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Tsunami

generation mechanisms

split and evolution

propagation

coastal amplification, inundation and runup
near field impact

long distance propagation and far field impact
assessment, preparedness and mitigation

Tsunami models compute certain tsunami parameters according to
the inputted initial wave and bathymetric conditions.
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Presentation number E144

Tsunami modeling covers;

i) mathematical description of the problem and initial/ boundary
conditions with proper approximations and assumptions,

ii) solutions of the governing equations with different techniques,
iii) simulation, visualization.

Beyond these;

analysis and interpretation of the results and tsunami parameters,
understanding of their effects in the inundation zone

developing the mitigation measures accordingly

using them for educational and public awareness purposes.
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Tsunamis can:

1) DRAG AND DAMAGE
drag the whole structures

or their units at land or
vessels in the sea,

Laubang Village 02° 26.021" N 96°16.977" E

4) OVERTURN DAMAGE

overturn structures by suction of
receding or thrust of advancing waves.
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3) SCOUR-EROSION-DEPOSITION

undercut foundations and pilings with
erosion caused by the receding
waves,
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2) DEPOSITION

deposition with accumulated shoreline

debris by the advancing wave fronts, (i.e.
Skm inland of West Sumatra Meulaboh)




Causes by Tsunami in Shallow and Inundation Zone
 Water level rise and fall

* Strong currents

* Forces (drag, impact, uplift, etc.)

e Sea water withdraw and drawdown

* Scour, and morphological changes (erosion, deposition)
 Debris and debris flow

* Dynamic water pressure

 Resonant oscillations and seiches
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M, N : Discharge fluxes in x&y directions
n : Manning’s roughness coefficient

M =u(h+n)=uD N =v(h+n)=vD

Non-linear
longwave
equations



Specific Terms (nearshore and inundation Zones):

Run-up: The vertical distance of water level from reference sea level at the
end of inundation zone

Maximum positive amplitude - Wave height: Vertical distance of water level
from reference sea level

Flow depth: Depth of the flow in inundation zone
Current velocity: Velocity of flow in near shore and inundation zone
Discharge flux : Discharge flux in near shore and inundation zone

Inundation distance: Horizontal distance a tsunami reaches landward from
shoreline of reference sea level.

Maximum negative amplitude: The maximum level of subsidence from
reference sea level.
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L

wave height H,z

Flow depth

v

Water elevation

A
v

inundation

Parameters for wave motion

Height H=n
Length L
Local water depth h
Duration/period T
Gravity g

==

ICCE2014

METU - () ER(
METU, Department of METU Ocean Engineering
Civil Engineering Research Center




Aoorozerss io Cornotis limozct Forces

1) Harry Yeh (2006) ( Draq Force per unit width)

F:%Cdphu2

C,: drag coefficient ( = 1.0 - 2.0 suggested by Arnason (2004)
h : total flow depth

u : flow velocity
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Aooroziensgs o Corrotis lrnozct Forees

(L

2) Synolakis & Yalciner (in ASCE LIMAS Sumer 2005)

ﬁ

P, = pgd e

Hydrostatic Force — g - Ep gd W_lp gd A
w 2 w
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Aogorozienss o Cornotiis lrnozict Forcs

2) Synolakis & Yalciner (in ASCE LIMAS Sumer 2005)

1
Drag Force — F, ZECDpWAuz

C,: drag coefficient
A: cross-sectional area exposed to drag force
u: flow velocity

- This approach can be applied to compute force
of flow onto objects
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Aogorozienss o Cornotiis lrnozict Forcs

2) Synolakis & Yalciner (in ASCE LIMAS Sumer 2005

Normalization of Drag Force by Hydrostatic Force

1/ 5
| 4Co pu AU
Damage Metric = Ny _ 2

i /;//%vgdﬁ(

u2
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Aogorozigriss io Cornotis lrnoziet Fore
3) Ramsden & Raichlen ( 1990)

F +d, ) H

T _| 717 Y%% 2 AR
1 2 _(H +d j +2CeNe (H,+d, )
27’b(H1 +dw) ! " ! W
where C. =1+(tand)"* : force cosfficient = 1.4-2.1

N, = C > Gl Dore calerity
v aH; (spzad of wave shzps)

rly :surge rigigrit
fl : surge proflls

o 1 wiclirl of ywell
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After appropriate assumptions and simplifications,
the equation becomes:

2
- & :1+2CF[C ) H, >
bl +d, ) HH, +du)
1
exactly hyd Fz)stati force
D, =T =142C 142G, R o namsden &
2T T AR, TR Raichlen (1990)

V; : wave front velocity
== phore type of flow & compute force onto vertical wall.



