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SUMMARY

[. Title

Disaster Preparedness and Response System for Facility Management Using a
Distributed and Open Simulation Platform

II. Research Overview

The increasing frequency and damage scale of disasters such as fire and
earthquakes has enlarged the damaged area, and necessitated improved
forecasting, which lead to development of various disaster related simulations. The
disaster simulation softwares affectively analyzes disaster factors and possible
impacts on facilities or the surroundings, therefore they are considered reliable in
related research areas. However, the recent disaster patterns show the disastrous
initiatives to cause chain reactions, which causes limitations for single disaster
simulation to forecast the complex condition and consequences. The complex
situation necessitates proactive recovery plans using various simulation softwares
which inefficiently enlarge the program size and have difficulties in
interoperability and extendability for future uses.

The research objectives are to develop a High Level Architecture(HLA) based
distributed open platform, which enables seamless data exchange among different
disaster simulation modules. The open platform based distributed simulation for
disaster preparedness and response system includes interoperability among various
simulation modules, reusability for numerous facilities and disaster types, and
expandability for new types of disaster as its overarching benefits.

The disaster preparedness and response system incorporates different types of
modules that are developed through this research including evacuation, emergency
restoration, and structural recovery simulation. Furthermore, the application of
visualization techniques and Building Information Modeling (BIM) to the proposed
system is expected to maximize the benefits of the research outcome through
international collaboration and to provide expanded research scope for
construction industry as well as other industries.
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. Research Development and Results

The research is conducted by performing cooperative research collaboration
between the Seoul National University with its expertise in construction simulation,
and the University of Michigan with its confidence in the High Level Architecture
based distributed simulation capability. The research outcome can be summarized
as below:

+ Development of Disaster Preparedness and Response Scenario

The research selects earthquake and fire as the main research scope and
developed scenarios including possible chain effect damage such as structural
collapse and explosion. The scenarios include facilities to be analyzed in each
steps in disaster management, related simulation software, required time and
criteria for the analysis. Last, the research perform evaluation on detailed
scenario with experts on related study areas.

+ Disaster Preparedness and Response Simulation Framework

The research incorporates the modules of disaster related technologies such as
immediate earthquake data sensing (USGS), structural behavior —simulation
(OpenSees), and fire simulation (FDS) for generating appropriate disaster
information. Furthermore, various simulation modules are developed to illustrate
and to analyze the disaster response activities in different facilities. In order to
establish interoperability among modules, the requirements and protocols for data
exchange between simulation modules and simulation framework is proposed.

+ Verification and Validation Methods for Distributed Simulation

In order to develop a feasible distributed simulation platform, the research
summarizes verification and validation methods for proposed system with respect
to existing studies. The result maximizes credibility of simulation modules
developed in this research and interoperability among different modules.

+ Development of Disaster Preparedness and Response Simulation Modules

The research develops simulation modules serving its own purposes of analyzing
disaster preparedness and response procedure. Each simulation module contains 1)
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building evacuation simulation (toxic gas effect estimation module/evacuation
behavior analysis module) 2) emergency facility function recovery and
management simulation (lifeline) 3) structural facility recovery simulation.

+ Development of Disaster Preparedness and Response Simulation Object Model

The research uses the CERTI-RTI to establish interoperable simulation
environment which requires federation object model. The model defines the types
and formats of data exchange between different modules. Based on the object
model, the research demonstrates the main function, procedures, and
interoperability test results of distributed simulation platform.

+ Development of Disaster Preparedness and Response System for Facility
Management

The research establishes a system which supports in data exchange among
different modules that analyze and visualize the various process of disaster
preparedness and response for facility management after earthquake and fire.
The system includes graphic user interfaces in each module, and considers the
chain effects of disastrous events.

+ Extension and Application of Disaster Preparedness and Response System for
Facility Management

The research proposes possible applications of research outcome based on its
outstanding abilities, extendability, reusability, and interoperability. The future
application of the technology may include sensing technology for disaster damage
estimation, integration with the BIM data for facility management, the GIS
technology for regional management, and visualization technology.

IV. Final Research Results and Application
The key results of the research includes ‘distributed simulation platform for
facility disaster preparedness and response’, ‘distributed simulation based disaster

preparedness and response system for facility management’, and ‘application and
extension plans for the disaster preparedness and response system’. The three
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main results include 1) protocols or exchange maps that interconnect simulation
modules with facility/region DB, 2) interoperable environment for the High Level
Architecture based distributed simulation for the system, 3) disaster preparedness
and response simulation modules, 4) object model for distributed simulation, 5)
HLA-based Run-Time Infrastructure, and 6) disaster simulation visualization
module. The research outcome also includes academic achievements including 2
SCI journal papers, 6 journal papers, 12 international conference presentation, 2
patent rights, and 3 software developments.

V. Research Objective Accomplishments

The final results from the research are expected to increase the national
disaster prevention technology standard by 13.85% in average and reduce the gap
between the US, which has the best technology, by 2.5 years. Also, the research
reduces the damage analysis on the facility as well as the structural evaluation
after the disastrous events, and improve the scheduling for facility recovery to
provide information to eliminate the delay. As a result, the disaster recovery
resource can be reduced by 10%. The research will produce workers that
specialize disaster response, and the system for information sharing. Last, the
forecasting system for disaster prevention will increase governmental project’s
effect to maximize control tower functions

VI. Application of Results and Future Studies

The ‘distributed simulation based disaster preparedness and response system’ is
applicable for not only individual system wusers, but also disaster prevention
institutes, facility manager, and regional safety management organizations for
information sharing. The research supports technologies from ‘National
Management Disaster System’, and can be used as essential information for
manuals which plans the evacuation according to disaster types. With the future
studies, the developed technology can be used in linking technology such as the
BIM and the GIS for more practical disaster preparedness and response analysis.



CONTENTS

Chapter 1 Introduction - 1
Section 1. Research Background and Necessity - 1
1. Research Background ---------------mmmmmmmmmmmmm oo 1
2. Research Necessity ------------mmmmmmmmmomo oo 3
Section 2. Research Objectives --------------oorormmmmmmoooo oo 4
1. Final Research Development Objectives --------------m-mmmmmmmmmmmoo oo 4
2. Annual ODbJeCctiVes --------mmmmmmmmmmmm oo 6
Section 3. Research Scope - 8
Section 4. Related Current Technology - 9
1. Related International Technology and R&D Trends -------------------mmmmmmmmmoee 9
2. International Simulation Developments -------------=---m---m-m-mmmomooomooo oo 11
3. International Related Patents -------------------mmmmmmmmmom e 13
Section 5. Unique Contributions and Differences --------------------------mmmmmmme- 14
1. Research Uniqueness -------------m--mmmmmmmmmmmmmm oo 14
2. Research Differences ----------------r-mmmmmmmmmmm oo 15
Chapter 2 Research Developments and Results - 17
Section 1. Research Strategy -------------rrrr 17
1. Research Process and Annual Research Contents -------------------------mommm- 17
2. Research Steps ---------mmmmmmmmr 19
Section 2. Research Methodology ---------------mm-mommmmeom oo 23
1. Distributed Simulation -----------=--=m-mmmmmmmmm oo 23
2. High level Architecture ----------------mmmmmmmmmmmmm oo 23
3. Run-Time Infrastructure (RTI) --------mmmmmmmmmmmmmmem oo 24
Section 3. Research Results ----------mmmmmmmmmmmmmoo oo 26
1. Overall Disaster Response Scenario Development -------------------m-m-mmmmmmmomooee 26
2. Distributed Disaster Response/Management Simulation Framework ------------ 32
3. Distributed Simulation Testing and Verification Method ------------------------ 44
4. Disaster Response/Management Simulation Module Development ---------------- 49
5. Distributed Simulation Object Simulation Model and Platform Development --- 63
6. Distributed Simulation based Facility Disaster Response and Manage System ----- 69
7. Application of Distributed Simulation based Disaster Response/Management ------- 73

-xi -



Chapter 3 Final Results and Application -t 79

Section 1. Final Research Results ----------------mmmmmmmmmmmmmmmme oo 79
1. Key ReSUlts ----mmmmmmmmmmmmm oo 79
2. Detailed Technical Results ------------m--mmmmmmmmmmmm oo 79
Section 2. Detailed Descriptions of Research Results ------------------ooooooooee 80
1. Distributed Disaster Simulation Platform ---------------------mmmmmmmmom oo 80
2. Facility Disaster Response and Management ----------------------mmmmmmmmmoe 81
3. Distributed Disaster Response/Management Simulation Application ------------ 82
Section 3. Research Output Chart ------------mmmmmmmmmem oo 83
1. Research Overall Outputs --------------mmmmmmmmm oo 83
2. Qualitative OUtPULS ------mmmmmmmmmm oo 85
3. Quantitative OUtPULS -~ 86
Chapter 4 Research Objectives Achievement - 87
Section 1. Final Results Achievement --------------------mmmmmmmmm e 87
1. Research Progress Rate - 87
2. Research Objective Achievement Rate -----------------mmmmmmmmmmmm oo 88
Section 2. Technical Research Result Analysis --------------mmmmmmmmmmmmooooooe 91
1. Direct Effects --------mmmmmmmmmmmom o 91
2. Indirect Effects - 91
Section 3. Economic Research Result Analysis - 92
1. Direct Effects ---------mmmmmmmmmm e 93
2. Indirect Effects --------mmmmmmmmmmm e 93
Section 2. Political Research Result Analysis - 94
1. Direct Effects - 94
2. Indirect Effects ----------mmmmmmmmmmm e 95
Chapter 5 Application and Future Studies - 96
Section 1. Future Application — -------------oommmmmmmooomoee oo 96
1. Construction Site Application -------=-=-==-===-=mmmmmmmomooo oo 96
2. Method for Manufacturing - 98
3. Ways of Public Relations ---------=------m-mmmmmmmmmomm oo 100
Section 2. Future Studies - 101
Chapter 6 Resource Reference 103

- xil -



=

A= A

A 1A QRABIR AL 1
A 1A AT WA W BAA e 1
I 1
2. QTEE] WA woreesrrroee e 3
A 2 B QT BE] oo 4
L QTG BB B oo 4
2. QAP AF BE cecesreeres e 6
Al 3 A QAT RG] o 8
A4 A BAROE AEAME Y 9
R I L I 9
2. TS NBHOIH A BTG orooomomrrmmmomrmomom oo 11
3. FU BB B FG oo 13
A5 A AT S R AMA 14
R 14
2T APEA 15

A2 AFAE S RE D A 17

A 1A QTG AT oo 17
L a7 Fd AA 8 A2 F2 A7 HE 17
2. AT FH O 19

Al 2 A @THHE oo 23
L 249 Al gdlolAd 23
2. A AFZ (High Level Architecture) ---------------mmsmmmmmmmmommoooooooeo oo 23
3. Run-Time Infrastructure (RTD ----------m-mmmmmmmmmmmm oo 24

Al 3 A GTRHAT oo 26
L 54 Ad 24 2 s AueEe AT 26
2. FHY Adde/AY AlEdold ZadHL 32
3. B4 AMEHCIA H2E B HAS U Y 44
4. Adoyg/ag Mgl ZE/NE B HEE e 49
5. B4 Ad d&/&Y AlEHA AARD AT 2 EHEF TS 63
6. 24E AlEHCIA 7 A E Ad ts R BY A" 7S5 69
7. 248 AlECIA Rt Ad dig /A A= 28 R S e 73

- Xiil -



Al az L 79
L SAJ TR T oo 79
2. MALATE BT oo 79
A28 BA QTAT AR R e 80
1 BAFE A ABHOIH BPUF wroroeroomosrroemsronmr e 80
2. ABE AT S B TR AT oo 81
3. B4y AdTiS/mel ABHClE FE B P W 82
A3 H AT FTE oo 83
L A @F7IZE FBAT --oorroememrormoroe e 83
2. AR BTANZE WE AT oo 85
3. AM ATAZE FHAT -rormmreommmrremmm e 86
A 4% AFBE DY R EF 87
Al A ATALE FFEHE DT oo 87
R R - H A HI- 87
2. ATFANL BIEO FAE omormrmmm oo 88
A2 A TN AT AEH BIHRY 91
R R ., LAli iH\.||_QH 91
R ,N,.e-ee_ . :.-HL:- 91
A3 ATAL o] AAF EIHEA 92
LR 92
- I L 93
A4 A QTN A FAA EAHEY 94
Rk ———————. e e ,iL.iiiijii}«=:Z 94
A L I . 9
A5 A ATHA] B§ L FAAF WA 9%
A 1R ATAT FF B oo 96
L A B G HQE oo 9%
R 98
A R i D - 100
A 2 B FFPAT WRA -oooreroorroeoror e 101
T 103

- Xiv -



M /A /@A /@ @ @ @ ™"

=SR =< < <R SR - < B~ SR ]

M

< - /7 = —/@ —@ — —@ " —@ ~—@ —@ ~—@ —@ —@ —@ @ —@ @ @ ™—@ @ ™—@ @

BB OO OO KB KK B BEBKBBMBRBMBRBKBEBRBRRK

—

I-1] A A B ol @Ay oo 1
1-2] A+-3Al o] &4 ‘?.ﬂ-?% ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff 8
1-3] F8 S/=e] I/ EFE 9
1-4] Adolg 2 A #d T 9] R&D - 10
1-5] &4H AlEdold 2 AoAATF=E #d e A7 FF 11
1-6] A 24 2 AEE A3 &4 AlEdeld &84 4 12
1-71 & A7#AA ¢ #d3} s 53 55 @ 13
1-8] & AFAAY FARA AM A e 15
1-9] At AlEdeld #d &5 &8 7T o AEdelE 16
2-11 &4k Algdolde] EA R AR 23
2-2] HLA®) TEAJ A ~ormrmrmmemrmsm s s s s s 24
2-3] RTI(Run-Time Infrastructure)®] F& #& 75 v 25
g A 25
2-5] N8 APEE ¥ 78 B 5 26
2-6] Het2A A A F Ff FY oo 26
2-71 &4 i A= %*é A A B} oo 27
2-8] At @A E AEE E gs AU 28
2-9] A ‘%-“gltﬁ% AUEl e AAA HI7F - 30
2-10] At B4 71 A EHOIA A TE 33
2-111 USGS AXABRE AARES] Y=Y HOJE] - 35
2-12] USGS AIAHE A2 so A=9 oIy dA (Hg HA2vE) - 35
2-13] OpenSees A& Fx2A4 A% AEHA 25 AEY dolg — 36
2-14] FDS A Ad& Wl st &4k AlEdeld 289 d=E9 oy 38
2-15] 8719 AZH WG - 39
2-16] A&l BE P F wBEE HOJE] o 41
2-171 A d 8 o] E 2t Interaction A3 3 Wk --ooommoemomme 42
2-18] At ti-e&F &4 AlEdolAd M & FARY e 43
2-19] BA4FE A Aol she] AlEdeld BE Q9F 44
2-20] st A&l ®E ¥ Conceptual Validation AA --------mmmmmmmmmmmmmes 45
2-21]1 st AlE#olAd =& ¥ Calibration/Validation AA| -----------mommmmomomev 46
2-22] B4R A EHOIA AF AA 47
2-23] 2A4HE A AlEdeld H2ERS AA BeA B 48
2-24] I P oS BE B ZE AU oo 51
2-25] AlEd ol Aot AA| wolE HIW(HATIT ) e 56

- XV -



WO WO M

—

WO WO M

—

—

=

2-26] NAE TEAT HARE B2E AF 60
2-271 3k AGE S B AEHE @I oo 61
2-28] 9% BLBAA S WA ANHE BTZN BARE HAE A 6]
2-29] B4+Y AEdIH BAFE FELEH P HEERY HAE DS 68
2-30] & ATFONA TE V5T CIS BOJE AR 76
411 B A7) A - A Bof RN EFE ANAR 91
4-2) N AR HAME oA 93
4-3] BFU G HHL % AHE A A (A oo 93
L e - —,—,——— - 93
4-5] AA71E HE ASAD AG TG TA 94
5-11 A" A% Ao ohe A8 R AT P 99

- Xvi -



I-11 =5l AR & oo 1
1-2] A N o B JA 4
1-3] A9AAF= 71 £4-9 Aol Ve MdE 5
1-4] A28 A8 2 F2 AH}s 7
1-5] Harzle= thul A - A AF 7leAq2;

1-6] 4tg Algdeoldoze AHHd A 14
2-11 High Level Architecture®] =2 -------omommmmmmmmmommmomr oo 24

2-2] @A Ad S AP 29
2-3] Ao AyEl o wE #4tg Ados/de AEdEold METE - 34
2-41 USGS AR A RES] A FH B oo 36
2-5] ARk g 7HEE HOJE oA oo 37
2-6] OpenSees WLE O Al ooommmmmomoo oo 37
2-7] FDS Alg#olad A3 oAA] e 38
2-8] F=7F2 At B A e 38
2-9] 249 At dis 2 & AlEdA ZAdAL 40
2-10] AH2A vt Fef AlEH | o 49
2-111 A2A vt e F BE F8 Mg 50
2-12] At e o F AEdold AUl A (=AAA) 52

2-13] vt P = AlEHOIA APl A (5 &£FAE) - 53

2-14] vt P gF AlEH ol AU A (&3] 2) e 53

2-15] AEE 7S EAT 4 AT EFMEeF A 54

2-16] A A WY B4 B e 55
2-171 BRAANAD WAgEF DA 55
2-18] A2 FEoEA & ddds HIF 56
2-19]1 49 A9 A7 ¢ & 56
2-20] NA2E F2A HETEAF A 57
2-11] A= FHAY Faf Y ZEAZ 58
2-22]1 A HolHE Z&sto ALE v E A= MdxE e 58
2-23] Ayl ANdE 57 B 7 E MEdE 59
2-24) NAAE BT Z2A 2 B4 B 59
2-25] NAE va7F 23, FAAAe] Aert F FF 62
2-26] FRA A A7 Au, Ad= &7t duHem He 4 62
2-27] &4+ Add&/ay AlEdeldel AxruAold oIgA 64
2-28] CERTI 718k HLA Al Ed o)A 8 ZEAM| 22 oo 64

- xvil -



2-20] DPRS #Teo|fe] Zeos TE 64
2-30] ¥4+ A o)/ AlEHEHeld ERE FE o 66
2-311 DPRS 43 A OpenSees HH# 1 ES Fx4 HE AF3}d 67
2-32] 3¢ Al EHo]A-E 9% Damage AU OJE A oo 67
2-33] FDS Ad @0l Ee] §57h2 AR AZHE 67
2-34] FDS #Hlt g o] Eo| A Damage #FTHo|EZ HEd a7k dloly - 67
2-35] AR vFPe) A EG o)A BE AYPFH o 70
2-36] B B A A A ABFOIH ME 70
2-371 NAEE 715 NI EFMEEY AEHOH BE AYPstH e 71
2-38] AHAHER T AZ) FAol| wE A W B AlEdHold - 71
2-39] NAEE F=2A ETFA AEYA 28 HAYPgd 72
2-40] AXILAY Al B ol o] T I A4k B BT Z2A 2 £ - 72

oz
2-411 248 AEdol

3 A7 Ad dis/ae AxE 28 3 3 73
2-42] AUEE JMEEAZ7)E E83 tEsdoly 8 2 g8 - 74
2-43] OpenSees TZA| A& AlE# oA &&= ALE AR 75
2-44] FDS s}A1 &4t Al EgoldelA &8ats AEdE AR 75
2-45] N2 E zgzd_y_@ Zeh2 O] LR e A oo 75
2-46] A Ztst 71es 283 REE BA A s 77
2-47]1 2449 At Al g ol Axde B3 FF 2 AAE NEE 78
2-48] OpenSees Al E# o] e] thdgh At FEF WhY - 78
4-1] A E 3] E70l8 4Hg 227 HYPSPH 93
5-11 B4HE At Al EHOIAAY] A e 97
5-2]1 A7 AFHe] &8 WY 97
5-3]1 A7 A AR HAF FAA 98

- xviil -



A1y AHENA TR

Ald Ao w7 5 284

1 o) w7

7h =l Aded 9 AR E o] W

= A Fdste] wE 7F HEE Qi A AAs ", A, s
2 Aol =E2Ho o, dF oz I Gl Askd vt =3 7)o, A
Xl%“@‘:”‘: S7F o= a3 Aol oA e FAY. 53], A 2013E
= & 932 9] Ao lﬁ AN TASt BS o HiL FAE 7IFskH A LA
e At 5w v Fdas A AR divle] deAdes Axwd (2 1-11

T &
AR, MY, ol darzx, satE,
Ad | A, BNR, B S, 54,

Axk | P B U R 2

4, 9E, 3 Y S

s arwetifnlediheoinds E“‘ R e R
S | AR BAe9, AT A
(29 1-1] = A7 8% (1434, 2014) A%, HE, 5% 2d S

ol E A A YT A, A2EE e 5 AF Ade A9 D AL W E
A FAG GG AP T BATE FEAZ. WAL 20129 7oA
Wol wEEo] WA T ALE s 2399 AgA} BRI
A2 APBA QA A doje] Fud BF AP AHE 2A Y.

