TIEAY FHEREDN

-

o

iHo
E|
<

d

718l

B AL

dr
1

ZjE] 2Rl S

eIl ¥

1=

I

7l= i

2013. 10. 29

ot
$H

ol
B

o0
=
1o

ol
il
-

1Ho
Ho

|

QEtIR TR [ (F)LIXIHA

jojo

i r
10
Wy




ild

M

—
o

10.  29.

2013.

o) o)

O
N
! ..
= e
or XA RO
I
50 .-
= ) o
o <0 <
) w0 A

B X F
7 oR T
Nw
Indin
T 5
Mo bl
Mo Mo

& 2
) iy

W o)

T o
M Mo N

o Ao

leece
R ORI

N~ N B

3! B
Ho o
Ho Mo



CEIAM 2 %MD

bl e

o]

B

2=
T

o3 ol

= Mz 5007 olu)

o}

[e]

=

. L F o
= B~ IR~ I o
= Sxg|*8=8
~ SRS | w3 ™S
-} o o o o
= = = S Mﬂ w_m
~ B i
s _ aolyw A s
et —_— |
i T b oW
= bsl = .
iy o N
& e o X
o o oH
=3
ﬂﬂ«uu %HJ ..mo .mo ,._mo @ HO..;J
< w <! nA/m A
QT e
: o . T
23 o BT o
N \ T oF io
v N4
AN % T mﬂm %
0 o —_
B T+ TR | R
w B o - My
T | |V
| ik ol I
~ - | o
T | X E 5 M_
y e
lﬁ” H_T wy Eo N
B ol ﬁTl ﬂ JI
P = ol <2 B/
_
~x =
Jof - o wK mo -
T i+ _L__/l 4qr
™ B B A &

Z1e ME 718

I
i

w H
o

wK

A =4

AR A =&

-

kel
pil

S =Eg A4

- AT YL 9

)
<

—_—

yA

<
K

o

o
i
B
0

|

3 717]

1

R

0

RFP 24

1

;o‘_

.‘,:L]

il

s

- HAF

71& A
Prevention of Disaster and Safety, Systems Engineering, Long

Distance Floating Tunnel, Submerged Floating High Speed Railway

o]

14 52 AA 7l A

NE 71E N

K

o

s
—a

(Z 57 °]7d)




1A S fast FES AED 9
T&AT $AL 9T AAEDe) AMe oA Y3} vef@ WEL 2T o]
23 AR Bl AFH BAS FAS L U
AAEEe gt A5 HYHe Fo| BAL Hgel A FAekE ofel ol
QAT FAFA F5E AT W] Ee FAVF Yon, Aol HolusE Ao WA
7} e
AZnEEEE SN BEGOR Agstel Al =P Foll FaR Aol A4
AT 5 glomE FAZS v gel BE FaB & Yt Bl U
sl5H shmel gae Zolo] Wk AFHOE PAHBE FIME TR WA
o 9N & At Aol U
THAEE @

Al df Ee 7AE 2557 A Y Tzl 1dAd F &8 Ay T
st A Ve 3T AEEE HEE F e

52 AlFEES g 84 SlollA 589 JhsAel JonE uLHES 23S 9
AMe 4% A R 7)o a8

AA Had euele] 2Asd7Ied AAY 720 1EEEYES FESH AlA
Ao Z H{2 dlFiHds 7|&s MEgozn A dF X 71es Frsiy
AANZE A8 ot I

R dls 1EEEE 3] HeiAE B A5 A Zes 94 JE A



NeNE 5% L 84 Y
e v g BE Y

AT AL AT AR A =%
S 2l A A

*éﬂr—%ﬁl \‘416& S8xk 2 A835} IR AA
=]

AT AR, A&, AN ) 24

OO O0OO0OO0OO0OO0OO0OO0
N
-
=
i
o
(03

:

2

=13

2 --

== NS Testbed> [48=M >
= Z0| 10km |[Z0] 0.1km ||Zo| 2km ||Z 0] 50km
;Ii $4 120m |[$4 10m  |[£4 40m || 120m
= Rt i | TS L1
% UEEL! ¢E§ﬂm Test bed744d | |4 MAM
2 l

[ —
2020 2030 2030 2040

i W E T—

2| #0| 3km Z0] 3km Z0| 2km Z0| 30km Z0| 0.1km Z0| 4km Z0| 2km Z 0| 100km | |Z 0] 1000km
7| £4250m £=4250m £=4250m £4120m =4 2m 24 1400m 24 100m =4 200m =4 2000m
o

| [olEk2l o[el2| =2go| Y 3 290l

S| [Messina Strait | [Messina Strait Hogs Fjord Funka Bay | |Qiandao® | |Songne En4E | [H5D4E | [HHE B
at Crossing 3lE | |Crossing siS | |7HEAA HE A Jl2MdH Fjord T Testbed | [ A8 | |H$EE 48

EERE! EERE AHEA 7|28 fakel 4 M AN

1 SEEE AR LA N R

3l HSEE

<] Test bed

A=A A = = o o= 2]

7] | szasyc gA2E N HB248E NBIE) 21y

& [ sza25s o4 2 AgaoIMTIE HEDSHE |28 siznase \| yznans

;%: HEDLHET OFF 7|2 Test bed 744 ARS}

~ L
L | HZDAE NEET >

AR BA =&

O A 774 siTnHHEAI2RY A g FE f8] Nd DGACNARE AF
NER AR FZHoE AA ANxds ZFstn Bel-Brishs A2 dx Y
Zlet, sy B AA Zle, AlE Tl A b B ARG 7]eo] HastH 2} 7
7}

e e

_iV_

)y ol W&



@)

©)

©)

< A R MA
AN [ AB71E |

2|
4 || emmLEY Y
SXES 7|5

s LEDEA2H AU G 7&

o AFuEEE RS A% TE AYS s, S s A"
B Y 7=

o HFAHHEA2FY aFHE 20E B8 St ddstal, theF
o ;& de BXE AF Az"HE AA 2FsiH, AAV|EH AFES
JAEjH o)~ HA5s B4t AFE

o AFUSHEEA2EL A H AT VIS At A 2 ASe S Al
7hekaL AofFrle] HlES HER

o HFuEHEA2E 39 A28l 2] RAM(Reliability, Availability, Maintainability) &7
213 BExXE dAsa, d5= sidste Hrisial, RAM #e|AIE S st
LA B g i )

o AFUEHEAN2H S HazardE #438taL SafetyE B7}ste] Safetys SRS <
A syt etk AAE

o AFAHHEA2FO] FAZATN d5s HA oA AFE F e F4 RIS
AAstL A8t A HrHE e

O sfiga&d= sy 3 HA 7e

o B R/, AR, 2un] 5o AA AH FE, T, A T AbaLel o)
Ao ZheliAl= 2% 99S Hrbstar, gl o3k AsS M e ZEA
af AlEHelAT F A= TlEs NEsHH, Ase A F As Vs AT

n

3]
© AT A, a2 2
AFDEAEA 2] HA BLF QA& ALG

SA% ANF 7%

{o

H

[¢]

==
m;'i L
o

)
L

o

o = & ofy o mo & of 01
m[Or}fLO{NHHqO\IO{NH

BE 7xA9 ASAA 2 oHgdy, B ye dxolzal Aze 93 A



7& N

1l

%

wAd

_Vi_



At >

N = o~ —~ M N N < o0 O O

el

o
Y

K

14.

il

24, 71&9]

el

Gl
oo

R
)

[——
[i%e)

0

A

JAAA L T

N
o

7] %

34.

N
=1

1. 7]

o
—

0. 7] 8 ZEZIAA]Q] A eeereerrerssssrsssssisssssssissssissssissssssssissssssssssssssssissssiss

X
ah

ﬁo
)

K

11
- 11
“ 12

__OO
Ho
N

V)

4. =9

X
il
ﬁo
o
Tk
AL

Ho
=
O
M
ot

4r
B!

X
i
ﬁo
)
=K
"

Ho

0
)

1
Ll
qr
B

13
16
19
23
e 98

28
32
o0
o0

81
207
235

-« 235
- 236
244

3P &

3.

B

H

—_—

0

B/

A
)
iy
il
qr

Nlo

[——
1o

- vii



245
- 246

©

fan!
)

1
il
qr
B
Nfo

3

248
248
248
249
259
-+ 259
262
264

FZAF ZAT] cereserssersssssersssusesssessssssssssesssssssssssssssisesssssssssssssessssusassssssssssesens

=
=

=

14d. 7

302
- 302
- 302
- 303

SWOT LA serssresssssssssasssssussussussusssssussrssssssassesssassssssssussussussussvssasssssssasssssussussussussses

xr
il

J_HO
)

xr
i

ﬂo
W

il

xr
i

ﬂo
W

-

304
305
306
306

24,

17)25 Q Z(CTE) A1H] srerssersssssssssessssssessssssssssssssssssssssssssssssusasssssssssssssssssasssssens

5 4

o

1.

-~ 309
310
311
311
311
314
315
316
317

B
M-
el
<
id

—

L 2 T

=
—

5d@. 71/ o}

RN 2B 71220] TFA-B AT T eeorreeserssssssssssssssssssssssssssssasssssssens

= 'H/ﬁ' 1;_; /gyzﬂ Trb_Lo]: u]a]])bl-

1 92 B BOE TP A} cerseresserssssssssssssssssssssssens

318
- 318
318
319

24. 7&

- viii -



1 7)1 7N AB Q] A A corsencscncussissisissssssissississssssississississssssississssssssssssssssss 319
2. 7|22 W AT T s ssssssssssssssassas 330

3. 7] BAFATFO] TE A sttt sassas st sssssssssssssssssassas 335

4, 712 BFGA RAET} T} e 338
3. AAZA BEFFA B s, 339
I B P 339

2. TFBLT) L TP E T cormseesssrnsesonsesosssasssonseassssnsssssssasssssssassssasssssssassssnsssssssnsssssssassasas 343

R T =i B B B B e < )P 344
47, A EFFA] BA] s 347
L, ZTFRTER] QA cvorsenssussorssssssorsosssosssossosssssssssssssssssossssssssssrsssessessosssossrossossosesss 347

2. AAA AL 71F0 2 AEI AYA T FHIFA cenniincninen 352

e T I = L e 357
J S T T o) = 357
1. MEE& A28 NS A3 A AEIQIAUO] T TR ceereensnnnscnsansennns 357

2. A ZAEHATA2E 7S NS Y3 A IR ceeeeerenennnnninininn, 358
28, A FEIA] DA Q] eeerrererrerennninnninni s e 359
1. AJETA Q] 7] T ZAF  cencneninsssnnsissisisisiiissssissississisisisisissssss 359