SEA

Wave crestlines

/'

Crestlines are almost

parallel tq the shorelinex

shoreline
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Importance of Near shore and Inundation Parameters

* Maximum positive amplitude === governs the intensity of the tsunami
* Maximum current velocity === governs erosion, deposition, debris and drag
* Flow depth=== indicates the level of flow and force

* Discharge Flux === 3n instantaneous value depending on water velocity and
flow depth. Since current velocity and flow depth are changing
independently, the discharge flux also varies with time and location

* Hydrodynamic load === 3n instantaneous value during inundation
depending on water velocity and flow depth. Since current velocity and flow
depth are changing independently, the hydrodynamic demans also varies
with time and location

 Maximum negative amplitude == essential for the ships and boats at
shallow regions and harbors
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MANUAL
Tsunami Simulation/Visualization Code

NAMI DANCE NESTED DOMAIN version5.9

laytsev A.,
Yalciner, A. C.
Pelinonsky, E.,
Chernaov A.
Kurkin, A.

For wplisad pudl cogs of Aer wsmes)
Paana reler ts

hite masidamce (o seete she 2 d!

PDF version is at
http://namidance.ce.metu.edu.tr/pdf

Middle East Technical University Special Research Bureau for Automation of
Department of Civil Engineering Marine Researches, Far Eastern Branch of
Ocean Engineering Research Center Russian Academy of Sciences, Uzhno-
Ankara Turkey Sakhalinzk, Russia
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Nurneriezl Weoclelire

> Simulation code

TUNAMI N2 (authored by Profs. Shuto and Imamura) by
inserting a new subroutine to compute above mentioned
parameters.

Dynamic Wave Input :

- amplitude =1 m

- period = 3 min

- 2 successive sinusoidal waves

- sea bottom slope = 1/12.5 or 1/50

- wave shape : Leading Depression Wave
or
> ' eading Elevation Wa ' .
= O =




Nurnegriczl Wieoclslire

C

Sea bottom topography:

C

Horizontal distance =1500 m
vertical distance = 3000 m
Deltax=5m

Deltat=0.1 sec

C

C

C

wave direction

v
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Figure 6: Distribution of maximum positive amplitudes for Figure 7: Distribution of maximum positive amplitudes for
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Figure 10: Distribution of maximum hydrodynamic demands for  Figure 11: Distribution of maximum hydrodynamic demands for
perpendicular approach of the wave (angle=90°) with period of 3 perpendicular approach of the wave (angle=90°) with period of 3
min. for LDW with the bottom slope of 1/10 (incoming wave min. for LDW with the bottom slope of 1/20 (incoming wave
amplitudes= -0.5m, -1.0m at the toe) amplitudes= -0.5m, -1.0m at the toe)
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e Rupture Nme: s18-722 .

* Type: Normal 75-

* Epicenter: 26.36E, 37.64N

* Dip : 45°

e Rake : 45° 374-

* Strike : 95° -

* Focal Depth(km): 20

e L (km): 95 a R
* W (km): 30 S

* Displacement u(m): 4

 Maksimum (+) Amplitude at the source (m): 1.80
* Maksimum (-) Amplitude at the source (m ): -0.30
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* Nested Grid System B, C, D ve E Domains

B, C, D ve E alanlanina ait grid araliklan ve sinir koordinatian

Alan Adi Sinir Koordinatlan Grid Araligi (m)
B 26.1°-278°E 270
36.9°-38.0°N
C 21520 INE 90
37°-375°N
D 27.18°-2766°E 30
37.065°-37.42°N
E 27.323°-27.667°E 10
37.068° - 37.294° N
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Concluding Remarks

* Water elevation (rise) sea and land
e Current velocity sea and land
* Flow depth anc

* Discharge Flux anc

* Froude number ano

* Water elevation (fall) sea

Note: The presentation covered a case of small tsunami. Further investigation and
comparisons are necessary by using large size tsunami and different near shore
conditions for generalization
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