the scour experiment using rubble mound
and armor rocks.
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5. Conclusion

{(ECE

We conducted the scour experiments and attempted to suggest a estimating formula 20,8

on scour depth,
The conclusions are below.

* The Noguchi’s formula D = 2.1R,, evaluate the scour depth in 200s after the
overflow, and the Arikawa’s formula D = 5.83R,, evaluate the scour depth in 4000s
after the overflow.

« \We attempted to suggest a estimating formula on scour depth using non-dimensional
time and non-dimensional scour depth as below.

— D(t %
Dn=1-eVn  (Dy=20, tn =50

* The result of the estimating formula was fit the field survey result of the Great East
Japan Earthquake.

Thank vou for your listening