2. =D EHA A AEAXYUNE 7S/ T8 L& ceeerrrnnennnniiiiniinne 361

3. AFUEAE A U AA 7SN FQ UG e, 365

4, ZFUEAGT AT 7SN FQ UIE e 372

5. =1 E£HE HAFA T SRS IS/ FA PG i, 376
3A, A EIA] LA G TS s 380
1. AAEZA] g 8ol thdt A £9 AR ZAF s, 380
TAF, AL 2B A B] ceererrerrerenreninnintniniisiiess s s 383
18, AEFA 7] ZEED s 383
1. =0 EHAE A 2EHAXU T 7]S THE ceerrerrernenennninineineneniesnene. 383

2. A ZTEAT A L AA 7]E TNHE e, 392

3 ANZAEHT AT 7] TP e 397

4. A2 HAT AR W SR ]S TPEE . 402
8. QI EQ] AlE W AL QAAF ZE ettt 408
18, AT LA WE QB A E] st 408



IS B =R e e 408
2. A Bl S TEQIE] e sne e anes 408
D7, 2 QO AF AFA] crssersssssssssssisssisssisssiss s sssssssens 410
1. A AFGFE ] A Q Al AL creccscnsmmsssssessenssnssnsssssensenssnssssssassnssassnsossssnsensssssssssassnssnssssssss 410
A, FFA| A OFQ TEA] BFA] cererrnresnsesnnnesnsniiniicisiisieissssssesnsas s nasasnsaens 413
14, TA] A OF.Q TEAJ(REP) seeeesesersussesrssesusacsussesussesussesnssssnsscnsssscssssassssessssesnsscsnsscsnne 413
1. AT A OFQ A (REP) seeeeeesesesesssseesusussssesususssseesnssssescsnssssssesssnsssssssnssssesesesnss 413
2. 1A B-TA] A OFQ T-A(RFP) seererersssssssssssssssssserercreseseeesnsnsssssssssssssssssasasassssssssns 417
3. 2| BT A A QFQ TEA(RFP) eeeereereseusersessssssssensensessusssssssessensessssssssssssesssssssssasss 420
4, 3A)E-TFA] A O Q TEA(REFP) weeeeesrsessesesususseesusussnsesnsussssesnssssssenssssssssnssssssssnnssnns 4924
5. AX| BT A] A QFQT-A(RFP) ceeeeeseesersssscscscscscnsesennsnsnsnsusssssssssssssssssssssssssscscscscns 498



At >

IH

o 10 10 © o~

=] /S —

(2010 71 &4

(€]

15T d

7

11 A5 4&

®

o
To)

i —

2

21

A

2.2 v E}

22
- 23

) Lﬁ

—

0
%

il

1
Y

2.3 T2EAAY o u}

B

24
25
27

£ 2.6 9= WebTAGY A

28
29

28 U UZDNEEAL] AAZ T THE ..
__[i_

31

22

36
36

.
S ©

2.12 ssEE A& 7t

-
At

38
42
e 49
45

2o

45
49

o0
70
75

2.23 Classification into subsystems and subassemblies of the Korea High-Speed

Hx1 E1 l:jj :(1)'_/\]_3] H] 1] cecceeccssecttncentecittniicttncssecssstnsssncessannss

9

1)

;01_

7

W

L=

# 220 F=HE

-
At

112
130
131

Train System N

)

S|
1

3

Z o]
1

)

A
3

3

2 0]
] =

- Xi



b

BB KO OO KKK

oW M

Mo WO

b

I S S S

226 ZE| o] ZEo Tt T AT BA AT} s 147
2.27 Frequency of occurrence of hazardous EVENLS sesssssssssscscsesssusssacscscscscsnsuces 187
2.28 Hazard SEVETlity LEVE] sesessessescsessuesuscsesstesuscusesuscusinsisucusensisuscnsensusnsessessuses 187
2.29 Qualitative TiSK CALEGOTIES swsswsessessresssesussusesessuscustsussssensusususususcnsensussasensuacs 187
2.30 Typical Example of Risk Evaluation and ACCEPLANCE ressssssssssssssasasssusasns 188
231 SAE THT G ToQ U crrevsrrrermsrrsssmsseassrsssnsssnssrsssnssesssnssenssssssnsssnsssassnsssnssnss 188
2.32 ZZFQ] ROV ceesereseeeresissssussnmsnsnseseessssssisisissssssmssssssssssssssssssssssssssssssssssssssssssnss 202
2.33 AlFJ|8 ROV ceeseeresesussesesnsnnsesnssnsinsnssnesissiisessssssssissssssssssssssssssssssssssssnssssssssssseses 203
2.34 7)EET ]S s s 207
235 501 I 208
236 712 M 232 T IAFES] 1G4S cerrrsersneserssersssnsensssissssesssssssssssssssssssssssssens 208
2.37 —[—g_ R ey 217
238 F8 AANEF A3 (5] QIANLA B0k, USEH57374B2)  eeeeeesessssrserasasnes 220
239 8 HUES] HF GHTESAI LTk, USH899E35A)  reevseeemseeensseeses: 221
I I 293
241 718 A 232 T ARG s, 293
242 FQ T8 I FHIBF e 296
243 33 N EE=F T IA & w2 =i(Hot Paper) TE ceevveeseemsernseneee 227
31 71452 ZAF U8 2 LTk AT} s 249
3.2 TRRECPE/ATFT A7 HE T ST QIAF AT ceeevsesesenensnssnscninninniinsne 249
3.3 ZA B 7B AA 7128 ZAF AQFTAE ]E  ceeeserereesesenses 251
3.4 ZA B 71E2Q ZAF AT AE L AT L ceeerersensensenssnsenses 9255
3.5 7] S B SHFA] RAFTHE commmmsssssosssssssorssssssssssessosssssssssssssssesssssssssossosssssssssossoss 260
36 7127 AL 93 AEAPHOL FAFFFE corcvrcnsessrssnserssnsessessississssssssssssacs 261
3.7 71225 ZAFTFE corerrerssrsserssesessesssnssssesssssssssssssssesssssesssssssssssssssssssssssesssses 261
3.8 BT ALE] QT FAFTFE corerrerrserssesensenssessesssessstsesssesesssesssssssssssssssssesssessesss 262
3.9 R FOFH o = 7] LT eerererrssenesesnnieeinsseesss s s as s 262
3.10 7)1 &R /AB AAZ AEA 7] BEZATF st 264
3.11 Al2" alxyo]y Hof 7]%3—1//}@7513751 AJ B A 7] eeeneeeeneessnnesesanecnnne 266
312 &4 @ AA Hof 7| A B AA A DB A]T] cereereersesessissnsensensisiinas 267
3.13 Al ol 7| SR AFE] A A H AT ] ceereeeereserserssssessessensenssssessensssssasens 269
3.14 WA obA 2 Sx K Hof 7| A AB) AAZ DB AT ceeeersesensessnsenes 271
3.15 7] 28 E WAl @ HEF QY] T QA creserrserssrsserssenssssensssssessssssssssssesssses 279



b

=< =< - < - < R < < < <R < <

oW M

Mo WO

K

I S S S

316 A8l AxUols ok & HE W] L FRAY BAA e 273
317 a4 2@ AA Hol 7]23HAE WA @ FHNQ] T QA eeesesensensnssnnnaes 273
3.18 Al Rol 7|8 E w2l 2 AHBIQ] T QA st 275
319 WALH L FARS Bok EYS A @ AR BLA e 276
3.20 AFEAFPHFOE AT cerererrerennnnneneniniiniinisssssss s 277
3.21 A 2" oz o]s Fol HBAIFPHFOL AT} cevrerrrrnininniniininninininiiin. 278
3.22 3|4 2l A Bof AHEATPHIOE Z T} cererrccrinnnninnineiniinnienniieeinieaiienn. 278
3.23 A2 Fol AIEAFPHFOE Z T cevrerernrenrenentiinniniiseninsisessisssss. 280
3.24 WAL A L 82 KB Fof AHASIHFOE ATl ceerenereniesnnnininiesnicnnes 281
3.25 A 2EH AR U] Bof H ISR GIT v 283
3.26 341 2 AA BOf HAT]EH FTE e 285
3.27 A& FOF HALT]| SR GTL errerernesnesnnnsennenistsisnsesnssssssssssssssssnssssns 287
3.28 WFAobA W SR Bof H 7] SR GIT s, 288
3.20 =X EoFH TP AFZ] Q] T QT cerrrerrnrennrenneniniinienssssssssnssssnes 290
3.30 Al2" clxjUo]l®y Foko] m| Y ALS] ALl S QT cereeerrecnncrenssnssnscanisanen 201
3.31 314 2 AA Eolo] t|FAFZ| oA L] F QT ceereersnnnenesnsnnieesisnsasanns 291
3.32 A2 Boko] t|YALF] O AL FZR T ceeesrssrsnsnsninininininininininininiiisininsnsainens 203
3.33 Aekd 2 G HFEoke] H|FALZ] AL F QT ereecresrensensnnsisnennens 204
5.1 Z7FAF NI BEFGA B4 FFE G U8 e, 319
5.2 AFA Y] FA O AJEL U8 e 321
oI DS e I IS ) M= 1 R I 54 395
o S T I8 I vy =1 D s 5 [ 326
5.5 ABAETA] AT L TR TE e, 327
5.6 AAAETA] AT L TR TE cevceeeensceccnniiiiiiii. 329
5.7 ZHEoFH T ALZ] Q] QT cererrerrrnininininisssssssnees 332
5.8 717 71t 5E AET} AE AP cocrennrcnnsnnnninninnniiiininisnn. 333
5.9 A ED 7)1 N M FETFA] e 336
510 A EI QT SFILEH T O] XFO] srersescrssrssrsessenserssssssasensessersssssessessssssssssssens 337
511 7123 BFAl B4 H7} FE s, 338
512 712 BFA B4 ALT} HIF ATF e, 339
5.13 R&D A} Q] F=AHFH E B s 340
ST | s e B I | P g 340
5.15 SIZTEHE A THIF s 341

