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<Summary>

Purpose

O Ultimate Goal: The ultimate goal of this project is to obtain disaster
reduction technology in high-speed railroad maintenance area which is a
high value market as a disaster management agency that manages national
core facilities through the advancement of the maintenance technology for

high-speed railroad which is vulnerable to land subsidence

O Technology Goal: The detailed technology goal is to enter the maintenance
market which is expected to become a high value market by acquiring
world-leading high-speed railroad maintenance technology that can reduce
the maintenance cost for high-speed rails and sleepers including safety

diagnosis by at least 30%.

O R&D Goal: The R&D goal is to build a GIS-based disaster risk assessment
and management system for the Honam High-speed Railroad and develop a
method for reducing the maintenance cost for the Honam High-speed
Railroad by desalter management through the assessment of land subsidence

amount and cost-benefit analysis.

- Develop a high-speed railroad land subsidence risk map

- Develop a land subsidence assessment system based on satellite images

O The goal is to obtain two core outputs through the risk assessment and
management on the map for land subsidence damages caused by earthquake
or landslide.

- Research GIS-based risk assessment technology by disaster type

- Develop land subsidence risk assessment technology by high—speed railroad route

O The goal is to obtain two core outputs through the development of a
structure management system based on the estimation of land subsidence
using domestic and overseas satellite images and connection with ground
survey results.

- Develop analysis technology for rail/sleeper deformation due to soft land subsidence

- Develop risk management technology customized to high-speed railroad routes

Contents

O Research Details: This research project consists of three detailed tasks as descr
ibed below.

= Detailed task: Produce a land subsidence risk map
- Develop a high-speed railroad land subsidence risk assessment methodology
- Build a high-speed railroad spatial information DB model for demonstration

- Develop high-speed railroad soft land risk assessment technology

Detailed task: Develop a land subsidence assessment system
- Develop a high-speed railroad land subsidence remote sensing methodology
- Develop a land subsidence amount analysis model

- Develop a high-speed railroad soft land subsidence assessment system

Detailed task: Establish a potential vulnerable route management method
- Develop a high-speed railroad structure displacement measurement methodology
- Develop technology for convergence with land survey results.

- Establish a high-speed railroad land subsidence risk management system

Development Results

O The goal is to obtain two core outputs through the assessment of the field
applicability and long-term performance of the high-speed railroad

land/structure displacement assessment technology using InSAR.

Expected Contribution

O Utilization Plan:
= Use as the basic data for land subsidence field survey as well as the basic data

for the maintenance of high-speed railroad structures.

= Provide the annual land subsidence rate data by region which has been calculated
using the InSAR satellite images as a design factor for railroad construction proje

cts.

=  Provide a method for reducing the structure maintenance cost for each disaster m
anagement stage by developing the land subsidence assessment technology for hi

gh-speed railroads.

=  Provide railroad route design guidelines by developing risk assessment technology

for earthquake and landslide which cause land subsidence.

= Present standards for assessing the occurrence and damages of secondary land

subsidence of high—speed railroad due to unexpected earthquake or landslide.

=  Present field survey standards for structure displacement by developing a high-sp

eed railroad land subsidence index and systematizing the assessment technique.

O Expected Effects:

= Acquire disaster management technology for high-speed railroad by developing

maintenance technology for each disaster management stage associated with cli




mate change.

Acquire risk assessment technology for the response stage of disaster manage
ment by providing an optimized solution through emergency InSAR image proc

essing in the event of land subsidence due to earthquake, landslide, etc.

Acquire risk assessment technology for the prevention stage of disaster manag
ement by providing an optimized solution through periodic InNSAR image proces

sing at ordinary time.

The reduction of survey vehicle maintenance cost which has been the greatest
stumbling block to the high-speed railroad maintenance technology is expected

to provide technological competitive edge in the market.

Renovate corporate image through the development, field application, and asses

sment of a land subsidence risk assessment system for disaster management.

Acquire high-speed railroad construction design and highly efficient operation
and management technology and enter the disaster management field which is
expected to become a high value market in the future, which will promote the

growth of high-speed railroad-related companies and create jobs.

