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1960 4541 /% & Chile Tsunami

Three largest tsunami events

R - vﬁi 4

1. 1960 %41/ *& Chile Tsunami (Mw=9.5)

2. 2004 = i; ;& r&South Asia Tsunami (Mw=9.3)
3. 2011 & P A ;% v&East Japan Tsunami (Mw=9.1)

(Wiki) (NOAA)



1960 Chile Earthquake Tsunami

On May 22, 1960, Chile recorded the largest earthquake ever
recorded. It also known as the 1960 Valdivia Earthquake. The
magnitude of the earthquake moment was 9.4 to 9.6. The epicenter
was located at -73.41°W and 38.14°S (USGS). The earthquake
caused a severe tsunami on the coast of Chile, with an run-up
height is 25 meters. Tsunami waves hit Hawaii, Pitcairn Island, New
Guinea, New Zealand, Japan, Okinawa and the Philippines and Hilo.
(Bryant, 2014).
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1960 Chile Earthquake Tsunami caused
61 death toll and 282 injured in Hilo,
Hawaii. The tsunami caused by the run-
up height was about 10.5 m, and the
flooded area was about 2.5 km?. With
the exception of Hilo, the runup
heights in other city of Hawaii range
from approximately 0.6 to 5.1 m with
an 2.7 m average runup height. (Doak
et al., 1963)
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Area flooded by 1960 tsunami
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Area flooded in 1960 tsunami
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HOW ABOUT THE TSUNAMI FROM CHILE TO
TAIWAN?

TAIWAN
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MADAGASCAR - IndianOcean

, TheIndian EXPRESS

Hote: map rep i e height for time = -30 to 36,030 second= during the unami.

Amateur camcorder footage of the 2004 tsunami
disaster. Shot from inside a quickly-flooding
restaurant in Phuket, waves engulf older couple
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https://kknews.cc/world/pxIxIrz.html
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Kuriles
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Tsunami Source
Characterization for Western
Pacific Subduction Zones: A
srana Preliminary Report

USGS1 Tsunami Subduction
Source Working Group

S BOTTOM LINE
Philippine Avolcanic Hazard appraisal key:
~ New Guinea (OCB) A: H ig h

B: Intermediate
C: Low
D: Not classified

New Britain
Vanuatu

USGS (2006) issued a report assessing the potential risk as a tsunami source along
the entire Pacific seduction zones. One highly risk zone is identified along the Manila
(Luzon) trench, where the Eurasian plate is actively subducting eastward underneath
the Luzon volcanic arc on the Philippine Sea plate.



Estimation of Return period

Epicenter Distribution of Earthquake Distribution of Earthquake
5<Mw<10 Source : ANSS
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It is significant that since the Spanish colonization of Luzon in the 1560s, no earthquake exceeding magnitude 7.8
has been observed (Repetti, 1946). Conservatively, it can be postulated that very large events on this Megathrust
have a recurrence interval exceeding 440 years. Taking a trench-normal convergence velocity of 87 mm/yr, strain of
~38 m would range of plausible scenarios. It is comparable to the 1960 Mw 9.5 Chilean earthquake, in which
coseismic slip reached 40 m (Barrientos and Ward, 1990), and larger than 2004 Aceh-Andaman event, which
produced 20 m of coseismic slip (Chlieh et al., 2007).

Anat Ruangrassamee (2007)



120°E 125°E
1 1

25" N+ F25°N

k40

20°NA F20°N

-80

Depth (km)
15°N- H15°N

Mw
5
52
e 55
® 63

120° E 125° E

The sinuous rupture interface of the South China Sea
megathrust, together with ten seismic cross sections
between latitude 12.5N and 23.5N from the studies
by Bautista et al. (2001) and Wu et al. (2007).
Epicenters of thrust-faulting earthquakes are plotted
to mark the downdip boundary of the rupture
interface.

120°00"E 125°0'0"E
1 .
N

25°0°0"N+ +25°0'0°N
&

602251 1 17 $102a
71.7 13.6

S102b

200N 80.7 66.3 66 L20°0'0"N

86.2
86.2 }87
89.6 87.4

80.160.8 61

73.8 63.6

15°00'N 69.5 §7.3 }55 15°00°N

56.7 40 40
56.7 16.8 17

120’b'0"E 125"'0'0"E
GPS data (Yu et al., 1999) indicating motion of the converging Eurasian
Plate and the Philippines Sea Plate, where the blue arrows and
numbers show raw velocity values (mm/yr) taken from Yu et al. (1999),
the red arrow and numbers indicate velocity values (mm/yr) resolved
in the direction perpendicular to the trench front, and the black
numbers give the rounded values (mm/yr) used for slip estimation.

