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SUMMARY

I. Title
Planning Research of Establishment of Seismic Design Technology for Korean coastal structures

II. Object and Necessity of this Study

From the Hyogo-ken Nambu Earthquake in 1995 in Japan causing huge damages
in Kobe port, which is the biggest ports in Japan, several problems were identified
on the conventional seismic design code (quasi-static/ working stress design
method). It was pointed out that the conventional quasi-static and working stress
method are not suitable for design of the coastal structures for earthquakes of level
II. Therefore, a need for performance-based design was recognized. So theseismic
design codes for coastal structures in foreign countries defined the required
performances and has been focusing on ensuring seismic performances.

Japan, one of the most earthquake—prone regions of the world, introduced the
most advanced design criteria and has been applying this criteria to coastal
structures. On top of that, Japan has changed their seismic design code into
performance-based design code in 2009.

International Navigation Association (INA) suggests to set a performance-based
goal considering both the structural and functional damages, and to provide
performance-based design that meets this level.

On the other hand, the application of the foreign design criteria to Korean
seismic design code for coastal structures, has not been properly verified
considering domestic circumstances. Therefore, it i1s necessary to clearly define the
structures that would need to be built according to the seismic design code and
their seismic grade. It is also needed to introduce performance-based design code
for coastal structures considering domestic circumstances in Korea through the
experimental verification. Additionally, the ambiguities in Korean seismic design
codes currently causes confusion in actual work-site. Therefore, this research
ultimately aims to improve seismic design technology for unified design criteria and
evaluation of seismic performance. Finally, establishment of the comprehensive
research plan and feasibility analysis are the overall goals of this planning research.

From 1990’s to late 2000s, limit state design method have been applied to design
of harbor structures in Europe, U.S., and Japan. Recent harbor construction orders
placed by African, Middle east and Southeast countries requires Euro code, BS code
which are based on limit state design methodology. Limit state design have been
developed to ensure safety and cost effectiveness for life-time by considering
uncertainties and probability of design variables such as external loads, material

properties, and design condition. The design codes for road bridges and steel



structures have adopted limit state design concept recently. However, Design code
for harbor structures has not yet headed for that design stream. When the code
was revised in 2014, most writers agreed that limit state design methodology
should be adopted to harbor design as soon as possible. On the other hand, limit
state design code for harbor structures should be developed quickly, to make
sustainable design, construction and maintenance of harbor structures which support
over 90% transportation volume. To this end, another target of this planning
research i1s to establish master plan for limit state design code for harbor

structures.

M. Contents and of Research

1. Review of Korean and International seismic design criteria and research
trends

O Research of Korean and international technical trends and technology level

O Research of Korean and international political trends and related laws

O Research of current infra-structure status for protection of coastal structures

2. SWOT analysis
O SWOT analysis of performance-based design
O SWOT analysis of reliability-based design

3. Future vision and detailed sub—projects
O Future direction of R&D and vision

O Detailed sub-projects for vision achievement

4. Objectives and scope of R&D
O Objectives and contents of detailed sub-projects

O Performance objectives and index

5. Validity analysis of R&D
O Political validity analysis (Needs for governmental supports, etc.)
O Technical validity analysis (Redundancy examination, etc.)

O Economical validity analysis (Economic analysis, etc.)

6. Strategic plan for R&D
O Implementation stages and roadmap of detailed projects

O Calculation of necessary budget and appropriate research period

7. RFP and final report preparation
O Preparation of Request For Proposal (RFP) and final report



IV. Research Achievements

1. R&D Projects
O Development of performance-based seismic design technology for enhancing
design code for coastal structures

O Development of limit state design for coastal structures

2. Detailed sub-projects
O Process
- Survey on technology demand — Selection of candidates — Priority analysis
— Selection of final detailed project considering R&D demand and validity
O Detailed sub-projects (Development of performance-based design technology
for enhancing design code for coastal structures )
- Enhancement of seismic classification, seismic performance, and performance
objectives
- Development of time-history artificial earthquake for performance-based design
technology for design code for coastal structures
- Geotechnical site Characterization of harbor site and D/B construction
- Development of performance-based design technology of gravity quay walls
- Development of performance-based design technology of landing piers

- Development of performance-based design technology of breakwaters

Development of performance-based design and reinforcing technology of

cranes and pipe lines

Establishment of liquefaction evaluation technique considering dynamic

behavior of pore water, and effective stress analysis of earthquake

- Development of performance-based design model and economical analysis

O Detailed sub-projects (Development of limit state design for coastal
structures)

- Development of reliability based design code for gravity type quay walls

- Development of reliability based design code for pier type quay walls

- Development of reliability based design code for sheet pile type and other
quay walls (tie-rod, dolphin, etc.)