Achieve global technological competitiveness by acquiring low-energy, highly-
efficient maintenance technology using InSAR through environment-friendly gr
een growth, leading-edge technology, instead of the conventional economic gro

wth paradigm.

Build, advertise, and sell high-quality databases through the development and
feedback of basic data about the land subsidence risk map, and contribute to th
e development of high value-added technology by improving the quality of rese

arch outputs.

Applying the successful results of this research is expected to reduce the safet
y diagnosis cost by at least 30%, assuming that the cost for rail replacement,
sleeper replacement, and safety diagnosis as 15% of the total maintenance cost
59.6 billion won of the Honam high-speed railroad in 2015.

Upgrade national status by acquiring standard technology optimized for the mai

ntenance of high-speed railroad structures.

Obtain technology for stable high-speed railroad survey operations with domes

tic survey vehicles which are entirely imported from other countries.

Acquire disaster management technology as a disaster management agency tha
t manages national core facilities by efficiently replacing the void of survey ope

rations due to long-term repair of disaster survey vehicles.

Keywords

high-speed land maintenance risk cost-benefit
rails subsidence technology assessment analysis
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% = 22*;1‘% arg{u,}
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3) InSARY 7|¥ F7F & ATAH
h= H— Rcosf
(2-12) 7}) D-InSAR 719

T (1) 2+ doly A7IY olgtak 3= D-InSAR 7IH S A EZHEH X759 9
(RAR)? = RZ+BZ—2RBCOS(5—9+Q) = R’+ B>~ 2RBsin(0—a) (2-13)
FE AAZZA AP xRy dist 7 A 44S E8 e 71HY (Jo
o= 47;(131 _RAR) (2-14) rn Hoffmann, et al, 2003)
oA (2) Tdg doly <tevol oa] AZHe] AF2 ZPdd F o] SARG o] AP} A
RAR=R— (2-15)
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Wele AuE Egehis shitel AEMZIAL YA deltie] A% el
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(R— —) =R+ B*— ZRBCOS(E—G-"-Q) = R*+ B’ 2RBsin(#—a) (2-16)

o \ Holza9e yehse AL8E  (Estelle Chaussard, et al, 2014)
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Paper Method of PSC Extration
Ferretti et al. (2000, 2001) Amplitude dispersion
Berardino et al. (2002) Coherence
Mora et al. (2003) Coherence
Schmidt and Biirgmann (2003) Coherence

Werner et al. (2003)
Duro et al. (2003)
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Hetland et al. (2012) Coherence
van Leijen (2014)
Devanthéry et al. (2014)
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E 25 A7l #8% X W= SAR

44 F5 (Scene 1)

Scene 1 @ 29 Images (TerraSAR-X : 24 , TanDEM-X : 5)

Image Satellite Date Polarization Baseline Interval Doppler
Slave  TerraSAR-X 20160809 HH -65.3631 -440 -0.03895
Slave  TerraSAR-X 20160820 HH -184.668 -429 -0.01011
Slave  TerraSAR-X 20160911 HH -68.8057 -407 -0.01479
Slave  TerraSAR-X 20161025 HH -20.0391 -363 -0.01932
Slave  TerraSAR-X 20161116 HH -11.2495 -341 -0.00188
Slave  TerraSAR-X 20161230 HH -65.8877 -297 -0.00235
Slave  TerraSAR-X 20170121 HH 105.2725 =275 0.007928
Slave  TerraSAR-X 20170212 HH -15.54 -253 0.01236
Slave  TerraSAR-X 20170306 HH 68.68008 -231 -0.00118
Slave  TerraSAR-X 20170317 HH 130.595 -220 -0.00223
Slave  TerraSAR-X 20170328 HH 53.00705 -209 -0.00973
Slave  TerraSAR-X 20170419 HH 150.201 -187 -0.00322
Slave  TerraSAR-X 20170511 HH -109.816 -165 -0.01308
Slave  TerraSAR-X 20170602 HH 17.77143 -143 -0.00789
Slave  TerraSAR-X 20170624 HH 23.69538 -121 -0.01849
Slave TanDEM-X 20171001 HH 381.0312 =22 -0.01324