(Megawati et at., 2009)
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Tsunami Generation Tsunami Propagation

COMCOT (Cornell Multi-grid Coupled Tsunami Model) is a tsunami modeling package,
capable of simulating the entire lifespan of a tsunami, from its generation, propagation and
runup/rundown in coastal regions.

e Governing Equations

COMCOT was developed based on Shallow Water Equations (SWE) in Spherical
Coordinates (Eq.0.) and Cartesian Coordinates (Eq.02). In the equations, { denotes free surface
elevation; P and Q are volume flux in x and y direction (P=hu, Q=hv): ¢ and v stand for

longitude and latitude. respectively.
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Eq.01 SWE in Spherical Coord. Egq.02 SWE in Cartesian Coord.

Tsunami Model: COMCOT

I (Cornell Multi-grid Coupled Tsunami Model)

Capable of simulating the entire lifespan of a tsunami,
from its generation, propagation and runup/rundown
on coastal regions

A numerical model which solves nonlinear shallow
water equation (SWE).

On both/either Spherical or Cartesian coordinate
system.

Using nested grid to solve multi-scale problems.

Moving-boundary for inundation calculation
Parallelized

e Moving Boundary Scheme

Moving boundary scheme was also introduced in COMCOT to model the run-up and
run-down. The instant "shoreline" is defined as the interface between a dry grid and wet grid

and volume flux normal to the interface is assigned to zero.

t=(n+1)At
. P=0
Px0 hier My
e
i 172 i+

Fig.02 Moving Boundary Scheme 32
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(1). Widely validated

Soliton runup:
Synolakis (1986, 1987)

Very accurate results can be seen.

Run-up Yalidation. COMCOT vs EXP (Synolakis, 1987). alh,=0.0183

T=30
T=40
T=a0 U
T=60

COMCOT non-lineaer

+ % % + [

T=t'sort(gh,)

0 2 4 4 g 10 12 14 16 18 20

Run-up Validation. COMCOT vs EXP (Synolakis, 1987). am0=0.0135
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Figure 2: Time evolution of H = 0.0185 initial wave over a sloping beach with cot 3 = 19.85 from

t = 25 to 65 with 10 increments. Constant depth-segment starts at Xo = 19,85 While markers show

experimental results of Synolakis (1986, 1987), solid lines show nonlinear analytical solution of Synolakis
(1986, 1987) Experimental data is provided from t = 30 to 70 with 10 increments.

National Oceanic and Atmospheric Administration Pacific Marine Environmental Laboratory i

NOAA Center for Tsunami Research:

Developing methods and tools to reduce tsunami hazard and protect.

Home  Tsunami F Hazard A t Research DART Events Info

Solitary Wave on a Canonical Beach

Figure 1: Definition sketch for canonical b
constant-depth region.

(FAL &R * NOAA F &)

33



(2). High-speed Calculation

COMCOT-Surge Model can finish 48 hrs forecast in 30 mins on PC-level
computational resources and be used for the operational system.

DO I=I5, IE
IF (L%H(I,J) .GT. ELMAX) THEN
ZZZ = L%Z(I,J,1) - RX*(L%M{I,J,1)-L%M(I-1,J,1)) &
- RY*(L&N{I,J,1)-L&%N(I,J-1,1))
ZZE = I (L¥HT (I, J,2)-L8HT(I,J,1))

|
|

|

|

! Initial Free-Surface Elevation
I i A A

|

|

|

IF (ABS LT, EP3) ZZZ = 0.0
P 4o - 4 i . ﬁ
ELSE
- 20 b
END IF hread1 4
END DO |
END DO |
I$OMP PARALLEL DO = ;¢ . Thread2 Fr1¢
Parallel Computing on Multi Cores. 8 Thread3 J {11,
art
o 104 1
=  Thread4
-2
Contents lists available at ScienceDirect |
5 N |
Ocean Engineering -4
: e |
journal homepage: www.elsevier.com/locate/oceaneng =
- - - - B - - ] -5
Review 75 80 g5 a0 9% 100
Development of a tsunami early warning system for the South @Cwm Longi tude (E)
China Sea
Simon C. Lin? Tso-Ren Wu %* Eric Yen®, Hsin-Yen Chen®, John Hsu?, Yu-Lin Tsai®, Dynamic resources Sharing.
Chun-Juei Lee®, Philip, L-F. Liu%¢
anstitute of Physics, Academia
b Acad ca Grid Coi

i
“ Institute of Hydrological & Oceanic Sciences, National Central University, Jhongli 32001, Taiwan
4School of Civil and Environmental Engineering, Cornell University, Ithaca, NY 14853, USA