- Development of reliability based design code and design manual for deep
foundation

- Development of geotechnical investigation and reliability based design for
slope stability

- Development of reliability based design code for design condition and
materials

- Development of design and construction technology of shallow foundations

and soil improving methods at each performance stages



- Development of reliability based design code for coastal structures of
rubble-mound breakwaters and dissipating block

- Development of reliability based design code for vertical type, composite
type, tilted apron type breakwaters

- Development of reliability based design code for armor blocks on vertical

breakwaters and perforated wall breakwaters

3. RFP and final report preparation
O RFP for development of performance-based seismic design technology for
enhancing design code for coastal structures

O RFP for development of limit state design for coastal structures

V. Application Plan of Research Results

1. Enhancing the possibility of successful completion of R&D project, and
efficiency of execution of the large budget via suggestion of the

strategic direction and action plan

2. Minimization of problems in the process

(1) Maintaining research objectives that agrees governmental purpose

(2) Minimization of trial and error through result analysis on previously performed
projects

(3) Suggestions for management of research organization

3. Improve efficiency of execution of the budget

(1) Prior to initiation of project, raise the efficiency of execution of the large
budget and possibility of successful completion of R&D

(2) Establishment of realizable objectives and concrete research schedule to

achieve result applicable to actual work-site

4. Delivering results that nation, government and engineers agree
(1) Suggestion of strategies for achievement of research objectives based on the
survey on technology demand and demand concentrated technology

development

10
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22-6>%F o] s Bl SSI ate] fel wel 8t
21 i M i i e

(Eurocode 8, 2004)

7 AAFIA PO s)Ee

Ground Acceleration . o
ratio Damping ratio vs;ax 4) G 5
a-S
0.10 0.03 0.90(+0.07) 0.80(+0.10)
0.20 0.06 0.70(£0.15) 0.50(+0.20)
0.30 0.10 0.60(£0.15) 0.36(+0.20)

4) Vs max

5) Gmax :

AP EKIO-D) oA Bt ddakd s 360m/s W Tk

A EolA o g A
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<3 2.2-6> sl whE =AY 89t (7A@ 2 (INA), 2001)

AREEAY

A AAd
3 A BIPAEE ez Cyclic/
A} PT® GT? Index  Static Dynamic
DT®  LT9
2re = [ | [ |
L o) 43 3} - -
(Simplified) 5
SS110) Quay wall/Breakwaters, Piled wharf || ||
= [ | [ |
B o1 41 3} AFdA7INt - -
(Simplified A7 e [ —
dynamic) S Quay wall/ Breakwaters [ | [ |
Piled wharf || ||
b og SSI E’_j{] Ulj‘?_? [ | [ |
%Zjl_sﬂ/ﬁ']ﬂ SSI 2 el | ] | ]
. SSI mdl w2 g - - -
) ol AL =
(Dynamic) N -5} SSI = st = — =
SSI [ | [ | [ |
M 2 AA 270l upel A9

6) PT : #3218 (Penetration Test)

7) GT . €343 (Geophysical Test)

8) DT : W54 43§ (Pre-failure/Deformation Test)

9) LT : 9443 A%s 28 (Failure/Liquefaction Test)

10) SSI : A¥k-F2% 328 (Soil-Structure Interaction)
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2009 HEHEN)S L3 FHAF 7 =5l A 20109 5E ARES o533

(1) Level I, Level II 7]RF H-3&Qbd Al (partial safety factor)E& AF&-3hi= SHAI e A Al
W (Limit State Design) <.

2) 713 g 9 AsEE F23ke] EN 1990 ~ EN 19997b4] & 10719] &A= T

(3) WA T 2 AN FxEL AT AATEAd 2o FEctdATE
PIANC®] Breakwater with vertical and inclined concrete walls®} Analysis of
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o|=2 O|= =23 3| AASHTO: "AASHTO LRFD Bridge Design Specifications”
O|=232|E 7|3 ACL "Building Code Requirements for Structural Concrete”
OB ZA- 7|2 AISC: “LRFD Specification for Structural Steel Buildings”
O|=44 7 7|2 APL “Recommended Practice for Planning, Designing, and Constructing
Fixed Offshore 8 Platforms-LRFD"

20| o|=2 - AASHTO (2012)
(Nort:l_America) (The United States)| = ACI (2014)
- AISC 1999)
- API (2005)
FHLict - MOT (1992)
(Canada) - NRC (2010)

& Q10
National Building Code

AT .
Vi

FHLICt 2Etz|e3 mE=2 MOT: “Ontario Highway Bridge Design Code”

= 2 H 3|2 NRC: "National Building Code of Canada”

