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< SUMMARY >

| ETES \ D-02

[J In order to effectively protect a city from earthquake disaster, this
research makes a plan for developing decision-making techniques on

Purpose seismic repairing and strengthening for aged road facilities (bridges, tunnels,
retaining walls and slopes) by quantifying earthquake resilience.
[] aged road facilities which constitute main road-networks inside and
around a city
[] aged road facilities are composed of bridges, tunnels, retaining walls and
Scope slopes
[] techniques of seismic repairing and strengthening for aged road facilities
before earthquakes

[] evaluation of seismic performance considering ageing of road facilities

[] Development of techniques for evaluation on physical seismic fragility
of aged road facilities

(O technique for seismic performance determination of road facilities
based on the importance

O technique for evaluation on seismic responses of typical road facilities
based on the required performance

O development of aged facility models based on experimental results and
literature review

O determination of standard fragility functions for application to
decision-making systems

O evaluation of seismic responses of road facilities considering age

O physical seismic fragility development of road facilities considering age

Contents

(O evaluation on seismic performance improvement for various seismic
repair and strengthening techniques

O development on seismic fragility of seismic performance improvement
for various seismic repair and strengthening techniques

O construction of library for seismic repair and strengthening methods of
road facilities

[J Development of decision-making technique for managing seismic
performance of aged road facilities based on seismic resilience and its
application

O analysis of social/economic loss and resilience of aged road facilities
and road-network




O

O

O

O

O

evaluation on social and economic resilience of aged road facilities and
road-network
evaluation on seismic performance of aged road-network considering
inter-facility factors

decision-making system development for seismic repair and
strengthening before earthquake occurrence
fundamental research and suggestions on decision-making technique on
seismic performance and management of road facilities after
earthquake occurrence
practical application of developed technique to small and medium sized
cities, e.g., Gyeongju or Pohang, considering actual site conditions

Results

L] Development of techniques for evaluation on physical seismic fragility

O

O O

O
O
O
O
O

O

O

O

O

of aged road facilities

technical report on seismic performance of road facilities based on the
importance

technical report on seismic reponses of road facilities

technical report on seismic fragility development of road facilities
considering age

physical models reflecting age effects

physical models of seismic repair and strengthening materials
evaluation manual on aged concrete facilities

evaluation manual on seismically repaired and strengthened facilities
library on seismic repair and strengthening techniques based on
components and damaged modes of road facilities

technical report on seismic fragility based on seismic repair and
strengthening methods of road facilities

library on seismic fragility for the seismic performance decision-making
system

Development of decision-making technique for managing seismic
performance of aged road facilities based on seismic resilience and its
application
technical report on social and economical resilience evaluation of aged
road facilities

software for seismic performance evaluation of road-network
considering inter-facility factors

decision-making system for seismic repair and strengthening before




earthquake occurrence

O verification report on application of the developed technique to a small
and medium sized city and its comparison with existing techniques

O practically applicable user manual on improved decision-making system
based on application to actual road-network

Expected
Contribution

(] Plan for applications

(O decision-making on budget and countermeasure to improve resilience
against earthquake damage of aged road facilities

(O decision-making on budget for restoration and preparedness against
disasters due to earthquake

(O estimation of seismic loss and priority order for seismic repair and
strengthening caused by aged road facilities

O estimation of seismic loss and priority order for seismic repair and
strengthening of aged road facilities

(] Expected contribution

O political contribution

- protect lives and properties of people by establishing preemptive action
system against earthquake hazards

- systematic preparedness and management of aged road facilities against
earthquake disaster by improving resilience

- enhancement of wusefulness of aged road facilities by proper
maintenance

- effective expenditure reduction of the national budget for seismic repair
and strengthening of aged road facilities

- improve public trust on national safety policies by evaluating earthquake
risk and resilience of our country or cities in a concrete and
demonstrative way

- invigorate the industries of seismic performance-evaluation, repair and
strengthening

- reduction on the socal and economical budget for maintenance and
decision-making of aged road facilities through resilience analyses

- reduction on restoration period and expenditure of aged road facilities
using social and economical resilience evaluation and improvement
techniques

O technical contribution

- provide basis for evaluation of social and economical loss based on




seismic responses of major facilities

application of the developed seismic evaluation technique to
performance estimation from other natural disasters

invigorate performance-based engineering techniques

provide techniques to promote life-cycles through seismic performance
improvement

technique development to estimate degree of age and remaining life of
aged facilities

development of Korean resilience estimation techniques and algorithm
on social and economical loss

social and economical loss estimation system for seismic resilience
evaluation and analyses of aged facilities

potential extension of existing analysis techniques considering various
types of social and economical effects

economical contribution

minimization of damage by effective disaster plans

invigorate industries related with seismic performance evaluation and
repair/strengthening

budget reduction of the ministry and office concerned by proper seismic
repair and strengthening

support on economic activities by safe infrastructures

invigorate seismic disaster insurance industries through the developed
resilience evaluation techniques

budget reduction of the ministry and office concerned by proper seismic
resilience improvement and evaluation methods development
support on economic activities by resilience restoration of
infrastructures including road facilities

Keywords

. seismic repair and .
age road facility resilience
performance strengthen
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L AZRAG &8 8o A9

O fAAFA A=A A& (The United Nations: The International Strategy for
Disaster Reduction, UNISDR)| A= A& ot AFS oS3 o] FY

D A8l (Hazard)
O AZoA J3 & € 7FsAol As A = 4

O A7 A8 wE Hotd 4 Fa 24

A A= e A dja] A7
7 ge Aslel G4 wANEe gasE g

jud
[

; Aakssg; A

= o & A
2 AAEE T EE 37 A58 4o F dE 9
3l =

[}

NE

3L3L
o O

]
J

=

U

O Hesla =58 849 ¢ £2 &S 71 4 Ade= vl 7Hs3 #AA
= oA EgdA (White, 1973; UNDRO, 1980; Cardona, 1990; UNDHA,
1992; Birkmann, 2006b

~—~

2) A FHDisaster)

O Ashz As) AgeA Hai7h TaS A
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i
e
ool
o

O

3) =Z(Exposure)
[0 1zZto] A& dS THF Asfdl ZHSHA AN 43

O A8l FFd ol Az AA; B2 FFAH = ,
A=A, A8H = 32 AAlo] EAjste JFS wh= Z(Gasper, 2010;
Cardona, 1990; UNISDR, 2004, 2009b)

O =22 Ao dexdoAnt &1L obd
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M =5 =242 Wdesadd AA28AY 7€ T |

4) 3 °FA(Vulnerability)

O A= sl QAzto] A3 &2 Al=o] H#AZU e 7] 4+ A=

O

ro2

ANXE Ashe ¢k F2 FEFol sl A, A, A 2 B
FE A B OF9 54 2 A4S onE(Wisner et al,
2004; UNDRO, 1980; Cardona, 1986, 1990, 1993; Liverman, 1990; Maskrey,
1993b; Cannon, 1994, 2006; Blaikie et al., 1996; Weichselgartner, 2001;
Bogardi and Birkmann, 2004; UNISDR, 2004, 2009b; Birkmann, 2006b; Janssen
et al., 2006; Thywissen, 2006).

ERLI
Seo g

O getd A=A x = EXAFY’ o2 2o 7hs

O Al 7AAS 83 % ol shtel EAolE FHA/IA o Ave 24
A W

O =Ao] Aol st A, szt AA LSt mFo] Ha o] =
ofdo] EA s okt st Wef o] F shuel xxiolgt: EFEHA o A
o ubgslx] kS (UNDRO, 1980; Cuny, 1984; Cardona, 1986, 1993, 2011;
Davis and Wall, 1992; UNISDR, 2004, 2009; Birkmann, 2006a,b; van Aalst
2006).