The results has been published on Ocean Engineering
(Simon C. Lin et al., 2015).



e (2). Stable and Fast - Parallelized by ASGC, COMCOT now is

able to use all the mutli-core CPU resources

( We tested COMCOT on a new 32-core server in NTU, Singapore. A case
used to be done in 30 minutes can be finished in 2 minutes on the new

machine. )
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2011 Tohoku earthquake and tsunami
20114 p AjarmE ¢

AP 20048 B RS
— We spent about 20 mins to prepare, or wait for, the fault parameters
memﬁﬂﬁﬁﬁﬁﬁ%L&ﬁ’f%ﬁﬂi@%ﬁ%ﬁﬁ%ﬁﬁ,
— COMCQOT spent about 1 min to finish the tsunami simulation from
Japan to Taiwan.
i hEa B R RS
— It is about real-time simulation
COMCOTHE B /& vl da:E & 4 o # F kb ad 3 912 2 &
— COMCOT predicted that the tsunami wave height was about 12 cm
offshore Taiwan.

6 RO BT dur £120 4
— Field data also showed about 12 cm.
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Source of Bathymetry

>3 15% & ETOTO2: (2 arc min)
— http://www.ngdc.noaa.gov/mgg/gdas/gd designagrid.htm

K
GEBCO: (0.5 arc min)

— http://www.gebco.net/data_and_products/gridded_bathy
metry _data/ o

PR A F NAVY

B¢ &< &%7eiF5p ¢ < NCU: 40m DEM -
p FcIRE 2 BlE ¢~ National Land Surveying and
Mapping Center: 10m DEM

~ & Tai Power: 1m DEM
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T2 (Manila Trench 1)
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T3 (Manila Trench?2)
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T4 (Manila Trench 3)
(EEIIE#ES3E)

Latitude (N)

130 135
Longitude (E)




T5 (Manila Trench 4)
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T6 (Philippine Main 1)
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T7 (Philippine Main 2)
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T8 (Yap Trench)
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T10 (Mariana Trench 2)
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Taiwan has to be aware of the tsunamis from T1, T2, T3, and T8
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T02, Inundation and Maximum Runup Height
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TO02, Nearshore Inundatlon and Maximum Runup Height
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Runup height: NP3: 10~12m; South Bay: 18m
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The First National-wide Tsunami Drill in Taiwan in 2014/9/19
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a grid/cloud-based Tsunami system
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http://www.isgtw.org/feature/forecasting-wrath-tsunami
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Forecasting the
wrath of a tsunami

“EATURE | APRIL 24, 2013 | BY ZARA QADIR

Immediately to the south-west of
raiwan, is the South China Sea and
he deep oceanic Manila trench.
Roughly every 10 years, the area
2xperiences a moderate earthquake
‘under 6.9 on the Richter scale).
H4owever, there has not been a
major earthquake since the 1570s.
3PS data and global historical
-ecords show that every 700 years
an earthquake of magnitude 9.0 is
ikely to strike the area. The region,
‘herefore, is due one relatively soon
‘in terms of geological time frames)
and if (or when ) a mega-sized one

inec ctrike nennla livina in the

22 Tsunami Sources to Taiwan

18 Trench-type tsunami sowrces (T1-T18)

4 Fauit-type tsunami sources (T19-T22)

The spatial distribution of 18 trench-typed tsunami
sources (T1-T-18) and 4 fault-typed tsunami
sources (T19-T-22). The color bar indicates the
seafloor displacement of each tsunami source.Click
for large version. Image courtesy Simon Lin, ASGC,
from Tso-Ren Wu's paper.

COMCOT (Cornell Multi-grid Coupled
Tsunami Model) is a numerical

model that allows both simulation
and visualization of the whole
lifespan of a tsunami. It shows how
a wave will travel on the earth and
gives an estimate of its arrival time
and the level of run up on to dry
land. “The original research model
focuses on accuracy and not speed;
it took between 12 to 24 hours to
generate a result. But for the
system to be operational, COMCOT
needed to simulate a tsunami as
fast as real time propagation, from
hours to minutes,” says Wu.