- xiii -



b

=< = <= <R <R < <R < < << << R <

kd

=S R =<~ SR <

=< IR - < = SR ]

b

ke

516 TY-A|F ST EZH T AAH] cervrrnrenrennnnnnininininiieeeen.
5.17 TEHAGT ZAAH] H)IL coscscuscscssssssssssssssassassssssssssssssssssssssasssssassssssssssssssssssssssss
518 A HFF THH T A A ELE) (D Q) wrremssrssmmsssssssssssssssssssssssssssssssssssssssssssssanes
519 212Ut F TH(H T A A ELE) (D Q) wremmrrrsmssssssssssssssssssssssssssssssssssssssssssssssans
520 A FGHETH(H TN A EI) (TFY]:0]) crrerserssrssersensenssrssasessessessssssessessessssssens
o B 2 7 I s e ey
522 TRAEW TEHTE ZAAB] B]IL eeerserressscnsissssnssscsissssssssssssssssssssssssssens
5.23 S ZE]'D F LTS BT eeerrerrerrsesnnnninninniiniintintitinisintnesesestssassnssassassassnnes
5.24 SZE]D A LTI TG s
oWt [ Rl a1 =) F 7
6.1 7]/ 7|15 AETF AT RAL .
6.2 A 2Bl AR UO]E] FOE QA J]|4 G e
6.3 A W HA BOF QAT]|E FEIr .
6.4 A]E FOF QAT]S G crrreresrsresnrennnniniiniiissss s aenes
6.5 WA L GRHG BOf QAT|E GF wererrrrnennnnnniiniin.
7.1 AIAETA AT D A TR T cevvereerersersesessesisississsssssssssssssissississississsssssses
7.2 ATAETA] AP A TFE corvsescnsenssnssasensenssssstssssscsssssssssssssssssssssssessssssssssses
7.3 AZAE TH R ZT] cerersssssisinsisiiiimmms
7.4 AR2AETA] AT D ATFR]TE s
7.5 A2AETFA] A A TFE v
7.6 A3AETA] AT T ATFR] T cevvrsererercrnennnsisesesisniiiis
7.7 ABAETA] AP A TFE e,
7.8 AAAETA] AT L ATFR] T e
7.9 AN BETA] AIPE A TFE e,

- Xiv -



M e e e e e .
o o g g g g g® g g g g g g g g g g g g g g g® g g g g g g g g uich

N

I = =Y o) [ =) e 10
21 U TEHT O AT O] corcrrersrssescscnsensisinsinsisisssssssssssssssstssssssssssssss 12
22 AlA 1&EHAE A AA 0] T HT . 12
2.3 TF-A|F A TLEEH T FAF v 14
24 TEo} TEHATTH A J]E A s, 15
2.5 Y FAEG AT OF e, 16
2.6 FAH ZFAI S FIOW CRhart seesseesecesscssessssssscenscnssnssansssssanssasssnssnssssssanssasssssnsnnes 20
2.7 BRI 7} GrBY R A eveeererereresrecsssenssnnessnissuteseiiseiestissetissetssnsseissanssasssnssssesenannes 20
2.8 GBI EFGA ZAF TP TFA] cererenrnrenenninnnniinni e 29
29 AA FEANA FRAADNET)| S SEH F8F, 2011) eeeeeeemeeeenrensenn 32
210 AA BEAA AHAZLDETES F2H FTF, 2011) weeeereererseercsnenenne 32
211 TS SHAAZ EZAE TR A coemerserrsesnsssssssssssssssssssssssssssssssssssssssssssssens 33
2.12 Gibraltar 3132l B THA E] ceererrnnrmnnninenisneiieess s 33
2.13 Bering 1] SITHAIE] corererresrnsensensmsnnsensistsntnststsnsenststssn st ssnsnensesnsns 34
214 €29 FZEWEE AA TR A ceocesessrssrsensissinsissinsississssssssssssistssssisssssssssss 34
215 QB Z2ZTEE Tl TH R] coverrsersseserssersssssesssesssssessssusesssesssssssssssssssasesass 35
216 B0} FHAWT Y FZHWE Tl T HA] s, 35
217 A|F F3FA G FEG Q] Z20] e 37
218 EXZ-A|F LA ZA TAFOF i 38
2.19 T U-AT LAl s e 39
R R s SR S By 39
221 TH-A|T AL GA] s 39
202 TR 3 L2 AFA]| eerrrserssersssnsersssisssssssssnsssssssssissssssisssisssssssssssssssssssssssens 40
2.23 TR T A2 ZEA] st eaes 40
224 T AT AP coscssersisnssnssiminsinsisssisssisssssssssssassassasssssssssssssssssaseas 40
2.25 TR T A3 SRl s eaes 41
2.26 32 due W =2 W F0](20001d =100) ceeeeerrecrrrecrressaacsanacanns 41
2.27 BFZB A Bl I Al ceeeerscnnsnnnnnnnnnnnniinnnuisneisnteseisnessnissansseissssnisssssnsssassessanannes 43
I s B | 43
229 BEZIr Al Z2A] sevsessusssorsinssssasssensiasssensisssssnsssssssassossssssssinssesssisssssnstsosssnsssossinsssens 44
2.30 FFQ LA AFA]| cerereserssersserssersssrssssnsssssssnssesssssussessssusssssssnssassssssssssssanssasssasssens 47

- XV -



S W U G A S U S S
o o g g% g® g® g gl g g g gl

N

I
o

MoK
o o

Mo e
o o g g g® g g g g g p® g g g g®

I

2.3]1 THQY Mo A1 ZRA] cosnunssssrsssssussussssossssssssssosssssssssosestossossssssssosssssssssossessssssssssssoses 47
2.32 BFYU I A12 AFA]| ceerereecnssnnsnniiniinniitiiiiniieinaisseiiessessatsessnessntseesassasssesnneneas 47
2.33 TEY 1oA]3 Z2A] csnussesssrssussussassrsossssssssssosesssssssorostsssssssssssseossassssssossesssssssssossosss 48
2.34 TEY Mo A4 Z2A] cosmnsssssssssussussassrsossssnssnssosssusiassssosssssssnsinssssossssassasossasustnssnsossosss 48
2.35 29 0] FQILETE T ercerscncsensnnsnssansssssansseisssssnnssssssssssssnssssssasssassssssanssanas 51
236 FLE Al EE ot ssssssss st s ssssssssssssssssssssssesssssssasess 54
2.37 ZEo| 1 AGAZ FEE (II: Reinertsen/Olay OlSEn) sesseseeseescesceseeses 54
2.38 1st proposed SET With DONLOONS swwssseesessssssssnssssssssssssnsssssssssssssssssssnsssssssssnees 55
939 HTI T S ZE]Y AT crrreeererseessssssssssssssessssssssssssssssssssssissesssssassesssssassessases 56
2.40 =294 o] AGA Fo] A 471X 9] Hogs 3] L 2= 3tk SET «eeeeees 57
241 Stor ‘\"JZ]_Q_EEQ_ %Ig—lﬂo]-?l— ............................................................................. 58
2.42 Messinasll ¢, Messina 39 A& A4 x, Alan Grantel] a4 A=

GET  ceeerererereresesesssesuesesesssssssssnsssnssssssssssssssssesssssssssssssssesssssssssssesssssssssasssssassssses 59
2.43 Ponte di ArchimedeA}oll ]3[4 At Messina 3 F A&

Archimedes bridge W@ =9} 2x& A¢td AAA o 71%‘ 2

............................................................................................................................ 59

244 ATI- SSST}\].oﬂ */]C'H /\-] xﬂ O]-Q MeSSIHa OHOZ] 3%] _g. SFT ...................... 60
2.45 Messinas| g TS & ENIEAAIHo] Aekst BT HI A

TEETFQ]  cerreeesesssneesssssnsesssssaeses st AR AR AR AR R 60
2.46 ENIO| a4 AotsE AL 23 afjota} AZAE KA ceereesensnessennnnne 61
2.47 Messina 9§ ko 2 SirProgettiAlboll 2]3jA] A QR SFT eeeeseeseeese 61
048 B ZEID 0] A GHA] crosscsssssssscussssssssssusssssssssiussssasssssussssssussisssssssussisssssassssinsisess 62
249 BFE] DS QAT CIA ceererseserssrssrssessessensssssessenserssssssssessessassssssensassassssasens 62
2.50 SIACK/SNIAD FAF wereeeereeeseeresssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 62
2.51 FUNKA Bay S]] serrrssessessesessssesssessssssssssssssessssssssssssssssssssssssssssssssssssssssssssssess 63
2.52 Funka Bay 3] ZE]L Q] THH reeeesssseessssssissssssssssssssssssssissssssssesnss 63
2.53 Daikokujima 3| ZE]'E THHID e 63
2.54 Daikokujima 3| ZE]'G TP s 63
955 Oinaoshi 31 ZEY THHTE T F S cmesrrsssssssssssssssssssssssssssssssssssssses 64
2.56 Jintang A3} BETA AALS TF SFT  ceeceeeeescscsesesssnnnseniniicsnsnn: 65
257 Jjntang A3l BET A AL 9 Fh SFT  ceceeserssnssesesnnsesnsnssnsscssssnsaennes 66
2.58 Huang Pu 79 BEg FZED ZT AL s 67
2.59 Huang Puzte] AB @ &@HE I E, 7}, G20 GHA)  ceeeeeee 63
2.60 QUIANAA0 F 7 T} RESOIt Q] X] sereesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesss 69

- Xvi -



SRS W G S U S S T S ST
o o g g g g g g g® g gl g g g g gl

M

U S U G S
o g g g® g g g

N

MoK
o o

(W SR W
g o g g® g g®

I

261 %51114_] SFT Eﬂ/_\_EHﬂE ﬁ‘i;q ................................................................... 70