Master TerraSAR-X 20171023 HH 0 0 -0.01263
Slave  TerraSAR-X 20171114 HH -186.225 22 -0.00716
Slave  TerraSAR-X 20171206 HH 80.1367 44 -0.00214
Slave TanDEM-X 20171228 HH 308.5899 66 -0.01603
Slave TanDEM-X 20180130 HH 47.55249 99 -0.01462
Slave TanDEM-X 20180304 HH 179.8259 132 -0.01146
Slave  TerraSAR-X 20180406 HH 160.1782 165 -0.00857
Slave  TerraSAR-X 20180428 HH -238.003 187 -0.0307
Slave TanDEM-X 20180520 HH 228.5573 209 -0.02224
Slave  TerraSAR-X 20180622 HH -10.676 242 -0.01708
Slave  TerraSAR-X 20180725 HH 8.647546 275 -0.02195
Slave  TerraSAR-X 20180827 HH -28.856 308 -0.00247
Slave  TerraSAR-X 20180929 HH 56.36056 341 0.001123
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¥ 26 Ao &85 X W= SAR 9% FF (Scene 2)

® 27 A7) 8% X W= SAR 94 FF (Scene 3)

Scene 2 @ 29 Images (TerraSAR-X : 24 , TanDEM-X : 5)

Scene 3 @ 29 Images (TerraSAR-X : 25, TanDEM-X : 4)

Image Satellite Date Polarization Baseline Interval Doppler
Slave  TerraSAR-X 20160809 HH -91.4334 -319 -0.03895
Slave  TerraSAR-X 20160820 HH -210.844 -308 -0.01011
Slave  TerraSAR-X 20160911 HH -94.8596 -286 -0.01479
Slave  TerraSAR-X 20161025 HH -45.771 242 -0.01932
Slave  TerraSAR-X 20161116 HH -35.6862 -220 -0.00188
Slave  TerraSAR-X 20161230 HH -90.1487 -176 -0.00235
Slave  TerraSAR-X 20170121 HH 80.70174 -154 0.007928
Slave  TerraSAR-X 20170212 HH -40.5533 -132 0.01236

Slave  TerraSAR-X 20170306 HH 42.83211 -110 -0.00118
Slave  TerraSAR-X 20170317 HH 105.1081 -99 -0.00223
Slave  TerraSAR-X 20170328 HH 28.31367 -88 -0.00973
Slave  TerraSAR-X 20170419 HH 125.2578 -66 -0.00322
Slave  TerraSAR-X 20170511 HH -134.051 44 -0.01308
Slave  TerraSAR-X 20170602 HH ~7.39436 -22 -0.00789

Master TerraSAR-X 20170624 HH 0 0 -0.01849
Slave TanDEM-X 20171001 HH 355.9156 99 -0.01324
Slave  TerraSAR-X 20171023 HH -24.9506 121 -0.01263
Slave  TerraSAR-X 20171114 HH -211.436 143 -0.00716
Slave  TerraSAR-X 20171206 HH 56.67686 165 -0.00214
Slave TanDEM-X 20171228 HH 284.7677 187 -0.01603
Slave TanDEM-X 20180130 HH 22.77071 220 -0.01462
Slave TanDEM-X 20180304 HH 154.5185 253 -0.01146
Slave  TerraSAR-X 20180406 HH 135.3632 286 -0.00857
Slave  TerraSAR-X 20180428 HH -263.041 308 -0.0307

Slave TanDEM-X 20180520 HH 204.1424 330 -0.02224
Slave  TerraSAR-X 20180622 HH -35.0611 363 -0.01708
Slave  TerraSAR-X 20180725 HH -15.1098 396 -0.02195
Slave  TerraSAR-X 20180827 HH -52.7121 429 -0.00247
Slave  TerraSAR-X 20180929 HH 31.05214 462 0.001123
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Image Satellite Date Polarization Baseline Interval Doppler
Slave  TerraSAR-X 20160803 HH -168.097 -451 -0.02134
Slave  TerraSAR-X 20160825 HH -102.245 -429 -0.01147
Slave  TerraSAR-X 20160916 HH -85.422 -407 -0.01441
Slave  TerraSAR-X 20161008 HH -81.6386 -385 -0.02015
Slave  TerraSAR-X 20161030 HH -275.201 -363 -0.01138
Slave  TerraSAR-X 20161121 HH -88.9957 -341 -0.0067