Usually an operational system
sacrifices some level of accuracy,
but COMCOT allows both linear and
non-linear equations. “A linear
system speeds up the operation
and is accurate for the deep ocean,
but is not precise enough for the

near-shore region. When the wave approaches the shoreline its speed diminishes, and it
becomes thinner and taller so the curve can no longer be represented linearly. Most
tsunami systems ignore this part of the simulation but it is the most important to impact
on human life,” explains Wu. COMCOT integrates the spherical with a Cartesian coordinate
system, which is more accurate for near shore simulations.



http://www.isgtw.org/feature/forecasting-wrath-tsunami

NATIONAL
DEOGRAPH!C i v B v fiklE P B v B v Mg EE
ERERE

Radk  PREBRAEEE ot R

2016-07-10

20160710

BTIHRAAATES
~yt2011E3711H - EHIERE 20646757 > HARIEEEEEE £ IR O.OQh =5 [ 368
i o IRIE2012F4A AN HAE F&ET > B ER ISR 15855 ASET » 3084 A5kt -
6025\ %15 - FEEZA129483F » PEHE TEEHAFIS2791 5 - & HAFEMCH LA
AFUE AN — TR - 5 [SRHVERH e 5 LR RgEErT -

76



MOST Interview
SR TR TS E R i 20164E8 H 1T

[EEBRSRMREE 1

OSBRSS R

Bl bk KERIMEFNZHREN RAFE

2011 43 H 11 H » HAESCRHIEES |3 eEE e N\ A R 1 B - RN - S8 H It
W o IR AER - R AERRL & S8 2 5 TN P B LR R » WA BRI 5T
CATRUECHRIR » Y R - RIRERETIE T A IRV S A o
BRI AR B 1 ACKR{EL - 32BN 4 5K Ik 251 738

40 T T T T 6
@ T15, Mw = 8.8
35 3 re Y
| E? R}“ 7‘ . & [} 14, Mw = 8.7 i 4
21, Mw=72] o - o el e i i
122, Mw=7.8 r, 4 | FE NG
LT | o E
; 3
30 1 TI, Mw =8.1 . .
He L e
TEEING &SN 116, Mw=287 2
¥ | sEE
-~ as L - -

|

77



Rk ER | o
Rk R RPRRREEILDEHREE LS
BIRIFR Tsunami Fast Calculation System for CWB in Taiwan.
B RARAC —§#  — O FEEROERER

Fully automatic. One-click to finish them all.

Simulation with the region covers the PS and SCS can be done
in 1.5 mins.
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Database for earthquake parameters
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wave phiase (1S T= 0.000

http://en.wikipedia.org/wiki/File:Shallow_wat
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Nonlinear equations:

o P 2AQ
an N C N o _0
ot ox Oy
P2 (P} 2(PQ) &
+ ‘+ | t‘"+gH—]+-tX:0
o ox\H) oyl H ox
Q@ (PQY @ (Q*) N
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For both linear and nonlinear equations,
P=Hu, and Q=Hu,,
H=n+h.
n is the free surface displacement;
h is the still water depth; and
H is the total water depth.
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* “In 1781 around the 4th to 5th month, 46th Qianlong year, the weather was fine.
Suddénly the sea roared like thunder. Giant wave appeared. Water rose for tens of
zhang high. Villagers nearby were submerged. They climbed upwards, expecting to die.
After a few quarters, it ebbed. People were swinging on top of bamboos, crying for
help.|One strong man jumped to ground, and helped others getting down. Gazing lands,
farmlands and gullies were full of leaping fishes. Villagers nearby rushed to collect by
baskets. It was heard that one woman was drown. The woman was fierce, and was not
filial to her parents in law. Except for the woman, everybody was survived. After
collecting the fishes and heading home, suddenly the sea roared again. Fishermen lost
their fishes. They sailed on top of bamboos on raft,Awvatching their homes submerged

T

About 4~5m Second tsunami coming in About 1km far

About 230 years ago
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For tsunami hazard mitigation, the first thing first, is to figure
out where did those historical or paleo tsunamis come from?

W@
1867 HLE 0 A
ek O 5 Y
: . 1867 Keelung tsunami
i Also, tsunami deposite
FANET DU
179 RSP BB RS
o P TR O Chenggong tsunami deposite
1782/1682 Tainan tsunami O o
V=
- : reen Island tsunami boulders
1781 Kao-Ping tsuna\m[/# oﬂﬁﬂ%\\ﬂﬁE
1894 B & il Il boulders
1SN Jiupeng tsunami boulders
Google

103



One event bothering us is the 1867 Kee
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Reconstructing the 1867 Keelung Tsunami Event

Tsunami deposit were found on the Hoping Island, Keelung,
Taiwan ( Liberty Times, 2012 )

PRSI (R34 (H il # > 2012) 105
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Why the 1867 Keelung tsunami event is important?