- muoojUel, Ax JFEFUOE A% ARG 59, AUE A12014E 3Y) 5
AH Adgol A&H o WA wet A AR B AFHY Bago ¥
AzAT glow, MER 25 SO A% 234 W3 FA} =9HT e

\e

- ARHoE Fo ANMEA A - AF A WA bsdel WY FHHL UE 4
NA A YHES AUZ ARSI, A AF D ool o] FAH - S)eHor A

49 =S nastel A A A Ase] By S ArsSE glo]l AFY

U AR S B S AE s T Al BEAA = W
. 3“43 10 7k } A= Qg A4k Fall= oF 6 9449 YolH, o2 A% F ¥ BT
At Al "ok AFo] A8 (FH FHA 2014).
°]°ﬂ w2} Oﬁdﬂr HdE A =&l el =7HA AdelM el deE ek HEVF 274,



WA AR o] & zkFo|R ol=e] AeE A¥EY olHF A dd AH &l Ao
A dgnlgo] s EFHERETG £ WSS AAstA e 59, vm TE R
= A G- BE Fofoll A ke 75% o)de FAS A glow, dEe Fex
Aol 2ke] 86.6% ©l/d= o

YT A A oA FE W olUeh, A FFS Ao A
Beold Fo=M, A, TE BT B AN FYKE YA TG

sl oA 2Yel A ALE RECR We de Bl 2L wHEIY 20004
g 2w o) Ad dF 2 dgel SAEAE T AvBAAA dHgelo W
S 9le. WHAA R FANYLEAG BER, T AU AGBYE AT AYE
AAZ Y AL Fdl, ALY, AR B AAAGE A Y Aol A B oF 6129 A

Al A ko] ofF 62.3%E FUL A<
=, AA A B AN A, Aol AAZ R sty = ALS] Al mA|
= s HaTD F s A dF 2 s dAV FARuE Fasite A4l W
sto] 5o weh Ad g8 A, oS % 57 AR T T ARE Fgsta &8
Al dEata gAAAR S AL F Adv =79 o] SR Hojof st 4E<

o A - A A Tlee] =gkl HE AlEHlAY A
Hspzjoja g&HQl A - A A rlee] ool tiFHd Wt Ha [TVlees 2
S A Azl o] @t =oHa o, ST FRIVINAIA e Eok
AAE At Al oS L A 71, A B AEdeld & 283 Ad us o
FEAYD 7l o] ALKHA e 4R
53] AFH Mgl TS mo| A 2 Al ofH=Eo] A= A A5 B
e 3A FEANHReH, #4234 S Tl g BAE sAsed oE e Ad
ran Aoz sfdstr] 97t @_H}ﬂﬂ ==

g
At LAy A ZﬁTﬁrEi NEFo|HL 1) ANEEY B3l w3
_]

@ oI5t shebg hsel S, D S, FE BT, A AHE 29 5 Te3
A Ug-g AL, o) F 53 ) 27 NG Ao YAY F UEEH =4
20119 FYE GAPOE A R F2A AA Aae] Fol 9o

oS T3 2 ASNE AR St A& B AAdAE e AT TA
s TEE YASL, FH AEES WE ARE Wl AVtEde=A =4 FAnke] whAt
s X AD A& = AT F ANE ALz B4H.

o] F8 =5 Ad AZdeld #d T - ZAVIFHA AT F JHES T,
Asl AdE 2 oS, AsAd BUF A e Ad Z2IF, B EAI 2T =9
s A FAe T BYAAE FH A

AgHom dehr A i ASlH 877F AR = AR A, 01]%5]35 =A<
ARl RS A 9] Ad S FHEsta, Ad B A ALGsA g A
< FH] AT g d7Nde] JAH glon, 53 #d %—TL woF T Ad &
g AN E =R F e Ad AEdolde] oAl AAL A&



A, HE, A 5 A T NErE Srbstal a2 Q% v W= uBd, 3
sto wet A A= 5 s GAe FeAol AxHA Jon olF rjedew s
A 5 e gl Ad A& dF AEeolHE°] MEEHSE. ol A A&l
HE2 45 Ad aas td A 2 Ad=d vAs 9Fe adF o= 4%

A A, HE 5 4 Ad AL FREEE UL AEHNA LZEY T A

st, Lo mE dd, 72 59 A dses =3 Ao AlEYeld LZEH T}

MEE I . o5 59, Pl HAZUS-MH & AX, A, 5 59 4FS A

of BristH, e DISE A JfE x7|o AlEHC|AS7] 8] MTEHAS

ojgigt F& H A& Ad AEHUNAH 2zEMAES A, HF T 58 4 A

Gl sHA FEEeH, I E49 HAHE FHo 9l Iy A A2 A
< g Aldol TFx= B, A, FL 59 dAH A= oA M= #A

A Gl
, D o Ado] EFdAow WA Ae, 2) A2 Ad F3o] A= 4%, 3)

Fgo) SalE BASE A9, H A BAT FAC B TR A
ol A

2o

rO

&

o)

£

e

[o

0o

2

X

}EX

o

B

e

=2

[‘Eé

R

o

Ho
K o®
o

R

=
2

o e

X o

>r9£

_— Hflﬂ r'

oo

o 9

&

> 9

oft

n‘.ﬁi‘

ot

>

it

)

o

2

2oy 2L

N
2
% % o |
N e
ol A
o
3F¥'ﬂom4>
%ﬂﬁnﬂ';&
Eoﬁl‘,rlr
~ N
B

L i
rsiéo
> o

& o
o 1
o
fru
fl @
1 M
v}
o
(1
Moo g =
N
-‘l

oy g P

2
O
—

{(
=

o)

o T N
N o of % ify

o
r
i
i
1%
e
ko
oX,
=2
=)
i)
BN
i
g, o
==
ox,
o T
4
poss
k]
;
2

o)
o
o
lo
)
)
ftlo
et
oo
ofr
i
>0
rlr
T
[
ot
>
M
=
-0,
i
lo
b
iR
o,
fo
-
)

T zhgstH AlEHClAd Fo=A A AlEdelA
= 953, 3 M2 Ad Avg e wel iR AlE#ClE e AAES Tt
Gt SN, 4) BFd FFRY Adel SAHoR testr] AT EAFS Ad 24
A AEdeld & FREF 75 2 ol A AR dof B oA sl &
st7] 913k AlEelA Z A E Ad s F e Al=H” Jide] Fagt

e
oo oftt



A2 A9

re of

3 7 grioz Aual A cu
g A ABHoH 9F BFAE olgh: JurlE AL B ABHCM e Al
9 e

lz

S5t 5 Tl £ + AT
St 42 el o) 2 : |§ S/FEEEE e ey
S| S Clokek AL CHS B . SEXEMS s RIS ey
Hiel A28 AlZElo|MomE NS ML O 2 B2l2)
EUEE L EMLTEE 24 550/ 2 7=

= S AIS 0] T[to]
AlME FILHIHS B2IAIAE 1S

S ASE0|M EEE

S0 IHE AISHOIE] 2t 452N Tt LA TISHTHS AISH01M 7t ¥E S
SRR A2 U Xl M DB ¥8
MES Lt 280l hSshs S3y AIztst 715 il Tt CHE g

oln
A
=

(28 1-2] A5 A ol 2 %A

- Ay Tl
S Al B
o] st 7HsA ol

A A 2

off 2 7
v

N I
=2

R=)

ru

2o 2 AN

AA = o . X -
» B AFAE olddt AEHelA HES A T3 HEH nl FHE7E Ak B4 AlE
gold FTEF7IETZ2 A9 AATFZMHigh Level Architecture, HLA)o| 7]¥sle] E 421
At AlEH A 2 Ad 4y 2 g3 ddE 2E 59 AlEY

=g
OIEIS bl HolE RAA R AN BT LEAAE ATE



=
yal [e)
913 AA71<<¢l RTI (Run-Time Infrastructure) &-8o] 42 RTl= &

& A8
A4y AgHolde TASE Y BES Ads: nEdol Middeware)2H ob# [
4 1319 ol 7 THasSe AR £44 AA 2 B, A AW B, wE Fol
9 g B 5 AR FIAFS 99 N5 g

B T eE4os HLA RTIE 5@ 848 ABdold SREL Tdstel B4 tadl
A%E - AHZ U2 gold 5AL wYF 24 AHE 3R DB A AEold 7]
dold #AAE P33 ol FF AL B4 FHo] WE DB 2 ABelH F7}
Hgo oF A4 A1 Ao g

« S ASH0|Me| 4528 J MAISY SHAE Fet A=A
&2 HI A 7 = (HLA) 0P [HA X EEI |=71E
(High Level Architecture) » SEIE AISHO0IM 7t FHUH (Rules), AFRTEHA! (Object Model Template),

EM7I=0 CHE HAM (nterface Specification) HIZ
» BES H92st= 0|54 012! Run-Time Infrastructure (RTI) = S& 45HE 78

e Federation
L Federate 1 Federate 2 Federate 3
—_—
TR | CiS&s
AlZgjol & AlEzfo|M AlEgo|M
MALEA
M
na S HE
AlEo|M AlgaiolM
— — AlZE0|M &=HE DISH0]
v Run-Time Infrastructure (RTI)
=4 AlSE01M ARAMAITE (HLA) 7|H 2ME AlSH0IM
(Distributed Simulation) (HLA-Compliant Distributed Simulation)

(29 1-3] FHAAF=HLA) 715 24F A gdold 7€ Md=

B
of Nzte Zle A

g, A E FEREE A g3 ZEA2 5 AG AlEEelA
S ANAE AFHRE Ad g 2 AR} FA AFTFOEN ALE AD O
2 FEA g S84S5 Fs & 5 JI=EF I

2 A = BIMEE, A3l 259 H4sed

[S]

= o Uk B SAHLGe ANGoRA, A W
2 Y ge 2 B 9% ‘Hazard Map® A3 2 ‘Control Tower’ ¢ &g
g =

= L
7€l 7vks vtdd & S

L fol
o & Mo
>

4
o2 o N



oy ﬂ
mmoﬂnﬂ A]L_n: o H T
I o 4T o .
EL Uwc n_u._ ﬁ; oH ,I,_l__mU,LIL __i LL_.E [y N =1
= - %o g X dlo Y ] N jo° o JoR 3T oo do T %
= M < = o mh %o v ﬂ_uJEIﬂbl. Bo T T T m_. <0 o
4 T T O, % 2 o T HE S B G
g Ty S I W B R B R o
o P = K 03 fin = Ir,IU = - — =
i X,l_ui HOJ_/IDrmﬂAI‘mH it —_ TR T il oK oo_ﬁowm o
< R° = GLS A+ L_oﬂﬂur‘_ %mﬂvﬁ T o 6 o il =0 K o) oﬁa‘ﬂw‘.ﬁv._o N
N qﬂﬂﬂgﬁﬁ% o w -z ® = U I By =
. _— e~ T — "~
”ﬂauﬁﬂemeﬂ%no eI =X o W T qim Haﬁ,m? N
o ]7AJ| MﬂOﬂH.HLJ; <X o oK = Gl ,I,I,%OI
Mﬂﬂ%sﬁA%wgﬂ.%wxﬂ& __,:%H g T G SR Ly
Ao ® L}WJ@@%%&% Lo e o = T 2B =g W
< ol == = B X ™ Jlo ~ i
Mw\w%;MM?E@gM% %%%5@&%% Tam TaZi <
T o ?E#E%Wﬁzlurmﬁ%ﬂ Hgourm:l_,.ﬁﬁﬂuaa éﬂﬂak%wﬁz_ =
m_xgowmmoﬁao_aﬂ%uﬂ%ﬂﬂ%&vo_a %ﬁr%ﬂ?z_oﬂﬁ %%M_.%on_z%ﬂn uw
=1 — - = —_ T
do X R T Nqutoﬂ,lﬁo .nxn_z%oﬁaﬁaur ]%u__uxzrroﬁé ay
= o o of Z) | @ o — oo o oy B ot F o 0 — N = m 3 o < X
@,mo_ifq__M%mﬁ;%m%% ST R e -
ER ~ Lo B i e BOTE w__of;_é_o;%% o
mio R L : = BT s
- = o ™ B! Loy X Kz = < o R B il Moo X @ i
2 5 T Hmp g o< E R AR A S
N HEM%M%A < %A% N M%%g%m.%% 3
J|1.|] - —_— IN = la =
ﬁar%ma:wANaH@E‘HM{ m@_w%ﬂ m %ﬂo_oﬂuo DG =
5> ~ B° T O B 2 0w~ W ugﬂﬂﬂﬁi%e_eo_ ﬂﬂurmur%a_e_o
o o4 M = 2 o B = T o= ]ﬁﬁqlﬁ N
2 G _.,_nn_._i Hooﬁﬂmimﬂu_eﬂo X ,MﬂrﬁAmao B X X = jlis
%%HT%z@ﬁuﬁ__@%g:z%ﬂ N ﬂmamnoguf_:%ﬁ%x A
MoqE_.oniudNﬂA &~ o 2 omo <O ﬂﬂ% L__oo_ﬂqu_Lmoo#Pqu J)J
Mo » M T 4y T Xz M S o o w7
Eﬁn_/n.oovﬂmwfﬂwofoﬂo%%,QA %Hﬂa%%% ﬂzﬂm%wﬂvmﬁ%ﬂ% n
~ — ) i - J 7 ) of-
5 om SR o T = 5 o N T < B % e 5
< J o} oV —_ o O
Hfmw%mfow%%ﬁﬁoﬁﬂ%%mfa ma%%%%ﬁo_o%mﬂf@e%AO_Emmmwm_ =
.JI' M ) — (= - ) « T "~
SO %WlﬂAuﬂ%ﬂoT,%HT 7Va_m&E%urm7%%%@@«#@ =N
.*mﬂnn nn,ﬂur‘_7¢e ﬁoUJﬂu__oln T+ < HQUJUJEH il i W o =
MEH_.,_zlle,‘_otﬂquﬂuE T oF o B ovﬂnﬂﬂmﬂﬂu%:,—ﬁ_tﬂﬁoﬁa)bto# — L3
gL T WEJWEMIEOHE% ?uu%zxzg_aoguﬂﬂ%%?wew%w el
B ﬂ,a_e&wm]w_ormAﬂwﬂm_Eo En,mnvﬂnwunn,i.o m_.‘_75ﬂﬂ_oliﬁQﬂo‘*u§ D
~ H._L =3 ,U_u\_ —_— o o ‘._mm._ —_— X _A_l E_E LL = __ o O_ ﬂArL ,Muw_ o E_E e n:MO — Jl mr s . D_mE
N o N TP _ o«og},ma] il S oF = = L.xL_xﬂj.ﬂA_Lu]
2 o W T w Wl s U r & A doah © do O X woay B o <
ol N o] T Z%ﬂl o y aZﬂul o B
R  E TR il B ugﬁa 1__/|;|ﬁ_,_ L (e e
RS 4 g 3 4 v oE
T L% E b o B
Nromp iy op m)

o]

) AlEH ol 7|E, 3
12, 34l AEFA 7&T 23354
HAE AR Aoz At



g=23 GAE Ad e E 24 Mg EE (AR vd AEdolAd, v Al
3 s (FEAT T JeET 2 9 AEHONAA, ANEE TEA BETFEA AlE

ﬂ
-
4 1o
;1
ﬁ
)
.
o)
o
w
X
rL
o |1
K3
>
rlr
O
KO,
_>.:
:.“:
e
i,
=
a3
>
e
=
o
rﬁ
Eu:ln
M
>
oflt
me >
S e

3‘1101/‘4 =HF, /\l’““ ZH‘* EH—/JJrEV\I.éEﬁ:'a H}‘%‘fii “EAE A A]%EHOIL

708 AAE A S 2 B A" & HFHL

TS B EopollAe] &84 B A8, fFAde Al

ZEZ G olEd Ade AA3E Ve &8, BIMs AEED Tl DB e dFAl

A A E %—f& Nz"l 28 I3 e TS

01]—‘5 TAEHE = %H T ZlEo] AMEA FaL, FF A S A E
s £

Dol A A% AsEel O Sade 0T BEL 2As Hiol o
3, AAH, 4NN T BHse] B AL AF B 4=
o Bairle 2 AAAB e NAEE P

1A E 2AHd = 3RS

= =4 QA S o|HE e AMEE Hd Asgold
L} HEAH O] oo Mo e = e (i — [l =
=2 AU 018 U MY ABHOIM F|4 ANE H
= x 1 1 = [=2 =] Loy
M Al Egold 27 foly Hel Auale 7w S T DMajA|AH FAE O 42
Tt
FL | s ("o we/os guzle s gy | [ 24 gUgs/ B A20M | oas guge B ASgoM 2
a7 k3| A28 04 F-Y HolH ¥ 7= =yys=a 2 Ol SHA HFOF A
i otel Al 2ol F Hjojg MAtis Al=gold 25
NTEE S Y Y EHAE
MES/XFEE DB HEE M4 AsHold 7[Hr A EE T
M AEgold Hojef =22 E s S #elA=8 7=
ot A EH0IE {F H=HEHA A i T oF of7F|HH 7|4 Z4E fH
:rlé T'_‘n_l'c- -"~»|§i'-‘1|0|'ﬂ _II“EE?HE 'M'%E"'O{'H %%% 7“HE|- %Efﬂ
7l Asdolg ZF M=ol AT = (HLA) 7|8 24HE o | ®|E AlSgold A5= 3oy o
e o = e A= o] DS/ RIT 7HE 7= 2EHA 7=
ZE
T A E | " Nas || A
Ao 7t | MEAOIE 2ua || pMew S | NSy
7l E||0]E-{L A7t %7]3'1| Al=glo]d)| | =siot BIMRZE | MAst7|=| | L2
e e 8 71a ale] Ay oY || zppet || 9= 44 | | GASHA | | 2EHA || qugs
. SR A2 0]E Mo 7|8t U Sgd e
= H=HE AMEgold| | 24 EST
432 HA S 2t Al Egold o
b= d=Hs e =HSYUS
=t HA 2 SR
el

(28 1-4] 928 d7dE 3 8 3=



A3 Ao HY

wK

o

9l
24 49

J

A

A3, A

=]
R

1-2] d7-3A 2

-
at

[

<
o

of

Al the (A Jd), 75T B s, 724 57

1-2]¢} #o] A7-3A) 2]

-
st

[

[e)

-
e
Ad 84

bof o}

9

?_

oF

o

B

oF

olo

of we} oje} AAAY

AR

d

wjr

o8

i

o] v A B A= F=A T, Ao Hoh

TEA BT AEHolde &8

=i
=

o A% A8

TEA ST %
At AEE ALA I

oA,



A4d BHE ol 7]/
1 =9 ¥4 71% 2 R&D 5%
B4

7h =l Ad - As TlerEE
i -

2014 s-guete] Ad - Al - A EoF IR £ Halewdd w7
TO 2 JegE 73.0%, 7I€dz2 6.0d02 10U w7 gr|e F 7leFT 78.4%, 7
=42k 4.4 thH] @2 HY. (Ulﬂﬁﬂzﬂrf‘—}‘j 20143 7lssEAA HalA)

[ 1-3]2 &=, "=, FHED, €&, T 5 T2 /=2 A - Asf - A EoF =
HEle e UElH, ol T8 fEuss 58 A YA =7 ol A

'€
A e FRO AUHoR REFS BT = L.

[ 1-3] 8 /=9 7z e (v Z23sHE 2014)

s o= FAED qE z=
gk [ A& [ AE | A2 [ A% | A% | 1% | A% | A% | A% | A&
2 | AR | &2 | AR | 2 | AR | 22 | AR | 22 | A%

27 A
e 78.4% | 4.4d | 100% 0 9%.5% | 119 | 931% | 16 | 69.7% | 584
ZH?&;ESH 73.0% | 6.0 | 100% | 0d | 924% | 223 | 94.3% | 18 | 65.8% | 7.6\
Z|07|== CiEl 71sZ2t (H)
9 m20124  m20144
8
7
6
5
4
3
2
1
0
AHAG] o= LS 7 AL FESH A S S OS/s JHAE 7sRA 2

SH1E

(2% 1-5] H3r)&=r givl Ad - A3 AF 71<4 3t

A - A - b Bof AT E 871 AFE 5 F B AT Bl 2 s
< AAAE A= - dsvlE’, ‘Ad AERFA AATIE, CEIAG A5 - 037
<, TINAA IS RA 2 BEFVE o UHAE 4 ARVIse] Harlesm(]=) o
vl 7leE 9 7ledxes (09 1519 2.