- E 5o AN i = = A
Al mHIE Qs Ao AldEo] X FH A
- YRAAEAZ g A o
2 WAEAZE mHlete = A2 DA 9} Hey] "ol o A
AskA e

2. A AZFAHUrban Earthquake) 54

A% 2ol AWM BASIE HAopHel Axol we DAY Do
T 3o ek AAAG LAl ¥r} Debd

O Hekgo]l 1o A sANA A AAS 7} SAFL Ao Hokgo] pow
2 It Ad@dGeE HEAN EAIE, 1T #E3), AAAAEe] AT
F ko] =2 =A AGDef| A A7 BT AS ARG R AZA

D =A9) 7Ee =7bell whe} Aolshr] mEel dEAoE Aoyl o2 u UN2 17 20,000 o132 =
Al Al Urban) o2 skl 9lom, Fh=ref A4 1 50,000 o= Al= 4
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O ol o] AT thart 4 - FH FAS DY AF AGA =4
AT AF A4, ABI5Y BFAM SANY BFOZ WA w4
St Aul2E A B 2w BFo] ol RolAx AT A6l AR ol
BAY A 2 A9 2 AAA e 2 Sl 9le

(28 2-1) FdsE0l D E KT 2d 29 40|

O S¢ Munich Re A= SA AGe] ARGl TG B4, AF5s AA
4 Q) GDPel W 1 AW W3 A= 7HeE + e ANAVAF AA

O Aol tg A AA =X 98A5e) 4 ARE B, £ AR
Qe PAE 23 ot Ak

O A8 9% 291, A%=, =29 A /b 228 Tt AA ABAFES
ART T AA 207 Ao A A HBAFE =G D
EANSHS B T 5 A

O Q15 1008 o] 507 =AEe] 2As N, HB7 12 AFA o AA
Mol Faxo] g
- o]t AFA 47 WAL GDP/} wow, AARCE 1 F84€ AUE o

O =el A% B=7tel t=Ael wa] AL A5E ol GDP H&ol
1 EA A QT HuE o s JAAFT e Ao Buy
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A =

(E 2-1) MA CHxAl xHsH &R+

2003 20153 i
= A7) | QArey | COER | ARAT
TAAYR) 3,500k 3,6203F 40 710.0
AN A 2= A7) =) 7004} 7701} 5 167.0
Z2WA Y (v =) 1,640%F 1,760%t 10 100.0
22, 2, 1,300%F 1,460%F 20 92.0
DEAER)
nfo] o m(m] = 390+ 4507+ 5 45.0
vﬁ(ﬂli) 2,1203F 2,280k 10 42.0
TZZF) 700%F 790%F 10 41.0
nhd e,
A 2] 7) 1,390%F 1,680%t 30 31.0
HA(F =) 760%F 7604 15 30.0
) (ZF2) 9804F 10,0005} 30 25.0
A7} aL(H] =) 9207k 1,000%t 5 20.0
A AT E](H] A 52) 1,870%F 2,060F 40 19.0
9,
32w o) (0] 2) 7601 8604+ 5 16.0
A&, AAAET) 2,030k 2,470%k 50 15.0
) o] A (F=) 1,080%F 1,110%t 5 15.0
FEAY(5Y) 1,110%F 1,110%k 15 14.0
&atol(F=) 1,280%F 1,270%} 10 13.0
HEXEEUESE) 7005} 8,000F 50 12.0
B2 FuHE] A o}) 1,050%F 1,090%t 20 11.0
TPIF2E(EY) 2707 2707 10 9.5
) AA 2+ =9 GDP & S18ASE AAey] da F1@ Ase FAE AU lgome
B =39 20154 JTFE dAANE BAE AY
A8 TRMAA, EA VN = VEY T Az HIE= T4 A, 2015
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3. AXAG ¢y A
D =9 AXAG %

[ 19783 AR #AZo] AFH o]F FE 50 o] F 60,6372 7|=51g0H,
1978 @58 2013 Q@ =71A] ¥+ X ZFL Z 1,636.238 LAY

O Ho Az A S5 AduEd 152 5.0 o] 6.0 o]t Az 1,496.67, 6.0
o]’ 7.0 oldh= 125.671, 7.0 o] 8.0 olsh= 13.27, 8.0 o] AX& 0.8 7=

0 20149 71& 79 AL F L7H4AEE AP H+E2 Y 983 F7}

O 75 50 o] 6.0 o]s Az 1,5787, 6.0 o] 7.0 o]k 1447, 7.0 o]
8.0 o]dt= 114, 8.0 o] A& 1A& 7=

O o] & A& o7|Al FAZF sigolA 75 8.0 o] 7Hd & R AX LA
- 2014 44 29 08463 (3=AZ 71 Ad ol7|A A% 94km 3} < el
A A zZo] 25km, 7R 8.29 = AR WA
- o|& Qs g o]7|A, A# Aol dtefo] = A A Azl o]
WEste AxE|Y FH e
- A7 9 AHNYEE JAFAY 6% 5) 2 ALH2,500¢] A UM gk F) T
& Ay
O 8¢ 3¢ 5 Fdd Ao AT 7= 6.59 A F5 WFANA &
A AR F 7 2 AAllE & AR V=S
- o] AL AEEHH 10km zolo|A FAst AmE617H Y ArgARel 3,143
o] Bazh) 2 A4HZES 12,0000 A k& F) FsiE T A

(28 2-2) ¥ o XXM F0/(1978~2014H)

3000
[Ed=E"]
e WD 280 T
wg0sT 2o i
e I == 1=FY0 - 0 B
e _ '
e | . s ll = T 5 = -
i ; B B
1000 + =
? :u "79 80| %1 's2] ‘%3 |84 '85'a6 |67 '88 | '89 90 |'91] 9293 |94 ['35['96 9798 |99 00 01| '02 | '03|'0& '05['06 |07 ]'08] 09 10 11] 12] 13 14
'RE?HJI o 1 o o o a 2 [ 0 1 U 0 0 0 2 2 1 1} 1 1] 1 1 1] 1 2 1 2 4 0 1 1 1 2 2 1
.]‘O"F\l_‘r_‘sﬂl i _2.13.10 14.3-13.-5"11-7 3 ].S 6.13 ll.l.lﬂ.lﬂ 18 11.15.14.15-13 14-1-'( 1[‘.9 1-3.12.}.5.3.19.1‘1.17-11.
60‘-'?_'\'_4'.-‘0 53 IU3 104 85 | 34 L!i IIJU 86 | 106 32 78 109 108 166 137|146 183 1‘19 ].ZD 109|116 146 | 121 127 140 141 llﬂ 142 |178 | 168 | 144 | 150 | 185 | 117|124 I»NI
;5 0=7 25, Cl 151? ]3 E }.258 ]JSD HIB 1.6-!7 ﬁ[‘E ﬁﬁl’ 1528 1412 IJSﬁ NZ? 1617 1455 1.;198 1-125 }5#2 l318 ].221 Llll 975 llﬂd .3-!14 .'I.Zlﬂ ﬂl}l 1 03 ﬁ_l 1533 1'."_] 20?1 l?ﬁﬂ 1396 1215 1283 1534 !MH LiT"

Z+5: USGS, Significant Earthquakes Archive, 2015
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A@F7] 50 1004 200 500 1,000 | 2,400 | 4,800
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0 F/HANEEE 7129 ANNPAEE Boste] A4 Aoz A
g7ldo] S AA L AR FRE WO T
O 28 A ARG W=, AAH - A AHE T =FHE 5 AF -
BAAH, B8H HpYe v
(38 2-3) MEFIIE SN DABRE
[ A" 5004 ] [ A@F7] 1,000 ]

A 2RAA, ST A, 2013
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O AeAle m3TEY ASARA AN F5E BA Se ARl MeA A
F - 3 AT 10,388,055% EF AXFEAAAANAA F5 BEFo] 100%E ©)
Fol A1 e 37
O AT A vg A= Zlskard ez S/ =M, = 33 A

FH A Ao HAg AF =A
(E 2-6) ME2Al 7IA3g24H 8&(20144 JIE)
A AR & It=FFAA

Nas A% | AMaF = A%

A (of A3 (of) | A% A (of
1) A (of) @ | 1) A (of) | A% (m) A2 2 (af) @
18 170,289 0 3 94,585 0 14 73,334 1
A% DAEATH A BACIA, ZAAG AR
I 2-7) M2Al &334 =&(20148 J|E)
A TAANA HAANA FAX=

Mag| 93 | 4 | Ay | 893 | 9% | Aas | 93 | 43 | Ads | 93 a3 ()

&) | (o @ | A2 | @) | m | (A | @) | @ | Ghd) | @) |°
97 | 738,065 | O 7 28,958 | 0 62 646,385 0 28 62,722 | 449,857

A7 dREATY

o

HolA, =AA D
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M =5 =242 Wdesade] A2%

(E 2-8]) M2Al &+=Eg 88(20134 JI&)

