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Damage of road structures due to the tsunami

» 2004 Giant Earthquake and Tsunami in the Indian Ocean

o Local time of the event: UTC 00:58:49, Dec.26, 2004 Sri Lanka

o Hypocenter: Off the shore in the northwest of the | : .
Sumatra island, Indonesia, 3.316N 95.854E

o Focal depth: 30.0km

o Mw =8.8 (USGS, 2007) A :

o No. of deaths (at Dec, 2006): 110,229 at Indonesia, i MOVeme
30,922 at Sri Lanka -

» Damage of road structures

o 29 bridges among 58 bridges located along the
the south and southwest coastline of Sri Lanka,
were collapsed or severely affected.

Shoji and Mori, 2006

o 22 bridges among 27 bridges along the northwest
coastline of the Sumatra island, were collapsed or
severely affected.

Kosa et al., 2006




» Structural fragility analysis

evaluated.

revealed.

versus

Obijectives

tsunami damage classification of a bridge structure

o Structural fragility of a road structure due to a tsunami wave load is
by analyzing the damage data of bridge structures due to the

2004 tsunami in Sri Lanka and in Indonesia
o A fragility curve of a bridge structure due to a tsunami wave load is

a tsunami wave load such as inundation depth and inundation height

" J
Subject area: Sri Lanka

» 58 data of bridge structures
collected by Shoji and Mori,

2006

o Along the northeast coast in the
northern part of Trincomalee

o Along the southwest and
south coast between Colombo
and Hambantota
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Subject area: Sumatra -,

» 17 data of bridge structures
collected by the survey team
organized jointly by JSCE
and JAEE, 2006 ‘

o Along northwest coast between
Banda Ache and Meulaboh :

Meulaboft__

= UNOSAT: :
=4 http://lunosat.web.cern.ch/unosat/ |-

=
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Analyzed data of subject bridges
> e.g. Magalle bridge at Galle, Sri Lanka

: Span, length of deck: 19.12 Damage of
St e pen engh ofdeck 19.12m e ings

concrete (RC) structure - H@ =5 E/{. Height of
. ' deck: 1.1m
Abutment : ™ Bearin? gge: — \Crack
Movement
o Structural failure mode \/’Ag%m/ﬂ / of a deck
o Structural type, bearing type ]
o Span, length of deck, height i

of deck, total width of deck,
thickness of deck

Scouring and erosion of a
soil embankment around
an abutment

Total width of
deck: 15.82m
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Structural characterlstlcs of subject brldges on Sri Lanka
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1span RC |
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Measure of a tsunami wave load

» Inundation depth & inundation height
o Inundation depth for Sri Lanka data
o Inundation height for Sumatra data

L}E;.ﬁ'j":-; = N
of inundation
or runup

5 =58

Mark

Hse around a
subject bridge
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Inundation depth #

Inundation height #

a Deck ’
Water surface level %#'_ Ground elevation
ggoaeclember 26th, é Water surface long river

A 4 A 4 A 4

b | ¢ Water surface level at
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50 . :
—— Inundation a0l Tsuji et gl., Inundat_lon helght.and

height | 2005 tsunami runup height near
— Runup height | the sites of subject bridges
Inundation height 19 hl in Sumatra

/runup height (m) 0O

322220 R ey Ref: Google earth

Fujima et al.,
2006

Damage'mo
» Washout "o_‘va of a de




Damage mode: rank B
> Movement of a deck

mbankmen _I' 1('.4"

/ [ ‘-

Damage mode: rank C
» Damage to a deck attachment such as brldge ra|l|ngs
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Fragility analysis
» Damage probability versus tsunami wave load
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P! cumulative damage
probability
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Sumatra data
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Fragility curve

Sri Lanka data

1.0

0.8

Inundation depth (m) Z

o Damage probability of rank A
0.1atZ=4m
0.2to 0.25at Z=6m to 8m
o Damage probability of rank B
0.3atZ=4m
0.351t0 0.4 at Z=6m to 8m
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X x | & Data of rank A+B
x Data of rank A+B#C
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Sumatra data