<A™ 2.3-1> Hu| Aol 71k A B AAVIEA 4

Ful Aol e EEFE tig A 24 A7 @e A drEa o,
A Aol oJaf APEA B HAITIE] AL JHClE Ha e

(2) A stz 2 A gt B BAY Fust MRS st A3
ATE AT A, A8 BALESE BT WSk AQA4A7 7bsstr] Wil
gto g ARkzALe] AAS, Al HE HAAY M 4 A g AFgAF
A T Be AT 28%

3.9 2 3F AHAARAAANE

7b 71 g

(1) =2 ofrlob Ao m7lRA = vuA maA AHAEANS A5 E5TxE
Al EY3tA . 19850l AFF2ES gidoz 24 olES 83 AA7
TS Ae EYS o, 7zt AFANE EdE 199240 IS XS ENT
ZEol A 7 AAVIES At oA e® AEsta A AA= 2000
ol 7§ ¥ “Technical Codes for Port Engineering”o] 3wk A Al 283

L et

(1) T79 FHEAAVIELS F2ES ToE wg 3 SHoR FEsta, 1o o)
2 FAE AU AAVIEAC g8 AR AegAns 548 21 A5

(2) & mA7HAR Sk oA 5 F8 FE A giE st AR
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(b) Deformation due to horizontal force from .
(a) Deformation due to inertia force at deck retaining wall (c) D : due to lateral displ, of
loose subsoil
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1. R

L1 €47 712 9 &9

£ d7e ASA A8 @5%F I 2 A3 YZEA7ed st BAH SEA
7189 AN viwsiaat st ol& HAst A - AN AN HEl d@ v
2 sl w3l AwEs, LCC(Life cycle cost) 4712 83l A4 - %
715k BAgY BAES FF3ARAT. 58] LCC 42 F3td 7€ dAEH A9 - 4%
715k QAo T2RAFY SHAM FLH oS 7Re U A - A7 A
Hol A% 72E FAW] WFd mE AAES 2A32A s EF T2E FAME
W0l LCCA vAle 9= EA% A 3t

1.2. 47 $%
1.2.1. = - 2| F2 XZIA A2

1995 1€ LEelA 4G auA[Zoly Fd 58 AFEE A7 o] X|ZIA
9 735 AR A 4@ FaEn oy BA § 244 a7} A4sitia ¥ F U
9. 535 AR Me A5 el gAste] T2EC AF HaE IA F/RIAC
o 3std g Hele XEYS RE 7REA dFR Fd= e ¢ 2, FE FE
Fslol A% A9 72ES AAL T2 dEdY, I 2% 7239 EAe AY ¥
AE 4A Aeds FAHeR 3 Ee A Toer TRERAMS] 75S A4 &
€ Aotk o2 @ FAL 72E € F4S FH I8 2= AAME Hfr RF s
Hoh @EAE (20100 Ssha ¥lwd HZ] SAE I U AdAGLE & 1%
Zom, I 8 AMIAGF L X 29 Bt EF FEFAT(2001) ] of5E dxd F8
FitrzEY A3 Ale & 33 2o A A7 AEA e} ARRZAA H3
£ ol Aze 2 Qu e AL dF quzt #5F S710M FE F3 FEe
E Yehe, O F9e AAAGS AEEE Y44 T AZA AEE dEse
27 €4 & e A2 € 7 Atk 2 AZAG AF Azt vud SdsEEe
ARRE G 29 B A% AREAAHQ FH7 ghEe € ¢ U
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E 1 =39 F28 AJAG AH)

78 A7 | 247 | 2 = A % %
= 2F 10,0009 A, < 200%
' - A ukE A ]
Mexico | 1985.9 | 8.1 ol4e] 1&AE B
za4
. ciokAute] 9
+ o} 60,000% AMY 2 A%,
098 o149 AAN &4 A A
Armenia | 1988.12 | 6.8
- 25T SAIS, UAEA BAG za4
Byxgos A% TEE
) - 629 AVY, °F 839929 ANED | - AA &
T 19801 | 7.1 | +20] BARS A, AEARNE | 2% Aol
Prieta o) (23 Al gt Q4
- X} 7] AL
.58 AVE, U3 AAME A4
9 ol zee)
A&
Northridee | 1994.1 | 6.8 ] U2 A
- A90] B4, A4S ZA AT
71904 sl (23} AS) IS T
- Z|]k X} A3
WAXE B
64329 AVF, JE GAF Ed | aAA 2
A& A el
s | 19951 | 7.2 | - 2AEHE XA, dAe 29 q@
Aues gggete]
- AR AE T (2% A Wy ge
= 15,6579 APY, 27,2339 HA4), 284 4
Izmit, 19998 | 7.4 g T2E 9 A4 R A A3
SANA SA% AR RE gt 83
+ 24009 APY, 11,0009 ¥4
aA 2
ZQ FZ2E 23
Chichi | 19899 | T.6 | o o e gy | VO
. < "M, W )
gt 87
et
AP 19, 700908 54, A | - ks A8 9%
A% e 29 aA 2
2205 | 2005.83 7 .
35 6.0 o3¢ YA AHE QA
1,000de] 13] mjgto.2 = gt 83
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E 2 34 F2 AJA AH