1

%71’“’ 9] 2014 7lE S 66.6%= EF AlFSE7]

a7|s= ﬂ]‘ﬂ 7142 2012d 7]+ 554, 20143 7]+
0]



U 7o) Ad s 2 24 @9 R&D
- 27} Bo)e S BET AGLAT THo AL R&DE dae] Faxo] Azl
gel chopst AT )E R FY BAAA A o P B4 BE A7 AYH 9o
W, @407 APssd BAVE AE A - A ope] EHoE s AFEH AEH
o4 s]uke] AT F|e] 53] BT
- Ty ok SelAdE A4 WEst dUEos MME BF 2 Foe 2o wd
Adas B4 AEHlH, HA 2 sd Aol BH AT FF o] o] AFA A
AH3 Qe wAE Adold B As) e GAste] AFY Bast e
- A AT HTE Hr)E 4 WA A A - A BE R&D A Eie SA )
AT Ay ABUCA, [T7]Ee 283 A9 P AL 5 Fo BAuge
=S4T e
- UE EG A o ZHE WA, B7o AW 877 R&D AFL FHste] A oY 2
g #H AN s Pt 5. I HrelE I Go Science Foresight
Project011¥)E 53] 3 2 W] A ol =3} Hlolg FHU 2 ulgAE @
A A ZHE BY FRS FASE 5 R oA AGHRASE P AE s
TES B9 A AN A T, e A FHS THY TEE 3 Y9
< A e B BA BE e RD FRL T [E 1419 2
[ 1-4] Adelg 2 24 #d Fel R&D
FA% a771% 8 0§ FAA
Ad AE= Bh | =Y 594 A SIS B2 A% | A Salel oi@ AR
9 oog JulE | AWk | @38 SR AA 2 SeA | &4 SR 21
5 A7 | 2EY WA 13 A AS FF o] 1
AN E AR | = 9 ale AARATIES | BATIEe sivAd B4
ey era | o S _ (BT SWVAR ST
0%3 A | o | B oF V% ANE FRT +| FHY & e A 75
BAATE T A LA T3 g
A% F2E A A AR Ag) AwAel | D e
AR s 2 Austael g asee | FL AN SHAE TEE
7]%-7’]' ZHEH, %Eﬁ‘g‘% QHH A 317]”5 ‘6‘/“ °og 7‘] Zﬁzl-j]-otﬂa-:]/\nﬁrtﬂ—g-ol
A o) 27)% P AATUEE, dgs | T D T
ol BE AT %7}, A8l A571E FEL ot N
. . AZROZ AF A%, 34 L Aol | clole] AAeAT we
oy Daster Reliel | N | oig o e sl sbsR | Al v S0z B
N il Fre | tal | SEUA 27 91 2 A2 28 | AEclE a4 o
S IR e - 7 B = A]ﬂlow E@ A AFH RE
: v Eofe]] 32k =
MR | EESkel A7 A [
Vol for ovactees| et ol I 9=S Agdoldsty, | diE Aol deesiy
' | ASIYEDB 53 A WE | oloWE zhe] AuAE
o ool HE 7]uke] At ol Acl
ST gl T2 A

- 10 -



2. mU o] AEdold MY &
7F AR AlEE oA 2 AHAATFEHLA) B4 JE
= B4 AEFHoAL 7] MER FE =2 AEHCNHES B4 5Z A 2Fehy
g8t st o EolA S ZoE AEL B4 5o wt AZE&HT A=
F A= Aol A+
= JHY 4o AE g2 AEHA FAHAA JEE AEHEE HY FzdEs 4
teolelw o= 71=2 FAZE BAs7] el AlEdely I 354 FIAE Sl ol &
AASHH = =go] AKHOH, HTol= v FHAANA AAIE AEQA FHAATE
HLA 2= &4 AlEdold o7l AHE T3l 71+ 73] 1y,
= TUolAE 48 AEEolA 9 HLASK #-stY nF, % oA dAFo=E V&
Mol e ZFojm, IT &okollA] Ui 4ty A EH A HE&S 9 ATE 53 Fo
U A7l A3 4842 Wojxes AoE Add
= oA = A #eE] FEokodlA 7€ TF AlEdCA s o] AX, HEF T Ads
A AEHolAdH, Ad, 72 T Ad s AEdeld A44E 45 dAsste 248 A
¢ AlEGOIA A7V IPHT Qo o] =3 B4 AP 9 g E4E HHoE
MLEHAAY, Gd SHEFANA T S D AJAEAF tha Al ofo] U+
= BAMY AlEYold 9 HLA®HE U9 A5 o3 [ 1-5]9F 23
[ 1-5] 4+ AlEdold 2 FAAATE dd s A7 §F
A3 A2 F8 Y& A
IT &oke] #4H
HLA/RTI 7]4+e] #H Eg] TIE ol&3at z &9 A& olA AEe o)Al At
HE Bk ARl | 9% mﬂz_u MAA FEA L RTE | S0 0
wg ClEfslol = Al Aol te @7 R
HLAZ|8E AlE#o] A R HLAZ|RE £4H AlEd ol AL Al E} Fof=9
AZEG S NS A% ;]:f; 7128 TAA Ads A dFE | FLo] 87HH
EA2A A Daa | TS A 1EE BEE el | A4EA B
ZYdYa A 2 74 e T WHI RTI 7550 tidk APL AlF | Fdo] ofH %
_ 7\11-0401 ;g%
e o ot | Yotsulura | A A P o Ageels | T TR AT
mergency Manage and ERCICEE R L Rt o 7
System Using Different | . o0 | oo Tgololm W ZaE gl AN AlEeE ol zt
Rescue Simulators. S > B AA 717k
Research in Modeling HLAZ 7¥to 2 3} 24y AJEgolA LA
and Simulation for Abourizk et | Z#H Y= COSYE (COnstruction AEH ol A-S
Improving Construction al SYnthetic Environment)& 7I'#, 714 | Fd3tH o T
Engineering Operations ZEN A B F TS Eofoll 38 | FRESR 74
A Distributed Disaster SAAM Y A dES g Al2ES | 3F] AlEEOlH
Simulation System That | Koto, and AAEL Ad §7 TH 5 g 7 S
Integrates Takeuchi | AR, iAo} 22 319 AEHCIHEY | o84S
Sub-simulators % A" Tds= g

- 11 -



. AdasiiEs 2 2 AEdeld B4 s
Edolde] A5 AR, A, 59 § Adei WY AS5 = QT A
Mg BH o2 ste Ald DA AlEFHCIHS Ad B ol AR g
T2, AEE BF 58 5F0= 3= At Us AEHIHE EF/E.
olg g At HA AEHoIH= AL o= E I3 AHES 9% Tunami-N2, &5
ARG EFH7ME 9% HAZUS-MH, Aoz Ak Fx4 AF 4L 9% OpenSees, 3t
A A g §E57ts B AlEEHOIAS $§ FDS o] o Zhzhe] AZE oo o
g &84S o[£ 1619 25
B AFoME HE 7158 Adeas 22 Z= HIT UM R T J|FoeE
OpenSees(A| /724 &)<} FDS(EANLY &4+ A& %
o7 Hrhgh

r=)
o,
¢
=2
X
o
i
op
0_>C, O
)
o
BN
ret
pads

[ 1-6) Al 24 R AME F3) B4 AEdld BEY B

Analysis Coverage .
Software Main Objectives Earth |Structural . Source Aditional
Fire code Features
-quake | Change
. Tsunami and Scenario
Tunami N2 Earthquake © ) ) Closed Database
HAN Tsunami and Open
> A Earthquake © (Javascript)
HAZUS-MH | Natural Disaster O - - Commercial GIS
Structural e
I T T I . ol
Earthquake ’ ary
CADCE structure - 0 - Closed -
Collapse
. Fully-Open o
FDS Fire - - @) (Cit) Visualization
Structural Material and
LS-DYNA Change (Seismic A @ - Commercial | Element Library
Collapse) 3D Module

EZ Ad g AlEHCIHE AR ad AA AZstE 93 Simulex, Building
EXODUS, Pathfinder, DBES®} +% % A% &% A Y3F= Robocup Rescue, USARSIm,
NAEAE BEF fUYAHE £ZE o] ClientRunner s°] S5

T4y 7 AZE Y &84 BAAH, od 2 BT AlEdHolH A5 HAAE L
2 8] 4 AlEdold S ZEo] o, AMEE Ad tie R we gt
538 FHRHSE st B A7 5FA] FolFoE AGHIZE HH AZE Y

- 12 -



3

.TW BY 53 %
£

Al E# ol FHEFo] Agel A&

O Ay B AT AFEL AHH o ARH B EAEA &ger, 53] B AT
o A Qa7|E ‘LEA U AEFHOAH HFIAFEHET EL AHAAT=E
(HLA) 71%F 2 Z RTVI&” & #HS 53 & ofF A4 &g &gk

oo B AFE 747ty A4 84 Ve #-EE 2AdReA  “X 3 ARE AAZE
Aldste]l Az F3)] 4Hgo] &8st W o Ui E5E 29 ¢839oH, 3Ad=
o4l “Fire Dynamics Simulator(FDS) ®l°olEl& A& dd Al Ed ool &&= Wi~

o g S3& =d ¢

[ 1-7] & A7 AAF 20 53] 52 AP

TEHE o By U W&

ANEE FAHR DBE 753t AAte R FoANEES

g mape | AMSE @A oig HRE Aol o,

1011522390000 | 000 3 oem ) o gy | 2P ARSI Ul 71 231 de e mnidr))R
~ AFFORA, A& MBS BE FUYRA
L P ey A )
15 AEo) WY AL TASE TAR, A e
A e Azd B 2| sk A5, BAD Ald] geY & e
1010255500000 by H$ARE Ao B$RE T AdS ors
wUEehe A e A2E P oy
A BEE AT A | A BDE AT HA Agelole Azw 8 Pl
1011450030000 | Al&#olE A7 9l w3 535 34 ®9 vl e @400 doiA A
i ThsA, Z Tk, A SA0 B,

A% 0| AALARA ) HELD AL Fa) AN

AN A A E

075200000 =5 T AN S A 9 RUEE A2del B 58
SR 2 ARARE BAste] 4] Aol ne
B39 97 0 49 PAARE AFoR FA.
wzoE 17 T2 .
oas SR AR ABsw Asue 2E mzaE A 22 A2
1020100067741 | . s 4] 41719] Aolo] e Hole AT A2H
217] kel Holel 9% tolel gx=e
J o 3
o o il | e 322 14 A7 2 908 s 9B v
= > o ; = =] 5] = o =
/\]_}\O]_Z]‘% /\]%Eﬂo]/}j_g}_% 7H?_].'O’] /\gﬂ]/jﬂl "7}\5]'% _ﬂiﬂo}@] fﬂ.\!—] Eg% 7‘! /\]'}\O]_Z]"é'

1020110133254 | 5 4 "1t w371 A 2-m) AlEd el dshe AlzEL WY gl 715 viAe] B9 Sd®
ol ol o g | S B S 3 olg sjasta Ak el A%
e | B0l 7FeR AHE wRe palske AS Y0

1 715 A

- 13 -



A5 Aol $54 % APEA
1 ATFe] $54

B4 Algdolde 7€ T2E AgH oAl WiEEs dez oy e ZzAA
= HAFHE ol&ste] AEHAS FEdte Als, BEFES RV & AlEdelA
of et ool 7l wet 71&9 dAE FHstA = 270l wet 7EE.
ol#g &4ty AlEHoIAL = EokollA I FFA B A adE dATol I
AR EoF Al &7 AlFs ey A R dA &kl A, &d 7 '
AEECIA AT FRE stoy, E4E AEHCIAY Eds =82 FEe
2 d7e A2 Ad Wl AEdeld @l 4% AEdoldelstes MER iEde =
dsted At AlEHCIH, AEE AR DB, AL Ad RES A4S Aol 53 &
B SAlOl &3 717 A - A A e AT A AEHCIE 9 AA AR
Ad s Res ATTo=2A, 7|E AlEdoH Y AHEAS s &

B3 B AT A Ve CE24hE Ad AlEEelAd & FUET B TEAE AlE
gdold 7t AldE Ad tls 3 FYAZET & diE Ade VIR Qo] w27
st e Ad 71e Bd AZAA Fart 5 AR o4dH.

B B de B4 Mgl & FHE Wl A A, F=A A8 4, A
AEECIA, Ad te REY 4T dF 87 Ade xFste A4 2 AT
A ol71F AlEHCIH 3 AR 84S ATV A% BEUE ATd F Ae

7] MHEH=E A|EE Y || I)\|L[E|2(}1l H =zt =l é_ AlZ2eo|d gHC =2

MER AEE WA AL 20 2 X FHFO| of2E
ST M A2 ol SHE
LR

A0y Al

A AL @ M7 ﬁ

S
5 . . .

Ll AjEYolH | AEE mlsh MEH0]H | | At EHc. ERE

1 0/l 7 Mg =g (BIM Model) y 0
= = = E;
S5 | ) o e 5

SLHA = (HLA)

7|
=ME T A EY0|H 2LE EHE
A[22]0/E| FZ 0| SEY

I=es :
e g T o2

Alg2 ol Al2o]d
1_LI5H“E’%OI Jhse AEs G vhse Y *ILFEIS’-OH e}
8% E AlEE BIM 22 g Zjch A 20| E Zadols 2 Qe B4kE A2 0|H &



 AeHoz A o3 3 e A8 AEdoldn Basel g 24 seE] /)
W glod A1E Al AEelolEE Zzkel Al dael HAHHel glof ofe A
adlel $iAes SRl Ad Avd A5l T G g4 @ A7
A WA as AgelolE, AR Ta AgEolE, JM x 27 5 AW ogas
AgAolE kel HolE n@ AA U TE BAL FEG] 43 BHA U AFAY
529 Bolgd oE FAES Awsle] B3 Algfﬂlﬂ*ﬂcﬂl*ﬂ By ABd ooz
SETH) ABE APsEh T

2. A7+ AEA

o ATNETA L FEYAE 97 24 L AE

C[E 1Sle B AT AT BE, A7 U4, dEd 52 Fes @A FaFelA
sao] HEd B ATt FAE e @ AR 1 A%, FRIA 4 72
FAE 60%ol kel AL BARA Rkov], AL FAE 47 35.3%04 24,

R AT AR RAE} B BE AW w9 & ABdA AW A AT 2,
A4 A 0ge ALBThE WolA E AT WMAT FAS) 5 A5 2 o
AEHAH 7% e THAHE AL BALT 5T o] ¥ ATeh A2

2 slol BAR JlE AT A4 F2 AW Ug 24 F o == 2UH, 5 37
5 WY 240 BT A ABAE A AT R B Ao T R %S

[ 1-8] & QA7sAe fARA AA A3
291® | A99 | 9= EPE FAE®)
gEaTAR | S50 | 0 | 8% A muY @ ABdeld A AR | 353
_ A A1 A 2l 54 Ad e
aRdTAS | 2T | 20l e B 347
A1)
aRaTAR | oo |00 | ABdeIE A% A g R ol A% | 340
LAY

sEREAe | AWlE | Lo gEAte 2 A1 A S \e
NENE | APA S A4 VAADRIVSS % A%

g, AasAle) AEs gk
(D) AA A Algl 2 AAE DB 7uke] AAHE b8 A

w H A= Bo dAAQ A Ay Y8l s Qg Ay e /3ol Aok 23
24 AYEle s MEsgon, Y SYRGAN F us) L EF Timelined 2433
DBakalel, AvtEl oo HEAS AZAYon B wd Y 9 Az B& s

- EF A Og D BT A0 FAol He T AW 228 WY AUE AF7)
W GG B ZAYNDT FEFORM T el Hg JHsHS Fustud G

- 15 -



=
E=

Gl

(2) AA NEZ A& o]

)
o

o

)

371 9

S

19l AdEolER F8

°

NESREE
tel AgEolE =Y AT A A o

°

&0l o#& skel A&l

2

=9

g ol el

7|E B )
e AR SEDRA 2 BFC)5HE R FRAZPRANA Bad

il tloly <

S FAl,

<)

N

oH

B

,.__ﬂo
)

)=

H AlE

o)

—

A Al

o

& 2437 9

R

=

3t A8

L
|

2y

oju

i

Gyl

Hin
=
B

H

A e

A& o]

€]

/1\_]__

At AluEl e mel 27 EE A EEe

1=}
RUN

1

ksl
pul

4 ZAAATZHLAE &&

H

]:]_

A Z£%

=l 3
o, ¥ (% 1-9]

golE o] HHo B

=

=

39l A

S

AutE] o wet

=

7t ah9l Al g olE ol

1

NE o

T

| .

17

3 Qo H

O
R

—_
file)

el

o
Ho

el

ﬁo
W

1-9] A A& o]4

;—rL

ool e &

FEjolE o] 28 Al AlEH oA

o,

1

T

b HlolEulo] 2 AA

o] 875

=N
o

f7g 2

0]

A

FAANEB R
al
=

[e=]
X

H

3T
ar

[

N
of Bo
= o
ali mﬁ
T =
W <
of W
= <
iy T
iy -
= | < |

)
T
oo ﬁﬁ <
- JI -
h N
c cd mﬁ -
|| A
_10 ﬂ_H., ,WJI
- N ﬂ_AI
e
ﬂ_ —_
= 2|
)|
o ﬁ mum

3 U_.:._

-
7| <"
4194
o 2] o
b M - mrm

i
iy | B4
X wAI X

419} =

3

B ASAHR,

A<
%4

) A= A AlEdEoldS

£ AN

I A

2 o] ¥

[N

Ho

)

%

A

B
o
B

i

E:2

O

0

A

bo
m

~

Ho

Acel] w

1

T

tel Al DBE AEE

9

- 16 -

3l & BR3}



A;
RoE ARAY 4 U U 2
AlE AT A
L 47 23 AA 2 A28 Fa ATHE
= B A= AA AEYOA #E HAEAS ZHE FRAVIE AUty F5 o,
T AF7]#< University of Michigan®] HLAZ]®Fe] EALE A EHolAe] 7|&32 A
2 AT FAEES v oE B AFY B4 Ald AEdEHOIA FAE e 2 AEE
A d-g/#E] AzE FEFS S5 =3 F3 F8A FUSE Qs ALs Ve ¢
HolH o448 ZE (A A4 5) Fo dAsAAE A
= o8} FA FATIYR] HFZHIE At v A #E Je 9 A2=E A 7
&S HEoE AEH oA ZIAE F AEE A US ¥ YA =HS H2ES I, B
71€9] 3 47 FZAY FHE A Weks =20 7 AFSs AT
= ZAEHS 53 7 71 3 AU wiel 71&Se B Ao EZxl CBAE A EF
ol 7IHtY] AAE Ad /B A = 7= 9o AAS H MPs =R
A 5 FHAT7H R imd ks 7|14
= (AM&tistn) (University of Michigan) () FLH3)
4 Ald A EFlA g
A4
n Ay 9ot B
n FRAATFZ HLA) 714t
B2 Al Yol &84
24 A TS AEHCH g%
13pd s Ao & A AAE/
ST | NAEE/AY4R DB 9453 m 319 AlEFolE 9 A9 A Y9A X DB
Ak A& olA HolE S{AA n A do-S Al EFOIE A SEAA AT
Ageola | T A1
goley | " A TS Ay 2.9 AAAATZ (HLA) 715
L 2 A AlgEY ol o AN EF o)A HEAFTAA += 39
%ig =g tlolE A< . . . _*Jiﬂ%mﬁﬂﬂfﬂlol/‘d fl_%ﬂ]ﬂ’ﬁ_
A =) = A HAO-S AluE L IREEY A A5 ASAA
¢ 718 At AlEE ol Fal | ow AEFHCIE FAAAH FYg 2| FF AY
dole W += Az B718F BE A
n ANEE/AYAHE DB A53
AlEdolE 1 HlolE
T2EF A9
s dlo]E 54l W do]E
ze2EZ Y W7t

- 17 -



B A A Bl

g8A7 B3

t e e A 2 g
38 ylol ¢

- e A Y D O
AkE) 2. 7

ZAF

4 Add3 /A

pe | AEdeld maez gy | VRS
d R R BV a0
ay | AEEOIE ZAU9I2 ¢ ERE
v s B E 1l o
e ha Zi A]Ejd/ﬂ HE g Q3 ofy|ElA F|uF B A /j]fﬂ];]:f_n
Ageold | O TR TE NgHoH EYT 75 Tufm_lff
OX ZgE a ALolz = O HIe =
| A e Agdeld wE gt " ETVIIE ALY TR o9
e | R % ne ol RT] A 7% 2 9353
g/ A | Bﬂ?ﬁ@% fz%ﬂ 35;:57? E B Y A B oS M AL
= LS, TEA 5 ols = 5L o) 52 =
29 TE) | e ve % 0T 2 ZYE 73
s g AEHolE et
H2E
B4 AEHolA Ju A4
At 0e 2 B2 —:‘ﬁ
s 228 AE ol ]t
NAE A g 2
B A28 TE
B4 A B St NUE
A S R BANLY N5 | 2 19 A% 24T A
®E A7 2 g2 NEHolH SAE NP 98 2
33hd " AE2 A ’“1@“"]“ we
ST A7 RE 9 s B9 A Aol S
(qag | v R Mg T AT 2F 22 FIYPF AT 1745} e
A NAE A gie R % _BM=g
gejae | TS Bl g %‘%7‘4174] 2
~E H|AE At Al g oA }‘]‘74'51' g ) U 29
Th oas | BAE AQ gAY Holg A% 7¢ B8AA 7%
oy | NEECH 28 B B W | w AUE G ABdHoNS | A2d 54 9
same | AW A3 N2 71E BEAA | HAE A
T | r R A g 7%