2.62 H|2E H|E 2] A AT} A HEZTZ] cereernsnensnncnnnnnnsninnisseissensissanssessansnne 71
2.63 Quiandao SFTC] EITI Q] /ME T 7] crereerersesersrsssssnnesnsssssnsssnsssnennns 71
2.64 Quiandao SFTE] B7FE THH LAl s 79
2.65 FSW(Friction Stir Welding, "F2aRH-g&3)S O] 87 A eeeeevseseseeenes 73
2.66 Quiandao SFTS] ZA-Z AT E HATHA A L] AR]  erveereserssersserssssssens 73
2.67 B|2EH| B9 ZH3sE H7E A IHES}N BT T H]X| T ceeereeeerescnssnnen 74
25 T | =T = = | [ 74
260 AAGNAL 9t SFT ZoX] FT] corversreserssserssenssesssesssssssesssesssesssesssasssasssasasss 75
2.70 A=A Ao ©3F HIFE O] H Y| rrnrcrresrrssrscnsenssisisessenssesssenssasense 76
2.71 AI5A )Xol 23t B9 FEHIE . 76
2.72 AIZA Aol oFF A O] E O] OIAT rnrnrcrsersssssissesssssississesssssssssense 77
273 B85} AolE AAL 93 TAAR G AFA A eeeeeeesesesessissssnanns 78
2.74 A=A o} Seribu %= - Pangang’sd U SFT AlE  ceeveeeeeeeeneeneenne 79
2.75 Pangang-Pramuka 37 SFTO] AQF THHE  correresnnenseensnessesenssnnnens 80
2.76 Pangang-Pramuka 44 SFTe] Hvwiel'd, FE I 9HH TET4
............................................................................................................................ 81
2.77 Proposed submerged floating tunnel with pONOON seessssssessscscscscscacacasacess 97
2.78 Principles of submerged floating tunnel with tethers ceeessscssssescsasesecn 97
2.79 Submerged Floating Tunnel®] S8 FA] e 106
2.80 FO]ZFQl EHA Al BE e 109
2.81 CoSt trend CUIVES Of CTOSSINGS swssrssesserserserssrsssusensensensarssssssssensensanssnssnasenses 110
2.82 TEAHT AFA FHE] FFA e, 111
2.83 Reliability block diagram of the electric power production and
AIStTIDULION SYSLEIM, srssrssrssersersensensenssussussensensensensenssnsnssessessensensenssnssnssessessenses 113
2.84 RAMS life CYCle ............................................................................................. 114
2.85 7% Fi42 HE #A8F 1 gE5& FASH7] 91§ Fault Tree
......................................................................................................................... 117
2.86 2238 T IR TIB] cmensiurorussororusssssirsosussersinsesssssssinssnesissosusssssisessissorsissosssiare 120
R A M [ 120
2.88 Morison WA Ao 2] 3F TFE] eererereresnsnsnsusnsnsniniiniiieeeeisssasasasasasans 120
2.80 AP HFH O] TR TFE] H] T cerveersrerseusserssesssesssesssssussesssssssssssesssasssasssssssseases 121
2.00 TT}TE S ZE]W AR T crerererserssersersssssssssesssessssssssssssssssssssssssssssssssssssssssssses 121
2.91 FA] TLE e e 121

- Xvii -



RS U G E S U G S T G S S T S ST T
g o g g% g g® g g g g g g g g g g g g g gl

SRS U G SRS U SR S
g g g g® g® g g g g g g

.

2.92 Thetol] 98t ST T HI Q] corerrsersrersenssrserssenssssensessssssessssssessssssssssasssesseses 122
2.93 AR 0] 98t T TFEIE crorerserrserssrssersseserssessssusesssessssssessssssessssssssssasssessesss 122
0.04 BA] B ZE U crrrrerrrersresersseserssensssensesssssensesss st sesssesssssasssesenes 123
R o =~ = T 124
2.96 B A] ZAT cerreerrernrennninnine s aes 124
2.97 LS-DYNA 3T T HIE] s 125
208 S| HT FTZE| ZHLFE F QT e 126
2.99 X];w(loﬂ 9}5} SFT %ool-l-?_ —%% ................................................................... 127
2.100 Seaquaked] ©]3F Eld 71& % S D A FA AE e, 128
2101 31 TESHT ) ZFETFO ZE s 139
2.102 =5 XA H T s 140
2.103 Z=5 ZFEZES} HE crrriiiiiiiiisasssasasssssssaes 140
2104 BNAH L FAHAB,C EFQ]) ererereseeserssenssenssessenssenssenssesssssenssessssssssssassseness 140
2.105 9 SFT9] Tethering W'H, T AB,C EFQ corerreermsenscnsensnscscnscnsennnes 141
2.106 SFT’ s developed in the H o gSfjOrd-project sessssssssssssssssssssssssssases 142
2.107 F72 EY A" IS Ble] T A AE]D s, 143
2.108 QB IE Go9] cercrerssusesiscrisisnususisincssisisiisasaststsinissasaststssssasas st sasastseeeass 143
2.109 315 HE SFT by L HE 7| S ATY crmeremmrimsrsssrsssssssssssssssssssaens 144
2.110 323l 87| U 2] SFT THEH  ceeecrrecrnssninnnnennnnennessnnissnnscnsssnnsssnnanees 144
2.111 k=3l F4etr) = ol SFT tethering ol @& 54 H7}
........................................................................................................................ 145
2112 SNZE G Q] A L BT T I2TL eerreersrrsersseserssessssssssssssesssssssssssssssssses 146
2.113 AHF £33} 3125 HEIE] eesrrrsersserserssenssssessssssssssssssssssssssssssssssssssssssasssssssses 146
2.114 AHF 01 Q0] AFTBFE FHl cevrrvsersseserssesssrsserssessssssessssssesssessssssassssssases 146
2.115 SZEEG EZE9 7} HOH ZEBFE v, 147
D116 THIH B AF cosesmrssrssssersesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssass 148
2.117 THHH TEIE cercersresesnsncsnsunsnssesnsussesnsssnssssesnssssnssssessssesnssssnssssssnssssnssssssnssssssssanss 148
2.118 SFT &+ FAHFD), 20l F RZAA S FAHS) ceremcscmenseneissinsinses 149
2119 AT T E Yl THEH rersernrernesersensnrssssesessssssssssssessssssssssssssssssasssssssssassassssssssses 149
2.120 Messina Strait Crossing-s gk SET swesersssssssussssssussssssssssssssassssssusssasssnees 150
2.121 Strait of AkashiS 3 TH8}7] L F SET ceeeerereresesrssssesesesesusnsssscscsesnnsnsnens 150
2.122 (a)A. Grant; (b)Archimedes Inc.; (c)Norway H e gsfjord; (d)North Japan

exchange axis; (e)Jintang Channel program; (f)Lake Washington(2001)

- Xxviil -



I
o

S S e SN
g o g p® g g® g g g g g® g® g g g g gl

u

Mo
o o g g% g g® g g g g g g g g

I

2.123 (a)Simple cross-section proposed for H o gsfjord; (b)Cross-section with

SEPArate €SCAPE TUNMEL swrsersersesessmssnssnssnsnsenseasensuasussussusaseusensenseaseasuasnasnscs 151
2.124 SFTQ] 9] Fo)] ©Z7}53F ZZF A A] ceeerercrercsnsnreresnsnsnsnsnsnsnsssssssssscncacns 152
2.125 TS E S 9 TF SET JRL cereercrerererereesereseseusnsnsnsnsusnsnsnsnsssssasasssssscssscans 152
2126 262 SFT (F) 5L SFT () THH AR v 153
2.127 B2 SFT9] T4 = by Bernt Jakobsen et al(2013) «eeeseescescescensens 154
2.128 1st proposed SFT with pontoons by Bernt Jakobsen et al sessssssssese 154
2.129 2nd proposed SFT with pontoons by Bernt Jakobsen et al sesesssssese 155
2.130 AHZ; W23 5 SFT by Odd M. Eidsheim et al(2013) swseseseuseseeeess 155
2.131 Sognefjord SFT by Anette Fjeld et al(2013) swssresussusensensersessessussuasuscnse 156
2.132 cross section type of Sognefjord SFT by Anette Fjeld et al seeeseeeeseees 156
2.133 AL0] & TEFRO] Af ceererreresneresininnininiiniiiseesesssssssasssasasssssanes 157
2.134 UF B2E FHTEE AFA] ceeeerernnnnininiiiniiiiniiiiiiiiieeiiisniiniiisaiinie. 157
2.135 (a) Rigid joint design, (b) flexible joint deSign «esssssesssessssenensnsnsnsscnes 158
2.136 HUTTON TLP (CONQCQ) seseessessessessessassarsassasssessesessessessassassassassssssessessesses 158
2.137 JOLLIET TLP (CONQQCQ) seesserssesserssessanssessarsessacssessessaessasssessassaessessacssassnes 158
2.138 GVAL5,000TLP seeeresrsreresssussesususuensnsussesusussesnsssusaesnssssssnsnsassssnsassssnsasssssnsasas 159
2.139 BERGA SALM(ESSON) seesssesssssssssessssessssessssassssesassassssasssssssssssasssssssassssssssasss 159
2140 @47 AA B3, OBIAF JAFE AN 4, 0ARE B F e

78—;(] ,] :erg ................................................................................................. 159
2.141 (a) Tether system (b) Top connecter (c) Bottom cOnnector «sssssssssseseses 160
2.142 Eﬂ’,\iﬂ]li} E;‘Q]g‘ o4 HOH:E .................................................................. 161
R R == I | el I I I PPy 161
2.144 Qiandao A HFZALF ZA T} ceerrrsrsrsrssssnnnnnseisnsnsssiis s 162
2.145 Qiandaond] QAT TN E e 162
2146 U3 Q29 A PHAT A ZEH e, 162
2147 YT Q2 ZEJF J]Z2 s 162
2.148 Funka bay BJZE]'D FH7]E coereerrerrsessesssensmsensesnsestsnsesnsnsesnessnessesnse 163
2 T I e o o) (R =) S [l A 164
2.150 EFAIA] SEBYAFX]  eerecrerssnnessnnscnissnissnnisseiisiiseiisniisatestissntssntsssatesasesaasssnsesenas 164
2.151 7439 46]— El:g] o I B L R L [ e 165
2152 BA-AA AmEl A TA D BFA THH  cevverressnsensensensensensesesnsnsnnes 166
2.153 H ] E] D Q] FOIE it 166
2154 TFA Q] A]TL cereersresesnesnnsnnsinisnisiniiniitsisistiissie sttt sssas s sssassnssassassenes 167

- Xix -



M e e e e e e
o o g p® g g g g g g g g g g g g g g g g® g g g g g g g g g g g g g gl