»ﬁLUJmshan@ |

% 28iNPP2
KEEIung C|ty l-f_;_ i ‘.,,_

(400,000) T :

" Taiwan e . &= :[ [: FE A I:[ 2 6 O

18675 [ /A0 & H FiME— BUN REEEHY 5 /8 R 52 /g =B
e 7 i It is the only tsunami event officially recognized by Taiwan

government, so far.
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This event was documented by multiple literatures with multiple languages
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Historical records iy e
18674F-.12 December AR /1 \ 6-7/\ RIS

IR Earthquakes 6"’7m tsunam| height
Y% EE Smoke observed

A /5 Tsunami
o 6~7m tsunami height
o seabed exposed

)_’<<< ¥ , ; ¢ \ : 'N r e - )’ ’ : ’. ;,,\T ‘T 4
BEMELL= R e AR AE | Googleearth
Tsunami impact at
Jinshan and Keelung

#7 AZET Hundreds death \
R EE ! seabed exposed

(J@—E% smoke
\ /

(..,-—-’

& ST
| tsunaml,deposn

Jinshan

ELBE Keelung

Googlc earth*



EAWT TR BT Ry = AR (R Mw 7.277.2

Earthquake magnitudes proposed by
previous studies were Mw 6.2~Mw 7.2

8% » ErRATHIE R Ae A -0 RO ZHY /0

However, the simulated tsunami heights are less than 0.5m

T ongudeatude | agniude

Lee et al., 1976 121.7 25.5 Mw=6.2
Hsu, 1981 121.8 25.2 Mw=7.0
Tsai, 1985 121.7 25.3 Mw=7.0
Ma and Lee, 1997 121.7 25.5 Mw=6.9"7.2
Lin, 2006 121.7 25.3 Mw=7.0

Cheng, 2013 121.91 25.34 Mw=7.0
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Latitude (N)

A AT R A BEIR AR AR K L
Steep slope and volcanos are presented in the near-field region
26 "'

25.5

Oklnawa Trough -

d M|en Hwa Canyon A

121 1215 122 122.5 123 123.5 124
Longitude (E)
A : 75E k1] Volcano : Fault — = = = :Submarine canyon

/\  EZEEAEEE K L Erupted record volcano (Chen et al., 2005)

E= L7 B Epicenters of previous studies

110
(Lin et al., 2006, Zheng et al, 2011, Tsai et al., 1985 & Ma et al., 1997)
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We are going to perform the scenario studies. However, there
are numerous of scenarios if we considered possible slope

angels, lengths, depth, and locations......etc.

Jinshan

* Keelung City

Image'© 2
Data SIO; NOAA,
Image €

Ima;

2013 GeoForce Technologies
U.S. Navy, NGA, GEBCO
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We want to develop a method that
can help us analyzing the potential
tsunami sources systemically.
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So, instead of simulating all possible scenarios form the sources to the
study area, we want to trace back from the study area to the sources.

&1 Jinshan

FLPE Ke‘e-lung City

113



Latitude (N)

WL F A R T A A RIRES o LR R 2T o R T (TR 7
Bt
Can we identify a potential tsunami source based on the intuition or distance?
Maybe yes, but risky.
Within 100 km, two sources present different results.

A v R A 4 vl BB
26.5 05
04
26

< 10.3
$ 255 =
Keelung 2 E

—~ © 10.2

|

“.
¢
\

25
0.1

0

. 24. ‘
24 ?21 1215 122 1225 123 1235 124 1521 121.5 122 1225 123 1235 124
Longitude (E) Longitude (E)
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Method of Impact Intensity Analysis (l1A)

1. Discretized the computational domain into small uniform source
regions

2. Calculate the wave propagation from each source region. (This
requires high performance computation)

3. Record the maximum wave height (MWH) at the study area
Place the MWH value on the corresponding source region

26 1

N
o
(e

(n/h)

Latitude (N)

N
O

122 1225
Longitude (E)

24321

121.5 123
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Latitude (N)

25

N
o

—
(0)

—
o

125

130 135
Longitude (E)

140

- 10.6

10.4

117



150

)

145

140

ot
+
-+
-+
+
+

e

135

130

JiuPeng (4 ™§

125

A




Latitude (N)
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Latitude (N)

26

N
o
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121°00E 121°30E 122°00'E 122'30'E 123'00E 123'30'E
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Topography (meter)
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Lee (2014)
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Tsunami Boulders were found in Taiwan
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Tsunami Deposits
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The original name of Chenggong town is
“Ma-Lau-Lo”, means “basked by the fire”.
There was a tsunami came 150 years age.
The grass and trees were died and looked
like burned by the fire.
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;& vt 7§ 23 Tsunami Bore
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A tsunami strikes northeast Japan after the 2011 Tohoku Earthquake,

generating waves up to 133 feet high along some areas of the coast.
Although the Japan Meteorological Agency issued a warning, the
tsunami was responsible for more deaths and more damage than
the earthquake itself. (Courtesy S. Tomizawa)
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Breaking wave modeling, Splash3D (€ B # 4.3D)

We adopted the Splash3D numerical model to solve for the breaking wave
problems (Wu, 2004, Liu et al., 2005). This model solves 3-dimensional
iIncompressible flow with Navier-Stokes equations. The free-surface is tracked by
Volume-of-Fluid (VOF) method. The domain is discretized by finite volume

method (FVM). The turbulent effect is closed by large eddy simulation (LES) with
Smagorinsky model.