A o] e]
AA
B4 A/
g o] e] ARk AA

o2l -8k

» A3} 7|3 BMEY
SAA =

- 18 -



2. AT 9 By

AT5RAT | AT Y& AT5HY (o|2FAPH FT W)
71& A A9 T8, B, Timelineo] tgk £ =2
DB3} (ZPUAATY W AAZARTA B
7 AgdolEe FaAd da J1ed S84 2 )
whAd Ao g BA (Source Code AHA] #4 A
Ay Foi7)e BT e BeA B )
oefa Ao 27 xﬂw A}eﬂoﬂ A4e8 g AW BAH (YR
Reconstruction Agency &7 P43 Rux E4)
B34 Ay AYstE Ad s Mwds T3 AALALE I3
a4 9 os A AR A t-g ZHLAHZ AT (World Vision &
AYe 2 A FEEA ] AdoE ZH Y A
db sA Al BAS B, 2u 4o o] BA FaA
o] EHE Ad B ek HA () A-5A-2)
B 9 A B4e 58 wAE, AME @ Z3ae
S e | A mESl] AW A8 Adele 44 Gl 19
Adele Aw | AT EERTMEEY, AR T2A B
FYAINAATY @AMy Hof AEIE i
o ANHE AW Ug 2 e aTAGES s}
3, ARG Avtel e ARA Brt 8 (33 oAb
A AEgold |+ A AEHCE A e JEHuolE B4
27 Holg Ad 0 BE EAZAS B Ad oS /BelolA
8 Z93 o]#ES EUE Holy Ao 7 Tx3}
7% BIMEHo|A gats volE %4 2 Zd¥4
BMEY <% A (“2a1F A4H” AFZOZRHE A+ F3)
A AEEod |+ ANE Addgold aFss BERst e BM
F4 doly RdoA F83l= AR ALEAHR DB 7FA4 A9
243 Rl 7t 24 218 Q7EolEHE 2481, dolE B3]
*“L;E%’ 289 4TS AW WS At oS Be 4o
A EH oA 7+ HolEl7} 4 4 e ERPAS A} sk
b BOE] B N5 580] Sol3 RHAWAL Ay @ Pz}
Alg;}ﬁﬁ 7t AgEolEE EAWA o] Aold A4 AR W
S0 H e SAA Ao (NA BH AR TEaRe i Tk
AEHolE 1t BYe TEHIWA B@WAL Ssta 4 2 Bl

Holg 45
94

- 19 -



A g 9
o8 3]
AEolE g
Aol

o

°]
A Al

=
oft &

r2 o

!

i ok
O
- o >
A

ZHLA)ZHE 2448 Aledlold N

g
2 AE VesEFAHE Y 24 3
A

284 A B4 L A =3Z Pitch RTIE oA &
Haow AAst] #d Al 2o A3 HE =9
Nxe] &gA ol "HolPS &A1) (CERTIE o] &3 &
A Aol AdA REs /NEstal, o]E Windows
o} Linux &304 F&ste] EREF = 7hsA &)
A AlEHld RECA 4 F2d wE HHeE
1o e Z2EEAS FEEAEAA Jidsie] )
A3 doly TeAA B ALtk AFAHE E4st

o

SEREEE
=3, AgstnA s 712 ABM 2 A4 ]
zo 4% HolHE BN F zadqz ARe
AR, G 2L AR ZaAYa 7
[19A] @7 Auel oo e 7zzaa

[2kA] A EHold 2E dELeolE £4 nY

[3A] HAE7F &l
[4A] 710

)
e
fu

- 20 -



B4 Zaho] 3k A3 53
. . A B O%}OMW z g% Al%ﬁﬂj*d AT A 2
N EF oA Aé‘ ol @?fgﬂgg MEe, & AT Aol 4T P
AeE g | e =Z33 AR Byt T RAe uky
A% W ] 22 [19A] A8 A Eold RES 722 B4 AE
T [GA] A ABHH BE BAAT HAE
BeA] H2E B AE AEHold RES FF5AFTS
T4d3sla, Martinez (2010)o] 23 Aotd HF W
tq-ﬂ-, o];ﬂz‘;} /\Lio:]Eg] 7<4§L/\ _\7&1‘:]_-
dAE AEE Ad oS /\lgfﬂ] ol HEZH ANE
Zﬂbﬂo (1, A, HAA AEAE V5B 2 uded, ALE
b gy | TEA R AEHCR g AA Y
AGolS/ By x| EF oA o]H 3 AlEH oA ZELS USGS, OpenSees, FDSe} 7
23 2E 7 AT N ER TEF ABHM T o
NEE EE wel A, 25 7t HolE 33 sh5Ae B4
EEAT R JM NEHoH ZEL dAd 34 WIS 9o A=
e A 2 Sudal oe 43 BUS T 42
NEHOH Bt |« AHAT 2 TxA 7 AEHolAE 2011 FIE
2 HAE Aol o} Wl

AR A AHE B A e] e /8T
9e) HlEE AR AZ AR w A3y

AlEeE ol E Zt
AlE# ol AZE

2
]z /\]‘gﬂﬂol*ﬂ A7F 57]3F HPHE AFxRA}

WS AF 5713 RES EU
M (B AR 57135

285 °“? 37‘401] oA A 9
24y A 5713 2E 2 e H2E S ol4d AEgoldd o
R &3 ABdolHe 4EdE BHE FT)
*li?;g— CERTIZ &83la] B4 AEFold Zaggad o
e 2 21 o 4E5dE S 7S] A AAEd s
FAE 7= NEGo)AS HLA 7]®F £4HY AlEHolAAA AAEDS A&
A7k A 2 old zt AAZteE wEH= HolHY FF Z &4
7 o MR Bs AF Aoz, ABdold AEAFL
o] AA x| 7utsle] AN
BAY | AUAATE |« B B4 A ARdelde FHEs] 98, USGS,
"]fa]‘j;% fﬂﬁ)ﬂ 71k OpenSees FDS, XH‘/‘rEH~/\] Bﬂ ol EEo| mES]
J,].a] ;\];\% n]Z o] RTI ]% CERTI RTI U] Jloioﬂfﬂ Xﬂ k= AlEdolAd
T5 s 38 HHUles TEIES NE

- 21 -



4 Ag AEHAE A% oELA FPEFS

RTI mlEdlolet Ad g AlEdold LZES

(Anylogic)¢}9] 455 e Javadio]E 7|Hte g 38
7]

o] Base Module® 3&}od, Query
Sees, FDSE C++7]Hlo. &2 Oﬂiﬁt}

b a3y EEEEEE = ;Lf:ﬂ_s}% N9 mzEod
RUSSNANG)
AgHold A | o MRS TAWHS B WAHoE FYFOEA,
ARE A 2y Agdold see BEIF ALE AW O
e = 2 AHA2ELe I AGAS JsET 2 uge
k1l ) L=
WN2H T2 o 3z 23p4e vz 33
RS b B AFe)M Heldt B ABHOM HIE
A‘;‘%ﬂ"ﬁﬁﬁ‘ﬂ 2 AE Py $Re 1zl BaY A E
= Ayt - _ _ ~ -
g = o) AEe] 45A% A% 2 4B4L H2EST, A
28] 2E 3 232 PHe 2 dolE 54¢ 133 4%
CESSTEE! & 53 9 F7h Be 9
NE ATED 9 BINE B 3 A Aol o
d, 18 Ad d$ 4% 2 27 Y, #A 3 g
e B4S +3
R Kk g = 3 oo .
A et [ WA 5 SRR e A O
ror oo Ae BHFoRA, FUAYES AuEled

28 et ==

FEMA 2 ISO/WD22351 & ¢ Ad o-s "iwd<s
Fastar, olE =ul AACh Bla AT =A, AN

712 84 Fd A=

ANaE 7l
ZEAA 7=

2 75 I

ANzZtsl 71& ALS B3 ALz HYA =3RS 93
Azt ®@ Qe w2~y Bad B A

) Algﬁﬂ olde] W& @ A 73t Aztsl, Ao @
AAAE Y Aoz Qs I3 dlo]E)

A28} 7145}

Pedestrian libraryE &85t AlE#H o] A
sala 0Ud AHHolAE Sa) AR =2

BM=d

A 7= OpenSees¢} FDSollA/ HH, A&, 7% 52 BIM AlE
B ARE Yol g AA 75

A B AY A7 R ARV AES FH =299 We
A 8/2e) of Flukatel AAZE A g Tha xwmg% =4
A o) 4o = ol BB 3
e | T A% w83 484 34 59 B 3
3 syl % 9 =g Weke AAZE A4, BM dolE A%, A

A 23} 71e3 QAR AA

- 22 -



;(1]27(-1 —;L Hl %

1.

B4 AlEd AL stuel AN Ee HFEAA AEste 7€ T2E AEHA
of W E = 7H”‘ ozl Jlel Z=AA EE HFEHE ol&st AEdHolde 7E
= A&

=
Aol WA R Bgs @A AR BHEs FEAh 2 AEdel e o)
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oate, Bag AEECH Aue BagoRt, B3
f& Aol g AEHIMY BE J%H aTALS
B0l UL thepala Azkel weh Wyl BEo] wAR AEd
qom gadelEsAy #48 Wast glen, 3) 2R ¥
HEel olme 2gos F5 R B4Rl s A XY 5

roi
o
ol
>

[ 2-1] &4 AlEEolde 54 2 A4

=4 9 4% e

sl Atk Al2ES o A9 &9 REZ TESI, o|F o7 te
AFE G B 2R AlEE A 73 ARt 9% THs

o)7]1F Al&d ol q
1

Alg]A 4t AYHA A Aefe] 7= B WM = T4 AlEE A A¥ 7
W A glo] ol71F AlEH oS dAlst 35 W JHssiH, it

AEEIE AT A B NEL o8, AA ABHIES ARskste] 2
wEe| nop ARH =3 /b5

Agg 5 &4 AEH IR Egol F2o mEt 2 AAE B G0l THsd

1A A= (High Level Architecture)

L AATZ (High Level Architecture: HLA)= vl =87 AlEdolAd AA 1+ 43e
A FX8a 4 AEdold EEY AMAREA S s N 4k AlEd el
=724,

i a3AdSs FASE I #d BE IFF AlEYolA e HLA 5 E535%
TFAER oW, =47 7] #3-8F 3] (Institue for Electrical and Electronics Engineers, IEEE)
o] 3#<l IEEE 151602 Ajg =0 #d A7V g EorE ke Qe AA Y.
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HLAE 74884 [F 2-2] & S48 AEdeld Zs9 74 WHHLA Rules), =43-S
3 A7 F+x F2](Object Model Templates) ¥ Z+} RES AE dAstEs nE9 o
(middleware)?! RTI(Run-Time Infrastructure)e}e] FAlS 93 715ES HARun-Time
Interface Specification)& o] Fo] 3.

HLA 7id stollA &4F AlEdolde Frodsts 2429 3t Al=dole= #Hud ol
(Federate)e} AslH, &4 AlE#HolA &S EA43517] sl Fszgsie AlEd ol

3 RTI gtolB & glo] Abgo]l 273,

Federation
Federate 1 Federate 2 Federate 3 Federate 4
simulator simulator simulator simulator
A B (C D

Run-Time Infrastructure (RTI)

[ 2-1] High Level Architecture®] =%

[ 2-2] HLAS] #4884

TA8As 71
HLA Rules HLA Algeolde] T 2405 A8 ZadAd &3 71& 3
Object Model

Templates

Run-Time Interface
Specification

3. Run-Time Infrastructure (RTI)

RTIE= HudolES AlE#HolA &3 RTI golB e Aro)le] F 71A] ¢lE#H o)A A
9]3}t. o]= RTI ambassador interface®} Federate ambassador interface®, Zx}+= LRCol
oz Fh=m HrolETL RTIA E8& & e A¥I2ES AYsH, T4= A&
gold 22 o of&] RTIZF #lHgolEd 2EE Bd F e oHMEES B3

Bt} A sHA RTIE= Federation, Declaration, Object, Ownership, Time, Data Distribution
Y F8 #EY 7I5E AFstH olet THIT &2 [3F 2-319% 2=
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[ 2-3] RTI(Run-Time Infrastructure)d] & #g 7%

#=271% W&
Federation Management Federation AJ43/44, Federate #oi/etE 3]
Declaration Management Federated] JR $4148%, 4144 T
Object Management Federatee] AR 541 e
Ownership Management Object Instance 4449 &fd W74 &g
Time Management Federate2] AlEdolAd Az 21y #g]
Data Distribution Management Federate 7+ AR axpzel Bu) 7% &g

H /IdE RTI 3 AZE o5 DMSODefense of Modeling and Simulation Office)
o4 Aok HLA 1.3 E#F o]~ WA Z2(Ex) ol 7|zxste] AMFA 7IdE IEEE
1516 FFoll F I8y #lgdolESo] RTI9 AAHY] faiA= RtEA 3o &
Ag HAHE FFstolof stEE, /M HHo wet ¢t FF5ES AAst= Aol 83
B AFdAME (% 2-4]9F Zo] g3 /MY =759 BHS s o, o F &2~
7t FoAG /2 Rk ofygt AEH] JHoEV} VhedtH, 3 T e T
o2 Qs 8ol =A HUIE 1996 &9 Onera jikol A 71E¥ CERTIE &-&3h
[ 2-4] RTI &AZEH o EF
ol & ks VNERE A 2o SR
CAE RTI CAE Inc. 1.3, [EEE 1516 CH,
Chronos RTI Magnetar Games [EEE 1516 C++, NET
MAK High MAK Technologies 1.3, [EEE 1516-2000, Cot. Java

Performance RTI [EEE 1516-2010

commercial
Pitch pRTI Pitch Technologies 1.3, IEEE 1516-2000, C++, Java, Web

[EEE 1516-2010 Services
Nextel Aerospace
SimWare RTI Defence & Security | 1.3, IEEE 1516-2000 Ctt,
S.L.
. C++, Fortran90,
CERTI ONERA 1.3 partial, IBEE 1516 | o Matlab, | GPL. LGPL
partial
Python
EODISP HLA P&P Software IEEE 1516 partial Java GPL
1.3, IEEE 1516-2000, Apache
Open HLA IEEE 1516-2010 Java License
US JFCOM J9 . UsS
RIS Directorate 1.3 partial (i, Java Government
The Portico
Project (formerly | littlebluefrog labs 1.3, IEEE 1516 C++, Java CDDL
jaRTI)

% GPL: General Public License, LGPL: Lesser General Public License
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- olsh Zol, AYABAML YA ZHo] P2 W Brk HS 2 HFS bl we
AYATS ol gognE AT 5+ Y A4F Y ADEL Hdel FAFHL, A&
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29 Bo /A g akel ;e BEHY.

- =W AGATANE AW olF B e I £4o] WAT 45 9 Ade] By
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S WY WP Y AU A% 0BS AT B 2A0E HT.

- B oATe BA U AHE dit ASER ALAFALES A Ug GAA b
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Emergency Response Emergency Operation and .
Ad & . .
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w4 g4 Uk D52 AEAEA A Unk NEE
JAESEE PRPY Evacuation Behavior Lifeline System Recovery Facility Restoration
= = Simulation Module Simulation Module Simulation Module
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2
Whel, A 7o] A A

+ 2 2 01141(Emergency Response)oﬂ A HolE & A,
oje] W& HA==9 J4 H A 9 HAE dFsta B3 AHS AEKH === 5
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6) ¥HdA, diFEo Ad
Simulation & Al E# ol W
A= WHEZH HTod dig A
o

o B4 A7

BE 2830 ALHE
2 H5lo) ¢

‘O’] /ﬂ] 7]'7(] r2E=R Z]—iﬂ 7]]%—5‘].1;(]_ ?;,1'_ %6’],

4%, Agent-Based Modeling, Discrete Event
7S7F ga,

U 4 « v, B A7 Ad A8 AEY
A EES AT s dAEE D /\l%:i% i ZH?‘J_Z} sdPef AlEdeld 2E, ) 2
3 o H&ET H v Ao BE, Q) AdE 7&

ofo we}t &8

o= g WM

2 to] 53 A EY oIS AXYd= Anylogic AZEY o= Ald tl-g B4 AEdHolA
kel Aol A
[ 2-10] A ™ 7] AlEdeld 2 AA 7<=
Categories Techniques Main Objectives Features
Real-time data feed for Closed source code,
. USGS . .
Disaster seismic events Scenario database
Sensin; _ .
g Earthquake-Report Real tme .data feed for Open source code (Javascript)
selsmic events
Tunami N2 Tsunaml.and (?arthquake Geographic information
simulation system (GIS)
. Fully-open source code (C++
Disaster SAHANA Tsunaml.and Qanhquake and Tcl), structure library,
: ) simulation .
Simulation visualization
hagusage | Nl dsaser smuation | SETERE D TELE
(hurricanes and earthquakes) ¥,
Earthquake engineering ~ .
OpenSees (structural behavior analysis) Web-based, commercial
Damage Structural change simulation Closed source code,
: ; LS-DYNA . N,
Simulation (seismic collapse) 3D visualization
FDS Building fire simulation Fully—open source code,
visualization
Building EXODUS Building f1re &'evacuann Commercial
simulation
Pathfinder Evacuation simulation in fire Commeraal (ffree'BO.days
R trial), 3D visualization
Siriflll)gtrilzi | Fully-open source code,
Robocup Rescue Rescue simulation Interwork with traffic
Recovery .
) . simulator
Simulation Fadlit o—
ClientRunner actiity restoration Web-based, commercial
management
MEETSIM Transportation 'system a?ld Closed, 3D visualization
resource allocation planning
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o 24 Adois/ay A 718 7xE B oske] AlEEelA

Earthquake Sensing Structural Engineering Fire Simulation
Federate Federate Federate

OpenSees FDS
(o = E" 5 |

HLA-Compliant Simulation Platform
RTI (RunTime Infrastructure)

Response & Recovery Analysis Federate

Anylogic
Evacuation Behavior Lifeline System Recovery Facility Structure Restoration

Simulation Module Simulation Module ~__ Simulation Module

R —

(2% 2-3] A7 Al edd g 4% Ados/dd Aledold 7'

2 gelAA, Adee, 71E /1% BHARE ng
2 S/ AEdold A8 T2,
FAHOE B ARHIM RES AW Auvgoo] wteh BH oy AUENA A

| hes
s 2 #AYES AYstaA, USGS AR AARE, OpenSees T-%A AT A&
ol =g, FDS 34 Al g#E oA =Ed, 7 Adug 24 359 =& NEE U
AR Zdd e AlEYolA, golzeRIAEAE T4 7Y AaE5ET 2 v
AlEH O, AEAE F2A BEFFTA AlEHIA)S X283 Anylogic Al US55 A&
ol BEo] FAATFZE HLA) 716ke] 4ty AlEHo|AHANA H43dFsH, P9
o]Ql RTIE ©]E 9] H38 9 doly wde xdg
E3] B AFdAes BEAUE AEERZ it A5E 9 AEAT & AAsta, guk A=
= AR AdEE, AEE F2A 5T FAHSE, AYATS 4% VY U8H
T 2 ey F4A0E g8 35S AU
E B dAFdAeE ZgdeaE FASIS o 4, ARgste 71E Al EE A EEY
A=Y dolgHE B, AldHee o FRE AFsaA, MEsts Add-SE
T AEYOIA EEAA 2FHE dEY HolHE Ao
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. BgstE J1F A A4 B ABHOA J% B4

(1) USGS (US Geological Survey, V] X]&ZzAT) AAIZE XA R AA 7<=

= 1 = FA AR (USGS: US Geological Survey) $iAo]lEo s A A A oA dAst= =21
of g AR (Y Az 2, JGAY A X1 2 1049 o] ) AAe=w
A&g B AJAAR A 252 B4 e AY Toll tzk AXARALHE 85+,
843 HAge IHE AIARE AFs & dE EH % 30-40° Alo], AE
130-150°  Atolo} & 8 o]2] al °olE FAuEtrHE 2 AsHH,
et X o R 8 o] A Y ElS o o] & AAZIOE dEE

= o3 A= e W= = HTTP GET METHOD T+ xZ=271e"
A HAIE B3l o]FoA. o [ 2-11]2 USGS AXAHR A4 BEdA 8F5HE ¢

29 dolHg E43 A9,

o i

50

o

[3 2-11] USGS A AR AR E2] &9 HolH

71 A4 dlolg £ dloly
» Query Request Parameters » Earthquake information
» The minimum and maximum = Event time
A A HAAN 5 values of interest event time = Event location
(USGS) » Min. and max. values of both » (Longitude,latitude)
longitude, latitude of locations = Magnitude of events
= Min. value of interest magnitude | = Focal depth of events

» T [% 2-12]= HTTP GET METHODE #&3te] 2|zl AR i3t FE& 2435k
E Ued. 2 A= 20119 3ol AT R 9.09 L A BERE A
AR ZolH, E} I 2ol dwA AIZE, /A A, BA TRV v EoF 2ol aAH.