21707 = T R L)
AR 1936 5.0 7H5a
%4 1978 5.0 7H5 st
g 1996 4.5 i |
= 4 2003 4.7 =
9B 54 2003 5.0 -
=3 % 2004 5.2 -

F 3 T2 AQAG AL

F8 AF | TAA] | TR o845
Chi-chi, « 5ZHv)d : di}s, AuAE, AFAEE, 329
1999.9 | 7.7
Taiwan sloshing ¥ &
Gulf of
Agaba, » dukd : ekgl AA}E, HHEEE F
Egypt, | 1995.11 | 7.2 | - S|<A1A : 332 Q18 Ml HOAA A3 F
Jordan, +E YA 1 Y W, V1T HER F
Israel
+ 3% HERG [ A3 A=E va 4 olF F
Costa Rica | 1991.04 | 7.4 | » 32 : di¢tA =9 A5(1m)
« ZZYE VT 2 g | FEA &4
Loma = Fgt AXE - 72F W
Prieta ~EHd 99 &4 A olE, A9 Zg, o8 F
1989.10 | 6.9
California, -3l @E : ZIHE 7Y, H5Y 2E &4
USA - g3 Huld A9 128 44
« 8 < - A ZAAN0.6m)
Niyagiken-
+FETY AY . 39 &8o|d(1.2m)
Oki, 1978.06 | 7.6
- ZIE E5 &Y : &go|d, AAL TE
Japan

A g A AT olF
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1.2.2. MEIY dA 3 4378 UEIEAEY 2 o793 E

SHATRES EHF dvtrREe] Y Ee AsY HMd dFd 3l -9 dF7e
A7 - 7134 2343 YAl B3 AAA BT B2 dEAA @0l olFo|H gt
Yoneyama &(2000)2 #38 ¥4 < Ar2RE FBI BRXAIASATE &7] 9
& B gE H7t R AL A 35A 5 (load factor)E AP35t 18] 3L Nagao
5(2001) & <HHTEZEL AHAY EAY Hol Y A7 R LANHAEY(First Order
Reliability Method: FORM)<l 98] 44| st &E7} Qi F7198-(LCC)FHe] BAE
IFF v} it E=F, FHol FAF(8-F-4) A3 FFETY AdeA dyTx
£ ERAI A ST e 29 2 A4E 1071 $94 g9 A= E 25
Ao AF FEAAAT/E ATHAME FFAHT-, 2004). Ozaki F(2005)2 <hH3
WAl B3 Al SHEE E7HEE aEE 7Y FHEE 2AE 7Y FHEel
#Havt Ae HAHAH A TE ot T8, I=RAY S T3 FEATE 2F3}HA
. Nagao $(2005)2 LCC EAZ B3l A vAEES 43t ¢Hz Lo
+4 2 EXvngE #AE BRI Ozaki £(2007)& W49 s=EEadE a3
A g2 958F g9 g EXHAFES ATt 19 ATl Jd FH| ]9
LA E 7N1E BAYS] B HAFER Blad 2 V)1E AN R FEe] WS =5
< gA3sln HF HAFFe 712F FRATE AU £, Houlsby 5(1999)
< 43 H FHYEH ZHE § ¥4 R BARIE0] A83he HEAMN 919 fAAAE 712
9 HAEANA & BACIEE EAE A% A2 EFEES T3 HH HE
3z #5351t Duncan(1999)2 W@ Asd B2 Al =¥ glolE ¢4
Az T 71ES) A FAd A#4 AdS B ded PHeR 8+ U2 ¥
Ep%itt.  Burcharth $(2000)2 A¥WsAl 7129 dYd  #BR=4
PIANC(Permanent International Association of Navigation Congresses)elA 774
ke 7129 B3 8Ed JHATE AUH8IY. Martinelli §(2000)2 HH4 HobA o]
BEEH d4% F 7K 52 F, 44 A A9 A3E £4 R YAy &2
H AA o Nz2xA 24 Fo dstd AFaHt gtk Fenton 5(2005)2 #AGI=
o|&L ol&d Aute] WMEFAHA AtzAL FE9 M A EFE FFEL
2437 A3l e7dHe ARATE AYF 2 23S, TUldM Ay FEES] Ny
M3 A HEH F(2003)0] Aol <ol A Y A FHERY A4H
€ 23] A% AAE d7ERE CEIST. a2x, FHr] F(2005)2 7HAFE
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(Value Engineering;VE) ©]&& 7|22 LCC o2 ET3 44 A A 2359
HES AABIAL 28 3l AStean HFHs BANES FPsnA 33l
Foode FF F(2006)°] HAAUHAG o] 7ulste k7 zES] LCCE £43x
7N BdS d3aich. AYA(2006) HSEFMUFH(DCM)LE B3E ¢y
71&A ke fF kRS AEA WHoR N3gich B, AFH S(2007)2 A Al
A e Ay FMS B3l FALRY ¥ 2 Ao A IAEES ALY
3o 225 AANIA=E Fr8AH.