Slave  TerraSAR-X 20161213 HH -34.3649 -319 -0.00669
Slave  TerraSAR-X 20170104 HH -189.509 -297 0.004638
Slave  TerraSAR-X 20170126 HH -223.287 =275 0.008062
Slave  TerraSAR-X 20170217 HH 137.1766 -253 -0.01038
Slave  TerraSAR-X 20170311 HH -52.2451 -231 -0.04463
Slave  TerraSAR-X 20170402 HH 132.1616 -209 -0.0249

Slave  TerraSAR-X 20170424 HH -55.8083 -187 -0.0081

Slave  TerraSAR-X 20170516 HH -63.8358 -165 -0.01862
Slave  TerraSAR-X 20170607 HH 32.58929 -143 -0.01333
Slave  TerraSAR-X 20170629 HH -159.037 -121 -0.01161
Slave  TerraSAR-X 20170914 HH -1.91879 44 -0.01136
Slave TanDEM-X 20171006 HH 174.375 -22 -0.00828

Master TerraSAR-X 20171028 HH 0 0 0.000715
Slave  TerraSAR-X 20171119 HH -341.748 22 0.000198
Slave  TerraSAR-X 20171211 HH -189.382 44 -0.02149
Slave  TerraSAR-X 20180113 HH -176.582 76 -0.02701
Slave  TerraSAR-X 20180215 HH -72.0711 110 -0.0138
Slave  TerraSAR-X 20180320 HH -69.0874 143 -0.00992
Slave TanDEM-X 20180422 HH 297.2611 176 -0.00192
Slave TanDEM-X 20180525 HH 226.9615 209 -0.0038
Slave  TerraSAR-X 20180627 HH -222.357 242 -0.02135
Slave  TerraSAR-X 20180730 HH -37.3414 275 -0.02406
Slave TanDEM-X 20180901 HH 118.3237 308 -0.00499



¥ 28 Ao &85 X W= SAR 94 FF (Scene 4)

Scene 4 : 29 Images (TerraSAR-X : 25 , TanDEM-X : 4)

Image Satellite Date Polarization Baseline Interval Doppler
Slave  TerraSAR-X 20160803 HH -104.485 -286 -0.02134
Slave  TerraSAR-X 20160825 HH -39.3234 -264 -0.01147
Slave  TerraSAR-X 20160916 HH -21.8271 242 -0.01441
Slave  TerraSAR-X 20161008 HH -19.1595 -220 -0.02015
Slave  TerraSAR-X 20161030 HH -211.989 -198 -0.01138
Slave  TerraSAR-X 20161121 HH -26.0299 -176 -0.0067

Slave  TerraSAR-X 20161213 HH 30.03268 -154 -0.00669
Slave  TerraSAR-X 20170104 HH -126.541 -132 0.004638
Slave  TerraSAR-X 20170126 HH -159.611 -110 0.008062
Slave  TerraSAR-X 20170217 HH 200.3253 -88 -0.01038
Slave  TerraSAR-X 20170311 HH 11.37803 -66 -0.04463
Slave  TerraSAR-X 20170402 HH 195.2449 44 -0.0249

