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Platforms of Remote Sensing

B Satellite: near-polar orbit, geo-stationary, Space Shuttle
B Airborne platform: airplane, helicopter, UAV
B Ground-based: balloon, tall building, crane, ladder, car
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Acquisition condition of various sensors and
platforms in disaster response

Platform Satellite Airborne Ground Based
/Sensor Large coverage © Mod. coverage Low coverage
Optical Day, Fixed time o Day, Any time Day, Any time
Sensor No cloud © No low cloud
LiDAR o All day, Any time Day, Any time

© No low cloud
High accuracy

Thermal | @All day, Fixed time All day, Any time All day, Any time

Infrared No cloud © No low cloud
Low resolution © Mod. resolution High resolution
SAR o All day, Fixed time All day, Any time Ground
All weather All weather penetration Radar
R & D stage

Epicenters, faults, and GPS stations in the 2016 Kumamoto EQ
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Field:strvey route on'June 6 & 7, 2016
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Building damage in Mashiki Town

April 16
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Damaged buildings by
visual interpretation from
the pan-sharpened pre- and
post-event optical images.

Pre-event: WorldView-2
2013/05/26
11:42:00 (JST)

Post-event: WorldView-3
2016/4/15
11:08:13 (JST)

Resolution: 0.5-m

WV2 and WV3 images are
owned by Digital Globe
and provided by USGS.
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Color composite of
the pre- and co-event
PALSAR-2 coherence

7 landslides
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Coherence between the two PALSAR-2 images (2016/4/15 vs 2016/4/29)
for the urban land-cover in the central Mashiki Town
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Changed areas extracted by low coherence (y < 0.2) (a); and
extracted by DSM height-difference (abs. (dH) > 0.5 m) (b)
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(a) Low coherence from SAR pair
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(b) LIDAR DSM height-difference
(abs. (dH) > 0.5 m)
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LIDAR SURVEYING FLIGHTS BY ASIA AIR SURVEY CoO.
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- Pre-event DSM: April 15 (1 day after the foreshock, 2 points/m?).
- Post-event DSM: April 23 (7 days after the mainshock, 4 points/m?).
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- Six strong-motion are located within the study area.
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Aerial image of buildings in
Mashiki town

Crustal movement is observed
as the shift of the DSM

Cyan pixels:

Pre-event DSM > post-event DSM
Red pixels:

Pre-event DSM < post-event DSM
Gray pixels:

Pre-event DSM = post-event DSM
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Scheme of the Maximum Correlation Search

Pre-event D5SM
(b) Sub-pixel discretization
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Estimated 3D coseismic displacement from LIDAR DSMs
in the main-shock of the Kumamoto EQ
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Comparison of LIDAR dlsplacements with GSI’s measurement

] i
Ll m:xm m—llﬂlllw L .'J 1 ' East East component
- -
» = : ot i - ]
i e -
- w-1 A | -
& I gt - - L5
- :::";d‘h = '__'.‘.f" ’Xﬂ/ E‘ i 2
o T i e S . : *a
dF e A e APl 3 05 '-/1'3
b - l = :f Ty i - g e
{ T jff’_-.-f",', Fa F i ; GSI T ol
g }'( s / r'l_.f + g2 L% a4 a5e o5 1 1
A AT AT A 5 :
AT AR R AL : ; 3 '
e TR + I =
2 L M . GSI’s measurement ts
e 43 on August 30 2016 ? .
! ol D58 peimie| wakie [im) L I dar
- — | TR
1 i T —
E———— Morth component
North P
1M E 1MEE 138" E I®MFE b

- P

FAZ e W GSI

Reference polnd variation (m)

LN

. KNET 2 -
# Epicerdsr Apcl 10, 2000 OS5 pied value [m) lear
25 HHm == Honpontsl dapiacement
— 1 = Faull lines

http://mww.gsi.go.jp/sokuchikijun/sokuchikijun60019.html 20




Extraction of collapsed buildings and landslide by the difference
of LIDAR Digital Surface Models (DSMS)
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Moya, L., F. Yamazaki, W. Liu, T. Chiba, Estimation of coseismic displacement in the 2016
Kumamoto earthquake from Lidar data, 64ACEE, 2016. 21

Estimation of collapsed buildings from the height change in the footprint
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Summary

Application of remote sensing technologies to disaster response was
discussed for the 2016 Kumamoto, Japan earthquake.

Optical satellite images were used under the framework of
International Charter..

Satellite SAR sensors were used to extract landslides and building
damage.