#H Azlo] WlAG Y& F- FHAHA daA A AAR s 7 AsE HAY
T EYsd AHLsx Aok 20099 1E UREAIES AeIEA
(performance-based design)® F#3gon, £AF} Y7202 BF HELR 3
Aol it F52 28 Aol f¥AE2 20109 Eurocode(ECS 1991:1992)&
FHeE git BER g @ REd g dAV|ES A AANEY FEAAAT o
g WA EARS NPz gloeH, vFL CEM(Coastal Engineering Manual
2002:2006)= 53wt} A4 3EA A=Y BAHES FAHLE F53 Yt

1.2.3. d7lLe] 2oy

19959 9¥ Exd AN (2R D) o2 9% 9E A aude] e Hfr} &
ABEA 71E WABA (FAPEA/E -89 A1) 7189 EAAC] dFEsich 19959
2A gl g 7L FHAEe didted 1109 28 (e 112)9] 23p, TEldA=9}
EFolgdzo] FAlde] i Ho] 7152 &3] AUt o9 Zo| 71E A
AN 2§28 dAMeRe IR LAH 2L Level I T AL izt g7
25 A7 E7Fsd AHdel AFs e, o2 gt WA oA Aert A
7149l F Aol dFHgih. al B F oA JlEL 20149 AP B0 ERHAL
U 18-85 AAe ug Aoz MAH] FAH F-&3A F3la e AFolv}. =
& AR dAYe] ARF e =UHA R FFo dF FeolH, EFAHY FHA
< B3 AQ=3 2e A94 2AY £ 48 REA 290 Alg3 4Fel. ol
£ dydae A4 - A7 AW F4el 3 v ikl digt i m,
LCC(Life cycle cost) B471'§E T&3 A4 - 5718t AP BAHS FH3)
A 33t
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1.3. 7 Wi

£ 947E F937] fstd 94 LCC TATES E&3a, LCC BY Z2A2E 15
. 2 £ LCC 4L 91¢ 718 AAxAE F£Y3la, A - 57 AN o
B TEE FAWE F3 71E BAY W] Ay - eI AW BAEE HE
S

LCC 42 #si-e LCCE 7A R e 42 v 8350 g 34 2 34 &
F ZA87t 283, o Ase 7] $3E ¢ 2 ¥NrEES] LHARE ARe
24 Y5 v a2y A ¢ R dnrRES fA#d A48 48488 5
717F 28k LCC £4 Al FnE#dS i3t B 1 LCC &4 Av=led
THIA A=A - e AR FA] AEel BE LCCY FF o] 7hsdtEs Wyt
itk

£ a7l e 71E 24 A2 - A A BAEE FES] s 00
A(1-294) 375 WY 234 T FIAES LCC B2 AYsksH.
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2. LCC E4VIY

2.1. ¥l854 W 4
2.1.1. HIZ5He 7|28

o2 A% 4 FRTLEE AN ASIA o] FE o] W AESHow
Qste) 2t AL 0&MS] BAPH 2A Wgshl Fme LeCcH FHT 42 Hatdl 712
A8 431 % Aol We A2} welo] a7Ed. % % gHrage] O&Mel UE 47
ARt REG Aol FUsE M83EL A TYUES vwy o WaHez ot
FigH, £ A7NE o] o8 TFlsd ¥43F Hebe Bass.

2.1.2. LCC T#4E= £&

LCC 74359 =28 BHAAY HEe AE 4 I F7A 288e vEdA
FEZ AR 2R P29 LCC £A0] 7Festes @tk A - 31o1A
LCC 74352 83 X 49 Zd, ol #9F7dA 9 LCC HgAtge] 242 2
el E7d Aok dife F2 FEFIHCd BE 27013, FEF R AEFE

2AE WA 35S 328 Rtk

# 4 HAAE LCC TAZE

qER B zEw
3 7123/ TAZ/ /AT
e A
-2 AT
- Q1]
Pkl Sk
- ey 5
3 - =3 - AR/ =2y
wA e - FE R
B2 -G E
F2PH &
Bn) _
SRR ek -
sy A - H71¥ -
S - S B T ARE W) :
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2.1.3. LCC o= H|SLE &4