Slave  TerraSAR-X 20170424 HH 8.21256 -22 -0.0081

Master TerraSAR-X 20170516 HH 0 0 -0.01862
Slave  TerraSAR-X 20170607 HH 96.97956 22 -0.01333
Slave  TerraSAR-X 20170629 HH -95.744 44 -0.01161
Slave  TerraSAR-X 20170914 HH 61.11293 121 -0.01136
Slave TanDEM-X 20171006 HH 237.993 143 -0.00828
Slave  TerraSAR-X 20171028 HH 62.80535 165 0.000715
Slave  TerraSAR-X 20171119 HH -278.284 187 0.000198
Slave  TerraSAR-X 20171211 HH -126.26 209 -0.02149
Slave  TerraSAR-X 20180113 HH -112.882 242 -0.02701
Slave  TerraSAR-X 20180215 HH -8.27112 275 -0.0138
Slave  TerraSAR-X 20180320 HH -6.02228 308 -0.00992
Slave TanDEM-X 20180422 HH 360.8435 341 -0.00192
Slave TanDEM-X 20180525 HH 291.7482 374 -0.0038
Slave  TerraSAR-X 20180627 HH -158.312 407 -0.02135
Slave  TerraSAR-X 20180730 HH 26.54346 440 -0.02406
Slave TanDEM-X 20180901 HH 181.7141 473 -0.00499
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Scene 2 : Co-Registreted Refl.map Scene 3 : Co-Registreted Refl.map
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 Railroad Risk Assessment - | Local Social Risk Assessment .
EE kA olzte] $ME2 AAEE FAo] FalEojo st FEAE AAGE= P e I|l||al' o TR S e : “y .....................
o o o b e an = + Amount of 7 ? + Vulnerability curve * Max subsidence + Population density
B4 g AHPZIH S T3 334 € ground / (by regulations) + Subsidence veloeity + Disaster resources
subsidence 'I X * Train speed « GDP
(by PS- I" * Railroad type + Urhanization
InSAR) \ + Groundwater exposure + Disaster vulnerable people
— _ |
Hazard = Hyw,, + Hyw,, + Hyw,, - Hw,, (2-28) . Hazard map Transf
Risk map + Density analysis of 1KM
Vaulnerability = Vyw, + Vow,, + Vaw,g - Vyw,, + Detives Fisk by ground buffer ;
subsidence & Vulnerability
Ciiive | AHP | +|Dependentvaﬁable|
4 Weight
ARE AAE F 4 gho] & AV 55 volEHuE dF=e ddS dds] A * Vulnerability Curve Equation = ; l
- Concrete = | Hazard map Vulnerability map
& 2 <lze] AAPAS FFHUet AY 718k k-Nearest Neighborhood B & F3 302(0.69 + tanh(0.05x — 0.73)) - (r’ 7 J,'
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| Railroad Risk map i Lk - Suhd l?_. R |
. o Heoear = HyHHy 4ol Vi =V # W 4004
Hazard = Hywy, + Hyw,, + Hywg, -~ Hw, 2-29 .
1L TR T (2729 o ) e [ Railroad Accident Scenario
| & | § = : y
P ! * HighH + High ¥
Vulnerability = Vywg, + Vywg + Vawgy -+ Vg, : A o SR Ty
Hazard n v L + Low H+ HighV
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1
%z’ghtedHazard:E[Hl (W +wyy )+ Hy (wey +wyy) -+ H, (w,, +w,,)] (2-30)
Weighted Vulnerability = %[ Vi(wy, +wy)+ Vylwy, +wg) -+ V, (w,, +w,,)]
9 ge Bal BEE AGAAS Ak G BEse] 4 A FARE 1097

2 AR & 5 GAE VIeeE AT fad ARs AASA HY, =&d gaa A

EE Tl nEHAR At g Aveles Ase] Baa grke 3
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H{ Interpolation }—J /
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Railroad Risk Map
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—*{ Vulnerability curve }% i
Vulnerability table L d
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) nE&AE wMe Ay B}

O Fokd W7k= FokAd dolEel s Azl Hofd Hds &8st vebd
- Aok T ¢ g wet Wl doly Abole] BAS wiEow AAdEH o] 37 BA s}
e =2
- ek Heols : AdA =S R o] WAE B2 ey
AR el A A AEe A3A SPAR AR ole v % 2143 2&
F 214 ARtFste] e v R B A
Aans A AFH b4 b5
3} )
ge | AE | EAAE| AR | eads | Aw | eags | R O
#A](m
0 10 7 14 10 18 14 30 50
m)
Damage DO D1 D2 D3 D4 D5
O 9 AHEe Fdl =2 Holed Agsden = S50l uet A2, 2aE =4
o2 AR e the & 215 & 2167 o] AFE AT
X 215 AF AEe] g=a HelE
A = et (mm)
3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51
DO 100 100 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0
D1 0 0 60 30 0 0 0 0 0 0 0 0 0 0 0 0 0
D2 0 0 0 70 70 0 0 0 0 0 0 0 0 0 0 0 0
D3 0 0 0 0 30 90 70 40 20 10 0 0 0 0 0 0 0
D4 0 0 0 0 0 10 30 60 80 90 100 80 60 10 0 0 0
D5 0 0 0 0 0 0 0 0 0 0 0 20 40 90 100 100 100
>D 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
ND 0 0 0.6 1.7 2.3 31 3.3 36 38 39 4 42 44 49 5 5 5
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O P4 HolEd nge