[ 2-12] USGS A|RBE A&l d4=8 dHoly oA (H2 k)

Query Method Parameters Descriptions (<l A1)

Start time 2011-03-07T00:00:00

End time 2011-03-14T00:00:00
Minimum magnitude 39.0
Minimum latitude 37.0
Minimum longitude 141.0
Maximum latitude 39.0
Minimum longitude 143.0

. olH§ A2 FHeYvlEE e 2ol URLE AZE 4 Qon, B URLS Fd sy
XML #4d 2o = A HABRE AT s F Us
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- URL:
http://comcat.cr.usgs.gov/fdsnws/event/1/query?minmag=8.0&starttime=2011-03-07T00:00:00&en
dtime=2011-03-14T00:00:00&minlatitude=37.0&maxlatitude=39.0&minlongitude=141.0&maxlon

gitude=143.0
M8.0 - near the east coast of Honshu, Japan (BETA)
2011-03-11 05:46:24 UTC
R v ax |

S Googie Eann gl FLBLET 10 I £ Lish ey Saharcr
Summary
Location and Magnitude conmtributed by UISGS National Ean e Indormation Center
Event Time
Z0-03-11 8624 UTC
Epicenter me nol avalable
T01-03-11 1486 24 UTC =00 00 fyilam Sme
Location

32 297N 142 ITI'E Oepth=28 Olom (13.0me)

Related Links

(2) OpenSees A A& T2A A8 AEdNA 7€ 4
OpenSees % 7%5(34311) B4 AlEHeld Jled AEEY] FxA AR (FxRas,

&, AE, 3% 9)F EEd 3 F, HF ol wE HstFoly, Al mE AxH™
ABeFo AN FFE FAL o We VW ADE 5 FEA AFE LA,
£3], OpenSees Al Ed|o|AdS A 7Rt 2 FxA AR, FF84, E4AHHE T O
@ efolneiel g AFed, cld@ eolnae 45 Bgilo AUE F2E R
i, Al 5 dEHE WEsFe BE B2AS FYY
o5 [ 2-13]12 OpenSees EEA &75H+= A=Y HolHE #4338 A4
[ 2-13] OpenSees A2 E FxA As ) AEdHA RES UEY dlolH
e 92 wloE] £9 Holg]
» Structure Information
= Node and element
NAE Tz = Materials . . St.ructure Responses
» Nodal coordinates » Displacement
7%5(4 3f) Transt . Nod loci d lerati
AEg oA = Trans ormatlon' . = Node ve oc1ty_ and acceleration
o » Boundary Conditions * Incremental displacement
(Op;;gees) » FElement connectivity = Eigenvector
= Nodal masses » Damping forces
= Seismic information
» Ground motions: Acceleration
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53], OpenSees Al Ezlold REINE AP E A Juen F2A7E AAD A
A5g 7h%% dolH (Accelerograms)© 2 Yo}, Aol e TEA WES ST,
B AdTelME TREHYoR P2 A% F ke WY YuE suwoz ANUE
e BASIA S0, FF F O TAAL TE AT B met A AUNA B
$4% ®Y # A8 A9,

te (29 251 ANAE JHEsrolHE AADuelE BAR ol RS 3
s dAlelr (17 2-615 gol el ANME FaA mdedE Tz nAHF
9 AR e WEHFe) met B4E ST,

ity

(1004 {NStory-1)*

(1004 (NStory-1)*1

T T T T T T T T T T T T
H @ e e o 1w e 60 do 0 dw 20 2w deo
i

# Origin Time 2001/03/11 14:46:00
# Lat. 3.0
# Long. 142.9
# Depth. (km) 24
# Mag. 8.0
# Station Code 197007
a‘gtalion Lat. :39.?'%
# Station Lons 141.8561
# Station Heisht(s) 11 el
# Record Time 2001,/03711 14:46:46
# Samp| ing Freq(Hz) 100Hz
# Duration Timelz) 300
# Dir. N-5
# Scale Factor 3920092 ) /B B2761 z
# Max. hcc, (gal) B3I,
# Last Correction 2011/0G/11 14:46:31
o MNemo .
-2B856 =27 2804 2955 2390 -2655 -2008 2873 cton A-A
2871 -gBAd  -gE53 303 -z -zee9 Ranton,
-2854 -2831 2823 2815 2807 2859 -2926 2942
-2904 -2857 28el 2876 -2837 -2879
2817 2189 TEES -ZB81 2898 -ced7 2837 2913
-2910 2819 Fi] 65 2T -gedn 2913
~2843 2654 s ] 2H23 -2l Z 2906
2 9- =R=! c:‘ﬂ /\]
a1 o = ol [Z1¥ 2-6] OpenSees =4
[Z18 2-5] At X-§ 7HEE H o E oAl

() FDS Al d= Wi 34 gt Al Edold 7le 4

FDS = AldE A4 AEdolH=2M, st B4, 34 3 f5 7129 Fike Ad=
Ao we} AlEFolAstH, C+ 9 Fortran 2787 o] 7|wte] T2 g0z 9 F
a2 £ZEofolH, o3t S Tl BAEF AlEHolAd &4 WA B A7l

AR A S AR old BES dold wBe THW FTAF] .
FDS & 54 AAZe 72 JRE wad /el 31 Wl A3 wel 29
QY wop Azt wHE %Y B #F shxel Y4 HE 9

Ao B4 BAol we) csv Y FEE Yshel F744 Aol goldh,

> o\ rf oo it

ATFdAE Ad Ty AL AR QA8 AREH= 75 727 99 AF5E W 9d
A AAANA MAE FFS B3] 9T FH o7 FDSE F43tH, oldd dFL
Zol th3t Falrt2 IS FHSE= A FE< Fractional Effective Dose (FED) ¢ %k
o2 Wty d AlE#H ol BEO dgsiA F.
wpel A, ALER7E Yste @8l JRE FDS of d¥stH FEDE 4bA3str] 9% d4ksier
&, oS A, 44§ TR 2 §F Ul o]F £& 55 AAWUSE AAT
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[ 2-14] FDS AA = W A g4t Algdold 2E2 A=Y dHolE

7& g tlolH &9 tlolH

Spatial Information . Fractional Effective Dose
» Floor plan coordinates

A E U A = Obstructs (furnitures) - DS snnulatloq time
. = (Carbon monoxide
AN EF oA ®E |« Output quantities . Carbon dioxide
(FDS) Fire Information
= (Oxygen

» Ignition point .
- Heat Release Rate Per Unit Area | 0 Veloaty

B¥ 227k T8 Z2EE - fds5 evacuationfds W | 2| = el

ue, 22 Jun 2010

5.5.1; MPI Disabled; OpenMP Disahle

“rame: 463
Mime: 1440

[Z19 2-7] FDS Al&elold A3 oA (29 2-8] Fr=7F2 g4k 31| o)A

@) 8% A%Y FF AR

el Oﬂ%ow—e olsh o] USGS QA1 A47]%, OpenSees T24 75 AEaol4

7%, FDS 844 4t Algelold 1&g 2 AG 2ZEgoISe] FE
=% #

=
l % Open Sourceo]™, st&7|HoA THE A AG2A BA, A, W=z}

2o FAFAd Fer)ee A JEolu, OpenSees T2 AT AlE

golA 71&S ALstn A2AFEE A HlEIE A N s oA A A B o)A

E "HA Al YA o]Lo] 7tET Aor FAE,

OpenSees 7+%A A% AEHIA 7|&9 ZAddE AFE, 258o] ofd AHZF o

Q9 A §F 71&€S /N3 Univ. of California$t Abd @oko] Badh wehs B A

28 3 ¢ 71€9 Third Party Program =& 15 7|dlog 7HH¥H ZZ AL
7v 2AbskaL 483k ©ACl A Univ. of California®}e] A<k =T A4

F7HAQl 4 AR 7s9 golds ZE T AT #HEAG /\1 st 4ty

W A A abde] E5-eF =ofste] =38 oA A<

%N'—H OFO

rlo mlo

U
L
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[ 2-15] &&7]|=9 A& W&

7\e Copyright
=  Most US. Geological Survey (USGS) information resides in
AR RAANEE the public domain and may be used without restriction. When
(USGS) using information from USGS information products,

publications, or Web sites, we ask that proper credit be given.
(Example: data compiled by the U.S. Geological Survey )

The Regents grants permission, without fee and without a
written license agreement, for (a) use, reproduction,
modification, and distribution of this software and its

NAEE 24 AT documentation by educational, research, and non-profit entities
AlEg oA for noncommercial purposes only; and (b) use, reproduction
2E and modification of this software by other entities for internal
(OpenSees) purposes only.

» Permission to incorporate this software into commercial
products may be obtained by contacting the University of
California.

» FDS and Smokeview are free and open-source software tools
provided by the National Institute of Standards and Technology

AaE ) o (NIST) of the United States Department of C
SN B0l BE 0 e’ nite ae§ epartment o .ommerce.
K (FDS) Pursuant to Title 17, Section 105 of the United States Code,

this software is not subject to copyright protection and is in
the public domain.

o AlEdEeld BE I AEAE LTA B4
TolA Z&ets Ad #dE A B AEHCA Zedd WY A= HeolH
A

A=Y HlolE] T/7Y Aol dsf F5AF Al HolH
3}o

D USGS =&: dgHolz 283 A AR AL Av|HE 2Ast= 280 &7

g‘ﬂ

2) OpenSees EE&E: ¥ ZEO|
ghaf, USGS R &A= AX 5 3

USGS AHAA A Az HBRE Adt JF 7I4E dHolE=E WH3sts 8o 87
=)

3 FDS 2E: & EEoAE At s I3ty gk ARE vgo g, 34 3 &
57t 4 ARE Y35t AFs Az DA A ALE SAlE FE AFALEC]
X8k ol A= A $7F MIHE 2 Z OpenSeesoll Al YHe x4 As 292 &
g FxA I3 AR F JFIAMEE FRE nfgoE WIS 43 BEC] 879,
olggt RES B dAFolA Anylogic AlE#H Ol AZESOE &35t st Ald
O-s &4 AlEdeold e @AY F7F /iEEHAeH, “Iefid 2 2 Ao
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Al BAE AW e % B AEdeld YT A
O =AYN2 AL 2 s ABeolE 4T G

Earthquake Sensing Federate St”"“”;:;g::'t;”eenﬂg FrreFj:;:::::on
USGS Website OpenSees EDS

Query Request Earthquake

Structure Fire Fractional
Responses Information Effective Dose

HLA-Compliant Simulation Platform
RunTime Infrastructure (CERTI-RTI)

Earthquake Ground Structure Fire Fractional

Query Request’

ParametersT Information Motions Responses Information Effective Dose
3
SeismicEvent | i o| Growmdmotionsetection | i i Fire ignition Point Selection | D
Query Request Using Seismic Information Using Structure Damage amage
| Module
[ Fractional Effective Dose ] [ Lifeline System Damage ] Regional [ Facility
H ER— Demege Demege
H g v
Restoration Restoration
_ _ . Emergency Emergency
_ Process
{ Evacuation Behavior Analysis W { e 1 T Cunmtmn
Evacuation Behavior Lifeline System Recovery Facility Restoration
Simulation Module Simulation Module Simuiation Module

Response & Recovery Analysis Federate
(for General Buildings and Electric Power Supply Systems)

Anylogic

(19 2-9] 248 Ad o

s

e AlEdoldd 3

[
&
oo
o
H

USGS A%l A4 (Earthquake Sensing Federate)
. Anylogic A& A3 4 =E (Response & Recovery Analysis Federate)2] 3}¢

&<l Damage Module ¢] Seismic Event Query Request 7|5 S ZFE H#HAX A ok
AR BAE debu e (Query Request Parameters)E wWhol X3tz st AR f
2, YA 9% 5 AXAR (Earthquake Information)E A &

OpenSees TZA A-5(33)]) Al&#o]A (Structural Engineering Federate)

. Anylogic A2 & Ao 4 =& (Response & Recovery Analysis Federate)®] 3&}<]
2 E< Damage Module ¢] Ground Motion SelectionZH-E =A|HF 7}4%H o8 (Ground
Motion)E Wro} x4 A& &4 = x4 W9 BH (Structural Responses)E #| 33t
FDS 3tA &4k AlE# o)A (Fire Simulation Federate)

Anylogic A|2E&E Addl-g B4 ZE (Response & Recovery Analysis Federate) U

Damage Module ¢] Fire Ignition Point Selection®. 2 H-¥ 3}A] ¢ XA X (Fire Information)
2 whol AZto] WE A 2D FErb2~ gA-E R (Fractional Effective Dose)S Al &3
Anylogic At 52584 A& ol ZE(Response & Recovery Analysis Federate)
D AR 9 Tof] E FxA A& /sA] By Foll o dAE Ad 3gE A4S
TFPota, BAATRE vEoE AAE Ad o ¢ #EE AAdFT By oY, sk
2E<Ql Damage Modules %3 USGS A% A4 ®E (Earthquake Sensing Federate),
OpenSees TZAA-&(T3))) AlE#Ho|HA =& (Structural Engineering Federate), FDS &}
A 4 A B ol =E (Fire Simulation Federate) 7t 983 A5dA%5S AU
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o]Z Anylogic W] 391 =&

1:1[0

¢l Damage Module 9] 7]%5< tS3 %

1 Seismic Event Query Request

o] 75 At &
Sensing Federate)ol]l #& I}&vE &

AE# ool W wet, USGS #3178 2AlA

€ (Earthquake
s

=
Soko] Aol A Az, A, R 5& 2%

2) Ground Motion Selection Using Seismic Information

o] 7l

OpenSees %

USGS Az A4 w& (Earthquake Sensing Federate)<
A As(Hs) Aol A

B3 4 AXNAHRE
25 (Structural Engineering Federate)oll Al &

3 & e AN E 71 o] Bl (Accelerograph) 2 W 3Hg
3) Fire Ignition Point Selection Using Structure Damage

o] 7%&

52 OpenSees 7% AlE#o]A EE (Structural Engineering Federate)oll Al #4173}
TZ2A A\ AR} AEE

W AR 9 ARE BES], SFs A WA A=

3 ARE AAAA FDS A AlE# oA =E (Fire Simulation Federate)oll A &3}

() NEdeld BE

Bl W8 2 TA

ol
O

5oy FAl §

[ 2-16] AlEH ol & I wghE= dlolH

Interactions (Parameters)

Explanations (Data Type)

USGSRequest

o Start Time

e End Time

e MinMagnitude
e MinLatitude

* MaxLatitude

Minimum time of events to download (long)

Maximum time of events to download (long)

Minimum magnitude of events to download (double)
Minimum origin latitude of events to download (double)
Maximum origin latitude of events to download (double)

e MinLongitude Minimum origin longitude of events to download (double)
» MaxLongitude Maximum origin longitude of events to download (double)
Earthquake

e EventlD A unique ID for the event (string)

e Time The time at which the event occurred (long)

» Longitude The longitudinal location of the event’ s origin (double)
» Latitude The latitudinal location of the event’ s origin (double)

* Depth The depth from ground level of the event’ s origin (int)
¢ Magnitude The magnitude of the event (double)

GroundMotion

e Scale Factor
e Acceleration FilePath

A scaling factor for normalizing data (double)
The file path for appropriate acceleration file determined by Damage (string)

Structural Displacement
« Displacements

The nodal displacements (C++: vector<double>, Java:ArrayList{double>)

Fire Information
¢ IgnitionPoint
* HeatReleaseRate

Coordinates of the place where fire first started in the facility (double)
Heat release rate per unit area of the burning object (double)

FED

o FDSSimulation Time
» CarbonMonoxide

» CarbonDioxide

* Oxygen

e (GasVelocity

The time after fire simulation has been started (double)

Concentration of carbon monoxide at the ignition point (double)
Concentration of carbon dioxide at the ignition point (double)
Concentration of oxygen at the ignition point (double)

Velocity of gas traveling inside buildings from the ignition point (double)
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Aol Aok Algdeld BE 3 HolHe tad 2ol A4HA, wdg.

[ 2-17] A9 @ o] E %t Interaction A n gk

Anylogic
Interactions USGS Opensees FDS Response &
. . Sturcture . . .
(Parameters) Seismic Sensing neer Fire Simulation Recovery
Engineering Simulation

USGSRequest
o Start Time Subscribe Publish
¢ End Time Subscribe Publish
e MinMagnitude Subscribe Publish
» MinLatitude Subscribe Publish
* MaxLatitude Subscribe Publish
» MinLongitude Subscribe Publish
» MaxLongitude Subscribe Publish
Earthquake
* EventlD Publish Subscribe
¢ Time Publish Subscribe
» Longitude Publish Subscribe
o Latitude Publish Subscribe
e Depth Publish Subscribe
» Magnitude Publish Subscribe
GroundMotion
» Scale Factor Subscribe Publish
* AccelerationFilePath Subscribe Publish
Structural
Displacement
 Displacements Publish Subscribe
Fire Information
 [gnitionPoint Subscribe Publish
¢ HeatReleaseRate Subscribe Publish
FED
» FDSSimulationTime Publish Subscribe
¢ CarbonMonoxide Publish Subscribe
¢ CarbonDioxide Publish Subscribe
o Oxygen Publish Subscribe
» (GasVelocity Publish Subscribe
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Q) A ds2F &4 AEdlAd ME 274

B AT AEE A tis 2 B A9

o5 =
sgds &4

i

9

>

Recovery Simulation Module), 3) ZA)
Simulation Module)

)3}
==

oje} &2 Al A Heoll #&sl7] AR DA

L
=
| —
T

b
Do
=
2
e
=
olo
ot
offt
gie
1%
>,
e

NEe fal 4 25 3P 275
o2 (% 2-181% Z&.

HiT =
k=1

A& o]

rlr
oxl
J"I
i
2
FO e

s 7= = Anylogic Al E A
25 (Response & Recovery Analysis Federate) & b4 E} Al E# o)A
FollA AGE Ad 9 F3) BRE vROE gAE Ad dS¥8Fs E4S T35,
< DAAA s qE AlEdold 2E

AE 7ls BYAE T4 U857 2 ¥

(Evacuation Behavior Simulation Module), 2)
A4 =& (Lifeline System
BIFZA A EHolAd =E (Facility Restoration

A ts2F 4 AlEdolA

FAES Aolg Wart Qo of

dlold M aFA

Simulation Module

8T7HE 7%

A2 2 Py
AEdold BE
(Evacuation Behavior
Simulation Module)

A E AAX

ANAE AR DB AA

E
b |
NEE 3 AR
2~

34 8 557}

FDS A& dolde] Au el
7L 9 4y BE

A 2 A B AR
g 3

AdA v e Algd ol

| oy
k=

NEE 7%
HEAF T4
AFET 2 vHdeY
AEdold BE
(Lifeline System
Recovery
Simulation Module)

A A E
T2 545 EY AR

A9 A E DB 4A

AT vE R

USGS Al BL& ol A 9
ANAZEE 7|Ho2 g

YA 95| 44 58
.]

AN AR 4 EE

T2A B4
AEdold 25
(Facility Restoration
Simulation Module)

USGS Al g ol 4 2]
ANARE 72 3 A
3 2 2E

NEE T2A FAH R

OpenSees Al &# o] T34
HAHEE 83 AEE
T2A Y3 A& 48 BE

BPHA Ak (ALAFF A
2 A 9

FAAY 3 I BT
BA2 53 AUE BPFA
9587 ¥4 BE

AR BTFA ZEA 2R

A= d3 8 5T

=] oy
BN 25
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B AG ABEeld H2EDS
() A8 AE oA
- Bad A B4

EEDEL s

s =
3z - [ 2-19]¢} e 319 AlEHIA
GA A= AA NES AEH =

& (& 2-1919] -Gl A HF 3.