I

2.155 THA| Q] T T cescrsessssessussssissssissscssissasississasississssissasissssssisassssissasisssssasinsasissass 168

2156 HTRE]D BFA| Q] A EL HFA] ceorersesensenssnssessensenssnsseasessessensenssessessensanssessesses 170
2157 2T E BFA| Q] A Z HFA]L H]Q coeveorersersesenssrssesensesssnsssssessessensansssssenses 170
2.158 TFA Q] Al T ZLHH  cereresreresnnnnnininniiniiisstssssss s e as s snsanes 171
2.159 A Ed SFA 2] H A ZH H] S e, 171
2160 A uEd A HAAZTHE WEH HSBL cnn, 172
2161 HUJE]D SHA] ZTET] L cvererersersersesenssrssssssnsenssssssssessessensssssssssssenssssssssesses 172
2.162 A Ed BHA] HTZH O H] - ceveeesssrsssssnniniieeeii. 173
2163 5 HuEd Al AT HBL et 173
2.164 T} BFE]  cereeereesneerennenninnniieiiientiieeiieneiseesaiesntetesessatesessnessnssaesntsasensne 175
2.165 AR O F] A] T ceeeerersnccrnsseieseiniintiiniiiientiitenaieseiesaisessaiesasstssntssassatesasesaans 176
2.166 A1A GPF] s bbb 176
2.167 244 BF]O] YB]  crerererersnsnniiniinnniii s eaes 176
2.168 7| ZHF2A] FRAAE LA s 177
2.169 BIAFH A A ceererernrnnnnneinnnee s ns 177
2170 AW EHAAE 83 FHALE] s, 179
2171 AW E AHHAAL D FHALE TR . 179
R = I [y = R e 180
2.173 FDS modeling of subway station (Fire LOCation) essssssssssssssusnsescscecees 185
2174 HAE 2734 BAA] A FLE  ermssnsssssisssssssssssissssssssssssses 185
2.175 A3+ A AFA] AT A B O] A ceeererrsnennnniininininnen. 186
2176 YA E FHT] O TE vt eaes 189
2 AT B =T IS (< B 190
2.178 A B3] AstHALSF 292 TEAZFEEAC) ZFBF ceveeveernrenssessenennesanaennes 193
2.179 B19 3} AALO] T2 HIAAA] s 193
2.180 /}ji ;‘ﬂxol-oﬂ /g;‘qlﬂ u])\l-u OL)EH] .......................................................... 194
2181 1Y Agoz AZE WAE (FTrt T 3L F]F) e 194
2.182 A o]ZHEE ) E]'D L] ZTHHIE rrrcrrnneninneintseesssesssssssssssssnsasns 195
2183 YE Ao]7t Bl T T ZETEE e 195
e B B e B L G I B I T e 196
SR A =t B Xe= R B! =1 V.S S | 196
2.186 Alol7F Bld R (QA Q7 7153 TUA HE]) e 196
2.187 EAo A A SEZ(AH|Z E]JI) seererrrenrnrninninnininneinineinniini. 197
2188 HIG S 2 BF L) Al QR I crrersersrrssrssessersensensssssessessessessssssessessassssssesses 197

- XX -



M e e e e
o o g g g g g g g g p® g g g g g g p® g g g g g g g® g g g g g g gl

.

I
uith

2.189 YE Ao|ZF E]'d HIAF BF7] T ceeeesresniiniininininiiiiiiii. 197
2190 Zbelol A PR B B SRo] MAF AZYFE e 198
2191 A5 28 HIEZE AL TP s 198
2.192 ZZ|HFA] A ZENQ] I e 205
2193 ZIYE Y 58 TEAF v 206
2194 ZUAEUE G ZIPH Z2Z0] errerrrerssersserssersssssenssssssssssssesssssssssssases 210
2195 AFE 7S EF S YT v, 210
2196 FQ ZY O] ITBE  cerrnssisininininsiiiiiissists st seass 211
2197 AEH FQ ZY0] ZBF crnnniiiiss 212
2.198 Z7}H F] S EIE(HAFE]) v 213
2199 7)1/ 7S EE(H]EE) v 213
2200 271 Z UG W AT H T 22 orrrserisersssssssssisssississsissssssisssissions 214
0 ) B == B [T 214
2.202 =7} PGB RS W I S B R GE cernnnia 215
2.203 EF] S aAT Tl i eaes 216
2.204 AE7)EH EF] ST M s 216
R A R == N o= =R (= RE K ) R\ T RCY 3 R 218
2206 7|EEEY 7EEEL (FZE DA AEIEOR) i 218
2.207 MAEF](US6974928B2) T 7} T} eeresrereresnsusesnsusseusnssnnsnsnssensnssssssnsnsaes 299
2208 ?jl]:_tg =5 =13 Zo] o] ,?,Jg_ E;(H Z{‘;:j_ ........................................ 224
2200 I HFF Z2Q TET} e 295
2210 T=F HFF Z2Q H| A crercrsesesncninnnsiniiininiiiiiiiisisssssssssas 295
2211 =5 BT 2 Q A7) T crercrnsnsniniininniiiiniiiissssssasas 295
2212 A= HET T FE  coevcrerersnsercssnsesisnnsssnssiisssissss s snes 297
2.213 A7 A B (3.7KIM) eeveeeresrssaraserssasssnscnssanasasssessanssasssasaasans 2928
2214 FZ-T T GRE]G  crererrercrciiniissssaes 299
2.215 DB 0] FF B A EJID  cereerecrrecnnesnnssnnsissnissiisaiiseissiisstisanistissnssnisssssnssassains 229
2.216 F72) siAEHYE FAE FIYUth Sl Fu] -8l E T OFAd ) cecrecsscinsnncen 230
2217 Z20]B ZZE] O} U T (3.7KITL) rereeererereesrrerercreesensensasesaessacsnessasssasasanans 231
2218 =28 IFX Hud 9 ZZE BAT A JJEE i 231
2219 E5]7]E AA 7] EHEA Z20] 232
2200 = T A 7] SR Z20] senerserssessessensenssnssnsensensenssnssssessenssnssasenes 233
3.1 7] R TAF TEA| A cencnisssssmiusiussusssissssssssssssssusiassassassasssosssssssssssssasass 248

- Xxi -



MoK
o o

SN
o o o

M

HH e Lé
ut

[
LA S A A A A ' A ' o A o A e A e A o

MoK
o o

AT 725 Q ZAF AQFTA] T ceerrrrrsesssssssesssssssssssssssssssssassssssssassns 250
ZHBoE 7)25EQ ZAb A CFTEA] AT ettt 250
7| o] A SR AJ IS cesressenssncssnssniiistissiisstiisiisstissstissaissstissnisssissasssasssnes 259
d &7 AA/ZY 7]EF AT A 7] B . 265
d =71 AA/ZU A AAZ AF A 7] BIL e, 265
A2eE QAU olE ol ol Zr]em AAEW Zed AP BE
............................................................................................................................ 266
AzEl ARl Bk o) Zr)& AAIZH A AAR L@
v 266
4 W A Rok Z7EY AAIFY N1EF AAAI] BE e 267
4 0 A Bk dlZy1Ew AAEY ASAAN AR BE
.......................................................................................................................... 267
A Z7ol A =7 AAIZY 7|EF AT A T] BIE i 269
AFEoE A Z1EW AAFU AR AAE ABAT] BE o 269
YA L FARS Bok o Z71EW AAEY 71EE AWA] 2
SE  eacesscccssncessnesessessasssescssssesensesassssasesssnossssesaanessassasessssassansessassssassassesesssnasesnatsase 270
AL B ARG Zok dFTed AAl=W AR A A AEA
ELIL  crccsnsunsensensensissisisnisnisnsssistsstsisissississsstsstsstssississtsntsstsssssstsstsntsstssssansans 271
HTT) SR G TTF crenenensesssssscssisisisisisisisissssississisissisisisisissssssses 289
ZHEOEH] 7] LG5 3 sttt ssssssssisssssssssssses 283
N 2B QIR U O] 8] BOE 7] L0203 sermersrrrsersesenssssessessessessersssssessessassssssesss 283
AT H A BOE 7] ZGmT seerrerssersenssessssssnssssssisssssssssssssssssssssssssssssses 284
E e i T 287
WA OFA B SR B BOE 7| Lo srerssersssrsssisssisssisssssssissssssssssssiens 288
ST T-FQ T T EZT|Q ettt 295
ZHBolY J]|E4EFE-FLE TEZZQ BEITZAIT} i, 206
A2E AAU S Bof J|E5FE-FAE EEZEO BEAT - 207
A L A Hof VeEFE-SLE TEZTQ EIXTAT} e 2908
AN E Bol 7|EFF-F85E TEZZQ BEIX AT . 299
PAkA 9 fARS Rof V| EFE-FAE ZEZH L RxAz
.......................................................................................................................... 300
51 Z7FATANDALY JHIEFFA FFE Tl H I} cereeesreesssssssssssssssssssssssaseses 318
oI o =3 I = 11 = 320

- Xxii -



H R

[
A S S e D S S S S ' A

SRS W G S U W
g g g g® g g® g g g

.

WS U U G S S U S S
o g g g g g g g p® g g g

I

5.3 AFQIZRZIA| ] erereseersssrsssssssrssssssssussssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssns
5.4 A TI) SR ET T T} ceorvsrmsmrssrnsscssnssrssosessssassssorsossssnssnssnssssssassassssosssasssnssssossss
5.5 FZ B 7|23 srerrrersserserssesersessssusssssesssussssesssssesssessssssasssssssasasssesases

5.6 AZ7]& MAIZW 7]1EH AFAT] B s

ZAE T T ceccrrccnsinsnseciiniciisitiiottiosintiisitiisittisiitisssstissssisssstisssssssssses
6.1 A 2B QIA L] O] B) ZRHIZET] erserssersensensenssnssessensenssnsssasessessensanssessensensansssssesses
6.2 /\]i\_l-:go‘ﬂx]l/]o-]%] 374.;(6] ..................................................................................
6.3 A TA ] A BN R L] 0] B SEEA| A coverserssessesersenssnsessessessensensssssenses
6.4 A BLOEH] 7] LdmF cncncnininsisnmssssssssssssssssisissisississsssassasisssssisisisissssssses
6.5 A]2~El QR L]O] 8] Ok J]LdETe sersreresssesnsnsnsnssesninnsnsscsnsnsnsnsncsnsasansnsanes
6.6 7] S5 T-2 QT FEZT]Q cerrrsmssussussasssssssersrsssssnssnssssesssssssessossensensansesss
6.7 3121 T A FOE 7]EZoZ crmrrmrsmssssissssssssssssssisssisssisssisssssssssissssssins
B.8 Al T LLOE 7] L2 tmrmtnssssssssmsimsiussussusssssssssssssssorssnsinsinssasissssossossssssssonssnsisss
6.9 HAIQFA L SR K BOE 7]LZoZ serersnrsnrserssssssssssssssisssssssssssssses
7.1 BB T E it sasssssssssssssssustussassasssssssssssssssssssssasiass
7.2 AZAIL HFZETLR sevssssussssssrossossssssssssssossssssssssssssessssssssssassossesssssssssostssssssssssossoss
7.3 F-ZAH 9 AE QBT O] Zn eercrrsranssesssrnsnssanssessanasasssassanssanssssssassasssassasssassasans
T4 EEA] HER] FID  sessesssrssusssssessesosssssssssessossssssssssssessssasssssssossossasssssssssosssssssssssssssoss
75 AZAN T L ZATTE] TH | corrrersersersenssrssessssenssssstassssssssssssssssssssenssssssssssses
7.6 A H G ZTZFTE cercsssnnimniiiniiiiiiiiiitimiititiiiiiiitisitisies
77 EAFTE] ZTHID sncmmimmssiimsssssisissiusiussssssssssssasssssssssussasssssssssssss
T8 ZEA] J]3 resususmussussusesssssossssssssussussassusssssessssssorsisssussussvsssssseseossossosssssesssusises
7.9 TFQA] F] 5 sseuseussussussussusssssssssersssssssiussassassssssssssssonssnssssinsinsssstsasssssosssssessonssnsisss
710 S T8 THE crsisissscsssssssnssussusiussassussssssssssssssssnssasinsiassastssssossossssssssssssasesss
711 SATE RDQTh rccnssssssscssmsimsiussussussassasssssssssosssassassassasssssasssossssssssssssssssss
712 Z5F SFFA] BT cecrrscsisnnscsnnscsisnisisissiistsiss sttt st sass ssaes