AYE Ak gaa Holx

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51
DO 100 100 100 9% 4 0 0 0O O 0 0 0 0 0 0 0 0

D1 0 0 0 10 60 0 0 0 0 0 0 0 0 0 0 0 0

D 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

a
)
o
o

/uD 0 0 0 0.1 0.6 21 3 33 3.7 4 42 44 49

il
Ach
[>
Hu
N
|z
il
_]>~I

AetA A= o el A Hahael o

vlsje 7l9g ub7t &%

(1xD)+2xD,)+(3xD,)+4xD,)+ (X D)

nx D
o = Z - 100

(2-31)

}

2 2-31°l oJ3] =& " pDE vt o ® XFo] ANtHsE, Y] HrAE 2t da

o

> Q5 olE 9 BAste] AnE YAsHH olF Ak FAoley

Vulnerability Curve = alb+ tanh (cz + d)]

Aok 2ol =& H gaa HolE3 4 2-328 B3 faa A8 348 Ao
a9
=4

2.839F 3 2174 =2 shgh
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<232l A= Hor 24>

a9 2.83

)

1= ol me Aeky Ha

¥ 217 2AE % A ALY faa 7E A
2aE A= A7 =

2 3.02(0.6945+tanh (0.05283x-0.7344)) 2.931(0.7331+tanh(0.06827x~1.14))

A 09873 09778

=44 AA 0.9687 0.9601

O 1% 283l =g uheh o] A7 o] vste] TAE ARTF FA4 o] HEE &
detfler & 2198 T8 FAAG} 2448 (R-Square) 5 095 o]de] &
S e HYE AN

o AAANE e A g
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W) grlE 9AE4 33 (AHP)

O wl= A2 7y

1970 v o} dighe] Thomas saaty WF7}F w5 w50 F-7]5A4 3 tv] &
S Sk AACNA JAAA Il wieES My e e oarEA e
H7b71Ee] throlm B A B9 45 HQ ke AAAQ HrE Adshs JAEAAA
719% shEA AAE 248 £@eE o] E(multi-criteria) 2AFA Ao A (Saman Aminb

akhsh, et al, 2013)

01
Shd
of,
e
o
)
lo,
il
2,
il
)
ofje
2
lo
fu
M
=
ol
ol
2
o,
N
)
1k
&
30
|o
Ry
rO

el ATAA S FALE

o TAE B4t Bafste] Fxa RYPe D&t AU TAEE A= 3 5 A

ro
s
i
N
A
o
fu
N
)
o
&
@]
o
Q
=
s
ol
A
oo
(=]
S
S

T e oA BAZ A wastE slste] neHs AAE o B A

A

AR HAZ AE ko] #B A FEAA e} F4/FEA 0] EAEY] Witel @i A s
TEE AW e A9t EA4F

EY AARES] FAAA oA wek A9 FUA FarE A4s7] el 442l

# 218 AHP 7189 HAzA

A=A A
o] 5= 4] v t)Are] AEn )t sbseloksty FoAe Axe B2 g
(Reciprocal) F Qlojof gt} wek A= o Zlo] AHaok gt
A4 FoA ArE dAE WUl =l o9& mAF ook 3tr nlay)
(Homogeneity) 4} 3tolls <A 3 7]Fo] dasit),

594 F AZANA g8 LAEE A AAA ST 240 A& &5 A4
(Independence) & 7FAoF A%k st AIF2] 472 SHA o] g ojof gl

713 AFTEE AAZAARAES] T4 71del wet oA A = A oA
(Expectation) DA S AL ES el Egslof gt

O AHP 7I}olA oAtdg e 4l o= 2 7tsAE FA45 dde JdaA

S =As7] 9 B2 S =%3 (Erhan Sener, et al, 2013)
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O 9dwrd o & N7FA 8459 7MEXE ©&387] 98l NNV-1)/2 He Agu s