37| F5A7
TEAEFHE S5 P 7|1E REgE AR
@) | @) FEALYEHE F5AF T4 7] 32 A
AT BHFEAY w4
g F= & it | A =
ATE A Ao ga| [ Jap | R R
A &) % A A 2= ChEs ) FTE 34 o=
Z2=0] "Ilj —lljl:'l‘T‘ Z2e0] _E]_:"E Sare E]—HE
274 | 24 |[FTUT Fow | wooz wrdT 5 E | ATFE )
@m) | T T =) %) |RZE%
o1 +(9) ()
Py Y| A A AA | &A | &A A 2A
1,038 | 1,038 | 1,038 0 0 0 0 100 100 100
A% BARE BHOA, AFEEA

@ MEA nFAN=H A7

[] 2007~2014d 713t &< 3 =8 2T

Ad B & Aol AEHOE F7hste FA

20806704, % ARA 2,950km= TP

(E 2-9) d= =24 we ¥ EHY §&(2007~20144)
(&9 M4, km)
T& 2007 2008 2009 2010 2011 2012 2013 2014
EFNA | 24,923 | 25,792 | 26,920 | 27,381 | 28,152 | 28,713 | 29,190 | 29,896
wFAF | 2,289 2,389 2,967 2,618 2,721 2,792 2,852 2,950
Eldzi4a | 1,064 1,152 1,287 1,382 1,465 1,578 1,659 1,777
Haad 755 806 910 974 1,053 1,149 1,208 1,293
AR FEAFEATY, =2uF 3 HE 9%, 2015
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(38 2-9) | =28 wzk Jj4 3 HE F0[(2007E~2014H)
(F9: 724, km)

= QBRI
35,000 - *"f H;“ 3,500
e = RO R
2,792 2,852 i
2 567 2 618 2721 ' Y - 3,000
2,389
2239 29,896 | 2,500
30,000 - 28713 25,150
- 2,000
sgopy 20A81
25,702 L
24923 L300
25,000 -
- 1,000
- 500
20,000 - L o
2010 2011 2013 2014

ZAtq: FENFSATY, SR2uE 9 0 % A7EE, 2015

O 84 23 23 dde FELSY 4 2ok APz JYATAY
3tUE, 1,000m ol AY 2Adin AL 20119 1607714 201349 17742 &
0 wFol A F7h FA
* 24 WP o] golol U WA /EL FA vhso] UA Rot 77

4 (G 2 A 71E AE 1000mel 4 BFOE 5§

o

(28 2-10) S F2 =30 us H&(2011 ~ 2013H)
(&9 )

180 1 m1poom 0|4 £ REHIH) 177

175 A
170 1

165 +

162

160 -

155 4

150 -
2011 2012 2013

A5 FEDSEATY, EEaF 9 5 43 AUE, 2015

[] 2007-20144d 712+ Eeke] = =2¥ Y AFe B A2 L7700, $9%
A 1293%km= EY 4 2 & QAo A&Hoz Flee 24
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T

M =5 =240 Yadsae oAagAY 7% A |

(08 2-11) 3 =28 EHY & ¥ A& F0[(2007H~2014H)

(F9: 724, km)
2,000 = B
i 7 1,777
_9-% EI Iéﬁxd 1,659

2007

2008 2009 2010

2011 2012 2013 2014

g TEDEEATE, B2

e

Bd d8 Arks, 2015

(020139 % S gutd s 7302 459.4km, 1 &S 42 150.5kmE A

O 1km o] Ao dubd = B3I 109714=, AA dE=Ede 21.05%E AHA

(E 2-10) 20134 S E=EE 8
T F A% km) Ikme| (A 4&) | 1-5km(7H&) | Skm o] (&)
1EAE 150.5 50 29 6
duid = 459.4 490 98 11

A8 FENFSATY, AE/EAEEEER, 201312

@ =% =2 AH

0 $elua

R «11v
R Aoz, WA 4

i
A

O 20141 19 7%, 30 o] Ad 22AMLe A4 =2A4e] 96% NF

ARk o, 108 Fols 2L5%=2 I wlFol A Flste] 34
Harh J9E A= A%

o
=
al

O 2o 2% 23 AL olF

O %3 %



A2 =A Adekd a5 2 571 1l
% 30deE 7E HA
O "= w&Fo] FFH F 30do] 2 HA ol TH=H= A T4
- 1968 &=3F® FWEAF Mianus River w#F 1983 53
- 19543 #3¥ 785 Thruway o3 19873 53
- 19673 =3¥ vy 4ElS Minisota n® [[-35W Mississippi River bridgel
2007 & (1990d =2 A3 )
[ EA 7Iss AL 483 7] S8 Z2AELS A4, ¥AAAL, 87
NzAH 5 Bol, o] B SEAME FAOE w3} AF Hot
O EEANAE= us, dutuz, wriats, YA AL, HE, AtEE, B
=&, TET, BATE, duszrr 23
O AEAY E2AMEEL 20149 12¢€ 71F 1,1367040)H, & 439%km &=
Ao = Yehd
(08 2-12) 9=Y 30 0| HuE =AM 5+ F0| #HF
(91 7D
8,000 - 7,487
B,000 -
3,824
4,000
2,328
2,000 " 1,067
325
o e  HEN - . : : .
1984 1994 2004 2014 2024 2034
(E 2-11) MSAl E2A|ME 8
7 | Qe | 27k | QA At | s} | BE | B oAty
TE | A N L HE | o TET| _
oF | o | A= | IR} AE | HE | S | +X b
}\]/\-1/\
1,136 | 21 | 470 | 96 28 41 | 142 | 89 | 166 | 71 6 6
72
A%
m 439,445(53,083|59,712|83,091|14,549|25,177|41,797| 4,942 | 7,806 [81,110(66,585| 1,593
AT A EEAAEG, AL, AAT E2ZALEE A TF, 2015



M =5 ==2A49 Wdsae gAEAAd 71< M1l

O AeAedA BEste E2AAE F, 201449 7€ 3149 o ==2AEES
27.6%, 21} o]& 30 o]3} ERAHEL 31.2%=E UE

O 1~10d olst =2AAEL 20129 17.2%0A 20143 16.9%% ZF43+S A,
11~20d9 =2AEE 2012\ 25.8%°l 4 20149 24.3%= 74

O 21~30d =2 A A2 2012d 29.5%0 4 20143 31.2%= S7}
- @A AEUE ol fFASRTE $F 100 Folt 30d o) wiHwE =

2N =0l 50% ol/de]l E Aow AR

(38 2-13) M2A| TE ZupsE T2AME H2

<2012 12¢ 2 > < 2014d 12¢€ 2 >

AR A ZEAAT, A ART ZZALE 3 FH, 2015 A €A TEREY, TZALE
322, 2013

O A9 Ao 3% 13,786kmell 23tm, o] F 1990d o]do] F4dd A4
A v &S 24.9%° 23

(E 2-12] MEAI9 5@ T2 &

FAHAE FrE 42 km) 1] (%)

1990 oA 3,427 24.9
1990~1999+1 5,758 41.8

1990\ o] % 2000~2009d 4,093 29.7
2010 o] % 5,075 36.8

Al 13,786 100.0

g 3E, 20133 AR SARE, 2013
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(38 2-14) MEA| BT U A2 A2 HE
 BAAEE =23 HE D K AMEATFE FFEFR vE D
19
20103 0| F, 1990 0], 0] &~-e'd
36.8% 2 20 0|4 8
38.5%
20004 19907
~20004, ~1999td, 103 0] &
29.7% 41.8% ~1013 O[5}
39.1%
A5 S, 20139 AR BAAE, 2013

Z

@ 1% 2 2% FAAIRY AH 37}

=3 EERAAS G HeAe ERAALAES HA qFsEa oy, o
F AXA o] AT B¢ HIAGe=E oo 7} 7}

O 20139 6€¥ 71+ AE2A9

"AAEE HATE e #3 B o 9T AAEE
£ 93197 &0, o] F 1FE 1,17570 4, 2F& 8144704
- 1% 9 2F NAELS A& o8 Zylste FAolBE, Al tiust
BN XA E AR £ =5
el