- xxiii -



O 713 FQ T2 TERA BIAO]LL cererrersrrsrrssesesenssesesessenssnstsessesssnssessesse 403

B =2 A VRt o 404
T8 715 SARED 9 TE TR R ey 404

- XXiv -



1. 7|=2] ¥ & EeYy
12. 719 A9

L BAE F/4 F1SdE=A2E 7le9] Ao

O FHo= AAHE E4S TSt #HHdE HAW 1&5EA7 &3
O AR W2lof wie} Pontoond, column Supportd, Tension Legd, Freed o=

5 =IR=1
(¢} T
o FY3 FH AolE AXAGA ] AAHOE #P S olF
o gAY vy ulEe o] A E B4E G437 Hdishe WS o835k
AAR #A I} 7k
.« SAF

g A sl 92 Ths

I PONTOONS | COLUMN SUPPORT
I TENSION LEG I FREE

2. ZA 8 Fwd fFnsHEANZHE 7

B
O A Fi4 sleansdAzde] /Mt 2 9S a3l /id SANATRH Als 4
N2l GANA FEHoRE HA AlzHE =¥

SR PP R EAI TS

st A4 8 A A1, AT 1% 3R R D §ARS F)&o] Basie 7t 7]

o et gol AT IS

=
E
=

Y =

7h TS d =N 2E

A ole 7%



e

i

<]
pil

OO]: S

b, o

<)

ECRES

S

A "ol Q== 218 451

e e

il
2|

Jjo

X0

)

B

Lol

oy
A

mK

oo

=t

gAg S 4

}az, RAM

S

bl w7

©

314

9

A1 28l 2] RAM(Reliability, Availability, Maintainability) &3
el

9

AESE

s
a-

on

.wﬂ

O

el

}o] Safety=

7138
3}
=

]

3L
EERIEE

=

=

o
g AR A, 8

171&S 7t

}1 Safety

°

=
3 A
ol

=

A
HEd, 8 W

s} e A

2=
T

=
=1}
=

=

7}

o

3

I

&
=

o

ke Al

[}
AN 2z=gle] AAd Hagh

SA]~®l9] HazardE &
A} AlFEA

= &4 5 AA e

=

K
1e13

o

1

dxof 7heiA= 2
g F2A, A48, AFEA, 71

sta AA

Vilh-ly

==

Fa&
5

l

27

O

O 3,

.
O

)

o
ol
N
el

SRR

9

i 71<, A

=]
=

o 7

=
[¢)

7l&

AR AAD 7 s EYUEE 7], BEA tA



1 A FHlEe @7 N&EHo7 Ay|H Y

= o o
S I
iy D 4t
. o - 1
xr =3 o
© R oF

od

_%A#_._._ <| & T o

THRI<IIK S

x Wy

g

2

24. 7% BaK

1 A

o] A71=aL U

o
o)

o)

™

RNECEIR

9

1)

ko] g

ol

—=
o

I

oR

k-
ol
jlje

2714 e 1A ol @ 5

| —

—

A

A

AzRoRA M A 5

1Fusass AAZoR ddd At

;o

B7} aAw AR
He gl e 9

a8

H

—_L

—

0

Py

)

—
o

A o

= %

B30

3|

BRI

R&D

1

|

24 @ Axe) 2w} A5

== oA g

d =
=

&

-

T

]_

S

A8

=
=

A71el %)

Aglel & 4

7lee 100t deprle= A

HE

%

BIPAERS

3|

7|

AN=E 7]E

=
T

|

7l€o] ol BR Z7t 4

A

2~

%,
2. 71€4 ¥4



X c]_
¥ = o
o W % n| K
-5 Al o] —_ w o
— ) T o
= a o o T T
o EE — — R =
ol H el = N oy A
oo o N oK = i) N~ —
s F = < B = Jo 2 Ho L5 F
T} ) it ~ = = i + =
H,_ o Iy fa¥ B o % o) 5 T = ol =
T N o T ™ Pl N z,_,_ o O_L o) o <R o
o T + o < ~ B N X F K |
N_.o o o < - < =~ Z,._ P‘W ~ =
< o ® m o o Yoon oo o 4
QE = E ol BR pEl .,._:_A_IL ﬁ X WW Nfo Njo Wﬂ 3 o N
Gy X B N = — N -
T 3 m_rwiwow« _%_s maioags wnﬂ ]oﬁm_w
Nfo ojo w1 F oF Ho _ o N & =< o 0o
. Mo = T g o % = o & =
3 X w = oy o il 2 2l B o5 M =y
el < & il < <0 iy = 0 L, 0o iy
» 3 TRE D ° g -7 250
o A T W T LT % <+ o N
T 3% BITIE cHrs
%%ﬂ%ml]J;k £085 ws AL
Eﬂg____ﬂ_dmsio BT M 5 wsy__o_}
=0 B d_ﬂ T < N 5 Eo ) E._ E‘._ 0?._ K X < <° ﬁl ~ o7 Po_l
Wﬂe%%ﬂ%ﬂﬂ NN i N 3 _E#Jﬁ
__ommaawwﬁ_xqwﬁWMo@ %o_aﬂi mﬂﬂ d.w“_%_my%
wﬂx;_eow_;refno% ra i 5o o aﬂnlﬂm
_@ = _ZT; Lm.o ‘ul, N o o —_ _..E Z._x_ s o o ~ 0 %)
N H}urmﬂ S g%l__oqaf Miauiz_o
= W = o~ T ol 2 <~ BK - e = r o
| T o b I X wr xr M + X T | T
@%ﬁo%o%lﬁfzo ﬁﬂnﬂﬂ%aﬁﬂ W o= iy
Le pe o ] Wi ~ N %o o op) o ,.m X o e &]o o Mmlo
o o _Ll_n—muh, o = X mfi uﬁﬁlm% N N e
o T 1 = 0° _,,_oo H_A.,_ qunnﬂa émﬂﬁvi h {4 o
o#oi%amﬂo‘n_%L o’ MAZ,_.]_@ Qell Eﬂ%lﬂ
o & e g W o i w W Ao o - N )
M= - %@ﬂg,ﬂ < H ﬂ@ﬂ% TN m o
LS _Z_._l L ) ﬂnE 7AO o 3 S A o - -
~ T I+ Nlo MT = N T .m_- = ToR 1 oo % ,__DOW < MDH - o < ~ _zXT_H o
O o Jl - ,ﬁ w L_o _Y ﬂa o o) 1_V ,._T 0r| _u_o m”pvl =
) M B! s M ™ ° o = < X 10
Lk — J = e W i
o L r : ) =
@_ﬂh&rao_zﬂ&oﬁ% Eu_@qo_a
O A qnWﬂﬁPogo]HaNr .J.EO_ < bo o
O o ﬂﬁ ,,MH T Mw iy 10 N o5 E._ ﬂmo ,I,W
ogﬂ%@%@@
o X T MM 7
o
O

i 29

9

£l
713k} wlg-el
Zhoj

9

=

=

=

2
=3

sto) A Tz 7
) ;1(_]_,

S

;8'7-1317]_ Eéz[:i
=

1oF 347

I
o]

3

Z3to] 7
o

1A e

o
o
| a3t

O

O
3. 7
. AA A
= %_9_
A



£ 11 AFE TEA aFre A% (20104 71%) 291 - /%
2e(E+) SSR(Y)
= =2
c& | BT | 2 = =L g |ue
T & | UEoHF | 29,302 | 29,297 | 58,599 | 4,646,810 | 4,612,362 | 9,259,172 | 90.6
SEToMF | - - - - - 635,100 | 6.2
04 24
2dToMF | - - - - - 323,007 | 3.2
g 10,217,279 | 100
O Td-AlF 7Rte) ALKHER AF sa7F TV lon, ALAER AFH= B4
A A EE AFHE UM ASR o dE
12 AFE B 4 oddE AT e 0 A
DIAIE INE-IN
= &
HIZOl | ofAd | B | HI#I | oA KTX 2y
2016 | 11,525 | 1,316 | 12,841 | 4,013 458 8,369 | 12,841
Sag | 2026 | 16,227 | 2,135 | 18,363 | 6,274 825 | 11,262 | 18,363
2036 | 22,847 | 3,465 | 26,313 | 11,164 | 1,693 | 13,455 | 26,313
O @ 7Rte) Fedol AHFHORE sty glons, a8 w& o] 2a%
F 13 Fgt A T @9 ¢
g3 g g
7 2 - = - =
s > =3 532 - 83 B= — 53 52 - 83
2002 2,494,810 2,517,368 410,861 589,139
2003 2,215,186 2,192,436 448,340 551,660
2004 3,115,739 3,105,628 453,959 546,041
2005 3,858,573 3,826,865 410,205 617,088
2006 4,227,754 4,252,096 543,736 633,074
2007 5,200,379 5,257,206 517,932 586,719
2008 4,505,661 4,539,773 539,691 557,101
2009 3,998,766 3,983,102 558,044 583,149
2010 5,149,365 5,171,652 731,700 754,038
2011 5,531,385 5,574,904 738,724 761,276
TR 1) SARIEBAL 2) EHSER



;0T

(@)
881,63
291y73
r 728,35
.r\_n/__/oo,66
|8 40@% 3
RS 2|
w Lo
Et%
_._ﬁ_% 6
50 QM%,
448
3r 504,6
4_/4,_/3
E 613,43
r 344,33
- 183,63
:%95,13
Kt 8,13
,83
__+aa22
_.n/_
_.._.
o) 4
732
_/29 5
850,47
545,65
r 986,37
.r._505,86
;oR./uOMO%%Aw
wﬁe,mz
u_:ﬁ1
m_ma |
=7 9%8,
= 5876
3 988,1
559y64|
mﬁﬂ 314,,m8
_Ju__.+4mmﬁvygoo
_%51,16
- 7,96
N y54
xaHSS
i. (a\]
__E2
o)
g
6002
5002
4002
8002
2002
2_%%2
(a\]
Jl