O Data of rank A

/
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Inundation height (m) Z

o Damage probability of rank A
0.4 atZ=12m
0.55 at Z=20m
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Questions ?7?
» Structural fragility analysis
o Structural fragility of a road structure due to a tsunami wave load is

evaluated.
by analyzing 58 data of bridge structures in Sri Lanka & 17 data

in Sumatra, due to the 2004 tsunami
o A fragility curve of a bridge structure due to a tsunami wave load is
revealed.

‘Major’ damage mechanism based on  ‘Severe’ damage mechanism based on
fragility analysis of Sri Lanka data fragility analysis of Sumatra data

@5-m to 10-m inundation depth level @20-m inundation height level

Uplift force O, A Floating force Q.

Movement of a degk ,

Movement of a deck

—p
Weight of a
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Energy Consumption Indices

Power Supply Night Time City Light
by-prod ucts

Socio-Economic Activities

Trade-Off between Spatial Resolution and
Renewal Frequency of Socio-Economic Statistics

Population
/Buisiness
Census

Inductrial
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Census Annual Annual
Report Report
. Monthly Monthly
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The New Methodology

*Accumulate a large amount of imagery observed during a certain
period to develop City Light Intensity distribution observed in
each cell.

- Estimate the total shape and the representing value of the

distribution from the tail of the distribution which can be observed
in the gain range.

Apparent Representing
Shape of —» Value

Distributio

Saturation

Original
Shape of
4~ Distribution

City Light

Gain Range Intensity
1

Hol
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Representative Light Intensity

With Constrain of Gain
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Estimation of Original Median

Original
Median

] (50ptile)

Estimation

verage

X percentile

Gain Range

Saturation

|

Representative Light Intensity

Japan at Night 2000 based on new methodology
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Comparison
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(Radiance Calibrated City
Light, Elvidge et al. 1999)
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Damage Detection due to the 2007
Pisco Peru Earthquake Using PALSAR
and ASTER Imagery

- preliminary result -

Grid Technology Research Center, AIST
Masashi Matsuoka

: J!a‘g} 2007/11/19

Pisco, Peru Earthguake

Wed Aug 15, 2007 22:40:56 GMT M8.0 $13.36 W76.52 Depth: 30.2km  1D:2007gbcv

Date: Aug. 15, 2007

Earthquake: M8.0, 30km
depth

Death or Missing: 500 <

Collapse or Severe damage:
35,000 <




Data Used

ALOS/PALSAR
2007/7/12, 2007/8/27

Pixel resolution: 12.5m, Polarization: HH

Terra/ASTER (for base map)
2006/4/11
Pixel resolution: 15m (VNIR)

ASTER Image (2006/4/11)

W R ipe
R
v |

© METI / NASA

q/1r False Color NDVI
o N




PALSAR Images

i © METI / JAXA

2007/8/27

© METI / JAXA

Method

Calculating the compound variable, z, that used the difference
value and correlation coefficient of the backscattering coefficient
within a corresponding window as explanatory variables using
the pre- and post-event speckle-reduction filtered SAR images
(Matsuoka and Yamazaki, 2004).

Vegetated areas are masked by NDVI threshold value derived
from ASTER base map for damage detection target selection.

Masashi Matsuoka and Fumio Yamazaki: Use of Satellite SAR Intensity Imagery for
Detecting Building Areas Damaged due to Earthquakes, Earthquake Spectra, EERI,
Vol.20, No.3, pp.975-994, 2004.8.

2IST




z-Value Distribution

Damage map estimated from PALSAR

z-Value Distribution vs
Actual Damage Map

Damage map estimated
from PALSAR

Damage Map = Pisco-Pefu 2007

N

-Noté';;ai}atgh' TR N § A“ e s
Damage map classified by field survey
(CISMID, 2007)
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