- 37 -
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Ml =5 =2A49] Yzl

e oAy

(E 2-13] 2013d M2Al 15 ¥ 25 MY AdE SE

- 38 -

(9] 74)
4 ZA 1% 2%
SEuw 200 80 120
T %79—?_%% 45 18 27
AT u 40 40 0
27 285 138 147
T2EY 44 16 28
e A S} 2} = 47 2 45
HEH 292 292 0
27 383 310 73
3T 6,370 0 6,370
A= 1,059 518 541
. tsol & EE 538 21 517
aAs= .
AT AANA 323 1 322
A3t EA7} 13 3 10
a7 8,303 543 7,760
= 2 2 0
T 226 138 88
sk A 15 0 15
2 0 0 0
B 243 140 103
FAdTE 0 0 0
THETE 0 0 0
AR AR TE 44 44 0
Tt A YA 5 0 5
27 49 44 5
4A 9,263 1,175 8,088
) 1% 3% 2% SABDNd AUEANA $83 FEAWe] AL A9
Am: NLEPA, ALEWA AT 7| BALY, 2014



I A28 =4 Add d= 2 371 1l

2. ASAAH 89l

0 33} 94, 474, ATLEE A83A4 Wats FUAE 718 ade]wA,

w4 309 APl 4 - PAHoE FE vIRE adl

O 20149 71& A=Al BATFSHEAL 605.21kiolH, <
2917 7)8)0] 525 o] };,o_ua 20109 A7)
kg 16,1899 0. = A}

D ATFFATH ASE A - Adol w3t H A
O A okztell i 2843 Aole obd gl dA Add@ANA Ad F e ASold
o7k AREE I glon, o= FHR Ao St A
O LAAT4201032] RuAE AP GAE thS3} o] Ao
- Ad fAE O AAFcE ZEAQ] ¢ #EE AL F AW @ A
WA Al AAF R AHol o3 A3 div] B 2T|ds= e
Zr=

A EE @ BFAA 9900 o3l A AL 2= A

O ol el00809] Ao W=, A ok Aol A A A9 24
T Y F YE SUEIRBEY), APS Vos PRI WolB: Y
AR5, B, 29 9P Ul AL PFS AL SHAFS
Dol FAE AL Y= ATES F3

O A oA 8 A #HoF AZE AGE obrlsts JHAAZRE HslE @
7 AAY GG we NAEREY B} olele A B AZL guG

O ATEAE AZE A - Aol Aok A= AAYPEE Z/MTIE 2102 2§

O E3] o . o}, olgo], 9, Axd oo AL 9 5= HTr}

ol 3 As - Adow w Hepge 2o, As - Adew A A
w7t %7 A wge B A Yo

- frob 2 Oiﬂol% At Ay A W8 olsirt Bk A - A

3) WAATFL, Adebal AT AejzAl @ 24, 2010
HHak

4) oleol, ApHEAY Al AR DA 2H FE L, [EAAT], A10E Al45(2008)
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Ml =% ==2A429 Wildsay gA238Ad 7€ AT |

O =el A9 aH3 e uPst AR st As) 7ks a<lo]l Mt

WE SEZ 37

A WY A =EFES AT BEFG 5 oI5l W B9t Bol A&
dslol ol e AA Hee, Tes EAoE A
=S AN Ao B ofZHo] FF SHo| 9
= e Wy UyEA gods 43 noly] e Ao 2R Ao

2 o3 FEE ok sk olelgol £

7V T2 Wk AEAgde Ald B Al A 842 ZE ThE

olFolE 4 FAE AFE FAE /1F FEHAY, dA EvEE 4

I dAgdo] wiAlE VM FAE HAR Frhehe A4

A4 A Ad 9 =28 AETE wie molE OE A5 HE) Al

AE B3 oy olF o FHI golstrg, 43 dAol A=e 7t
o7 Q.

|

Zo) A Ak A w7 e
W A A JAves TAE b Er w ohE g BE A
= AR e 49 el Qe BA WA B EH 9 A%

W A7} ol &

(38 2-15) 2IFSAEH AHSY & =& ¥ Mol -1 Y I

e .50} = 3 B0l 37| e s S ASE Hig
s | (o4 g
—_ . ofoh
£
0 E
oS
RF 2 s
- 5 N
d
=7
v
" a =5
e, == =Y
#otarx| = ol
&8 == =Y/
" " e
B HE == %é
AE L EX
(Risk Exposure)

A5

2 A, v AGEA Uy Awkx] R&D =9 71 AT, 2015

5) OECDol w2 1% 3}A3](aging society) =919 HIFo] HAJAT %A 14% wRkl A2lE dabedl, A% Tl
w29 Euvete 20159 6541 o 1F7E 69 629t o2 AAIT 507 61%FH S oF 131%E HE

6) A AAAATLY] AT Aol ot EuhehE 201990 ERIHlE0] 14%° o]E ASE HYHI Yo, ole HAA-
A 7P &S 1R dEEe 2
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2) T=A &

O AQAG 24 A Ao AAZ As7} 24 e duE d8, 62, 49 5
MR T R AT B =4 A9Y
2011 Y TASE: 913%, N EASE: 824% £ URE = w4
a8 80% ol 4

AEAE 2E F G NT FNUSE AR 33 SO As) AL B
of WASHE RO WY

- 2011 ofol¥] E=AISFE 53.4%, 1= E=AI8HE: 31.3%

(E 2-14) X0l o2 ldms] X AHF &4
(&9): 9, )

A z1g %17 3 3 Az AA &4
Tangshan(1976) 243,000 Japan(2011) 220
Haiti(2010) 222,570 Japan(1995)) 159.5
Indian Ocean(2004) 220,000 Sichuan(2008) 91.8
Kashmir(2005) 88,000 Southern California(1994) 70.4
Sichuan(2008) 84,000 Southern Italy(1980) 50.6

[J 20154 -yt EAISEL 82.5%01H, =A A Hd gol=gel T 7|uk AdE
HIRS A 2 YAl FHF

O 2 =4 Aol AR WA A FuF sk TAD B FAAY AY

B % AR £ AUHoR F 5 Ue

(38 2-16) Et 27} CHH| 8= TA|gE

Proportion urban by region and major area
100 - - - .

Korea A

-

20 §

Eastern
Asia

60 &

40 F

Proportion(%)

20

0 - - ]
1930 1960 1980 2000 2020 2040 2050

A+ http:/ / qz.com/ 392064/ the-deadliest-and-costliest-earthquakes-in-recent-history /
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M =5 =242 Wdsde gAEEAY 7l /i 1

O =A3 & AAS ) g Addy 8339 BAE 798t B2 APA771

AP A

O =A% AYBo| B2 AEA Avgel BF AT wrEw, A5
L st o19R AL AT HF @4 molm old] wet UF 2L A
S8 FRo Fbshe @l vehg

> NE b

SASE AYHAA AR AT Y E AE R =
B} WEAH B F7bel weh AT WA Bgel UEhiA Ha ol: A
g HEAINE Q9o A8
- BA Akl Ee] mE LD Fol BA
- aEY oG @ =4S B8 f
AT FFHE Aol A&gel weh A
SAE =4 AT ofs) A
A MER 78, AW 5 OUR
= o

A
AA EAIZ Q7 ATEe dde B

O Ad=AE dde] 7H&stE = AL Ao AR Ao} A4 72 s
FE L AREAE FHOR = AAAAL Wt A7
- AZ=E 1980 o] & ARAY AR Qs A=A NG ol wE <l
Zep 5o FUL AR HHIE o H YA
- olel wet ¥ AR, 53] =AASY A7k AWA R oY
o Hops Aol FaE = A o] a3 13
- NRVA Aol 1980 o] F HTRAA LS o HAT

8 Fga5e FEe] olo] 4w it UEAd EAE £4

O =49 Adste A 74 2 29e 57 25 Frhge] A TR}
FEAR] FANA T AREA FARA Aol BT /Y DA

O olAY EAFo & AFHFT AW
A Ha, o2 s ARG @A) S}
- olFe] E=AEQF olo] WE FAE7te g EA A= W3 A
o] el o2 Q3] A XA A A <1y d&f 7=

R4

7 AAA, 71585 oSS AR A As) Fd HA B A, 2013
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s
e
0,

ull
o

EANZ mE FARGE &30 AldEol # il AFsHE Aol opd
A 299 AA AsfolFolyt FAHe AFAALS AAA K= 3R LA

O Asiel A< AABHA

237 )
3, ol EASTE 8T+ e A Ade] hEados A48

[0 =A% ololol AASe] e d, 24 Ao 27} 3t o)Fo] TS A=A
At @4 WslE FA

O AAZE 94 248 Y9 olFo WE o ojFw FUsts Zo] oY

2} A edd=E &

O AAs el wet =l =l AF7F o aA Aol AR Qs A
s7F FAAY At FHEE ARA ty §o HRE T 7€ 5=
ol AetsiA AdskAnt, A= AR skl FEsH] ofHw