Fek A
} o

2ol

3l =

G



g3 o
- = g7
gzl $BE= 22 He A

1991 5,085,819 5,085,819
1992 5,106,194 5,106,194
1993 5,356,483 5,356,483
1994 5,640,871 5,640,871
1995 5,643,300 5,643,300
1996 2,805,281 2,818,196 5,623,477 271,743 5,895,220
1997 2,382,321 2,428,953 4,811,274 304,778 5,116,052
1998 3033636 | 3096986 | 6,130,622 288,889 6,419,511
1999 3.402,458 | 3465370 | 6,867,828 417,417 7,285,245
2000 3.719.482 | 3730436 | 7.449,918 531,286 7,981,204
2001 3,664,187 3,715,832 7,380,019 571,595 7,951,614
2002 3,821,621 3,875,519 7,697,140 732,801 8,411,941
2003 3,423,631 3,449,369 6,873,000 811,165 7,684,165
2004 4,100,293 4,110,111 8,210,404 1,005,424 9,215,828
2005 4,282,395 | 4,309,730 | 8,592,134 | 1,028,333 9,620,467
2006 4545091 | 4,591,827 | 9,136918 | 1,151,560 | 10,288,478
2007 4,769,759 4,810,986 9,580,745 1,391,600 10,972,345
2008 4,714,474 4,755,793 9,470,267 1,429,779 10,900,046

HU

- B E I BIEAAE, B ENH, http://www.airportal.co.kr
H2MUEOIE =4 HF http://www.busanpa.com
= ot"ol 2[(2003)HIA &1

go] B3}

AFREAEE YA BEHOR AN Fol Aol £Pstel FHT 5 gou
2 A gl Zad F glom, 4o 2e A TrlA AAEHY 2L 9% o
WE AFHIL BHOE FE 9ol AAN Husk betuE ATALL 9

ddsvr 48



4. FuEdro HAA

7}.

A E siFE L Bl

O HAEYs} AEEAL vmakH oo Esh L
SiA e si5EY
ge - _
Z10] 10km o]y 10km ©o]At 10km o]y 10km ©o]At
3,100 /km o4}
(3F2 4,10091%! /km
7194 3,000 Y /km st 3,6009 < /km 790914 /km 8909 /km
dE 3,20099 /km
Alo]Zt 3,3009 Y /km)
A AR g .
I B A
ZIS'—Q— }‘\E'.H] LA A A LA A A u\ﬂ —EH.LI.] %‘E‘
o £2 s
B ZAA WA Hd 2R W
2 Az2 | = Aelz Qg AF -S4 RE ANE-84 RE ALE
AE | AB R aR | I BT 4R izl ol elxr mYol ol
o] ojst B -wgo] ot ¥ 9@ AR UK HE | AR I OE
o9 s | A
. _|-R7]oH Al AR
gy | W oA Abgel oo wgen ey o L TR
TES | g se A A ser g CeeE
_o Rt 920 o3
55 9 o) Abn
_ EEA LR s s L
—’T\-Eg ?_]-E}g q(_l)‘_]; Zg‘% E;‘l Q__Q_@Bl _ﬂo 5_901] qs} EFA] tﬂ_;q 7}_£
A AL 7t HT S 1 =40 9 S
° A AR W 5E
T

U A E T sl FE Y mw

O

[¢]
S5 F7kshe ATl om(B.0000km o), $4 9% S Agel hed

’

S FE (890 d/kmyoll H]8l] AAdu]Eo] 3u)] o] A8

AEE ] 49 Bd =&l mE WAt Tl o7t 53 A thHlE s &
AZEel AlE71Zko]l 2gF=H Hlste] SiTHEL S REs AR Fol s
ANM sl F2AE SHSFER AT 7] tF: dSH= ARl &



O AAL HIS AR LAt A% e ¥z 2 A Bokrog Ay W
A 917o] F43] ZEER 10km o4e] BEe A Fgae o] AAAHo R
FEH A9

O =29 A% A53 i 59 FABAZ F7] 293 olo] ©E Bt ] Aol
BrElsht A7lelUAE AHgshe BEE #9127 WEe] A9 gln B AUE
o] B got AAHY

O alEdel A% LAY o HEu 6F, A%, FE 5o FaT AL 5 9l
tr, Axe) A¢ JlEdYe 5o B4 5 Ang e 5 oy AR A %
£ 5o Awst B £ S

O AAT Ff2 HYY A9 Aws} 7pg kdska AR Fu

o #a A=

O IAEE EF, 93 2%, 1334, I A, 2009.

O siTEE =AMRY - dFAZAY w5 Hddste Fxrley g9, dxEredT
d, 2012.

O First International Symposium on Archimedes Bridge (ISAB-2010), Procedia Engineering,
Vol. 4, 2010

O Submerged Floating Tunnels, Tunneling and Underground Space Technology, Vol. 12,
No. 2, 1997

34, 718 FAA A 74

L 718 3 AA

O A" /2 sTiHHEAE 7|s MEs f8 d=dErjesdTds FHo=
A4 #4d A7l =i drled e i #E AT s dHeried
o] Fost 718 AFE FHA=

O 7€ 8 A 4 95, 4 &9 &5 ddl Agd77#e R G| Yo FHost
A=

FEAI N
AFUENS NI I |

R EL L AFAF N 2sAF Y

N d RSN FE a2qYaAL &Y
YHY 294 YFALUE AFAIMAN YFAINAN AgANR
NAY T2 e Y FE T B oM YA YA
oIF D4UEAAY g U
L2OTA W SMRY BB




o

i=]

W 2

o

=

}

[e)

==
T

AEAT9]

AAL 74

]_

- 10 -

|

e
==

2. 719

_
X ;O
KI0 =R ! ;
i B m |
30 < W m m
0 W o | m
w W_ __,”o |m|ﬂ*_Au“ m
" _ _ < (&S|
.| B 0 | = ="
4. < R0 = ) " "
ol txo = = S “ "
_| h A_.=_ = — 1 1
I %wm_‘ = 2 " Noor : "
= © n 0. n “ "
[ 70 4 = 4 =0 i .mm_u Jﬂdﬂ | m
- |=_|I:xo 0 o I < K o | "
_.A_u < ~ ..MOL. T Ou_ 10} LlyOua et o= i
| 3 L XORr X 0 o) m | e Sk "
5K - RERM I M, oo | W o 00 i - ™ !
oK af 2y 7 I Wk < o X " Ro |
R~ G CR MR @ LNy T |
wOa ok o 0B | 30 <0 ="l w _m g O | !
— _ o o = . . !
R Y I S Zw| o ol m
U By K o = T B 2 _

il w==0F 70 | M & _ gy O o=
ééﬂﬂmo? e _wiiss i _AA% g 9| AR =
| o — == == ~ ! ;
AELERL: RS EREnD | ma s <% | o
?wﬁﬁiﬁd% g N ok OF 5 T |5 oH
W.._ﬂ_ﬂ_nwmwnaem._m o_no_nu_JmA m_xm_x._ku._A_.E_nﬂ u.AlA_u_C._ 1 “ K
o= EL { F = | g o :
ILstI_Z:__LLl ok ok W = 3 T H_ < oF = N2 “

T A wotw Dot | =l D SRS —
MDA WMNW% __f_f:__ﬂo_x +EE ) lmg| |

& m._.%_ C T N.OMON._I_“M TR ~ mkt m
= ~ = v 8 NS NN 1 =™
T T o g i i ) m |
5] z A0 DA~ o _ %wm | |
N ] N A Rikon T | m

i )z I+ M & ~ i | |

i) o 98% R in " "

— I B M = i) ! "

A0 ) Ho% 35 o Irm__.___mc m

' CRT] G Lar M |

- N B S-Lim

o m |

9

4 11 A&

A7t slelsle] 7=
fo ===



X oA L
Yo LT %
= T3 03
_z_l,_:_vm 0 Hoﬂ,l C_.__ .
= © 5 D RS N S
Wo 5 Mok H ﬂoiﬁﬂ_.A N W =
i_lec..— _EH :.L._AE ‘H o .50 SEO_ZT! M
H AW a N oo N T ) o= T i
%fmﬁ%z Moo WTWM %%ﬁﬁo@ﬂ WLW o
X _ ; Wy 2
7 VM o N ﬂé o i} iiﬂ lEﬁf G
ogm:omﬁ £ M " R nE ZTY &
BEEI® S ok ) o T T O
g rew B g T s = W=
</ ~ . oF Ko = = ﬂjl oﬁaE._ it i o
Eduﬂ_sadl = N X za;LE_u@E < 9 o
= ﬂmﬂmoﬁaﬂﬁ T ]qeaa%_ w9 n.
_%_@aﬁﬂﬁﬂ% B o= & ~EERTT o T T
ol N W = o 1l B uroop N N — o} 0 TR <0 Jr 1
R B rer L RELY i
Eomowm%m%@ e %ﬁﬂ%mﬁ% oy W
Loqoﬂ(ﬁéiﬂ %%ﬂi% ThkT PP T
Ko X %%iﬁ;ﬁ =S 2o T )%%1._0AT A I
70 bom®E P S w0 © M myko}% -
= o K — 7 o LAA}mﬂ o 2o &
< 2 = T ® T oo a7 2 S B E ~ %0 F
_.AO N H_Al . X —_ ﬂ L.o _n.u Eo E.* ZT ZT
L.E —_ —_ “l_.w_.: - E.Wv mE < _IO ‘H_OI ‘a_l N;O. IFO ﬂ »A‘._MI J-E ‘m| O_E
pxTLT <irzh ke fm yTd X
o = S ® Y oy o o R S o o oo & LGN = KO
ZTJEXO _lllo _.EJH27OX 21r]m ZLMU )
_JH”\IEH_#_ o] 7 B x° W\QE__OLHW&” 5 M )
oy I = X o o W oo ok W= qr g e ofy
L_ﬂ_ 57]%&&4 vAvdlﬂ_Z T e JIEo
X aﬂZ\%}MQE Turmgorg%nﬁ moi%g_o_ﬂrlDWiﬁr i
‘A‘mW_w.,._oME‘,.Moﬂ% KHT@IE7 ATE.%;MH:WEZ@O_% n‘_m/w.c
mﬁm,a.z.%w/o\:iXi O_E%E%EHT ﬂmﬂ?ﬁaﬂé%%ﬂ <
A e iy G4 oo« R sSSPy C
ﬁﬂ_/czurmK_zT K ) ﬂbﬂéﬂﬂ:bAa o
& R oo RK 74Laaoo_e x?ﬂ%w@(mc,_no X
%y%_zawm@f 4T T é%%ﬂa%q@ﬂﬂ N
-~ ,Ifll\} .—OOE 1_ ],Alu_/ﬂn_z ﬂyl,._~wl —~
Eo_aﬂﬂ“\9ﬂﬂoar.@n7mvn%@_ :ﬂz%%mﬂmﬂKﬂ%_ag o
ﬁ@mnmm”%ﬂmmx%m PFrLTzsiTe i
KO T lﬂwﬁ:,*%om,&mﬂ_/uﬂu,% 71__6%_&4]0%1&.1_1&&_1& !
kP S ® " K R X A Bom o H o 4
o =B B RO R Hr T ™ o w Ko
< X T w9 R a%agﬁgw3
0 S it
e o O_logﬂvMOﬁOﬂL-/FL‘Ol\_m_lg
'e) ::._,maoﬂmuc
O 0O N
O