HE R FrE2Ee] LCC 74¥EE HEH 4L £ 59 2

» 271 FAH] © EAWAG AAES FA] dgd Qg 3

s FRIAEY oA R IUVFEREY dF=E R LAVEC 9% F
« S EA oA R ARTERES] d7eE R AAVIEd 8 3
<A -2 2 7] AAETY AHY - IR dAE 97
A - A7v e FL3d2 713

# 5 LCC TAZEE w44 34

LCC 7S Hl 44
2NBAW | BAP) | et A88e U] 97 23
Qg
A7 - E2H) | A% % YDTRE) ATEE 3 AANE 9
KA _
BgH | 29
w7
B3H) | A9 9 9RTEEY ATEE L AAVI2 4
&) _
g3eam | 39
<ol - A7l RG] 4% ol4] R
A - A7 AR HaA e FA2 dehine dshda

7V

2.2. LCC ¥4 Z=2A= ¥
2.2.1. BEA LCC =4 ZEMA

LCC B4 slolq 834 FdEe LCC B4 3 ¢ 2844, HEy
£ aEsA] g ad gadhEelt ¥ LCC 48 98 =42 NIST BridgeLCC
Zgad s 9% 2d2 v)3 NISTS] Ehlen/Marshall(1996)2] LCC A4 Rd o]
o},

PVLCC=IC+PVOMR+PVD 41

227



714, PVLCC = dA7x9] Z7)qH&

IC = ZJ|H|&
PVOMR= #X#H]&
PVD = Ag¥)&
_ k
PVLCC= o1t 4 2
A71A, ¢, = ko] Se= ZE v g
i = g
N = LCC zA F&7)7t

A 12 EAd 9@A AdsA HEEo] 83l 9o, Frangopol(1997)8 41E& X
H AgH22 LOCE Y29 32 T3 gt

LCC=C+ Cy+ Cp— B 43
A71A, ¢ = &7] A4u) &
Gy = TE717HELY A&
Crp = TENIRAIEE B9 B AZEA 24T + de A - 1AND)
B = AZ-gol D& o[ &

41942 4 39 Aol4e LOC AFHe] Hqu1g 18] cj¥oleh, ol
u]go] Sl B9t Frangopol(1997) A7 <o Ang $(1998)] ATl Ho}
2 % gom Ak LOCE 2t #4 4% ¥A L 4% A8 % A2/ lid A
He mdojt, & @79 B35 LCC £44AE T 2o,

-LCC BA2A 44 A% % YUTRB 4@ JE TURANE Fad

247)3he 4300 YAEL A gt

-gBE AR LCC TAYERY WEYERL FHHD, v AANNH

NBE 4R YT 1 F 9 SR AZANYE §Usn, 243 v 4] BYAY] B
28 S A4 @t
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833 LCC A 1 F 82 AAZER] S4APE (BN H ) M2 E &S
25 AZIA =2 842 A8t FUAHY A= ke

2.2.2. 3EH LCC 24 Z2MA

LCC €44 3loiA &&4 FA2WEL LCC BAS A8 d¥¥se E844, ¥EY
< 2]3 F2hdolt), ol2jd $EA FIWH L 6 §YRe] WAy B ohz) ¥
S5 A 7hed AA WAAA ¥ 8= AlEClA 71 A4 AN wHEe 2}
4 & A

Hed S48 PEL LCC B4 bX ABA (e HHA/71dA) it 713 8
Y LCC B4 A%E 35 o2 shigt dojfn. ofd AAd| o3 Aol Z2AE
LCCY E844L- 4%s] £ il glen Rd= £4oga 3ke WPHez ofed 28
24F o= 4= a2V HE F44 gloiAg wg dgd] i B34y W
G X317) Wl Ax AR A=A} gA] K3

B84 A2PE2 @A8E vEd A A wrE EHoz RdYs A8
HiEel Kot wpeln A Wl € 4 At &, ¥ & FA MY #E =d
I AFEE o= Ax Hez 3T ¢ el deld. o[H¥ HEH FIWW
< ¥ v 4o diHE AYEE A=A njd ¥4E F e vE8AE
45 ¢ e WS BLE FHske A o Z3AQ) el

54 APEL 944 4 Hdes AEES ) HEd FH 49F
o] AE=EEY sigolme HY8i(Risk)e] THEES AAAA ¥ E_4AE FHigW 5
e AR T EFe T AR AR, BEES §EEY PR MBS HF
BE Alzto] Wasin, FAH 7120 8d dE dFrEd] 43AE 273 §F vaite
oFEE Ut £ dvdMe FAAE @ LCC B4 tFd AU g A=
A BEY 2L AN