Incompressible continuity equation:
V-.u=0
Navier-Stokes Equation

6(u)+v (uu)——EVP+ 1V T+09+F,
P P

_ - o, < Disney Splash Mountain
SpIaSh ‘ﬂ‘é‘/% ‘ A y ?,:7*“- 3&"[ R %—ﬁ 3 ':[_.l—'—'
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Development of Fluid-Solid Coupling

Numerical Method of Fluid

* Volume of Fluid (VOF) Method calculate

volume fraction of each cell
* Piec—
reco

——iterfac
. free st |-

PLIC)
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Model Validation 1: Dam-break bore impinging a square cylinder

Free surface profile at Time =0s

y (m)

g
g

§EBES

_ Force validation

Velocity (m/s)
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Frame 001 | 06 Nov 2003 | time = 5.368000000000E-02
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Wave + Current + Truss
Surface Elevation and Dynamic Pressure

Dynamic_P (Pa): 2000 7000 12000 17000 22000 27000 32000 37000 42000 47000 52000 57000
Time=22.1 sec

(@EH K% O)ARRARE (ORoEEHRE (DZmhd  (PrRA%
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Surface Velocity Magnitude

Vec_Mag (m/s)

16.00

Vec Mag (m/s)

o5 16.00

| "oec 14.40

o 12.80

- 11.20

hic: 9.60

7 Vec_Mag (m/s) 7 800
16.00

! 14.40 6.40
12.80

- 11.20 4.80
9.60

e 3.20
6.40

450 1.60
3.20

1.60 0_00
0.00

Vec_Mag (m/s)

Vec_Mag (m/s)

! 16.00

Vec_Mag (m/s)

! 16.00

16.00
14.40

14.40 14.40

12.80 12.80 12.80
11.20 11.20 11.20
9.60 9.60 9.60
8.00 8.00 8.00
6.40 6.40 6.40
4.80 4.80 4.80
3.20 3.20 3.20
1.60 1.60 1.60
0.00 0.00 0.00




Application: Sloshing Problem
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Potential tsunami impact on the
Nuclear Power Plant (NPP) No.3 In
Taiwan.

Splash3D Coupled with the result of 2D
COMCOT tsunami model

Reactor ——

4020887

water_surface(m) VVater Intake

-15
Scenario tsunami source on the

northern Manila Trench 133



Sloshing Problem

2015 Nepal Earthquake, SW|mm|ng pool.
FEN ,3\--"‘ . -

L

Isovolume Vect Mag

4
L.

- 3.2

- 28

- 24

I
[— 137.5 ft X-dir |

= 12

IJ

- 16

"l ||\|||| A

- 1.2 '|I""I"|I'r 11T I

0.8
0.4
0

Acceleration (g)
%
_=
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Foc(])

Poc(])

Foc(])

0 0 30 40
b=
~——3/0 5g 05t

time=0= il hag (mis)
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Development of Fluid-Solid Coupling

Literature Review

Development of Moving Solid Algorithm

The first Version is developed by Wu (2004 )
— Publish in Liu and Wu (2005) ;
— Girolamo, Wu and Liu et al. (2006 )

The second Version is developed by Chuang (2009 ) -

— Publish in Wu, Huang and Chuang et al. (2011) ;
— Wu and Chuetal. (2014)

Liu and Wu (2005 )

T=0.05

Wu, Huang and Chuangetal. (2011)

136



z (m)

Development of Fluid-Solid Coupling
The Newest Moving Solid Algorithm

* The third version is named Rigid-Water Method ( RFM )

0.06

0.04

0.02

5 _T
-0.02 1

-0.04

-0.06
-0.06 -0.04 -0.02

0
x (m)

0.02 0.04 0.06

X (m)

0.06 -
0.06 [
0.04 0.047
0.02 0.02} it
~
0 0F i =
-0.02 002k
-0.04 0045
-0.06 S
0.06 -004 -002 0 002 004 006 -0.06
el 0.06 -004 -002 0 002 004

0.06

24

22

Velocity Magnitude (m/s)

Input the initial parameters and
establish the initial flow field
¥
Assign the solid boundary and
the positions of virtual sensors

¥
f Apply the DEM method to calculate |

_ the total force on three components )
' ‘ N
Calculate the translation and rotation
Lof solid, return the new position data |
¥
Update the solid boundary and
specify the cell-center velocity
!

