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Sophistication of numerical simulation of Tsunami wave with ?rgnular solids such
as sea ice floes and risk analysis using computational intelligence

Kioka, Shinji
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Tsunamis with sea ice floes have been reported to cause serious damage to
private houses and bridges from the impact of the ice floes (e.g., in the 1952 Tokachi-oki
earthquake). In this study, we performed model experiments involving onshore run-up of a tsunami
containing sea ice floes with a focus on ice jams and pile-up formations between structures, and on
a large accumulation of sea ice on the road that plays important roles for relief activities. We
developed an estimation method of the pile-up height, which could be useful in the estimation of
safety evacuation levels and the elimination of lots of sea ice on the road. These experimental
results were also learned by using neural network to incorporate in one of computation modules of
our numerical simulation system of tsunami with ice floes, which is a part of very complicated
mathematical model. We proposed one of tools which would be useful in the formulation of disaster
mitigation plans including hazard maps.



3 1)

14 ¢
12 ¢

<08

2
3D-DEM
3)
@
(1-a)
(1-b)
@
(1-a) 3
3
(1-a)
hdho  he:
3
Ice ridge (sail/keel 1
. ) i”o.fs L
Ground ice ridge
stumkha hp  keel
He=Hp-ho Hp sail
2 hp 0
(He) -2
hD Hs

04 -
02 -

(1)

ho:

y=3.6711x +0.8923

R?=0.9628

AIC

Shore

0.02

0.04

a(m)

0.06

0.08



Ground ice ridge (stumkha)  keel depth  Sail height (Surkov
& Truskov,1995)

Groundiceridge

0 keel
depth ho  Sail height He -2
fo(6)
(hoi, Hs) f(hpi, Hs 16 ) fn(é| hoi, Hs)
H.=H,-h,=6h,+¢
€ 0 (hoi, He)
o
(Hy —0hy,)?
f (hy, H 0 Shml
( Di ‘ ) H FG { 2(72
0 6o, 00
f(hy,Hg|0) f, (0
fN(9|hDi,HS.): _ ( Di S| ) O( ) :N(aulgu)
[” f(hg Hglo) To(0)do
0" — oY hyHg +0%0, o7 = oo’
O'OZhDI+O' oY h: +o?
o 30
p o Stumkha
0 25 L r[iZl;rel;ov&Truskov,IQQS]
g Beaufort Sea,ridges
hay 48 [ t=0.5cm (model test) 1:1.59
b t=100cm (Insitu observation)
215
2 Range of stumkha
S 10
(%]
5
. 0 ¢ X L L 1 " y
Ice Ridge 0 5 10 15 20 25 30

Keel depth / t

T2 T T ~ Teeridge (sail/ keel
) [Surkov & Truskov,1995]

H.=H,—-h, =(@"+,6")h,, ~H,=(@"+,c"+Dh,

a 9% tu a t

(1-b)



hs A hy

-4
) Ahs
Ahy, 5
Atk E&o0.5cm FiR ES1em
10
9 A A A
CD=1.85 z; ‘A : CD=1.75
Ahs 6 A A A A B,C
(cm) Pl Gl
3 A A & eXATA
10 2 o A A %A 7BC
: * L 2
) ‘ 1 o w0 o - ’ 0 10 20 30 40 50
Ah,,(cm, Ahw(cm)
-4 hs 4dhw
3 -5 Ahs  4dhw
B 0.5cm
Icm
2
3 DEM
3D-DEM
3D-DEM 3

00001 o002 0.000:

HHH\IHW&HHHH

0.0004

3 DEM

N

3 2 DEM



| KEESZEOKBEERER | | BUOERRST—SEE |

l I;’i;&.ﬁ;‘kg)ggjtﬂiimig)ﬂﬁgt/slb—t/ap(iﬁ_o,;ﬂi) | ...................................

Ice jam/pile-up FRIEDa—)L REHEEDL—L BROAMEEED2—)L I
(BB EE, A XEH, SEtENete) |&Y| GEEREFRER) o
%ﬁﬁfﬁ#) ggﬁ‘f) ‘
manET B \.// SELE prTg— =
e Zoam ] KRR EHE
: / ESa—)L
i%;&v?iﬁ& » o . CE3RTREANEREX)
i fcO)re, ; t Rafting / ice pile-up model
: g PEB=0IF©=0) : An external force 7 required o form
mrosm gy | T Z‘;mp:,y(e:,,, ’ \ EMEEFILOSEL apile upwit‘:a ce?ain?\eigfztl{s‘o
(Pile-up, ice-jam, FEi&EERS) F,:%p,,gy,:lQ,((Z’::g sl

| B B AELY | b $
|/\-Ij=—|:—,7\yjﬂgﬁzﬁﬁ|
| BEER - Tl Y
- [ FEEREEDORE
F | mEsmsy

®

Al

CG



76(2)

2020

B3

905-910

DOl

815

2021

39-45

DOl

(lce Tsunami)

2021

2021




(Takeuchi Takahiro)

(40305983)

(31103)