O Wl UwA 5 54 Aol D] Ut 9=2le] AF Aol

A Al ol H ot XHOHHE“@ A AE AR W AR AR ) §2 A2
ol mwj-¢- mFst JI;HE T THEAE B A=

- 43 -



M =5 =244 yaasee 42449 7% A |

3 Adbd s W
1 Adetr ol seichy

O A54 Ad#dHe AZEF S 24e FAoY, Azl qiFAde Ada
g 7oz W3t

Kl
%2
o

O Ad#e Aeitge] A5 Asldud 23 $A & 9 Adassol
A3 glo} oA, MR, AsiFeln BHAF TEAA NPT FFH
3 Q7 Aey

9@ 9P 27t obd Ade AEHA AA 2EH: Y3 o]

Aol AA ade Adde 5 B2 Ak 8= 28
- FA AA S &E: 7|$HE dr]ed, G4 F
- A A AE: HARs #H7IE, A WA E, VIFHE 59 2e
AE dojA dFE VA= 9F
- ARSI ALY A AEAH HEMAE Tl W3] o B3 AAGHA
(] o]213 W28 EF(recovery) Bt F3= E(resilience)? 7Hde] 5%

O Resilience & 25 FAoY AAS AA A Jom FHSIIL o|d 7|5
S A&EA D & dv gdFS ovley ‘B3 EE S ‘R4
g’ So= oy
- B AT gol® AQle] 97 FE dFs AASE dojdoyd HZ
ALBIEE, ZAAE, 7 FEE IR Oge EokdA rHE FEE MR
st gol2 de &85 ST 9ls.

O AdA s #HY EofllAE Hd9 M-S =98t 1xsletde A= &8
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=

(E 2-15] Ml 71X SBo| S3Y

ESEA g 54 =3 e

I3A 2oy B 77}

B4 Hee AT 27 wd | 9Ad 29
(Engineering resilience) a&4

MEl A Holg = =79 =4

pels S CT A ey angy | 24 9w
(Ecological resilience) 48 7% A
AE - E A HdE BFEAE AxH | AesY oA THAI2H

(Social-ecological resilience) | - 2 A g, Al e o AHg-

Z}&: Folke, C.(2006), Resilience: The Emergence of A Perspective for Social - Ecological Systems
Analyses, Global Environmental Change 16: pp. 253-267
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2. AsEoF B4 39

O AR 2okl B48 /g2 1981de] S AHEEo b AFAEed 9
3 AL oz THs A AF
O Timmerman(198D: Asi&A & Fstl HE
O Mayunga(2007): A&7Fs43 /M@ A Ao 35
O Burton, 2012): 3&&HAo] gle AFUE = FFstAl =HoAA

(38 2-17]) FYY, S8y, 59| gy A

Global Environmental Change

. ‘Eg;gc““t’;’ _ / Vulnerability \ Vulnerability
/ /

Adaptive
Capacity |

%
Hazards
Adaptive / Resilience / Vulnerability Resilience

Capacity i N / \
\ f \
| | ! | |
.-l I\ /

D E F

Z}=: Cutter et al.(2008), A Place-Based Model for Understanding Community Resilience to
Natural Disasters, Global Environmental Change, 18: pp. 598-606.
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O ®2 d7ASe] E48L AfARA ds3ts A, 1% AFYEY
‘Capacity” =& ‘Ablity’ 2 7|3t AIRFAH SHS =T

(E 2-16]) TsliE0F S8 Fo

AR ZE

Timmerman(1981) A i Ay BT 4+ e Al=E"

P

o
ol
)

& 2~
—E_T,

Wildavsky(1988) oA &gk 3o tAst= 54

Buckle(1998) AAHE AYAY HES 5 JE 5
AGANZRE BAT & J& 247 99, I gx 52
Mileti(1999) PEARZTE 2T £ 3 A, B g
5 P2 RE 2 A9 glo] Add £ JE Y
Kulig and A FEHe GANA Bt ofet ¥ 72 5 FES
Hanson(1999) e R AL Y
AZE ANzdst A5 z2do 71E9] Ads 71€S 482 +
Comfort(lage) | o 1R A o) e A vles ew
AT O
5o =7 A3 AAX A AA HEZ ole ity
Adger2000 T BEAE ASA AR a5
Wafoll A st= 59

Buckle et al.200D) | HIFAS HAaAT= Az, FEA, SAl, 7AAe] A

Bruneau et al.(2003)

A S (units)2] 59
B S F5sty B4 F s A=Y == AR

Cardona(2003) T
UE o 89

Pelling(2003) Aaf ol hHeAY ALates 59

Rose(2004 M Aol &4 g7t 7HsEtER ste A" He uks

VAR <EU Z= o 2|5} 7 3 605':_,‘5@‘»“1:5/( 0301 x__]‘
5ot Al2H, AFUYE, A3 =9

Foster(2006) A= oA}, 20, <, BEraE 8

Pendall et al.(2007) | &3y 2E#H 2 o] WE2A 43 FHZE Sol/te 59

Cutter et al.(2008) | A EXFE st AY B3 &= e AFH 54

Norris et al.(2008) | Aol o]F FHAHQ &S 3 A5

Zhou et al.(2009) EAZRH AEgstAY BEFste 59

_Zr_ . /Capacityll__ /%_ao]:l, lf,\_%_a/, l_\_g_al %_E‘i’ IAbilityl\—C_ /;\_(_);a/’ /Z]:l}_(_);’, 17] ao]:l %_Q‘i q_E]_]:]—:"q _/;\__ 9}1
£, oIS S 2
Z}& : Burton(2012

E
1=
_—‘{_l‘
o
e
"™
N
ox
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O E4g9 /Mde 3L 8 TAHLAE ZA3 = Wgo= A77) 1y
old, tJ¥EA S 2= Turnbull et al.(2013)3} USADIA(2007)°] U=

O Turnbull et al.(2013) @ 7]1#F, AF, 9, A, HP @ AA(EHA,

o], O3 @ A o)A, AdAA, BH) @ AS(F4l, AA HESLZ,

gdsa) @ FHE(EAE, A H, AE7HsE) © AHAZF bR

2 1%, 1% @ BAESER, A 2 a8 HE, AAY

A, FEAHE, EXYY 2 B @ sddGEE, ATE AAAA)
%

O USADIDQOODE @ AWMz @ Asist A4 @ sy #e @ =406
2 F2AA 6 9944 6 4L 2L 9y @ AFHS @ ANET 8744
Q4 TEIY

(38 2-18] 7|E S|SEHY FHd2L

Disaster Society &
Recovery Economy

High Resilience

£ Low Coastal
mergency T Re
Response Resilience source
Management
Warning Land Use &
& Evaluation Structural Design

Risk Knowledge

Z+5 : Turnbull et al.(2013) A5 : USAID(2007)

O soMe obd e84yl e 77 ofF &o] o] FojAx A kA%
TSI TL A DT 220107 =EARAZE R EdEHA Absto =
Y& 49k ASAH 24F TEE 20 JHA FES AA
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CESE SAsfel DSt EEA
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o
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L ARAG B F3

D ==

O Ashth= 7] 24

I A3 =9 Fo 5% 24 1
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3 HAZUSE 97 A9 AX A& 3] AEE FH & F Jd= 2ZEH

O A HA A} qFret A ddA9e] de 7= I 2 Ad=8=E, <
T UE, 283 7RG A 5 AsEdE

g gYstel AW AN A

O HAZUS= dA7d3ASe PATHE A= 55 187 A3 FH& GIS
AT E¢oj2l Mapinfoe} ArcViewsE Al
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i A% =9 78 3F £ Il

O AR %< 919 HAZUS Z2Al2E 37 40A= TR0 H, 1 44
Hge e 2e

O Ak 7t& 5 gk AL
- HAZUSOl A& AstA k5o HA7tEE ghs Albetr] 9 He s
AEHN FEEH  JoH HEE o

- qejq oz PGAEHYI&E
= 9 (User-Supplied)& W3

b

= 239 E#(0.3Hz9} 0.1H2)S Al4Hsh

O A= 9
- WA, AFAR R, BGAL ARA, St Fel A ARl SE 9
A

da3 A5 24
g ARE AFAR, 4872 @ AR AEEE T YNAEANE, =
=i

H
2, 0%, 7t AR, A7) F lifeline A5 AT, R A 2

O AAE T A4t

- 1A AEo AW £ e AEE 7FEF SD(Spectral displacement)9} Al
2% SA(Spectral acceleration)oll 3% AIgF 71E Capacity CurveE 4H43sh=d],
o] o Seismic-Design Point, Yield Point, Ultimate Point A| 3} Fragility
Curves o]-&3to] A4t