LIDAR DSMs were used to estimate detailed coseismic
displacements, building damage and landslides.
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Recent Eart qua-esm Nepal, Thalland and Japan" L=

My impression about building vulnerab///ty and ground motion
: \ mnw :
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Professor of Structural Engineering
Asian Institute of Technology
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No strong motion records in this area.

Peak Ground Acceleration (PGA) is
estimated to be about 0.2 g to 0.3+g.

Most existing buildings are not designed &
constructed for earthquake resistance
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Soft Story & Torsional Irregularity

due to the effect of masonry infill walls

Masonry Core Wall
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Failure Mode: Lap-splice Failure

Column near : -
core wall e i SR Column at right end

(no damage) (severely damage)

Column at center
(moderately damage)

Nepal Earthquake: M 7.8, 25 April 2015
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Rupture Mechanism
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Ground Motion Records in Kathmandu: The 25" April 2015 Earthquake (M,, 7.8)
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Park View Horizon Apartment
Kathmandu, Nepal

Damaged by the long-period
ground motion




All building occg:pants: were

evacuated from these buildings. B
E I | D |

% Should tall buildings be
desngned for long penod ground
“morions?

r, '-.-m ,
Should the seismic performance
of non-structural components
be considered in the seismic

design of tall buildings?

Takal er al. Earth, Planets and Space (2016) 68:10 -
Tobl f . el Plowets i 39 @ Earth, Planets and Space

a SpringerOpen Journal
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Strong ground motion in the Kathmandu @
Valley during the 2015 Gorkha, Nepal,
earthquake

Nobuo Takai'”, Michiko Shigefuji*, Sudhir Rajaure”, Subeg Bijukchhen®, Masayoshi 'u:l'ux-anagl".
Megh Raj Dhital® and Tsutomu Sasatani®

Abstract

On 25 April 2015, a large eanthquake of Mw 7.8 occurred along the Main Himalayan Thrust fault in central Mepal. It
was caused by a collision of the Indian Plate beneath the Eurasian Plate. The epicenter was near the Gorkha region
80 km northwest of Kathmandu, and the rupture propagated toward east from the epicentral region passing
through the sediment-filled Kathmandu Valley. This event resulted in over 8000 fatalities, mostly in Kathmandu and
the adjacent districts. We succeeded in obsenving strong ground maotions at our four observation sites (one rock
site and three sedimentary sites) in the Kathmandu Valley during this devastating earthquake. While the observed
were smaller than the predicted ones that were denved from the use of a ground
motion prediction equation, the obsenved peak ground velocity values were slightly larger than the predicted ones

peak ground acceleration value

Thie ground velocities observed at the rock site (KTP) showed a simple velocity pulse, resulting in monotonic-step

displacements assoctated with the permanent tectonic offset. The vertical ground velocities observed at the

cadimantany citec had tha came molse matinng that wera nbcersed at tha ek cite In Fnntragt the horisnntal




Strong-motion Accelerometer Stations in Kathmandu Valley
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Acceleration Response Spectrum (5% Damped)
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Strong-motion Accelerometer Stations in Kathmandu Valley
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ngabu, Kathmandu

This area was likely to have much stronger ground
h_ shakmg effect to Iow-nse buildings than other

_ areas m K’athmandu
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Pancake Collapse in Gongabu, Kathmandu

| ‘Seismic M:crozbnatlon Study’ should be

properly carried out
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Damage to Cultural Heritage Buildings in Bhaktapur




Building Damage by Surface Rupture & Ground Deformation

Acceleration records at KiK-net Mashiki (KMMH16)
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Comparison of Acc. Response Spectra for M6.5 & M7.3 EQs

4000

KiK-net Mashiki

3500
3000

T 500}
2 2000(

< 1500

“ 1000

300
0

4000
3500
_ 3000
3 500
2 2000
< 1500
1000

00f

EW

— 016/04/14 |

— 2016/04/15 |

10" 10°

6000 mmnp

= 4000}
-]
2 300t

& 2000
1000

NS [

a iﬂih.‘ﬂd.‘lif

— 20160416
—— |

Period (s)

3500
3000
~ 2300
% 2000
« 1500
% 1000
500

K-NET Kumamoto

Ew
— 0160414

[— wis0ans

= J016/04/14
2016/04/16

Period [s)

Collapse of Wooden Houses in Mashiki Town




Collapse of Wooden Houses in Mashiki Town

is light and strong—high seismic res
nd shaking is, however, too strong!
ow—about 1% - 3%




Minor Damage to Some Wooden Houses in Extremely Severe Shaking Areas
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