2.2.3. LCC 24 =Z=M22| HE

LCC 24 Z=A2E & 6945 Zo] &3 LCC 24 Z=A29 883 LCC 24
ZeA28 F 7R E E27E T 3. £ A7 q3AEd d@ LCC 7RSS =
E3aL, 844 LCC £4 Z=2AAE A3t 71& 4AN dv] A3 - A7 BAN
o] BAES £33
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® 6 LCC 4 Z=2A2~ &/

34 LCC €4

J.
(]
o
=
Q
aQ
M
12

—

| 242 8 ol e

4

[ ters = 0

’ O ()= ('

5

HxH7 x| sl
RAZ2HIE Ak

no

/ B
D=

{ Al () = !

(1+a)t
I

‘ Si7tRIEkE

SR|EIHI A

=4S I8t HlojEf 23
v

SEHsol SMX| 2
<

( NSIM =0

>3

NSIM = NSIM +1
v

1 ol () = ﬁ

1 SR xISHE
SX[RIIHIZ A

J ves

1 A ()= o
v

1 SRI7IRI5HEL
ST AL

([ sASH o exzmA
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3. 7I& dAR MM - 45710 dAES] MM HE

8.1. 44 8%

3.1.1. oy 7=

71€ AAW A4 - et AEE 289 ¢ R FNTREY LCC HEE A
3ol AU 00N (1-294) E¥F-F WY FxFA AAEALY & AN
To= AYsiEn. EAUdS 28 13 2er, LCC 47172 A AAsin
e 5032 A3k

oK BECET(10F2)

||

EEREREE

3.1.2. EACHAS| BAM| 24

EANER] A FAPe £ T3 o] Qa7 efes 7ites 74 3
o, 7€ 2AY A - 71t 4A%Y LCC ¥l - AEE fse] Yt 3
TSR T FAME R AA AP FARE 2713 R H 8381
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E 7 HIAAE FAH|

T £ FAH(F) Z7|FAH] A& AR

e 58.9 ¢!

S TAZ 46.6 o

AT 8.3 0

A8+ 3.6 o

a7 117.5 -

HrHE2 | U ERF 3.0 o)
73 R 1.2
a7 4.3

A 121.8 -

3.2. LCC £4< A% AA=A 9 7P}

3.2.1. gelg

;MIEL TMISES LB 2 WETUEH SVHicES BT dATUE=
TEHH, LCC ¥4 & %= v, ditdes LCC &4 Al A 42 93t
of f7 9 o]HZ NI H AFAUES AT, fF R FTFREc|TE ITF
ZAHEA glo] B FAlE gle ES A&7 nFAE FANRA(SERET,
2013)9A4 AT 5.5%E HE&AT. FRE HT 159720008 ~2014d) 429
2 29 29 2.

500
\a 2 =
0
300 \
\ /\ 4
® 200 05 ~uzze
zl Eg szzUe
B
(o s
127
M
1.0 —
078
051
a5
i 022
0.00
20005 200154 200285 200358 20043 200588 20058 20075 20088 20095 ]

ousu o108 Dyt 012 2013w 2010 @3
B

a9 2 HZ 1597 42 8Uds ¥MEF0|

- 13 —
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3.2.2. Az

gt e fA[A Ve A - <3S A RA A2 (LkRy], B, 2] F)
9 ez el o A - o3Fle dHAd € FUgEyd drHWEE) A1F
o o3 A & AT 2 A7 ENAL A Eoge BLTEY TRE0ER
eIzt ¥lEAel7t glene s2fdkA] gt AP A RAYE &Y FHL AANA
Ae FARS AR Fo SAst] 2o ok A% F R FiTREd| o 24
Azt FEG BA2 AFATL GF ADFAANS FARGFH] FHRY FHAA AA|
3o e A3 0.6%E A%

3.2.3. ma|&4H|

HAEZH( )e U 4 49 Zo] 3o AT H SHHE(0)d 29 @ HH &=
(P& F3lo AHEE = i
Cr G Py 24

e BEA B9 FrHe 3 EFSdn S {4 Hidoltt. & d7dA B9
B8 71E 434 S(2008)9 ATEHE st 27134 150%2 7HE3R%
on, 99 TIEANEL 99 E7HR9] 150%= 7t s AgA J1E
AAEH A=Y - g7t dAEY e #4¥ (201008 A7EAE Fxde
0.0816%=% FYsHA 7Fgsxitt. ol &2o| r& FYA 7F8T ol FF LE A
=4 - a7t Al 71E AT T8 o8 7RUAY Hes ke b 8
T2AE Wgd Aot