Redo the projection method and

-

Lsolve the flow field for next time step |
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Simulation on a Floating Obstacle

0

time (sec)

(2 A2%)

. B <] 115x14cm ~30x30cm
. Jeft < -] 10.33%x0.33%0.25cm

. A48 1 4.8x4.9x%x2.4cm

« o REBEE DB
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0.01

Example 1

0.2

* Parameters
> 11=L3=0.01m
» R1=R3=0.0075m

> Beta=60"
» Density=1300kg/m?
» Flud Grid =30x30x60

> Normal vector of
plane=(0.707,0,0.707)

——————_[-0.001, —0.001, 0)

p101



Example 2

Ao~

* Parameters
> 11=L3=0.0125m

»R1=R3=0.0075m O
',

»>Beta=60" T )

» Density1=1300kg/m? M\

» Flud Grid =30x30x60 4/
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Cells Vect Mag

7

0.8

086

04

0.2
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Time (sec)
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0.6

0.5

0.4

0.3

0.2

0.1

Model Validation
Karman Vortex Street

Karman Vortex Street, Time = 00.000 (s) Karman Vortex Street, Time = 00.000 (s)

0.6

0.5

0.4

0.3

Velocity Magnitude (m/s)

0.2

0.1

0.2 0.4 0.6 0.8 1 1.2 0 0.2 0.4 0.6 0.8 1

Rigid-Water Method Partial Cell Treatment
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Model Validation
Karman Vortex Street

Karman Vortex Street , Time = 05.150 (s) Karman Vortex Street , Time = 04.950 (s)

25

- [N)
w
Velocity Magnitude (m/s)

-

0.5

Rigid-Water Method Partial Cell Treatment
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Model Validation
Water Entry Problem

Diameter = 0.05 (m)

)

0.15 (m) A,k@
¥, L4
A ]
1 1

1
i| o2smy
1 1
i I
! ————l
i "% ke ) /] Focus Area
1
1 LY 4
E e E
i 300 fps Camera
1
Wat

0.6 (m)] arer
:
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
v

0.15 (m)

AR E 55 x 55 x 160f& | /K2 Z2 & 998.0 (kg/m3)
ARl 4840007 KZFhEH%%L | 1.0e-3 (Pa's)

e AT S 0.002 (m) TERLEE 1.2 (kg/m3)
Courant Number | 0.5 ZE R 5 | 1.8e-5 (Pas)
iR R [ 1/900 (s) RS EE 3946.0 (kg/m3)
TR 0.2 (s) SRR B 1 7E{E=0.0 (Pa)
BRAE EH S 4G+ | 2588 HerBE S5k | Free-Slip

8
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Depth [m]

Model Validation
Water Entry Pr .

T
—Numerical Result

Or O Experimental Data|7
* Pinch-off Time
-0.05
(e}
(@)
0.1F O
()
(o]
o
o
© o]
-0.15 o
[e]
o
© o]
02F °o
o
(o]
| | | 1 |
0 0.02 0.04 0.06 0.08 0.1 0.12
Time [s]

z (m)

01

-0.2

-0.3T

-0.4

0.0023 (s)

X (m)
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Model Validation
Water Entry Problem

0.1500 (s)

0.1

0.4 Lo

0.1500 (s)

0.1

—

V)

——
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Hemisphere Landslide Tsunami
Literature Review

o gR/ANEE S ¢ Liuand Wu (2005 )
Liuand Wu (2005 ) -->One Way Coupling
Lee (2015) Chuang (2009 ) -->Two Way Coupling

=
—
=]
o
:
~
(=

*  Wattsetal. (2003) FFiLFE /A7 HBERSART% (Slides) EL)Jg)/DERER (Slumps)
AL 7 BB B R A AR Y LT RR VAR -

«  LUAHENRZ BT FTE FWatts et al. (2005) Z #6850 =K - (B2 80T B &E 2 R -
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Model Validation
Simulation on a Floating Obstacle

(2R

Water Tank : 15x 14 cm ~ 30x 30 cm
Cell Size : 0.33x0.33x0.25cm
Wedge body : 4.8x4.9x2.4cm
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y (m)