[ 2-19] B4HY Ad AEHolAS &9 AEHolH BE 29
o= 22 AREA T8 | AT R
Earthquake ARG RE A%l ARE A8t N1EEE Real—[tji?nGeS Data
Sensing (1) AN A | A/ ETAEE ) 28| 28 Feed
Structure A 3] AR wWE A FgrA JERE OpenSees
Damage/ EpE ol ab wl H] H A g Software
Collapse (2) TEA 5 e E
. @ ] . TEE
Fire (3) AL A ey me Auw gw ey |7 o | FDS Software
. NAE B9 Anylogic
Dacwtion | g sws | s @ 24| AN | Softvare
B (ABM)
Lifeline System | Lifeline = Lifeline 71551 &4 . Anylogie
o5 1 — Z}A) 7 Software
Recovery (5) | dl-$&% &4 Lifeline H]/g-&% &4 (ABM/DES)
Facility AEE EE | panue seag 9% #Y | Anylogic
. o A oSBT - — A}A) 7 Software
estoration ( e NEANLE B T2 By (SD/DES)

(12A4)) Conceptual Validation

= Conceptual Validation 2 7l|'d mdo] HAAAE LulEA HYslsE A JRE I
GEtE Aoz, AxE FAHRA FE, ATBAC U s HHEA, A S dolE
of gk 71 AAA F& Fdste A

= ZF A g-3EE B4 AlEHNH REE

o AAEE, AEdold HHE 2 AT

==

zkzk SD, ABM, DES Al&#old WHES

FAE] w89,

ko (o
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53], SD 2 ABM HHES T3 MIdHe BREd B2l X0 dig o83 A5 ¢ ¢
HEIGE 248 HFsHo= 331, DESEEY 74¢ dg€d HolH(EEFE JEiI=
T)e B 2y 1 AR Y AFH BN 2H S 2E
[3E 2-20] sF9] AlEdeld =& ¥ Conceptual Validation | A
3 W AN FH A} A EFolE d 4 STFAR
o e AlEd ol
o 7€ T 9 oES o QAZFE] o] E/AA Ay
53 A28 A4 | Lifeline 198371149 Al EZ A
== o Lifeline System & o] /Al &
o A2El TR[THLA [EAE 2 AH
H RS BAC st | o AA BHAAL AEFE ZEAM A
o] &3 71E Tde|ES T | MEAAE BEFFA AlEHCA
A <l A5 T2 A5 (74 o ANAE EFFAY 9ESE 4L
28 HYE H4F) A3 Ageky ESEo] i
;"LZJ" o X3 DESEELS A4 ANEdolds Tt AAE 3t
A5 fi 15% 715 &3 AL vl 25 A A BT
C B _izyq ;ﬂ-c]ﬂ EX] Ul 7(4 A8 B
E’H—(‘sl_ 7]_]6]‘0/] = - e h | _ B
A BA 9 A F BAE B | . *ézll 155 A5 dES
(oruiElg = L*Eﬁlglii/ﬂlﬁ
HA) o THEFF AEITE e
punc | o >3
A7 Az 7l 299 o AN&®Hl FAQA Fx 9 =Y o
A Ao g A% 8 i g Aun
syEfel thel A3
oAy 3
o A2 Y W2 W3l %%
ulrd = ;E;‘aga 11——[‘ L‘ = ° —’F°ﬂ U}E % L_g] ‘Eﬂﬁ'oﬂ
[pe sholsly] o3 mze EHHL R_eference Mgd £ A8k,
B 23 AA 293ke x5}
o H] 24
o o] JE¥EE= R | It P AlEFHolA
5 AT s |« AdAd FRAY, AGHEENA,
(H4) A et A 8o yiEyd a3
Hape Ref Mode & 243}, Lifeline Z1557/017%9 AlEH A
ZS IR AA AN ENHTE o ARAAS EFAA (AHdulE F)
A Hhgate] U2 S | o JNEAEE BTEFA AlEd oA
dEAF 2 H] 274 o ARAAS EFAA (AulE F)
tjo]E 9 o Si"d doly dE@ | TS
e A 9 85 BX APAHAS |+ AGAR AR, AHEAR
d=Ed sAA A8 A4A e A
AtolE] |« AA| HEH|E 9 o Lifeline B9 Al&Ed ol
At FYAZHE 7o R « NAE 7HE dERIE E
L sk o] 4hAkd AEA/717E
AEdolAd 7|k o MEANAEE EFFA AlEE Ol
e N o A derlg ¥ AR/
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(2<+A)) Verification

» B AFNA MEEE Ad S8 E 24 B s9 AlEEHod REELS 4 AlEH
A BHES 78 Anylogice F3 HEHY, Y 2zEos 2l HA 2 oY
7, e A3, ANAE 7l5E AL o] olF Tl RE HAAE A

(3+A)) Calibration & Validation

= B AN ZE&she 59 AlEEHCIEEY BHUYA AFS AA ZAPA Ad AHEE
g o 2 AP em, A At AFdA e o e Rl HES vla 243

= 53] Ad d-§ AEHIAY A9 RANAS ste= o] HIAL 7] wWEdd HFol
el & Jou, FA Adel g dely 2 g 24 S 8ot HF5S 1P

[ 2-21] 3}9] AlEd el =& ¥ Calibration/Validation A
=3 HEAE =24 3= &4
I e AEF A
. AA AT )

CoARE AL e A aEE s A mage | T ST PSR A AR
) - = - T AL T
e dAA HY 4 A= (AR B A

EPREREY 7 AME R AN gy | T EE TEE AR
S B4 Ae Syl Aol 24

(e 24

Lifeline 1557 9 H/4&F AlEH oA

. Toum ] U . ALl

. A 4 Lifeline fj_JHX] 1(2'011) Adg R, f]: HLifeline System
Systerm &A1Y Lifeline System A X, &= v
:3] NPT Y d &, E7AH, S « A 9dLifeline System
?_ﬂ N; H}; © (RA 2011; e-Stat 2013; NPA B¢ vl (2ks 10%
Ee e 2013; RA 2013) ol i/3) ] )

« Lifeline System o FYEGAZ(01D) EFA A o AHAAG WE Y
A (A el '3 2428 RA 2011; RA Lifeline System®-7-%13) 2
5) 83§49 2013) 753 5 HaEA

CoRYAN £ GHH |+ A BRAH AEBE A R e
ks - Hlal 24 (ke 10%

1. O iikﬂ‘—}—\- -
R k)

NEANEE BEFFA AlEH oA

o AAE HAE FHAY
&) 7 B8

o ByzzAE o TYUEGAZQD AGAHE, | AHE AAE FHAY
o] R1E RS 9% A AEEFR, ALEE BE721874% v
AY W AEE 13 @, 5744, E59d « NEE FEE IR
B LR (RA 2011; e-Stat 2013; NPA B EA
a4 uryg 2013; RA 2013) o A= FEE 5L

Hlw (& 10% ©lui/
e A

o NE ANEE 7Y . = o AA EF7IREEe] vmEA

QA4 o o AA AFE EF Z2A|x oqs 10% o)




2) Z4E Ad AEdeld H2E 3y 9 A
B A= Ads Ad dis 3 #E S mE 249 Ad Al HXE
T g AAE AR
HA B A7E AEdeld Zute] ALE Ad e 2 By A" 75 Al os
of A ZEA|29h o]z,
D Ad B/ Ay Lo mtE AEdolE 1 HelH TdAA 75
2) NEHCIH I 45ds T=EEY N
3 A AEHIA FAE 7=
4) B3F AEYlE ZIi AEE A /B A=E 75
ol [& 2-22]¢F 22 AT HAE Fi HBAS &AY F A& Hez 7.
[& 2-22] 4% AlEd ol AS AA
oA =3 g =5
o AA A /s S 78 B AEE
A 4 AASET,  BE A Adele e AV 31 o1
A oS MEE B Ay 2 A HE 7] 7<4+7}E 2 9 oAy
Avgle ¢ Aoz AR thak Hrl, AR, H
ol SAl : 5
Conceptual | — g=iaap | * el At/ AA 2 UHTI‘EE‘ . A2} 39 o4
Validation | =34 sho] At ol gk A e Bd A5k m o] Auked
B o AE7E Wder B7h A7, oA g SR e
dlelE o AEHOIH 3 = AlgdolEet DB o wg 7Hsd
T2 EF HolE mgk A 1 I8 58 7hs o975 HolE 5 95%
A4 & HolE £4S Atz AR o} s&ts
o NAEE AG OIS 9 B 5wt | . T 23
GRS (A At LAY/l Al e ARy
AlEd ol 374 AA) skel AlEdEolE 3t T A& ol
T2 EER] 9] A%S 5337 (Anylogic Software)ol A T3t Holy
g4 &l TS ZEEEYS kAL o] W PR
5 A5 AE FaTroke] Ay Bl ko]
Verification H# JEAS Havherel BHA
A1 o wBHE doly gAY AR F4 |- 2423 g E
Neaoa | HA 37 Ade] 2ol thel ZREES 22k 5% v
e | B99 Auedold ageld s wi
B e b TEANA 78 23 (ntermediate 7hol Al 7:175
SO T ModeDgt HImEA (2AHEA) (frel 52 5%)
. o BAARN g E
o 919 I7HA AdE| el sl A .
A o Q= 10% w9k
A AEE ] forere ma 2ug w2y o o
- . (LAHEA) . "
Validation | A|H-Ay/=)s/ e A
eI e Sl 37EA A e ool sl AA Ad
o4 vy LAYl -8t Bl 24 o A2t AR 7Y
(A
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nh B4 A EHold H2E 2 A% W

2 dTFodAE AR AF: ALY JhAARN o AETE gJAFEHE AA B
H7tE APt on, AAG WES ve [% 2-2313 2=
BB A Adss M ABHCld BE A% 2 BAd ABdeld ZAE /&
o FEAF AZFS FAS] AT A,
[ 2-23] &4H8 Ad AlEE A H2E/AS HAx B4 7}
B Bt oA o9 s 27 ¢ gt
o A ARddAe EEAAS U= o AA Ad A dlolHE Bd 4 Al
847} A A7) wiisell Al E AAAE L] AV S HolE] A gt
He o 2 FgstA HolHE Bludhe A 9 P £4& T3 Awsta, An
AL lom, 23 o oled AHAE kel zpol7h A w) 47t WA Eh=
SEEA=A N g FA A A S 2ol ok AHste e HARA ol
T35 Zlo] o7t E. ‘PR o7 dAT
.« B oA A9l
o A AEEOId Ak Hagol ) AN AT
sl AT Z = A= T
8eke o= SAn7E ROtk Ao aag A B0l A3 FHepe
F&oll oisl & Awd o Qlojok g 5
o g 3ol g EAAE/AEE 7k
Al Tie . g e 7t 2Ed **74101] o], =dl Tz
/\]%Eﬂo]/{‘i ® XH]I/_]_- }E)]-%- A]'E:” tﬂ‘ 71;]1‘3_0] 01%7] I;]t:ﬂ‘ _?_ H_E}_/\_] 7_]24 ZB_/(-] [e)
ol 722 o] ofeH, ol wet - g
nE : golslal, UEi_.loﬂ o3k Conceptual
TE Construction Validity (Cronbach and Meehl Validation < & Bgoz Ny B
ASTHIZE | 1955) 9 Face Validity (Banks et al. 2005) s SRR BA G A RS
of thet HE da. =3 TEBE‘
o 7|BAHOF BE wdlo thd FLFA
o B AFoA= Agent Based Modeling, el 9 Hefd e, FA14
Discrete Event Simulation, System Dynamics AEAdES 35, Agent Based
T s AlEGOIA WHES AHgste Model2 =2 Y] Rule A4 Sl tisk
o Z Algdeld e E %E, A T27 gdgel 2¥E o g,
So] Aolzloz zt W Rl et System Dynamics: S EjE-A o] =4S
A s A4 o3, Discrete Event Simulation-&
EAZER] s T4,
o 4 AEHIAS HAESH:E WY F
shuE, AlEgold FEt wte =
tolg e weAl7] B ghe vl Ak, |« & o] tigk AE B,
0|2 EtEAoA 219z o7 s ATt Intermediate =@-S A-g3to] 2dlS
NIEs dYToEN ARE v EES ArsE A Aol s At
B TH= 31 (Intermediate ModeD), ©]E 414 AU
Aoy | EUEEHE Agdods sk
HiE = WS ARES 71 (J. Martinez 2010).

2 AlEdol M weE =

1 O

dolHite AR = Fashd, Foin .
WEEE HolE 9| wgko] HAlo H=A|
g

AT FQ7} Q5. oAl AgstA] @¥oH,
HLA 7]%5¢! Time Management’} 2H}&
258HA v A

B4 ABEolM AEAF HAE A
w@HE Hole gre] Hy W
ohle), dolE ez} Srhen
sfetho 2H HAES U oA,
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U A2 sdsie] AlEd o]l (Evacuation Behavior Simulation)
D =22 A AL
Sd Age Adw AZT 9 FTAL AAA AT 5 Qi T 24 F o
oj, Iujol A HAg TS ALl A}Eﬂ% %?‘SH g A
AEHOIAE S8 I 4= Al Az A, Yol T i
T I
L Ad DA mE AAE W 87 WHEE A 3d s
o, 724 59 9 §%5 7t kg 22 ]
B ATe A A we wsiels A8E $7g0) AdAe] Ay Pee] e o
< A48 Al AAE @Y Id f‘Eﬂ% AleEdold RdS stz & JidE =
de ge) A% 2YTE A Uit AFBOIA FA AL AR F AR A

FHE dF 2 B4t AES FEE ?:L.

e

ey

2

[

- — &>
- HLA 7|H+§._ AlSdjo|Mat o 24 A} of L SHEH of| = Al S04
AM=zjojd
z= 2| 745 ASE0L4 7| S 4 ALEEOL T2
- ‘ (OpenSees) ‘ ‘ (Fire Dynamic Simulator) ‘ ‘ e
aEg S 9I5| BATHE AINE L 55 7hA0) 713 B Ul SASHE YA 2t HSHE LSS UG
53 A B2t AR Tl OjRlE BE 2 RS JhA0| WEFS medst AU L Hef oS
S wE A RETIESIFEDHLE | | 8571~ % (FED) 4 2=
T imin Snmg > |  FDS  [ormmsentime ] >l e b Fii + UBX FOA HHE= CO, CO, 0, O SES
= |gnition Puoi = = = Carbon M ide Lavel " Ef o= J1A ¢iD) i i
- Pre Informaton SRR ShAE D e e E iL_ e
PoupabrETes L AlgRlold | 2L =1 « S| T|EIT} T AR HE| O LA HYMHL
: FED HOIEIOf 713101 7i¢ AlRiol FED 413
s ast Cqo[E{st T T I
EEYN (LA 04) SR
e A2 LjLt E) Oj% 25 (ABM)
e s i B MR AR RUSIEE 2
TEANAS S - hRUOE WA O/ 3 ONEE BeE £
Algafo| 4 = T = 857t~ 330) M3 Mot AR DL
© @ es
| CO: 5% || [ | | U3l 2Ho| §5 7~ ¥ (FD) B |
i-'ﬁé’é}"% | 0: 5% [ s=rrosas | | THE MERPA DIl RS 7bA BIHFED) B |
T gz | it 43k 210 THE JH9l Y O MAAL O} S= ISt 20| 24 |
| AL HE 2l ME 79 L OF AR HE2E U oA E Y Het 20| 24 |

(719 2-10] A2A s Fe) AlEdolAd
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2 39 =&
7}2 93 (FED) 4+ =& (Fractional Effective Dose calculation)
= AR <

O #=

§ 8 A 2

A

A 5 7t2e LAY SHd F3Fs v E Buk ofygt A A9 94 &
dQlo] & 4 Qlo] It o Zof glof o] Tt v = A Y.
» FEDE Purser ©] A¢FsE A7k Z A= <

3 9= ylxrol =Ao] A
A 7tz F

FU

H Ao AR 9 E}E- I Yz

B Ao A= Purser ¢ FED AFA )&
a| o
[e]

e F5 72 5875 T AL 2
= WI7He dAkste A (CO), ©]4hstera(COy), 4FA(0) &
S5 &8s, ME AEAY FED ol 1o ¥ A% Ha 7435
e FE8E 5tA e dHl o &

g83ta] Anylogic 87 oA #5 7PZ: B 4
WEstR o, FDSE Sl e EsldoAel dAiksters, o]4hstetd 4F
&-8-3to] FEDco, Veoz, FEDoe #k= 4H83taL, 3 XA FEDn< A4t

(]

@ AYA A Yo A% =E
« AAA G e GE RES AW 2 0T AR Adel o)F w, W A,
Elelste] AWE Sof Justel wgTAA ol B A NS BA L oS3
SERA, AslBetRebe Fo W o] 25 H8ste] 1F Ul HEAEL Es] W

Aol FA7e S YRS deh s

A
= o]E 9J3] Agent-based Modeling WH &

2
g gl BES FEY. AT PUEL A%

2ol oo AESY H§2 T3 BFL AL JAAFo| b, AR TE ool

HES 7+ 454 80] 7hsste] @44 Az BFLS VY 5 A= FHL A3,

¢ e

7] | Indivicfual Behavior In Evacuation Group Behavior In Evacuation ﬂﬁ'nﬂ

Model Variable

Individual
Velocity

Facility
Information

Literature onInflience factors on Evacuation Behavior:

Model Variable I

» characteristics ofindividual (age,
gender, etc) (Seidleret al., 1976)

» social, organizational and place-related
roles and responsibilities (Aguirre, 2005)

' evacuees' perceptions of their - N Group
environments or familiarity " pre-exisling relalionship Velocity
M , 1978; Cocking & Drury 2008
(Johnson & Feinberg, 1997) (Mawson ocking & Drury 2008)
. . . » communication between crowd
' information (Sime, 1991) (Chu, 2011: Gocking & Drury, 2008) Group.
Information

* available fastest route (Stil, 2000) * inter-group interactions (Chu, 2011)

» proximity of exits (Sime 1983, 1985)

| Social Responsibility | | Pre-existing Relationship | | Mobility Difference |

(2™ 2-11] A2A A o) S 28 F2 Jid
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= i AAAE 25 QIZE EX

17 EA (Yo, A8 5) o wet o]% %% (Individual Velocity)
JHAH, A E Y3 &5 x W 7|E HHE )] AJEE KW (Facility Information)
Ao olHd ARE T3 & v SATEH AR AA KA Aele] AE

st 71 77k 2T 2] A% oAEA S WE.

T £ 9 ANEE AHEY e AdAe] EAFR fEo AE A AUz (Social

Responsibility), & AdAE7e] HUE (Pre-existing Relationship) =}o)

(Mobility Difference)& &3l Et?ls Hi BHRE Ffste IF Y AF7F 2AHFHH,
A5 A& oA (Cooperative Intention) <

= ol AR A4 5] AR 9 FE A
o] &£z & FHFAY AFS FAs FE FAL&ES Sl
Velocity) ¥ 1% A X (Group Information)ell 7]4¥F &l &5 A .

= 1F &% (Group Velocity)= ol% &£57} wWE Aot =@ Az Abold] A2 =

S > e

A=
=5

=)
== AFFoEHN ERZFCE FHstA Hu, I1F AHE (Group Information)& T
ANAA7E gE A D EEF U A2 FRE wisie J3 U1

3 =2 H2E A3}

=de 24 Ans vas)
= AEHOA Augles oty [E 2-24]9 o] FHIIIoH, T A
S| % §_

=2
st gol 54 49 0] fle @8 AEE W
[¢]

23 diS T8 4T =+ A+

[ 2-24] 9d P S 2E HZE AU
Example Facility Types

Fixed Conditions Control Variables .
(Scenario Number)
o Individual Information (0.6) | Individual : .
» Cooperative Intention (0.6) | Velocity triangular (10,20,11) Elderly Hospital (1)
« Individual Velocity (0.75 | Individual uniform (0, 0.35) Theater (4)
» Cooperative Intention (0.6) | Information uniform (0.35. 0.7) Office (5)
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(4) 2d FA

UA HAER BdE MHOE B AT AT 45 bz 9F 44 BE L AH
A G We BEY B T £5F A%E BASL, o8 B3 AFY F A& A

=
FololH, ojgA &8T5 AeA ] g

HE=
EI B AT AEE 4 B8 g-e A8l Il 2 TheAde]l =2 3Alek
dS JAZ g QLA FRol EASE 3T R A=Y AHE AAIE
AE So, /N ALATE 7H AEE AHEeE ARSZ A]] 8 LAkt UEE Fa
AREE 45 e A7} TYST, 250 P BAASE AN GRre) AUA
(wobhEe] o]F Fgo] vj¢ ¥e w9 HYL ggoz & Adde e §5 7t
b flE 843 Qe B4eR TR EAY Age ofd (19 2-12)9 2e.
olF B3 wAANLANE F& AAAEL] 0TS &Y £ JE BE oF /TES
S8 MAE B3 AAL DA A AUAF FED Aol 1) =L A7
ojdol Huigk B2 AAATE A58 FAL 7 Ae WS vETH FA =9 o]F
SE2 3] @7 ol o] Ayt dA ¥ ALdASS A 5 b F sEe
2HE AF vt 79 T A AF So] Hads & F U

smoke-free environment smoke-laden environment

0.9 : 0,94
0.8 0.8
0.7 0,74
0.6+ 0.6
0.5 0.5
0.4+ 0,4
0.3 0.3

0.2+ 0,24

0.1 014 ’_/_/-/[_’
0 0

10 20 30 40 50 60 0 20 30 40 50 B0
— Evacuation Rate — Group Formation Rate — Ewvacuation Rate — Group Formation Rate

(29 2-12] 9d e A5 AlEdold Ade e oA (=AA42)

N, BE 2R A AUAY olF &% D FE oA FEb FASH, e
BOUE 3R FAUE o &3] wRol AR )RR AHE FuL e

XS;' [
lo
i
i

SO sl BEF B ed Aol sasel z%—— Ry
B0.6€ Rolvl, 3 A FR BE| FLYS
FAZ AT £% shae] GPgol WAY A B 1F IYBOADIE 73

A
=3,
A, FHYE 7 Ae AR AR A aAFe A Vlse Xske A®e] ¥AsH, O

’
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AT Aol A2 vd zrldle B AT ddol A glo]l AdE Wl ZHAU=
F&ol7] mEel Ad ANdE AE AlTol At ATES =L F U=

= A ALAATE 7HR olF Y B AT A8 AATE FAstal, g Aol A
ste vl Ae2 [IY 2-14]19F Zo] B4 HH, g AdEd o] Adase] A
A ARE ¥mA ol dAS e A A dHYAL] mAEGE Ad A 27
of W8 AdASe] F8&E A BEIF 78 AAA RS dHE F A= AR
ARE AFFel e, 150 & s R i FHAHe Fofsts Aol Hadh
ol & 79 FDS A Algdeld REFH] AdFe Tl 5 A7 olF e
Astal &g 7Hed ARE AESHA AAITE ALdASo] 7 27] AER| 7Nk

