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Objective and Targets S S

Japan island
[Objective] 2

@ This study demonstrate that
guantitative effect of uncertainty Tohoku area
in tsunami hazard variability on
building risk assessment.

€ Uncertainty assessment is an
indispensable work to understand
the risk.
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[Targets]
@ Targets of the risk assessment
are buildings located in

Kesennuma city, Sendai city and
Soma city in Tohoku area, Japan.

Miyagi Prefecture
Fukushima Prefecture
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Evaluation methods for hazard uncertainty

_‘ Epistemic uncertainty Alternative models are captured by branches of logic tree.

This uncertainty arises from a lack of knowledge or datd:
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€ Aleatory uncertainty

This uncertainty is difference between a model prediction and observed data.

Aleatory uncertainty can be /i \
¥ it /i \PD.F = P.D.F
quantified by a probability /| \
density function. / \. i Information for aleatory uncertainty is

e | - incorporated into the logic tree.




Target earthquake zones and logic trees

& We selected eleven
earthquake zones along
the Japan trench
including the March 11
Tohoku Earthquake
type fault

€ We constructed logic
trees corresponding to
each earthquake zone.

€ Numbers of all
branches in the logic
trees are 1800.
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Tsunami numerical simulation

41.3°N

@ The fault parameters are determined based on A ¥ Domain1 : 810m
the conditions of every branches of the logic trees. (1025x971)

4 Domain?2 : 270m
(225 X 448)

@ Using the fault parameters, we implemented
tsunami numerical simulations and calculated

maximum tsunami height at the target points. o Domain3 : 90m
b “+ (450 X960)

[Earthquake fault parameters]
Longitude, Latitude, Length,

50 100 208
[ S— S—
~134.2°N

145.5°E
Width, Dip, Rake, Slip, Depth, 38.0°N
Strike (9 parameters) S
( UNESCO, 1997) oma
: : : , port
Governing equation 2D non-linear shallow water equation
(Tohoku University TUNAMI model) :
(1200 x|1860)
Coordination system Lon-Lat coordination _
Numerical integration method | Staggered leap-frog differential method (630 x 1260)
Mesh size 810m - 270m - 90m - 30m - 10m A Elevation
Time step 0.9s - 0.3s - 0.1s - 0.03s - 0.01s HE
. . 37.2°N (450 960) —
Ground displacement Okada(1985) equation 72 140.8°F F12°F  om

Calculation condition Calculation area



Computing stochastic tsunami height in Soma port

@ After statistical treatment of the tsunami numerical simulation results and 1800
logic trees, we can obtain each fractile hazard curves and Simple average curve.
@ \We can understand tsunami height uncertainty derived from the uncertainty of

eleven earthquakes.
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Computing stochastic tsunami height in Soma port

@ By using the tsunami hazard curves, we can specify an earthquake fault that
generate tsunami with some return period.
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Tsunami inundation assessment

€ \We made a probabilistic tsunami hazard map by conducting tsunami
inundation simulation using fault parameters of a specified earthquake with
some return period.

[¥] Risk assessment point

O Output point of tsunami hazard curve (at water depth 20m) Hazard curve output point
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Tsunami inundation assessment

€ In the same way, we implemented tsunami inundation assessment for Sendai
city and Kesennuma city.
@ The area of tsunami inundation spread as the return period is longer.

Sendai city Kesennuma city

Google earth

: Return period 200 years ' Return period 200 years

- Return period 700 years - Return period 700 years
B Return period 1500 years B Return period over 1500 years



Quantification of tsunami risk using tsunami hazard and fragility

@ We can derive the relationships between damage probability and generation probability
by eliminating tsunami inundation depth from tsunami hazard and fragility curve.
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Calculation Results

g
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Kesennuma
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@ There are big differences the
orders of values listed in the three
graphs.

& The risk of steel buildings in
Sendai and Kesennuma is lower than
the risk of concrete buildings in
Soma.

Annual expected tsunami loss ratio (%/year)
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The tsunami risk cannot be explained
by only fragility assessment.

We clearly showed uncertainty of
tsunami risk due to hazard variability.




Calculation Results
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@ In any three cities and building
structures, there is a difference of
100 times from 5 percentile
hazard to 95 percentile hazard.