1.85

15

0.5

-0.5F

1.5
-1.85

Hemisphere Landslide Tsunami
Numerical and Experimental Setup

o | °?@3’2 ____________________________ T Lo

= <:b@ £l

' 1 L xm ) i 71 U 1 Cam

AT 58 g 120 x 80 x 120%% | /K2 =& 1000.0 (kg/m3)
el 11520007% KZEHEEL [ 1.0e-3 (Pas)
i, yAEITE 1 0.04 (m) ERLEE 1.2 (kg/m3)
AT 0.02 (m) 2R EAE | 1.8e-5 (Pass)
Courant Number | 0.5 BRpg e 4447.6 (kg/m3)
A& 0.02 (s) BRI FEF7E{E=0.0 (Pa)
RS & 4.0 (s) HerE 5 R{F | Free-Slip
BB E A RS | 185% RHREEE AR |01
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Displacement [m]

Hemisphere Landslide Tsunami
Discussion

Case #21 Case #21
4 T T T T T T 3.5 T T T T =
- - ‘Experimental Data o Experimental Data RS
——Numerical Result |——Numerical Result
35 4 ol ALIRESUIN
3
25
25 2
€ 2
2 z
3
o 15
15 2
1
1
0.5 0.5
0 0> L .
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Time [s] Time [s]
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Hemisphere Landslide Tsunami
Discussion

T n.uo (E) T T T 0.5 T T T n.uo (E) T
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Hemisphere Landslide Tsunami
Discussion

Gauge #04

——Numerical Result

0.1 B

E 0.05 B
£
=3
1]
I
2
T

L .

011 b

I L I L 1
0 0.5 1 1.5 2 25 3
Gauge #06
——Numerical Result
01r 4
0.05

Wave Height [m]
(=]

s
o
@

0.5 1 1.5 2 25 3
Time [s]

0.1

Wave Height [m]
o

(=

o w

&
(=]
[

0.1

Wave Height [m]
o

(=1

o w

&
[=]
3

Gauge #05

T
- - Experimental Data
——Numerical Result

0.5

15
Gauge #07

25

T
- - Experimental Data
——Numerical Result

0.5

1.5
Time [s]

25

156



Wave Height [m]

Wave Height [m]
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Hemisphere Landslide Tsunami
Discussion

Run-up Gauge

T
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Movement of the Tsunami Boulders at Jiu Peng
Literature Review

Imamura et al. (2008) LUSSEIEEREE B2 T BEERG 2 Eha - 1S80EHHHE R 02 1F
Bi o RO Rp1:10 > S8R TR 2 EEE I IREE) - e e ek -

Goto et al. (2010) FIFIEUEFEE H 20045 oo T 25| Pakarang Capefffii# [ 5 I -
A EKFLI0N RS » DU N S8 7R -

HiHARE A IR IR 2 B 2 — Ry H IR HIRZRE S 2/ DRE IR 2 /K% (Kleypas
etal., 1999)

Jah ~ J2gh - 2.[gh FbRZE R 2 S B R (%2 (Al-Faesly et al., 2011)

2,/ gh Fs/ AW R i 48 HZ IR 2 S A # (Camfield, 1980 )
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Movement of the Tsunami Boulders at Jiu Peng
Numerical Setup

5320-5220 Cal yBP

(NTU 4575)

5200-5120 Cal yBP

Profile of Elevation

0 (51}11) 50 / N1Uaast) 100 m
10 m— L | |
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0 S wﬁ
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Matta et al. (2013) 100 m resolution DEM
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HEAEE B 360000%% TKZ Fh RS 0.0 (Pa-s)
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% Courant Number 0.8 28R B AREL 0.0 (Pa-s)
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Slope =73 D=3m é TR 20.0 (s) FEFR R TRESR | BEJE{E=0.0 (Pa)
10 | ! ‘ ! , ‘ O z RO EAS S | 1088 eSS HEEE (FFAX
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BT | AR | SRR | BRI | BOHE | eIasdE s b
0.5D Joh 20.00 (s) 0.00 1.18 X (4.95m/s)
0.5D J2gh 9.78 (s) 0.25 2.28 X (7.00 m/s)
0.5D 2/gh 9.60 (s) 1.35 3.36 X (9.90 m/s)
1.0D Joh 10.24 (s) 2.02 3.62 X (7.00 m/s)
1.0D J2gh 11.47 (s) 3.60 4.10 X (9.90 m/s)
1.0D 2/gh 14.25 (s) 6.81 5.82 X (14.00 m/s)
1.5D Joh 12.88 (s) 5.27 4.67 X (8.58m/s)
1.5D J2Zgh 20.00 (s) 10.00 6.11 0 (12.13m/s)
1.5D 2/gh 9.31 (s) 10.00 8.70 0 (17.16 m/s)
2.0D Joh 15.82 (s) 10.00 6.00 O (9.90 m/s)
2.0D J2gh 10.43 (s) 10.00 7.43 O (14.00 m/s)
2.0D 2/gh 6.88 (s) 10.00 11.04 0 (19.80 m/s)
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Conclusion
Model Validation
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