FHSA 5™ nAe £A4E 77 Al A2, Anol#tal il 24289 FREE WL, W
2, Wnel et shel ejulwz olojAE Ant thg 4 2333 2g

A, Ay e A

(WG WL W Wy WL WY,

A
A Wy Wi W Wyeoooes W W,
A W/ W, W/ W, T/, (2-33)

AN W W, ] Wy W] W,

Adulas FAg 7 ofolzl WFH(Eigenvalue method)& o] &3 JAMAA 245
2

el AUlA FLEE AEeA HE wH AHP /W F ok AteloA 3

AHP 71} £4& Fd87] faiM e dAzded #aske dole A2 2 guH

HE Aol Wastel o FAs] A ¥ ArlAE v B e 444 AR
& PgeE NEe B A7E £AF
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#* 219 AHP 7189 521

ARz g

e CICE I

® L elE sdstag RE Al Aee
eeiproca o e AvkwrE Fasttn A7AeErE BAGFAS

e o S 71EC BUA e g wol 49 @

Homogonsityy & AT FAL 108 B2 Adgsteon o &
omogeneity WS s

dee] frele gt g
. w}ew Y EE AR FERSL] 7

=949 9

ool Alm

(Independence)

AR R I | AsTx7
(Expectation)

frinsd AEow ods GNAYATL AEE
2} X o
=

53k QA ER

QEEREL Y
e ARA & A AAB

A, o

53 o

ol Av) mmzk Folua) A u wy
TR e

s Aatr] 913 2Al ¢

O AHP 7IMg 5% 745A 24L& £95H/] 98 AEA % BAEE BE5Y
olel it A= F 2203 F 2.210 =43}3H
¥ 220 AHP 718& 98t AEZAL oA
Question 3 2 12 13
1 How important do you think Factor. 1 than Factor. 2? v
2 How important do you think Factor. 1 than Factor. 3? %
3 How important do you think Factor. 1 than Factor. 4? v
10 How important do you think Factor. 4 than Factor. 5? v
3 221 91997l &E e AHP WEZ 2 oA
Factor. 1 Factor. 2 Factor. 3 Factor. 4 Factor. 5
Factor. 1 1 0.33333 0.5 1 0.5
Factor. 2 3 1 2 2 1
Factor. 3 2 0.5 1 1 1
Factor. 4 1 0.5 1 1 0.5
Factor. 5 2 1 1 2 1
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4* AHP method

Max subsidence
Subsidence velocity
Train speed

Railroad type
Groundwater exposure

—= Disaster resources

’:—' Population density

Vulnerability indices

* GDP
t—- Urbanization

—= Disaster vulnerable people

Bridge
= Railway embankment
*  Fire station exists in region, 2 fire

| | reginn and adjacent area

L +  Manufacturing area

*  Tunnel

station exiat in the adjacent area

*  Fire station exists in region, 1 fire
statlon exists In the adjacent area

+  Fire statlon exists [n region, doesn't
exist in the adjacent area

* Fire station doesn't exist in the
Tegion, exist in the adjacent area

* Fire station doesn't exist in the

* Residential area

+ Commercial area

+ Publicarea

= Senior citizen ; = Age 65
= Infants and Children ; < Aged

3 222 AHP 7R &

19 285 AHP 24 2&5H= AA

APAAHL | AR Aet&= A FF 0 =4FY FEE
7+ 0.207 0.318 0.245 0.126 0.104
REl 3 1 2 4 5
BR RN AT GDP TEAE HE AT TFEAA
7+ 0.247 0.146 0.232 0.182 0.193
CE] 1 5 2 4 3
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F 223 AHP 71 9] F WA AT 7teA

G %A e
B g 0.323 2
g 3t 0.534 1
AP T-3E 0.143 3
e #3
e A4 0.232 3
A 0.301 1
F7 A4 0.280 2
T A4 0.187 4
YE A FE
A ol 2wt 9,
AgA el 27t A A 0.107 5
A el 2uA7E 9L,
AR A 177} Y= AL 0.133 4
A el 2A7E 9,
AA el e A 0.193 3
A el 247}
AFAA 17} Y= A 0.254 2
A el A 7F 9, 0313 .