Annual expected tsunami loss ratio (%/year)
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Summary S s

€ By combining a probabilistic tsunami inundation assessment and fragility
assessment, we can derive a risk curve and quantify tsunami risk considering
uncertainty.

/ Probabilistic tsunami height assessment \ /~ Fragility assessment N\ Risk quantification and uncertainty assessment
1

> —5 percentile 10 | —Etei“:‘med concrete (@) Incaseof using 5 percentile hazard

X T eeea. e

3 —Auverage - e 1.00E-04

8 0.1 _ < 08 | Brick i

2 50 percentile > Wood

S oo —95 percentile 5 06 | Jpee 1.00E-05 |-

(s+] Qo Pid

o o e

3 o P

Q o 04 PR

W 0.001 - 2 1.00E-06

Tg (b) g Wood| Brick|Wood| Brick\Wood| Steel |Brick, RC | Steel | RC | Steel| RC

E 8] 0.2 1 Soma|Soma Kesen Kesen}sanda Soma Sendai Soma|Kesen KesenSendaiSendai

00001 ‘ \ : ‘ ‘ 0 0 SUppanIB (2013) numajnuma numajnuma;
0.00 5.00 10.00 15.00 20.00 25.00 Yo ‘ ‘ ‘ ‘ ‘
o 00 20 40 60 80 100 120 b) Incase of using 50 percentile hazard
\ Tsunami height (m) / \ Tsunami inundation height (m) / (—) R, g - p S ey

1.00E-03

— —

Probabilistic tsunami inundation assessment

1.00E-04 -

Risk assessment

0.1 z==== c-o==o=s £--=== r---== 1----= 1-===-= E] 0.010 g------ rF-----z C---- - — —" 1.00E-05
I 1 g i N 1 .00E-
“-| ® 10mwater depth (Corr:-0.92) ! ! E gte'nrmced concrete |1 Wood Brick \Wood Wood| Steel | Brick Brick RC | Steel | Steel | RC | RC
L 1 I eel 1 J
St S K Sendai S K Sendai St K SendaiK di
g. i O 20mwater depth (Corr:-0.60) i E 0 B :’"" O ik 'i oma|Soma nsfneg endai Soma nsf:g endai Soma naneeT enda nLle:; enda
§ : X . 50m water depth (Corr:-0.63) : § ; X X/Og%o(s B=1172 :
S 0.0l @R - ° B0 x| BOseikatil | In f usin rcentile hazar
a e S 2 006 Q| — = A=00065 B=657 [ (¢)  In case of using 95 percentile hazard
% l i i E i i § gl i """ A=0.0071, B=1347 i 1.00E-02
g ; r T T T 1 § B l_ ------- A=0.0073, B=247 !
& Cebax £ 004 PR e e !
< 0001 Focooe Ezzzz: ofe 6? ————— dpzzasd = . E 3 E 1.00E-03 |-
S ' ' T i >
c [ [ T ' T 1 c I I I
3 : i Ox O & 002 - 1&_4& ------- :
b ' + ' 1 1 Y. 1 I
i ! i | | i b = S 1 1.00E-04
i i i E X i i u"q g _*mF] El-% Wood Brick \Wood Wood| Steel | Brick | Brick| RC | Steel | Steel | RC | RC
0.0001 f t t t } { 0.000 + 1 = T 1 Soma| Soma SendaiKesen Soma KesenSendai Soma Kesen}Senda KesenSendai
numal numa| numa numa

00 20 40 60 80 100 120 0.0 0.2 0.4 0.6 0.8 1.0
Tsunami inundation height (m) Damage Probability (%)




Summary
€ To evaluate tsunami risk, we considered two kinds of
uncertainties (epistemic and aleatory) in tsunami hazard
assessment by using the logic tree method.

€ We quantified the tsunami risk of three buildings located in
three places in the Tohoku area, Japan.

@ We clearly showed that there was a difference of 100 times in
the risk index (Annual expected tsunami loss ratio) from 5
percentile hazard to 95 percentile hazard, and the risk could not
be explained by only fragility assessment.

€ In the near future, we will analyze uncertainty of tsunami risk
due to variability of fragility assessment.

Thank you for your kind attention.