3.3. LCC ¥4 Alv=L

LCC £49 AA2HL 7259 ANFES FI 7= A5 2ol ddzt 55
oldel ATl B AP E st Aotk AP e 71E AN o¥ A4 -
de7it A W7 Aadke A4 TE® AF, IR 499 A R T
£ o o o714 A4 - ek AN A7 B8 A9 lske At e
BA% AEd vz} gleng Adia, adke B9l tded 10717 B354 AluEe
£ FHsit 788 LCC 4 AuElee & 89 2.
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# 8 LCC A At 2( =0.0816%)

(291 : 9€)
T 2 71& A FAH A - A7 AW FAP]
Case 1 120.5
Case 2 119.3
Case 3 118.0
Case 4 116.8
Case 5 115.6
Case 6 1218 114.4
Case 7 113.2
Case 8 112.0
Case 9 110.7
Case 10 109.5

¥ ) 71E AAYHY FANE BE ATddA B A4 - AT HAY
o] ZAM & Case 1%E Case 107tA] 1%4 H4dtes Ao g 713

3.4. Ayl Le] wE LCC ¥4 2+

3.4.1. Case 1

Case 1°] W& LCC 445 & 95} zho] 71& AAMN div] A=A - o7 HA
8] FAMZE 1% &35S | AFA - der|dt dAMe] LCCe 71& 444 dv 1%
#Fade 2102 AR B4V 508 B A B fARYYE 0.26994€, Az
B g3ednd 0.139982 £450 FA] U] & 0.3% 529 A= Ubs
9.

£ 9 LCC M A7 (&AL 5.5%, Case 1)

(29 @ o4€)
T 71& 24 A4 - g7 A
2713AH| 121.8 120.5
pakakl 13.0 12.9
v &4 6.7 6.6
LCC 141.4 140.0
LCC AXE - 1%(V)
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3.4.2. Case b

Case 5] B LOC £42% & 107 2o 7@ 24 d¥] A= - %74 A
o) AW} 5% BRSNS W A4 - H%71 AAEe Lok A& A uH 5%
Zade Aoz BAYNG. B4/ 504 B9 A2 BE AR E 0.2599, A
Wit oegnEe 0139902 B0 BA) ¥ o 0.3% $2U Ao Rt
.

£ 10 LCC #4274 (ER& 5.5%, Case 5)

(&9 : 494
T 2 71€ A9 AZA - Ae716E AAE
F7)FAM] 121.8 115.6
X =) H] 13.0 12.4
v &4H] 6.7 6.3
LCC 141.4 134.3
LCC &3E - 5%(¥)
3.4.3. Case 10

Case 10°] tid LCC £443} & 115} 2o 71¥ HAY dv] A4 - 57 84
Wl FARZE 10% A28 E o A4 - o7l A LCCe 71& A v
10% #ashe o= EMERT. £471%F 50 B9t €7 HT A #EvYE 0.2394,
A7t BT AHELUE2 0.12¢9 o= £ FAM] oiy] & 0.3% FE9 A= 4
252

£ 11 LCC 427 (&90& 5.5%, Case 10)

(&9 @ o9)
T 2 71& 244 A2y - 5715 BAY
27134 121.8 109.5
fA A 13.0 11.7
S &40 6.7 6.0
LCC 141.4 127.3
LCC Z#E - 10%(W)
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3.4.4. B8y

4719 LCC 4 AuzlLd] g 8425 03 37 Zo] AuE 7€ 44 d
v A - IRt A FAHIL 1% A4 we LCC =7 $dd H&= 2
adhe Aog BAHAY. ol LCCY F8& H&7A484d FA#Y ¢ sI&dust
FAH ] iE 8.&2 A7) g Ao AdErt. £ ZE A 0K A=A -
Ae7vt AN fA#eY] 2 S EAN|S 2 FAM] dib] Azt 0.3% FESE &
M=o} 71& AgdTd vehd BHr} 718 A2 0.6% TEF Hlusld A4 Ao &
s l=

a3 AU L FAA] LCC AHEe] =0 F2 ¥l I &EE FUsHA 78R
ou, FF 2 1AL detHe By AR 3R e #4E A% dARad
LCCe F8 w7l A FEF 27| FAR| Y] i F8dA d7EH S| 2 F
Hejojop MY - A7Ivk HAYS Ao o] Hot AFsiu A AAY A=A
7Ved Ae® Addr.

145

140

135

TS CED)

130

125

120
Casel Case2 Case3 Case4 Case5 Case6 Case7 Case8 Case9 Casel0

a3 3 AuEled LCC £44%
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4.

ZE

A ST BARE BET AY F YRT2E G3le) AT BAYS A -
R 4AEe TEREE LR so] LOC $4E Sasigt. & d7e Ta 2w
£ Yo o] £2% 4 9.
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