- AE ¥s)E Structural(-%3}), Non-Structural(¥] 7+%%]) AEvs|2 73}
o F(None), <KSlight), <(Moderate), ZF(Extensive), £ (Complete)d}ts] =
I 93 AEE ALt

- Non-Structural(¥] +%2) A &3 s & Drift-Sensitive(Interstory Drift ¥&) 2
Accelerational Sensitive(Mechanical 4] S(HYH Aoz FE3t] I3
=5 ALt

- DB F AL R TANETSISG 22 AR B 2 AR
FRAL 7 A7) B9 Life-line s)sho] i g2 Beld 5] 45
- B, 2 5

1235 3 7149 AAE B 5 EH A AAA
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nF AAEE
(Transportation Systems)

N
ﬂg
ich
>
i

P\
= S| ‘:' ©
T e - AEA
(Essential Facilities) . AR
[ IR <1. 201
R
e A E 5

(High Potential Loss Fac1ht1es)

fe] T = =
- o = /\] 29
- - T Al
cholmere AeE ke A Y S ANE
(Lifeline Utility Systems) coulA 9 Ay 24 AME

Z+=: FEMA, HAZUS99 Technical Manual, 1999

(38 3-4) HAZUS XZEH EAY 2E

Potential Earth Science Hazards
Ground Shaking Ground Failure

« Response Spectra * PGD - Settlement

* PGA _ * PGD - Lateral Spread
Damage ¥ v

Induced Damage 111l AT Lifelines

* HazMat it r Esgf:;{iﬂﬁﬂ%fwu —*™| + Transportation
* Debris : : ' * Utility

Casualries
* Fatalities
* Injuries

Economic
* Capital
* Income

S.iaerer
* Households
* Short-Term

Emergency

« Loss of Function
* Restoration Time

A3 s3.amazonaws.com, Earthquake response plans, noaa warnings maryland =} 7}&
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i A% =9 78 3F £ Il

@ Ergo =219

(] +®]= NCSA(National Center for Supercomputing and Application)ol| A 7]+
Ergoe LE4L2 AZE I EA EFADT AU AA4FH 1d & I &
o &3l H3aid AZEH

O Ergo a14 mEL oldlsl 2ol A 8744 AdIelz FREY oEho
44 mEY FF 9 /% ALHOE 37} Awsel Ergodl] 31

A

(38 3-5) Ergo W& siM ZE AT

O

O AdAs s a4 5t AdR Ad mE2AM S8F FA vlolEu o]
22 &8E F Us
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M =5 =242 Wdesadd AA28AY 7€ T |

[ Ergo 314 2&9] 38 AAH o2 A4 BAHe] Yo

O 918 Aude 44 2§

- AZAN AU Y BEoAE T IVHA UHS S3A AZAHMAE
2 YA 5 k. B 250 449 Hazard mape olF RE &40

& ARE AT

- BAY AR AN%oE REe A7 AudEe 44, AL AQ/E o
EE 5% A Auge B4, 391 e AQ Aues 44
Yol ek BE WML QYA AH s} gol, AR Fm, 1
WA e] ;A Au 7o) ;e

EQEHO

BLorr

O %, A=, golzal Asjsiy &
- AR A7} AAEHE o]E uleto g WA}
A AR A& AE=E ANFG=E & A ALt
- B dole n#, AE, golzeile] x4 A RVE 237 inventory datagt
z+ AA e} Hee FHE AAsIE fragility mapping 71E€S =9

By
il

x

Ay T1ejal eolzet

’

O A3AAA )4 w5
- AAZ B giet 22REH s A 2 9] o]
Aol glom, ErgoollA= o & Atole] BHA& v s AdAs, By

A7, 28 9 ti4k & 58 dibete 7ss AlF
@ =7 AXYIH 74 =2 1HNEHRP)

O ml= A-EoF R&DAIYG S FAAE 43 EH FEMA, NIST, NSF, USGS 5ol
FHEslo 7 XA E 4 =273 (National Earthquake Hazards Reduction
Program, NEHRP)Z AA|3ta A A FF € AFAds 53
* kA3 #e] J(Federal Emergency Management Agency, FEMA), v =3¢ ¥

F7]& A4 National Institute of Standards and Technology, NIST), w]=f=7}
¢ A =-(National Science Foundation, NSF), ®|=3A]&2A}4(U.S. Geological
Survey, USGS)
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I A3E =9 F2 F

|

(3% 3-6) NEHRP Z2MA

o7
Research
NIST, NSF, USGS

o
Implementation
FEMA, NIST, USGS

N
Development
FEMA, NIST,
NSF, USGS

t oy

Earthquake Risk-Reduction Partners
T QM E 24 g2 M7
Natural and Built Environments
AN ol A=A

t

Earthquakes

A 24

A+ &: FEMA, National Earthquake Hazards Reduction Program, 2015, #}+4
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M =5 =248 yxdsdey A AAZAd 71 M|
(E 3-11) NEHRPS| 7|24 Hg % =8 F

7] % a9 9 3 4F
X7 i Al S54 9 9 - 2L R&DZEAHAE §EF 5o
TR R TES MAdste A Ad

AXNF = A7 BrtE desiA st es =7 d Ad
NEHRP®] R&DAHES 2 =& A%

FEMA FEMA LibraryE &3l th+9 AH&AE0] AYsiA HIst=S A ¥
Ay s s 93 A8 8 3= A%
RecommendationE°] =7} AA|7|0l WHY9E =5 7+ AA 713 3%
National Earthquake Technical Assistance Program - A3 3
ZtE us FF
WXIAAZ|EH 1) 7hol 29 ARG S A%

AAEES] AR FHRAY e A% 71 BE Ak ARlEE ATt
T3

NIST Earthquake Risk Mitigation Research and Development Program -
Ao ils ”74] S, Zhelegkel, V¥ T 97 9 A
R&D AA}ES st AF7sxE #13 a9k WA 7hel=
A &

A T8t 38, AAHE Fof okl ARl Z|2A T AR
k.l

NSF Global Seismographic Network - A|A] &5 ZUEHT A28 7
AR AR ZAFA T A
AXAs] HP= BrE, RUEE, B #4d AT 3
Advanced National Seismic System - w]= o] &5
TUEY A" Jid 2 153
Global Seismographic Network - AlAl A2 &5 ZYEE Al ~H]
NSFe} 3571

USGS Advanced National Seismic Systemol| A 72| 5= A ZAFaLe] A4
RIE _?,]%]_ 7]/\’ /\])\Eﬂ tu ;q]% 7Ha]-

National Seismic Hazard Maps - vl=F Ao A QI =S
Hrbstal A= A& (RPes, APds B97E WxEA s &8)
A ZIAA A FEFe BoAFE= AlEdeld /i (FEMAS WxIAEA
Z|EoE AR

A5 FPAGIAATY, AZEoF R&DAIY &-&3F Wk, 2012, A4
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(E 3-12) NEHRPS 7|28 £Xt 88 ¥ oo 28(2005~2012)
(h]: W )

71878 2005 2006 2007 2008 2009 2010 2011 2012

FEMA 14.7 9.5 7.2 6.1 9.1 9 7.8 6.9
NIST 0.9 0.9 1.7 1.7 4.1 4.1 4.1 4.1
NSF 53.1 53.8 54.2 53.6 55 95.3 95.3 53.8

USGS 58.4 54.5 95.1 58.1 61.2 62.8 61.4 57.7
NEHRP

=

F1: FEMA®] 2005~2009'd ofl4b2 =R 52 A9l FEMAS 2005 ottells Z=29 53
S&EE 3 FEMA®] 2006~2012'd o4k S&EE AQlg Z2049 &5& x3

F2: 2011 AAbe HFAA whet tha 242011, 10. 8 AE3a1)

F3: 2012 NIST®] <4+& NEHRP| d2k(Qbell= X35 A & NIST Ada 33 A7z a0
gk 189 22l e =%

A5 FPAGIAATY, A EF REDAY BE&3F Wik, A4

127.1 | 118.7 | 118.2 | 119.5 | 1294 | 131.2 | 128.6 | 122.5

(38 3-7) NEHRP2Q| 7|24 oj&t#HEl F0/(2005~20124 7|=)