&

smoke-free environment smoke-laden environment

0494
0.6
0.7
064
0.5
0.4+
034
0.2

0.1

094
0.8+
0.7+
0.6+

054

0,44
0.3
0.2

M i/_/‘/_/_'
1]
10 20 30 40 50 1] o a0 30 40 50
— Evacuation Rate — Group Formation Rate — Evacuation Rate — Group Formation Rate

60

[Z219 2-13] v e o= AlEHCIA Ayl dA (3 &gA4)

smoke-free environment smoke-laden environment

0.9
0.8
07
06
0.5
0.4
0.3
0z

18]

0.9

0.8

o0&
0,54
0.4

0.3

0.2
0.1
]

10 a0 30 40 50 &0 10 20 30 40 &0

— Evacuation Rate — Group Formation Rate — Evacuation Rate — Group Formation Rate

(7% 2-14] 9 E) o2 AEA AT e oA (27 2)
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A}

q- }‘] E 7] [s) ZJ%E,-——[L/H] o

D) =24 /M Qe

o

g AlEHlA

-

(Lifeline Recovery Simulation)

s AZEo WUy 2o Ao Ao ABPAHI o] RgFule B IS G F=
glo ¥Q3 Lifeline Systemo] APo g Qs 7I5EX2E A9 g Al A AFde=
AMHI 25 QT sl o8 AAEEY 22 J3E o3

= w2bA Lifeline Systemo| H7= 7HE A Holof sty FH 3 A Qo HESA F
glo]7] wEoll AA Al='Ee 75 A3tE ddste= H oEzol Us.

s B oAFE Ad e 2|DdACIA 9 Lifeline Systeme] Ay S 43 e 1)
Aol 332 B4 9 ATEHAS 13 AEE s AFET/MEEE AEdlA
g Arste Ag BHoE @
=i HLA 7| 8H 2 &8 A 8ol Y o 5 AHE2 7| 5(HEA ) 2122 7/0| A2 A 8304
557 ‘ NEZ=HANTIE ‘ Discrete Event Simulation (E[&2%F £4]) — Agent Based Modeling (715215 £4)

(USGS) Interacted Model
iy AN NS SN 5k0] 78 wE AL 2 e Al T off 2 H| A2 (57 2 eRE AN BN
= A Ha y =93 06 Balo] 28 o AR el 9 B U =93 7| sXolol THE S A B
A H| &2 &4 (DES)
s - SEAE 7|5 2 2a
. - Bl mE UL R Y B
faass AS=aawoue
L Aanans .| e BHE 5] EEAE s
guas || - E= A
=M A + MinMagnitude II xl_lﬁ ) + Longitude j st
* M sthce M et -
-M\nLLor:g:ltSde -M:gtmtude J_}}l . i jlgil%%éil (ABM)
+ MaxLongitude i = B nes A Loaal
] | HsoEgEN
‘ - ‘ | - 7lsg=0 e = A e e
E—_rlDB
| m&olmeds || wdAsde | | ut Al ] ol ol e u] A2t W Zeidety |
Ag=o8 | Aubds [ emagae | |7H%ﬂ AH0 ol Y &30 FN, HA M2 U =939 IS5t |
Eljcfi \ SEAMY I SHStS DB HIARYEA FM 48 AL S 0| IR SN Y 2|7 AT |
| EEANNEESE LSS YU NG EEE SSAU 0|5, B UEYA NSO EH0 HEHAANL S £
[23 2-15] AN E 71 5(d8AS T4 Aa57/M1EEF AedolA
(2) 39 =& A9

O AEAF I3 A2 E (Lifeline System Damage Assessment)

s AR oz Al oF ALE AT Hrle] A AMEo] AT MM AZd
Hh A W7k4 = (Peak Ground Acceleration, PGA)E o] &3l AH Al nla|E 3713

» B Ao AYAF T AHEE T3 USGSE F3 AT AXGRE 83l PGA
£ Atsty, vlnd g Alsbg4 ] Kanno et al(2006)2] 3] ARE S 283

= U8 A AL PGAVE A HH, AEE SAd BE E4= H3UtE AN B 28
A= FEMA2003)9] R uAeolA AAZ A8 AlFo &4 dugEs A&t dda
of M4 75 AtE ALME. Y daegEE vl AFY Ad AHEE TIvtew
ZFHAoH g AP AFE Tl vl= 9 Ao A_AHS ] WskE



@ TAANA vFEY B2 E (PowerPlant Emergency Operation)

» B Ao ANAHE V)T AFEFHBIEEE AEUHONAS AHAT T SHAAAH AT
o HFEY B4 RES MEsidor, B AL HALSY EHERES S (19
2-16]3 #o] WHAAAEE =A HE-S-7](Reactor), 8%—7](Condenser =7
Generator), E]¥1(Turbine), ¥ 7](Generator)e] H5F-E o0 2 o] 2dlgldh

= ZF 3 17D, 2E57]-F7] LA 7] -E R, 3(‘:‘”47])Q zkzyel 49l FAo] ¢4RH
= AA AZE T wpR e 3 A FA8 o] U dHo] Ak,

= o] W AR AZT|= FAH 19 w7l AXHAUY AT wEkA f19 AEAE o
3 42bd REANA AXAHRIE FAEE T 19 ZEAH 2 AFoE THEHY WA F
o8 & FASC l HI B A g

» I BHAAAE] v FA 7]ELS PGA 0.01F5HI7IEE o]/dolH, H]*P—%@(Emergency
Operation, PGA 0.1 T87l&4% o)), <+ X7 (Safety Inspection, PGA 0.2 T87}&=
ohHEA To2 ERFHE. [O9 2-17]2 HAAA vdd 249 558 YERY.

Power Plant Emergency Operation

(2% 2-16] BRAAA Hged B4 2 (2% 2-17] w2 2

AN Ael Frhs gl A2 ZeAs Bootyst FedAle A
15-4 & OPEE Qe 2342 o7 WYs= 41 J=A s Ao FEA.

s
st ol= the [:LE‘ 2-18]9] (D3 2=
d EQ A C& F= 7 /I8

AYA el Az e} 27 S e nx] fsgm oju) 3.
. HB:] ;qea/\]m 7+ %Li_o/]_ﬁ_xg% el AEAEe] x7] A7) 39 AHAAEAR Hol=
g 2-18]9] Q¢ Q3 22 =15 FEE 45T + A+
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C=IXC+F
where. C' = cascading failure matrix
I= interdependencymatric
F = initial failure matrix

A

(1) A Leontief-based infrastructure input-output model (by Haimes et al. 20071)

Ciy Fyy by &y e Ay

. CZ, _ F‘\,L = "’?.1 "’32 "21:
C= F kS| PR— f")
C.‘}l EI1 !ni L Inn

-

(2) Interdependency (by Duenas 2007)

[P Failure N;| Failure N;) (if 4,; =1)
L=
ij

0 (otherwise )

(3) Conditional probability

P(Failure N;| Failure N;)

1/(length of path that contains link( N;. N;)

3N1(1/ (length of path that contains link( Ny, N;))
k=0

where.0 = j=n

(18 2-18] HAAAH Y

(3 =& Bt P By

SECER IR R Rl

= B AFA MES A F AME EHEAE T4 U1FET E Y AEH
Aol B S AES A8l A4 AdAEE ddst 43S IPstA S
= AA7EA Fdells AXOE IS A WESL AV 4" AHIVE g7 wwe B 2E
o] BEMoAE dE| 2011 =5 F(Tohoku) A9 hANS A# 2 AAsHS
D AL 20113 3¢ 11%1 23 24 46%o] WAL
2) 21ek= 9] 91X = (142.37E, 38.82N)olH, 7% 9.0, 1¥zlo] 24kme.
3 A AY el ﬁ} WAL 33 WA 1130 Y WENIE 74T

[ 2-25] Al&Edold At
' A7 dolE MR (BRI
% of Households in Blackout
Actual Data| Simulation
(%) (%)
after g9 9.7
lday ’ :
after
3days 6.1 11.3
March 12 March 14 March 18
2.25‘;,399 2::734 732rf|39 after 99 31
7days ’ :
(298 2-19] AN A AT ¢ 24
gt AAE F2A EFFAF AlE#E ol (Facility Restoration Simulation)
D =24 A e
A B F F2A BT AEEolAS Ad e 1HT FRAY FHol B4
249 53, Ad HA Sole 4 AHE TF E AA HE &4 AR 9 F3o] B3
s heste, AHE Fsi7t o= AEAA fkow QU] of#9 ol we BT
A8 gyl ool YAy
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=G FUAY AARE Wyt FuEE A M, Aduele FAThEE B3
Age BEEAE 9% AL olEl g NEAVM, FUERH, FEG WY

a0l o8 APFEo] Aty = dabol BT

H 5 APAA
» B ATE Ad T 3 E ANEE B AY FHol =Rl Haa AEE @Y Fx
A BT AEdeld 2dS Jfdstaz g 53], 84 SIS s v AFES T
Hom Fasd, At T ALE Ws) JEE U7 o|w, Brzedee] 93 A
ofF (g Aok, APAA 24 Aol we} BEFFA BSdAge] F o, oo i
FEH ANE ATFoRA ZRAE B8 FYL AUshe AL B2 I
vt 2MF A SHoldn s AlE S A =12 A A S o] .
oL HLA 7182 &g Al S 3014 2t o1 5 42 xR =02 AHA S 0lM
5 ATFEALTE || F=A 915 AEOHE e | | System Dynamics (972 4] — Discrele Event Simulation ls.!?i‘m&eﬂ
(USGS) (OpenSees) Interacied Model
Ay ANV AVFYEY REA AS EATEE NE8 FEZA W L FHAY A (APSTHZAY) &
=5 A48 ?EAH Y FEXNG NG ELN B FEAH WA A TSTEY A0l E}EAIQE%-F-'-HEEHIQ
ﬂggg}lﬁﬁl _____ qag=s q X ol sai-?'%—?ﬂ% Aot 24 (sD)
"-s:a;;.;; ----- > USGS - E_\'erll[} ‘ﬂ'ﬁi% ] ey oy * ;fﬂﬂ:%;l“%%ﬁﬁ
! lirtagte Rk L T s SRS AzsREE
MA - Latiuse o STAE s STET B
Dsptn ST T csemes Aussds
soniude 3 ensE e RasSE 2y
?;;"EI% 1B 45 (7} BRI EHR) - oeoned qgmg;i 43
- AeEEs - ¥
FH& = HolE N TEAAS q FEA SI1JA 2L B (DES)
merew | OpenSees [Thiinens ma |TEA | . ee o - omoe
» AccelerationFile —?.’Eﬂ?-l% MNEBE __ila_'_) i _ g;gglg;?;l;‘:ﬂ?ﬂr
= Cam= e P gmTE HO B e e
w__... AggolE NEE_ Sl - EAEREA=SNA s
| mzomgEms ||  FHasg o | | QIFEAE NYUN GE ST A B HSTS |
ﬂfﬂ;}'g | s [ wzmua | | NEE W3 0o, 2 ESTRAZE U £ |
“ s | NHS=IZNO| NALIFY NHALZ NI 28,72 232 FEAMAS S0 JAHA 27 |
| AALI AR EFIZAATAIZE, AFEHE %] = EFIZAAASE P oflHl S 4T |
(29 2-20] AEE TF2A ETFA AEH oA
(2) st =8 29
O NAE FHA YY) A ARE (Regional Damage Estimation)
- WA, ANE A B 4% RES AHE BTEAE 9% oRagAc BAL
AT 783 ARE AFF A= FHAGY A& st A2 AEE BEFFA
of HE ) RBAAG BHL As) FAAG] HANLE ) L 7% £4o] ojx A
FolH, o= Axo| Ado] aFHE=AE Hefsfof 517 W&
- WA, AME FEAY A5 HYRES

USGSE &3l AT AJNAHRE &8s, F
WA Ao 9| E MFH o R Fotsiy, ol #AH J|EEFAE9 Y3 2 7w &4 4HA
S ZIdto g ks (Wald et al. 1999; Kanno et al. 2006; Jaiswal and Wald 2013).

20
B3P E45ta A st AdE FHEAG e A AR 2 AW ARE FEsto, A4
T FHAY digk X FaFs B A xEQ PGAE d=3. (0¥ 2-21]19 B)

Ade gale 4 WEZIIE AF MM AZE 53 AHg=He=, ol A9 U 9
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A2 (Wald et al. 1999).
1028 2-211¢9 O).
%re AAstE YHS T8 WE=2ZE
A3atm (Jaiswal and Wald 2013), )& E3j
T U= (298 2-21]1¢9] D).

o ¢
o HUAMAGE @ G S Bea
MR o, A W AR A4

A% AT s‘g%@ ELENE

A W AlEE 79 2 Jel2E ’Lxéﬁ

- - ir Earthquake Information
Regional Damage Estimation (Magnitude, Epicenter)
Earthquake
& Information ) )
- Q'” . Selection —
_— 8 DB e
§)
A @

(Mw,d,Ege.Erong )

(A) Epicentral Distance Calculation

(Piat, Piong) X = f(Alat,Along) Epicentral Distance Input
(X, Mw,d)
(B) Ground Motion Estimation . . - ithout Fac"hrl;' o
Using Attenuation Equation without an accelerometer
log PGA or log PGV = f(Mw,X.d)
(C) Damage Intensity Estimation 0 - J f
Imm = f(Mw, PGA, PGV) Epicenter | |
(Imm)l
(D) Damage Ratio Estimation | e
Damage Ratio = $(Imm) i . ¥ ""‘:'n
] 500 - 1000
Regional O o
Damage Ratio 140 14t 142 143 <100
(Wald et al. 1999; Kanno et al. 2006; Jaiswal and Wald 2013) o Seismological Observatory (Accelerometer)
0 = = 3 =] =]
[27 2-21] A& FHA S T3] (27 2-22] 37 dHolHE &8st A=
] 2] = =] —
A ZRA A& & AHAsts MEd=

@ ANAE A3 4P E (Facility Damage Assessment)

NAE FERAN ARRES A&HA TEA ANE Ageta B LTEE 2

T H FTHRE 27 FFEE T B 252 USGS 5 OpenSees ZEI AF
Hoj, AAF AXNARE vt o E 3 FxuE &4 AAE T8 FJME 8T

aEu, AEE 8 AHAS fsiAe AP A e HAZEOE AR AEAY] o
E 7x2A AsS BA4sE Zlo] g5 AFEA Jda FAZH] AAE ATE T+ A=
olo] wte}, B Ao A= OpenSees %A AF A EHA 7|&S dA5sly BEHS &
sttt USGS AXAR A7 solA A ANARE A9 FRUY IGA #A

5 AR AA ] 3 AR Y| ks, OpenSees +ZA| A% AlEG A 7|EolA dH 3k
o2 aF3te AR FARE ALE AT X9 AuzlE 745 dolH Y.

kA B AFoAE o [28 2-22]19 AE =9 o] A Ho] LAY

TE R AL JAGA7MA S AgE dHgrHE st 71 A&7 AWE 7HE R
HE 28 doleolA o, dA gt #A @ xpolE BAsr] 9l 2~

WS Alekst (Bommer and Acevedo 2004; Watson-Lamprey and Abrahamson 2006).
AToA = 53], Katsanos et al. (2010)] AIFg WHS &8ste], ATAS A3
TE 2 JAGA7A Y AgE &8st #A HolH F 7 FAIS AR dFH+=
s JEEdHolEE e ¥, I zolvrg HASE EES Adsta, olE

OpenSees 7-ZA4| A& AgdoldoA dHHCE FE&T + AEF AT

© o

XN
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® 9B B384 A AEHo)H 2E (Restoration Condition Simulation)

A LA & ANHE EFFA ZEA 2 FHAG gad & 57249 8 S
e e AEEY FeA TE AU ¥WE 5o 54 wEt A2AEH= Adaa
Ao wet 2ebdE F U B3 FRAY ALEEY 7ls (@ w A oEsh=
v, ¥ A9 I mE AGAde] YT £ Ja, =S Ad F A AY Wz
o RO wet AY Ado] WAL F U

ol B Agdeold EE2 ¥ #A TNt =E A xHY
System Dynamics AlE# ol WHES H &3t A|EE EF

HE FHAY AR, Al ute Agu, ANLE d
A A, BPAe] w2 Y)sHE AR FHAo| xwH o2 B

: Facility Repair/Reconstruction Operation
/ (Buildings for Residential & Commercial Purposes)
D lition and Structure Reinforcement
Funcﬁonaﬁty £ Disastertvent (3 DamageGen £ extemsiConditionUpdate  (3) update ) excelfile
of Diverse Built Environment DoAnalysis Projectwiatting  PIOISTERR - Siteworkstart oo SiteWorkCrew
O R ] =0 P e—amte———m we D WorkforcesupplyRatio ()
= Residential & Commercial Services fewo Siietloridene MaterialSupplyRatio ()

= [Economic & Industrial Services Demolishieed 00 =) ReinforceNeed o DeliveryDelayRatio ()

Bublic Services ®e—an(He—a =m0 »e—a @ H_) H _r u ReinforceCrew WorkDelayRatio ()

« Transportation Services Demolish  DemolishDane Preparatio Reinforce ReiMorceDane = MaterialsupplyAmount ()
1) L

=
Frame Work Process
crameMNeed Flam;g!cmeled B ‘:':m;gsmrage_ e m Furr;gorﬁ
Poor Work F ional P B—w 2 LE—m e 2 {(DE—am( tEm O Emme e O
Condition gncﬂona FrameMSupply g B " DoNextérame QJ : Beaminstall Wielding
ecove, (b e o (O £
Improvement v = brameMavailable . FrameCrew Meterialgid

- o
®e—e=(D = =
DoFirsterame * Foundation MulnFrame

Overall Restoration Process Deckieed DeckMOrdered ReBarlnstll Pouring DeckDone

. ; ) 1
of Diverse Built Environment (DR =€ R {@=—aawro
Decksu ppl, Dol Di{k |
* Houses & Commercial Buildings » T

. . kMA | ble

* Industrial Facilities ReBarOrdered
= Critical Facilities/Infrastructures [us)

= Pathways

ReBaracquire

ED
oY i

pply EE 157 ReparDelvery Redarstorage
N rAvailable o

RmeNeed RmeOrdered . .

et e i 2
Uneven Resource Distribution : » g g‘ % . . 3
. -

RmcAvailable Deck

Extent of Governmental Imldepondop:y
Damage Level  Recovery Plans Ameng Functions

Curtain Wall Work Process
CwallOrdered CwallStorage Cwallinstall FloorDone

) Cwiallacguire CwallDslivery
L

@ O o Jr):a;_, ]
[laﬂ 2_23] X] g Eﬂ Hxi:]_'o’] A] }\é% }‘:-_’” Cualavalabie DE Do'r:'&:“llf’—]_g‘l: CoaliCrew

== cwalisupplyon
57 8 Ve E lds

=

[23 2-24] ANAEAE BEFZA Z2A42 B4 79

A& ol A Y ANES AL A3} LTHE BT hroln olo] whet A
Aoz ByAde] BEol WA 53, 2 ANPEANAE AN Feo] we} AARF
of Mee T Gehbie, 2% A4l AshAl BeE A BrmeaEe] S
A7 Hol AT wmTgo] JhHOE Fouk el AME] (ArdtHetE) e
o BATEAY BPmAE BAoE sl 27 wFwel YA e B A
7. old T AURZE A3 BE ule BPAYo] AuHo| TEE HR HiH
s7, AHBe P2 A s AME 715 &4 D Frho] WA, oo e}
AR Aol oSt A el AT ANE Jo] REs] B EA B
A =

Ul
ssa A, A U BrAge] Wre NHE Fd) A=
= G s #d ZAA G| weh o] £ofA
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E (Restoration Operation Simulation)
ZAH 7t A 3 A L Y Fgo o ndIS

2
B ondo =9 EventE F40= =]
TYFoZHN MFE BXHS 7H5A sh= Discrete Event Simulation Wi &S F3l 7ldE.
7t 3RS BdstE oHMEEL 875 Aol E°‘51Me o AlZFskaL, AA F AR A
A28 5= ATEY AIZE R T FREHY, o]F F&EFAH] .
H md2 Anylogic Software<] Discrete Event Slmulatlon M EoA A2 AA
olug g E &&ote] ML I AFE AASF ZEAMzolH, ANAEE HA, F2EH
=Z23AL AL TAY Z22A|~E REd A [O1" 2-24]