AFAA gl A

o

O AHP 719l SHASIA M%a kst o] ARAAE

A7g5t7] ol AT xAl o] BEFE e

O T B Aol AL BARATES AT A

=
A7) Wl AEAel 5T = glom Azt U] F g &) Wikl dlolE

FA9 AV EAF

98 F7HAQ A APgEel a7

=4
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o) AAEY FEH A 2A

O ¥ AFlAE tlE AR AHP 412 5 AR5 /AFAsh Aratel A
e AmFGA o] BANA 7 AAte] SHPYA FEYL welFH ot AFE 2

O wetA gEel gt ARE el FBATE BAk sto] o|F Bl 7 Aol 7

& (Gautam Ray, et al, 2003)
O dwr¥ o= xzte] FaAFTE AAs7] Al FALE S Po] AHEH I glon

A= FEHUSL AYE &3t FAIEE FA38IE K-Nearlest Neiborhood

Uy =@, —y P+, =~V - @, ~y,) (2-34)

O 9 T4 B F DA, u), (0,5)009] FAES FAT 5 glon] o & MEY L

2 EdshE v A 2-359 o] 47 YEw AAH

ua.,a Ug, ua.,c ua,d ua,e
DUy Uy g Uy

FBuclidian similarity = Lou, U, (2-35)
: Ug,e

u(’,, €

O AZNA w,,= AQAS BAAY] F2evet Al dulsty olg ntgoz F54d0

SEHt Ay, v, )& AT Ul e Fol

"(lgl"
o 0 eSS AAEIt mow 1o AhESE AAwI} %

do

Wik, = U,y +ua‘c + Uy, q +ua,e <2_36)
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O 2 2-363 22 HAS Sl 2 AR FA AT E Ao, 249 &
AFe] Fto] 10] & F JLEF o5 WEste] HFTHA FEHA g 1A A
A=

Hazard
A B € D E IN U,
A 0 |0583|0397|0984|0912 | = 2876 01759 | 7 Maxsubsidence
B | 0583 0 |0672[0958(08% | = 3100 piopz | % Subsidencevelocity
: c Groundwater
C | 0397|0672 0 |0913)|0926 | = 2908 01779 " exposure
D | 0984|0958 |0913| 0 |0933 | = 3.788 02317 D:  Railroad type
E | 0912 | 089 | 0926 0933| 0 - 3667 02243 | B Trainspeed
Y 16348 1
Vulnerability
A B C€C D E ¥N Uy
A 0 |0398|0063|0104|0187 | = 0752  0.0868 A Fopulidendaneny
B | 0398| 0 |0356|0677|0712 | = 2143 02473 | B GDP
C | 0063|0356 0 |0598|0347 | = 1364 01574 | © Urbanization
o Disaster vulnerable
D 0.104 | 0.677 | 0.598 (i} 0.891 = 2.270 0.2619 * people
E | 0.187 |0.712|0.347 | 0891| 0 = 2137  0.2466 E:  Disaster resources
Y ss66 1
a9 286 918 A9 FHokd Az did TEHA 7EA
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(3) Azt &
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e AAFE At BARS o Fe] AA=

- AA TSRS

A EolHE dRERTARAA Agstar A G2 AAR ik T oA

= Faelgon ol 918 A3} Bolel &2 QAo HUEE, F o Aoje] A

2 dolHeA 2474 4w BEEAA AT

dole & 283

Vmax _____________ RS

Vinaxe = Maximum velocity
T = Total time

t = Max velosity time
Dy = Total distance

d = Accelation
& Decelation distance

_(T-i-t)* max

total — 2

_ Drota

Vmax

Y 201 PR HE 9 9

d
A ARH ASER A5 ARSI d ol FRE AR F HusEe

A HY o) F dAlE T A dAT MEER A5E 3§ AR b

- 91 HOAA Dy F 1A, T 9 2843, te AREE fAAeI BF V&
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(2) =AI3 v &
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