LR N

140

05 06 i) ‘08 9 ‘0 1 12
BFEMA  ENIST  BNSF  BUSGS

A5 TEAGGAATY, AL EoF REDAY &&3F Wk, A4
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=3 =244 JA458e 942949 A% A |

@ =7} A A A == 1HNTHMP)

[0 19923 A xYololA AT AXHAZ Ig Ha FFF o]F A ALY
#ASH R BAAE AAEY =7t AREAY ANET ZEZ IANTHMP,
National Tsunami Hazard Mitigation Program)& 19959¢] ¢

] NTHMPE #igte Ashe Sl mlZe) 287) =& Fol gaja ARtz Yo,
AN 1P e Fasar] g5t Y b AL dee /AR T4
ste] 37l

O FEMA, ZEdW=(Territories and Commonwealths), USGS 5 o9} +
57 FEUA S 2o AXSY #d &5 T3

O ARsLo] BA A olE slwe] B ol APTE A3 ALE AP ®
£ WA 4%E 53

(38 3-8) NTHMP2E & 23252 Ooxxz ¥ Xz - S8

'TSUNAMI

EVACUATION MAP

. r Taunaml Warning Fiow Chart

[~Hrar 1104
{

mrs X|FsHY A 52

A5 KISTEP, A7 2 AR d A7 dA g AEE4], 2012

® =R A FAZRIS)

(119843 NSFol| <o AdE vFAAATFIHARIS, Incorporated Research
Institute for Seismology)-& A A#AZ A7 3 - o] - AFYE Y3 st AAn

9 9= sty = Ul 100947) o2 tistEo] ALAY FHE T
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i A% =9 78 3F £ Il

HgE] a7+

O RISE b3 2L 8 9F& 3

o

O BATANS B8 ATEEE YUES o &3] ATE4 gEF A2
Aol BE ATELYSNH 2] £8 @ £

=
9, VEN TG, RBFE 59 BE2E 5 ATEANH 429} A

3l e AHElAl ool AlFHEE RIS 74

(E 3-13] IRISY F2 ==

23 F2 &

» BRI AR &, FAdY, A%

Data Management System USGS, FDSN GolA 439 A=<k GSN, PASSCAL
(DMS) < 3 FRE A5 S

- A ATE ) AR FYAT

1505 o4& 745 A4

Global Seismographic !
DMSE &3l AN #5 AsE FRE AF

Network(GSN)

Program for the Array

Seismic Studies of the |» X AT o]& 7153+ 1,00097] o]4el o]%2
Continental AZNAE 9

Lithosphere(PASSCAL)

United States Seismic

Array(USArray) o A7) AAEGAT} 2
Education & Outreach |= e} Lut=rlES o E XZ o] ol & FFA]
(E&O) 717] 18l w& FRIZIR| AhE 9 A3

g 7143, AR EoF ASAYEA, 2012

©® "l =3 ¥ 7] 2] F(NOAA)

O w)=3f &l 7] &2 H(NOAA, National Oceanic and Atmospheric Administration)2
AL A - 7S - AF AFE FHE7] A8 AR LATFAEHNCIR,

NOAA Center for Tsunami Research)& &%

[ NCTRE ARsNYe] Ans sz
F8 FEEo} 2A A AR BR

ﬂllﬂl

A% BHY A7E sASHE SBo=

- 75 -



M =5 =242 Wdesadd AA28AY 7€ T |

O AL AZE Astel YoM AhHE AL AFE 2P )

DR

O ARNY Ar Hole] TR, AL, Hxo] B3 AT

O A%H 2d3e B3 AWNAR A Hus 59 45 FUE PPA=
2 AFHIL, o) A=E T AAAG AP Bhsh hWL AT BE

Rl
=
L

[0 NOAAE XZ3Y AEB7 =3E DBE T3 AL th-8 T2
Weather and water Goal2 F3] FARE A|F3tL oH, o] T2 Fo
ARAHNY T2 3PS £F

(E 3-14) NOAASY Wether and Water Goal T2

zZ279 &
7] 7HAd A wlE A NS S8 di7] o gk HR,
(Air Quality) AR, oA 24 A4
3}k, Aold, s St AY olgA e AT FUY WS g A
(Cost, Estuaries, and Oceans) |¥.9} o & A8]2~ A&
T8t FAde dg RUEHHE A E4& B FEH $
(Hydrology) T, 7HEel e AR P o H AB[2 AF
A or g HH A A4 57F AE ] Y ESIZE &83 7%,
(Local Forecast and Warning) |57, @ gk JE, B, Hr 45
#&7]e S 71743 A 79 S48 Ts EHS 53 A
(Science, Technology, Infusion)|Z~ &%l
A EH AE, FolH, dr, AAZT #AZSAHE, A5 T &
(Space Wether) vl o} Algre] A HEE Q) Al¥
PEED A A Azlsfde] thek thr] R B, wsSs &
o T UAEE AL WA A R AH, Az
(Tsunami) An Ak ABS AT

A5 714H, AR Bok AFAYEA, 2012

O 429 BA #d A R Q42 A7jed7, As 98, S22, As) &
FEOE FAHH o, o] q4it F REES As g FA

AEY A b R&DE= A Ldwl, A, F53, 34k, A, 4A4, ¢
3F

=~ =R =]
44, 539



O d" Asfelate Ay 5 AsfETol Fdstes & HTHEO= A%e
cnd
O AR 24 vz wdsn, Aoz A3 23 33 49 & 3 &3
F3 2 #AYE A8 HA L A A Agrle AFE FE - &9

O ¥AE HOH AJZAAFFAEE &8, AdASEA HMAYUSE 8 A7,
3|

AN 2E T BE FA

O ¢k - Rt AeHS g e o] st MEE = = AFE s 4
23} T2 s, b - FAlel #g A4 2 JlE FH3 IC BHaE o
£33 AdAE AF, AvEES 83 AR AFA2H AL &8 5 ICT
ZlEs S8 AZEYS] N B4 Y 73}

[ e-Japan Aol BAELFE AL HRFA 7Iled &3t IHlo] A3t
i AEE F e FAXA

O F4girel WAA 2R Ay 9 A gue) A3 F BHoR
[©)
s

O Aol 127 HYr)|A] AAGA = ARE FHsa, IAFdS - 57
FA7| A JEHAAE AR ARFEHAIE S T3t &Y

O AdBIAAE AL 98 FFARALNA A AHAE AAREEA
Nzds AQABEEFRAN 2D 72

O BAd el 9lo] ARAZHE =Yt FFo=2R AT 53 A

B A A%HT AT RS A

B AHEE= QIARAA| 2~ NS 733}
- A R F 8d st A AR FAet 7|E2 AAAJ] AR A" T
A - %

A, A8 5 A=EF T

~

O ARAFAdAA = 74 A Ao A AR} A =dle 75351 &8
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=5 ERALY] ydsae AR Ze AT 1

(E 3-15]) 22 SJjetxze] HEHA|AH

T % ICT 83
ol |7 T WA ANNALEAD, DFA A RA 2
== Z 5L ©
S s ;14 - A ARARFEADA 2R, ADBERAA 2
i s REFEA WAL A B A 2~
A K1 3LA] A~ El
sl = YR XA BA] 2~ =(DIS)
- ERRd AAAE
A\ B2 o] - EAT AAE, A HRA 2~
ISR - QA EAA A B A 2~H
JRsAzE |0 ARE AR
- A2e7k QAR RAGA 2T
A fEE |2 A - HAY: ADLADIHA 28, A 2 SEEA A 2
A K5I A| 2~ » 31A): S| Ak = A 28
s AR AENT AR S ol A}l A
Zﬂéﬁ%ﬁoﬂ% /\‘H-E—il-% o HQOT ‘0’ ]OO HT _O [€) Oi 33—0”‘]
Cmmae B0 Vs E® A" TE
ol A ﬁj = YAERABA2E, One-Call HBA2E - o|n] x| B
Al A~ E
s N zEl, BB, AR 2

A5 FFASNE/ 1 8B, He] FaFe] Adwel ICT 5T AAA

O AsiEAy Al o) 2252 gAEAA 2/ E}E} «IA}E@O] oldy =&
A)

@ 4ol A Asici A r el me}

O

A=

-ll'>
B o
o
o
ok
X
By

off
o
>
-
Ay
rulo
ﬁ
ri‘_O,

ANHRE s3], 25t Fd7|dFe] AA 55 A2 AdsH WA
ZIBA Y, AGHAAE ol 2AT Addls FF A s Akl A4
shof AT Al A Gkl w2k A3