3 =9 H2E A3}
B ZAoMes AEE F2RA EFFTA AlEH A

td
iy
o
X
18
cl
%
S
>
o
fd

i
-

ZAT3 AAEE, F EFSAFAYG FHEE, BT 3A ZEA 2 B4
S HR o2 A Ad Alg 2 dolHE &85ty REEH E4S £33
E£73|, A9a3)] AR ES TUE A o|F HIAFe] XH9E I3 AEE FH °
o] ¥ ¥ ¥4y E nusty H53h
QFE EFSAGA Y FARE E3 FYE XZ ol IIAY H AdulE A L 5
T Veed 2 VI EEE Ha BN o RN BREA AS5ES SIS
ANAAE BEFFZA 222 BARES 5, AA 3|4 9 F2REI}, AAFS 533 8
=T TR AFES UFoE AAF Z2M 20 Ui md-& Fdsta, AAZd7e} vl
2Ago 2N B ASE TSI
[ 2-26] A= FZAYS A AHARZE H2A2E Ay
Peak Ground Acceleration (PGA) Damage Status (0.0-1.0)
o Actual Data Simulation Actual Data Simulation
Facilities (NPA 2013) Reslts (RA 2013) Results
A Facilities in the PGA of selected Ground
Motion Data (A):
coastal area of 500-1000
Tohoku Al 998 gal (cm/sec?) Very heavy 10
et 389 (jecy) | Scale Factor GF) ®): 0.839 0.8-1.0) '
Lone-1415 Estimated PGA (C=A*B):
gl 837 gal (cm/sec2)
B Facilities in the PGA of selected Ground Motion
inland area of Data (A): 591 gal (cm/sec?)
Tohoku 2&5/2&%& Scale Factor (SF) (B): 0.569 I\fé’jir)ag 05
-Lat.: 39.7 Estimated PGA (C=A*B): T
-Long.:141.2 336 gal (cm/sec?)
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[ 2-27) A% W) sh) A 8] B )e s 4R

(@) Relative Damage (b) Restoration Progress
. (Damage / Total Damage) (90 Weeks After Disaster)
Restorati
estoration Type Actual Data |  Simulation | Actual Data |  Simulation
(NPA 2013) Results (RA 2013) Results
. . 35 % 38 %
Iwate Prefecture 14 % 16 % Recovered Recovered
- . . 5.0 % 44 %
Miyagi Prefecture 62 % o8 % Recovered Recovered
Fukushima Prefecture 24 % 26 % 46 % 40 %
Recovered Recovered

[ 2-28] 9% BZHAA LS W AHNE BrEA T2 H 2 BARE B2E A3

Intermediate DES Model SD-DES Interacted Comparison
Measurement (A)* Model (B)** (Al B)
Sample Size 100 100 1.00000
Min 98.742 weeks 99.920 weeks 0.98821
25% Quartile 100.709 weeks 101.565 weeks 0.99157
Mean 101.638 weeks 102.279 weeks 0.99373
Median 101.833 weeks 102.305 weeks 0.99539
75% Quartile 102.517 weeks 103.004 weeks 0.99527
Maximum 104.255 weeks 104.427 weeks 0.99835
Standard Deviation 1.237 weeks 1.010 weeks 1.22534
@) = 24
UM EH2E 3 REdS v" O R, AR T A me AHEE BEFFA 24 BEES A
E#old FoEH oud 4 AAE AFL F A APS AP 5.
B AEYede s3] A% MHEL vt Zw
D AR AgdolAd A& & 1057 £, Z, 10 |4 AlEH o)A AlzE (Week)oll &A1 3H
2) A AYE T BEFFAE AlEHolA AlFF 20 F FAEE.
3 At F FHAAY Fsjo wet AHE BT Aleke] st AAE F S+
4) At T AHE] AAF AHo wet, AEE J ATt bE T AS
5 AFHT 55 8314 & 8% RS dvkidEE ET73A 48S 7HAs e &4
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“Unfavorable Post-Disaster” Restoration Conditions

[ Expected Restoration Work Progress (Detailed) |

“Unfavorable Post-Disaster” Restoration Conditions

[ Expected Restoration Work Progress (Detailed) |

107 | Project Duration 107 1 Project Dusation
9 i 9 "~ Disaster i Delay
N § L T T =
7 7 b | Reinforcamen |
6 6 P [
: i B
4 . L o Tewa |
; .
0 0 10 30 40 50 600 70 80 90 100 110 120 130 140 Y|_5(.'| ’ 0 10 30 40 50 60 70 80 90 100 110 120 130 |_|P '|[50
---- Demolition/Reinforcement Frame Wark e --==-Demolition/Reinforcement Frame Work R
Deck Work —— CurtainWall Work —— Deck Work —— CurtainWall Work
(19 2-25] A1 E A8i7t =3, [Z19 2-26] A2 vs)7}t A4,
N P LI E N NE Mt AH o He A9
ANAE I3 Adta, FHAQY 37t & B¢ HAE F 43D
2 AEdelAd Ad3e Ad & FRAHY Az HFFA AFasrt ZF o, ol WE
NHE 2734 T2Aze 9% (BAAD DS Hoka] A% F8T ARE AT
19 [ 2-25]9F 22 AlE#HOIA AAE T3, Ad * "L%Loﬂﬁ ETEA A%
o] HAot b2 wiel B WHoE ZEZAE ~AEHS FPINES e v
58 3149 Bol WAT 4 Ao, AN GE AHFHE B YA,
EAE Ades ¥ B0 BT A%] W Avht Z/kA6] Bt b
Q@ FHAY FHafl= I AAE a7t A FS B At F 4D
2 AEdold Aade AAEE a7t AF g FHou A vE & F jle W
8% ARE ATF B3, AUE Ts) AVRE oAd AYA WA o Z5
L je BPAy WIE A4HE 0 548 &
AlEY ol Ao s Ad A T AAE I E wEA 4Pk, B Ay 44
EAME WY g 50% A= TxA B 9@ BIES Qs Aow BAH o]y
g e AR g B2 Hedd dig AR ARE EFIZAAIE 2] TA ol A 9
Aepnel 2AEY 9 ARH AUSFEE BRI O 2 58o] B A0 A0,
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3 FsAgste AlEdHelAd e dHu#old (Federation)olet & =3 #lod ol
= =< LT RTI gteolBefgl o] Abgo] 2751, o] wz}

5

|E (Federate)e} Astm, 54 AlE#HHA 54& 2437 ¢
o

= =]
olg] W B FE5AFo] ksl H. AAT Ve/iEEAAE FRoE HEg

L 24 Ald tig/3E AEdEoldS fd AgdEeld e

3 A oS /AE] AlEd o)A+ UGSSAIZ AR AlAl 714 OpenSees %A
& AlEdeld 71, FDS stAj&at AlEd ol 7], Anylogic Ad tig&E &4 A
sdold EE A3FA&ste AddEeldes AAT B FddEleld2  Disater
Preparednees and Response Simulation Federation (DPRS)2} % 3.
O [O9 2-27]2 & dFoA AAS= DPRS sl dolde Algdeld 1 AFYA-co]
A oEA Y. B ZH oA 4 AeEelE b wkE = dHole A ¥E Interaction
olg} Ast=ul, Z Interaction A vlolEle] &<l Parameter® 4% i, Al&d ol
A Qg et oS3 o] A, weky.

(D Damage Federateoll 4 USGSRequest Interaction A/d =31 HLA RTI vl =2 AL,
@ HLA RTI v]E99]7} USGSRequest Interaction= Seismic FederateZ Ag, AR 24,

@ Seismic Federate”} USGSRequest Interaction®l] 3l @3s}l= Earthquake InteractionE HLA
RTI n &40 2 A2,

@ HLA RTI v &E4o]= AEHe Earthquake Interaction2 Damage Federate2 2%
® Damage Federate= Earthquake InteractionS %3 GroundMotion Interaction A4, €.
® HLA RTI v]E4oj= AEHS GroundMotion InteractionS OpenSees Federate 2 2 4.

@ OpenSees Federate= GroundMotion Interaction® 2 StructureDisplacement Interaction

Adste] HE
HLA RTI vl &9l StructuralDisplacement InteractionS Damage FederateZ %

© Damage Federate= A& %2 StructuralDisplacement Interaction& H}grO. 2
FireInformation Interaction A4 3le] A<,

10 HLA RTI "] E¢ o+ Firelnformation Interaction® FDS Federate® &%,
@ FDS Federate:= A2 Firelnformation Interaction®. & FED Interaction A4, A<

@ HLA RTI n]E9 o= HAE2w-2 FED InteractionS Damage FederateZ # <%
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Anylogic 22 TS Al=2]|0] 3

Damage
Federate (Java/AnyLogic)

PUBLISH SUBSCRIBE

- A

i Structural Fractional
USGSRequest Earthquake GroundMotion . Flrelnformahcn
FHuZ=N=) (F2) (AIeisrolef) || Displacement EffectiveDose

o~ g

PUBLISH SUBSCRIBE

S

PUBLISH SUBSCRIBE

DY

PUBLISH SUBSCRIBE

FDS

Federate (Fortran)

Seismic OpenSees

Federate (C++) Federate (C++)

UsGSA|ZIFE Wi OpenSees 23| 7{F A E2{0]4 FDs st Al 22|04

(2% 2-27] 418 Adoig/#e] Al&dolAd (DPRS) #H T #lo]de AxuyAeld o7]d A

ot B4 Ald dis/3E AEEelAd sgdeld AA 2 d

= SkA o3k DPRS #lH#olde] 7ArUAClAd ol 7Bl E e o g2, B A= AA
DPRS #Htj#lolds AA 2 7idsh

» FHAATFE I B4R AlEE oA B dAFe 53], CERTIRTI vjE4olE &&
st} JEet=d, & wsdojdAs Aol Y H Fo, Interaction®] A4
3 AR F5A TS 9% Call Back s+ golE 88 E A3

» [O29 2-28]2 CERTIE &&%F HLA &3 z2 A2, 7t 39 #Hgdeo]E+ RTIA (RTI
Ambassadorn)¢} AZAFH, HEHolE A3 A] RTIAV} AHF5o2 AAH.

» RTIGE HLAZ F3A7|= Z2AAE ZF RTIAZHY] Coordinationg 3 dHtjdoldS
A (fed file) & whebA E4HE Algdold2 RTIG 43 & BE A5 wsho] 7b53

.

CERTI Framework Namespace: RTI
iederate 1 federate 2 federate 3
| RTIambassador |(— FederateAmbassador
1 { Interactive Restoration Simulation Namespace: HLA
RTIA RTIA RTIA R
\ / Object Interaction
RTIG Attribute Parameter
LEGEND

_).. I . - Abstract class
f fod file |; Ii H A inherits from B Class {bstract class
FHE =*“A composed with B”

Nested class Abstract nested
(2% 2-28] CERTI 7]¥F HLA
Algdold ¢ ZaAl2

(723 2-29] DPRS ##eolde] S
Tz
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D Y= 7+

£ DPRS #HHdolde AEdold 1 F5d5S fdl CERTI-RTI v]E9ol& &3 AA
AGFE Z20g9 Jles 8s7] wwd, FAx =0 g olsivt 7 8% o
+ [29 2-29]= DPRSellA &Est= Feix 725 YER 219

B ZYr FRAHAE F F7F9 Namespace® TFAHo] d&d, due RTIL stus
HLAZ A3} RTI namespacer= CERTI APIo|A A}&3}= Ao 2, CERTI RTI " &4 o]l
A AFsts g2 2 WaAaEsE Z5F o] namespace® #WH <. HLA namespace= £
DPRSE] #Htjdo]d el g o]l EolA AHEH.

2" 2 FY e g A e 2

(D RTIL:RTlambassador: Federate 23] RTI | E¢ol2 HAEH = dolg wds o

eSS OE.

)

@ RTI::FederateAmbassador: RTI v]E$)ojol A Federate2 A EE+= d o]

@ HLA::Federate: RTI namespaceZ%-E]e] X E Functional call2 %334, Object %
Interaction®] A4S 33

@ HLA:DataClass: 42 ~E 4], RTI®S] AR E441S o, DataClasse] =2 e~
2 Objecte} Interactiono] A+=d], n3E = dHolE7E FEAo] AE AF-oE ObjectE
Atg-stm (HLA::Object), &HE 4 & 4% Interactions 83+ (HLA:Interaction). +#
A2 DPRSONA 45dAFS &5 Interactions &85t o] FoF.

re

(® HLA::DataCalss:Member: HLA::DataCalssell A&Eo] ¢lom, ©wlolE]Z o HolE &S
Ak P<&A9E Objecte] Ww=  Attributeg}  3tar  (HLA:Object::  Attribute),

O =7 0 M1
Interaction®] W = Parameterz} A <]3t (HLA:Interaction::Parameter).

(2) Aol A4 =g (Fedration Object Model (FOM)) 7

RE Agdelde HF3dsS HslAes AAED (Fedration Object Model (FOM)o] &
T, ol HAg#EHolAd U HyHolEE 1t w3EE dlolEeo g AAEIRE Ao
g & 9lal, w3 E = Interactiono]y} Parameters 7+ WA o] F3E Y3 HAEH= A
19, “fed file” ¢ .

A

o

£ Qe ojm@ HolElsk CERTI RTI ¥Ss10l8 Ba] F1 wolxexn mdsz 9o
w, 27t Adeolege] A2e Aol A AASAY J1E Aol ol o

a8
H DPRS #HO#olAo|Ade] Aamde FOMe % 6709 Interaction (USGSRequest,

Earthquake, GroundMotion, StructuralDisplacement, FireInformation, FrationalEffectiveDose)
3} 7t Interactione] thet Parameter£<9] AHoZ T4 9.

d
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2 Aol A= A AAZ DPRS #lE#olds utg s 3 E48 Ad tig/ae Al
old ERF TEHAES AW TEHEH A, AEHCIA FES AR F2 Ve
T& Hs A A o= [1" 2-30]2 FDS Algdeold REe AT 4% A

e
Anylogic HLA Open$ T;).SCS
Simulation (CERTLRTI) Simulation ata Simulation
Retrieval

Initialization Anylogic|OpenSees| Seismic | FDS Initialization Initialization Initialization

Federate|Federate Federate Federate

@ o e
@ USGSReguest
- . Call J=.0000
............. @ wﬁsﬁ“m-.y
Bl 1 | 4
Flécrfrg 22 wn s

T=0 “@ T-1 =1
........................ g el ation @

=1 l = rm@l -

[19 2-30] &4t% Ad di&/dd AEdeld % 75

(D Damage Federate= X33 4 A& oA A (Week) S sty Z71AZ.

@ "] A]ztulch Damage Federate:= USGSRequest InteractionS 243 RTI mlEgo]l 2 A%,
@ Seismic Federate:= USGSRequest Interaction® A &4tal, o]E USGS AujoA HE=
Z&3h oA AlEH Ol AZEE Weekol 7] W&o, HZ dFdol st AzlS AL
@ wkeF, A @ H F&st= Axlo] HAEM, Seismic Federatew AAME A G H,
Earthquakelnteraction2 A4 slal o] = RTI vl Ed o2 A5

® Damage Federate= EarthquakelnteractionS g%, OpenSees FederateZ & 3}7]
A3 A F TSR OlHE ALt AEAT Hs ¥ A E 4.

® Damage Federate= ©]& 7]WFS. 2 GroundMotionInteraction= A4 3stal, o] & RTI v &
flojoll H&3t

@ OpenSees Federate= RTI "]E9 o] ZFH GroundMotionlnteractionS Hgwrar, o]F Hf
BoR FxA WHE Aledelds T3

OpenSees Federate= & W& AlEdHelAd ZAFZHEH StructuralDisplacement
interactionE AAJste] o] & RTI nEH A2 AGE

© Damage Federate= RTI v]E9lo] 25 StructuralDisplacement interaction
ol T3 ANAEE TFEA JHAE A4HE

N

i
2

Hofell At
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@ FDS Federatex= RTI vlEo]&
gog siA g4 AlEFGoldE 3
@ FDS Federate= %33 AHKXE uHlgr OS2 FractionalEffective Dose(FED) interaction=
Adstal o] & RTI PlEdoldd dad. B HAREs 5712 G4 #-dshr] g Zof, g
FED interactione AAdstH, o] AlE# ol AlZtel] f57l2 BRE 7B4Llste] AGd

@ Damage Federate:= RTI w]E¢o] 2% € FED interactionS AgHti, o]E &3 zZ+ A
Az ANAE W Ao WE 5729 IS A

@ Damage Federatex= ©]% A} 8l #F57l2 Spate] mE g Al EHoAde s3I

BE] Firelnformation interactiong Hguti, o]E u}
st
= .

= 9 AA T O-QOL W AlE#HlA A Ay EE, @-02 ANAGRT}E A

9 wjv}
O ARE. =3, -6 o A9 A A4 olF ulAz A Msghe A4

[ 6100, 1 &
AT R Y
= Ground Mation: | i T te
Scale Factor: 3.669E-7 T =
Acceloration Fite: [ =

, ] -
“IWTO121103111446.NSrel™ I i
i .
J Structural Displacemen; t |r""-,.:,. \ ;:]

(=1-1-

R 2 3 Borewg | Vo 000 | Smalntion: a0, 4 T Pemary |

[2¥ 2-31] DPRS 23 A] OpenSees [29 2-32] ot Al&doldE Sgt
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**Earthquake Detection ***Accuracy of Data

*Simulation Starting Time Time Exchange
01-01-2011 (10 weeks before an event) 11 weeks 100%
01-08-2011 (9 weeks before an event) 10 weeks 100%
01-15-2011 (8 weeks before an event) 9 weeks 100%
01-22-2011 (7 weeks before an event) 8 weeks 100%
01-29-2011 (6 weeks before an event) 7 weeks 100%
02-05-2011 (5 weeks before an event) 6 weeks 100%
02-12-2011 (4 weeks before an event) 5 weeks 100%
02-19-2011 (3 weeks before an event) 4 weeks 100%
02-26-2011 (2 weeks before an event) 3 weeks 100%
03-05-2011 (1 weeks before an event) 2 weeks 100%
* Different simulation starts to conduct restoration simulation by subscribing earthquake information of the
2011 earthquake of Tohoku in March 11, 2011.
** The time of activating restoration simulation in the federate Damage (Anylogic) by detecting earthquake
information and subscribing structural response data.
*** The comparison results of data interactions (23 parameters in 6 interactions) between the intermediate
simulation model and the interactive simulation prototype.
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b €00
sot L 6000 ; # . . . ; .
sat W 3600 ; SHEAD CHID="evacustion’ TITLE="evacuation FED model’ / output file & simulation names
ot Witoey 3 . SMESH 1JK=60,60,24,%60,60,0.25.0.2.8 /  oooooo. 5 room (mesh) ceordinates
sat Whay 37 STINE T_END=5D, D=l / == =mmmmmmmmmmmmmm e mnme e > simulation time

$0BST XB=57,58,20,22,0,1 / ==mmmsmsesne-o-3> obstruct where the burning object is placed above.
ESURF ID="fire’, HARPUA=1000 /

SVENT XB=57,59,20.22.1.1, SURF_ID="fire’ /

SFEAC 1D * POLYURETHANE

- F tade Information AR = | myPOLVLRETHINE .| information about the burning object
10  TH— ﬂ'ﬂﬁ 3HT1N 02,1, NFPA Handbook, Babrauskas’ [° pppija = Heat Refease Rate Per Unit Area)
= "‘-‘ .V - 005
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SSLOF PB=55.0, QUANTITV="sxygen’ / -
SDEVC X¥Z=50,15,1.5, QUANTITY="carbon sonoxide’, 100" /
008 Y2 121 -3 TAMTIY= carbon diggide . JD=00" / Output valuas presented In .csv file
BOEVC XVZ<50. 15,1 8, QUANTITV="VELOGI 19", 1D="Velocity" /
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- LOADCASE1:
iJ = e DISPLACEMENT-CONTROLLED LATERAL PUSHOVER
E e A lateral LOAD ofincreasingmagnitude is imposedatnodes 3 and
o) I'|H|:| 4 unti_l a_desiren_j ma.ximu_m lateral displacement is reached at node
E o granity load 3. Thisis astaticanalysis.
= hr ﬁ““‘m'w LOAD CASE2:
= ko lster3l |2 4 DISPLACEMENT-CONTROLLED REVER SED CYCLIC LATERAL
[E] = koad LOADING
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e 8 Al 201 M || e e
w ‘5 1lu|l
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= - ki 1.
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i ] I'|J'||:| Auniform acceleration history is imposed at all nodes constrained
= o in the horizontal x-direction (nodes 1&2). The acceleration history
= i iz predefined. This isatransient (dynamic)analysis. Aschematicof
-I% K the acceleration historyis showninthefigure:
| na &
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THH O Al 23| 0] M | 2 time
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AlEE el Az M= (OpenSees 2014)
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[ 4-2] E AAE=2 wAHE oA [3 4-3] H701& S 9T AL E

Struch Stori F Means :fL}B] cq] /\] (“‘?“}1\})
Type ure Or1es OOSt/SF ($) Area Pooulati T
. opulation ype
RES S}?oncr\)e(:/taeﬂ 15 1450000 2087 )
Ceaf . S RES 1,268,724
oncrete
COM 8 (80,000 165.65 COM 31,812
Shear Walls 769.86 | 3,563,578
N | T3 o000 | 12335 MED o
Moment ’ ) PUB 573
o [ 4-4] 7| e = AEE 57018 d
— Simulation Result Fesiamiion
Type (%) |Repair [Relocation|Restoration COSt,
Cost Cost Time Reduction
o/ i so150 RES | 63.54 8:9)72%2’ 871,246 | 530 12.6
— com| 7149 [>0% 629,191 | 694 9.44
" 368
(24 4-1) AEE o3 57018 A8 N\p | 17.04 1503332’ 161,499 | 158 9.96
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FE&E 20%, =9 ANFHFES 10%= 7Hg8kd, 2018
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