- ATtz S, Adugeld Bel J%, RAUe) @A J)E, BARD
Aoel 75, PAED N5 5 daEgAdAzEe] F2 S50 9lof A
AAEEAY A AAZ T we Y AEH T

dotr 671997, el FRe] Ade ICT £33 AN
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(38 3-9]) U= JAZEXHAAH Z2MA

ZAEE N2

ASITEELALE

EAHON XI5 B A A

+9 BANAE
SAR ZAINAE
EEHE ZUNAE
JIEE ZHAKNAE

U R

THONCH Offsy 2100

ZHe THO 2R

solfzs
UL el
: THONCHY D2

o2 #HIE
(M50 )

21380 32 |

i | >
=

{185 +8, el

SAEKSE

TV, ok Sk
gt Al

Lan s
—

FNZ ASSNEE - 2O

« 3280 it EFSX
- HOHEN LE +3%Y

r ——
s s e SRR
THTACYRYVET

=

S2A N2EY SASK

yaey

0 &3l

R WA A B A A~=-(DIS) S
ZFAA FHFADLE AAFHA

% 8he]

IES 1 e

AAWA A, AQAHH BeA Qo]

O DSt AAAPRs WA Wobe AQe] A=AR - AF - A - Q)
T AE Y BERE GISAA #ASHL JFRARES FAISHY 254
A THE AYsE Az

O DISE 2%l A P4 MEAILE Agslel olg Ad Bd g3 8 35
NBES AAFOEA, YBT AN FH Y ART FAFE d =4
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W = =280 WagsHe gARgAY A& A |

(38 3-10) €2 XFUMELAAH 7o

Am: @A E71999, 69 Foe) Adwe OT a3 244

O Dise W& Adel 2A Aol BANE A% ol 4T & Y& Ay Fngt
G e 2 ANE AT O e P Aol BT Fa Aelsl YuntE
SECET IR
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I A3E =9 F2 & 24 Il

(38 3-11) DIS §F

T gl f Chrt 2 7Hc :,)3,

LJ HEte He WO HAX|Y

O O

peo 23 ¥ | JP | T2 722t el | P H| & EX|
@

BE 3R/
EMS

=7 WI} A|AH HIAZEX| K| A|AH

DIS MY HE AlAH

AR BHIEI €7 HHL, A9 FaFe Adwe ICT 53 A%

O °l DISt &9 Alzwel AN 271%7h A=AEES)Sh SFAAAY A2
HI(EMS) 0.2 T4
- EESE AAE B3 AMold 348 JARQE HonRE eglown
AzDst A%, FEE/AE, AT s AR

I
o, Az 9y Z 308 o] AEY HEog 2
Aom 2EH Ages Y G 2ERleE Mg

L=}
- EMSE D@ BRe AW 3uE shiel $UT Held Yol 23, A7t
¥ & gom, WA 2] e /BEe olud YRE B WY T
e

= =X A9
- EMS7F AlFSE ROl thke Ad BAPE, @719 shast ge Fa
YR AR Egel BE vlolE, mEe} 2o czmete &yl o

g AT 2

AEIA oA F1&e ARE =TE A5 ZuE 54U

O 48 Wzis 2
i vsfe] BEE vofste Al2" AT
O o] Azg2 AdEy A dgAdol FI olm A At 2 F FID
olm| A2 Hwate zo]l2 FAFoEM B AHd A & FE Tt
714



M =5 =240 JaRswe AAEAY 71E A |

O o Azdle A" Ao 22 el
=23} Age] 93 FRE 1A

(38 3-12) M o ¥ F=0 oisi= L2 HFI|H HENZ

- Iy
,

. “ i
> .
- F

~ 'y
| - CA| HEZ
r 2 ooix #s o |[ £z HE B4 | oraporn s
q ) - = NES- =
= NFg | zel de 9y
' P A 4 4
| | . |
a ‘ \| uwz=e  |[DW i
l M = .
B /~ — Ny Xl A3 0|E%
/ EA| HiZ ojzliofA wrakst
gelgsEed XEe F 94 A Mo
olOIXI & Y 24 !
7|2 / B¢ 2x \ ' JELER D
71327
EE] S SA
=i
NZED || oh =u B37|2H49) AlAE
B & AAsE

AR F= A&/ 9B, o9 Faw=o Avel [CT 5G4 AR

2. 7|9AE B9 7eid %
D o=

0 M9 71 9AH B R&DS) 3L TGSAN S 2ok 54 %Y
sto] ThFe AE 9 714 Bope WEVE FA ATNLL

2 %7
AT 5 7 okl Aol
=

O v=9 AH T =737 L3NSTC) 4hste

SDR(Subcommittee on
Disaster Reduction)2 3] HeFAH S THAA 717 st ZA717te] #4387«
e et
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B A3 =9 Fa 5% B4 I

- SDR2 Alafe-< 2k A A3 e &
AEE FAAS F
of SAIHCE g5
- SDRL& A&AE Zas 28 O 7129 AAA 2 AA Gl g =2
< Hgdg &8, @ A&l BRI 4= 95 A, Q@ AFHr 2D
of it = ity oA AA A YA AEl o 2ol AA, @ Hazard A2 4l
ddst @ A &5 € JQAgHEY FU, ©® AT JrAaFE A,
ABEAN=ET 71 ZE 6/ E w7 ERHAAE AA s F3

L

o et

S

A

J[m

o g

3L
o

(E 3-16]) 7|HIA|ME QHEN TIL 2EH SHJ|=
S FAIE
Bridge
EEFXZE tAHAAH 7| Civil Infrastructure
Supervisory Control and Data Acquisition
Design, Analysis, and Proof of Concept
Building
Ground
Energy Efficiency
Wireless Sensor
MEMs
Sensor Networks
Hurricane

Multi-hazard & Disaster

A4,

EYE " Al2=H

Atael B}

A5 FELFY, SEXLFHIIEEHY, SOC A2E 45387 71 AL 719, 2014

3. EE% YESIY AIEHLY Hrt 3 WG R JAZEAR Bd HA A7

TF

O =29 YEY *‘C— AR A A "y, T2, BT 2 A 223 ITL 39
o st A& WEHZY S A% A7 23] APHL S

@ VvESHZ H7 71E 2 AR A¥=E H7F FHE
(] Faturechi et al(2019)& At ¥ 2% As H7let #AHA <F 20071 A+

o o
=S B8t wEHe] 4% ARE &o, FHER, :rL—ZL% Aol 712 A,
=

83 384 3= (MOE: measures of effectiveness)s2] 7] wa} E&F
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T ANEE e Axe WE EF - A, Asiol o7t d=zeh Al 2He
A

=5 S48 feiAe AT As Axe 2Ho Tasty Txd

f
ui)
b

= (Risk), # kA (Vulnerability), 41 A (Reliability), &9
(Resilience) 59 7|Zo2 BF 7l

O 7134 A #E(Functional measures)= nF U EHZ ALEA (F3AIZE A,

5%, A2 =34& 571, 9443 A (Topological measures) %5 U
EQIE st 8t UEQ T AxHe AFoR FHIIste] dgjzol &9
7Rkt A4 A4, il FAA, 92 F8E AT T2 E4ES HUtst

(38 3-14) 7&d 0| OE MHTIIYR=E s

40
= 30 . :
£l
=
=L n il
0
d!:f“ q‘a\ Q'}IQ% cg}o ﬁ:g:
& T ¢
o
& <
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B A3 =9 Fa 5% B4 I

O 2 3HEYZ Al="le A Adx H7F B E (Kiremidjian et al., 2004)

O A28l ARo] 4o ME AFAACE WS AA Az 43
AH g2 BEA 2 FUE Prhol neiselok &
0 A7 248 ¥ 2EVEND 299 S0 A% H4 27 Augde 52 39

(Bocchini ef al, 2012)

= A AAATL BT AFE ARt BTAHe
$Aee) A BAG =T AN ok s, § dolrh, Fa/MAEE
2 Adstel WYl HAFozN YEYAY 92
i
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M =5 ==2A49 Wdsae gAEAAd 71< M1l

(38 3-15]) uwg HESI AlAH 0|0t (OIS Goleta)

0 Nodes
< Bridges

(b)

wn Road segments

—JK
Legend 37,38

© Nodes (indicated by letters) |I ’ . o
5 e

£ Bridges (indicated by numbers) 25, M6 "37. 28, 20. 30
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