& Hd d4d XA A

[e)

R

H2AE

=]

Z A

o

]

-1 -



dd dd AR S A9 7HEES 753 4F - 2 5 73 T 1HHE A

O I HE+ KTX M&F ZAAE AAFE SHA AAgo] ok
[ Seoul ~ Daegu N( Seoul ~ Busan )
(293.1 km) ) (408.5 km)

\ Before KTX After KTX Future FR Before KTX After KTX Future y

a4 21 39 144

b
fo
12
e
olX
=

O IEAE AFE HZ 7o) B BAol ANEA Ak HAYFS AT TN
o8 RAHWA g o7t 343 ST Ao dgE 53, 15AEE A4
e A wES gE FEFRoR FRUL v REARE o Fooz FR
st ek (17 2.2,

—

E 40,000 —
K0 35000 —
gl f
) 30000 —

H R
H 25,000 |

#ll 20,000 —
dqr

15,000 —
10,000
5,000

1]

A2l D
]
i
{
|

1965 1970 1975 1980 1985 1930 15895 2000 2005 2010 2015 2020 2025 2030
i b

a9 22 AA DEEE =4 A% Fol

S

A%

O =7

off
ot



o YRo ZEZU A ¥ 245%kme] TEHHEYW BG Fo|H, o9 TX|WHES
AA = 1,630 TZH3269 D2 20203 5SS ExE 9B A 2yd A

o A= IR ATHHAE(NCEH)+= 2008-2014 37k 3007 239 v&dT G Foj

218 Zoln, 2020717 TGVIle]~dEi %xP Aot Ag Foloh
HEDB+ 20361 37FA] 30071¢] 41& ICEAL é 5 Fuje Algolth

1992d niEAdl2v ST ARjop dxx ‘920 WE U FF Aol &
A %H Wt g 1L£FEE HAHFon, nfEgErAH|oF wFESS FE b
t g 3 AN B4 B 2F AEE AE FY £33, FEFAloF A
2149 FH 07 weg E~AHogE 1SS AAAE AT

e T A= 7.7%kmel HEW H{(H1EE 3B0km=E AA 19 ) Q)
2010~2014'3 Afololl AbEARE ] AR FHEAANEEFTo] V| EH R
B a&HEe] A - &90] HH SHAAY A -Gzl T8I IS
Zlolm PR AHE FA7IFed FAV|EE AT & Aotk

o HE 5989 Gl Hlgo] A9 ZoE FAHEE AP EYol 14 E(1,280km,
4509 &), Z2gt 1E5HEE=(B02km, 1189 E2) A4 @ =ARF A=AM x5
AT JAEZHFEAE F3l A7l @43 F2 Adeln, 14HEE 27802 20093
809 =& wiAsta % 5zt UHLd 109 22 &4 AZ. 3170 FolA 3 A,
1371 A9 n&EHAE AHAY 3 ool

o ofzYIHFEAYL 2010d GCC AHF=o] AX /=S ddste T4 2,177kme]
GCC 1&FHE Z2AEE 2010 12€ T, 2016W0] €3S 532 F(ADLT
7]% =29 53, 201D, GCC 67/l=ro] Fxa<l HFx Z2ZAE F2e 1

5 ol g]7HMENA) A9 A AEA 52+ 2005~201513 20% S7HA|

OIEP.

o Hepde gdAp o)A u et uag dAsts F94 511km, 1909 gl
I Algolth. Bepd < a3 FF, AT, vu2 Aol

3)

g )
2, it F 5 A S ddste 1EEE FUF I Al gelt
3. = AXEEE B 3F H FF 24
7F. A7

O 201040] ANEH AR} FAe AASE Asldns FA94 82km F 37km T
14 AviEdR AT

fo
W
(el
ot
&
o

U 3 3-AF A uEHdE A 2.3)

_13_



O

O O OO

Ads AFE dAsH 2147 S7H85S 7535 =
STHGENY, &3 w33, SAMDH AT HE, FEEDAG Y] FARE ASAA S

< A

AR va] FiHo s Y4gd sE-AFAYGS HHAZL F US

U2l TRt siAEIEARR] 0l FXHL o A= dAAL] AiEdSs A
B =

e AHEE, 20079 AF=AANEED7E A 1579 7R AA] g = AT
A 2R ER® o]F, 2007.9.59 A AT AEE HAE AR AYES

A=A B AFEAATLE FEAHFE=A) sHaith

2008.12.17¢  “=A43%3 A= Aoy oA siAEEE A AL R EFAT
o, 33 oL

2009. 415 “=7HEAEHAER” oM T T AF A 1SEE AEAIYEES] 7| H(0]
44 o)

2009.12.19¢ ° 1094 = =3 Aol e AlF AL EE B A8 H|
HFA0gDH dA B =AM T
A% 167km(FZ-3lF A&7k 66km, 3f
F&= sjA 73 73km)

A ZIZE ITEEFS A, 718, AA2A 39, & SAIRE 8d)
A Bl F14Z261 9 A(F4)

A QAITHAAESE 350km/h): Al&-A| 3t 2A17F 26
o] &8 1,500%H8/A(B/C=0.84, 20261 7<)

z

™

P

MO 7 ogrom
L&



siAEE A (24 2.4)

ot @5

SEol 3= IV ndF 35, A

=
[€)

Hlo

A e d o]

9]

3

it

3|

-
[¢)

2 dZo] 7}

-
o
i
..._

155
=2

Sl AH

}

;o‘._

2k

A E o] A A H AT

3

TS5 adHolA

17 = s 4ol

TH

A

e
i

7] A%

S

e

o

A Edel s-2vet

9|

1
) .

RENCEE

S

X

e

s HaAel 9

O

M 2%

4=
==

A m=AAA 0] MlkmE 7 @ow =AlEdd oL

fe1g
=

a2

3

M|

= sllo]ato] o}

o <

il

T2k A

_15_



e Aol 38ckm=z, A3t At A F=3R
Acke wA4 SHAE At Aglde 984} ol BAl7k Utk

FARDATE 198195 FAHQ =07} Aguo] 19833 HPH P IATY

7h AR dREE VR & TALE TAssT
LI EATI A A= M tits, FAPEHATA2008)N A 2709 theks AN AekA

Aoz BAHA

4t AN BAUHOIRH Xt
) . \ @ l-;—{;‘_i 210km
o O . @ = A1: 215k

|
r !

2E & AU

A =40 209km
@‘ “ 217km £
' LEE- R BRI}
'_-r_{:f. 231km
el L

a9 25 B sAEE ATt

4 29 AATEAE A 5% L 84 24

O sile] sAEE A= m=dolE HIxET HRrHddA TEalon, tite Ao siA

B 19880 /|EE QRe| Aolzt EdelA AZEAT GE 2.

_16_



]_

FE siAEHE

FE AEE dAAELS 2008 AFEH FEFEHJCH, FHEEY Al HRE 1

T UESZ FA3& 93l F2l5o] 92 Folkestone¥} xZep2-9] Calaisg A4A3h= H

92 19949 MEEHATE FE AAEEGS FHEH FAHoE AHY g {FH=
Ve SREE wole T8 ZEAER Brpia vk AEH] g Zgs o
=3k Hgd BAABAE 24 AADAZ ABA7IE F838 AV7F HAS
FA% 50.45km(s) A 38km), 25~75m Zlo], HFZlol= 45m

o)
AEE2 AFak, M2, EY 5& &Wste AlgTd A8EA] 2 A E(Le Shuttle)
I} o472 2 EL 1&5IAA FZ2~ENEurostan)”t =3 5ol

FrE2Ere] AAEE TR ¥4 E= 150km/hol™, o] &S 2003 6309 oA 2007
@ 830utH o E AFF 8%l 4] F7HES Uehit.

L & Ale)zE siAEE

O

Aol olowel@y} BITE AP IR 19649 FF3te] 19889 ANEHA
1930 thell AlA HEE HE SHAHEL 4T ol F, HIOVP S A E (AR 23.3km),
7% SAEAAR 151km, HAE ) So] AN Eale oA
A 2Ah AA, AF D FABE S

%A% 53.9km(3) A 71k 23.3km)

AYFAL ARIEANTHOE T/} AMstgor] £9e RFTAR] BT

o,

o} Qivt=-29d ol o

O

2k

drja =AskAs seld 28 ghel Slele SRS AAsks thelw, 1900 Ak
B 4ol Awrsq dert AU 5 BAH o Hxow %@M 23} 19919 dv}

20001 %él AT,
A% 3510me) 27le] E2g Bd 2o BEE HUZ FHHC} u w2 AF
43} Azste] FA% 15.4kmolch
2YFAL drkast squo] FFOL 2fT.

AMNE 20009 71FO oF 428 ¢0] £R(T F 65%E ol thel Ao,
A SAA A

e 29]o]

_‘|7_



O ZAHoR BY AMo Artolat & 4 Ut w2gol: 19814 Vardool Hz9| 3
AEdo] AAE olgl = A 2037t oF 300 A HAEEL ANsHE, ol A
AA A e Arto] S AR sh= F%|°]th

O A L8439 HAE o] UMAE TAFE ok 130kmo]T}.

O #A) Aol 24.2kmel Rogfast E]'d 7} 13.5km°J Ryfast Y Z2AET 780t}

O w3k FAzbo] 100cdkmol 23te ) - 314 SREYS AZ FolAY AF Fo ok

o
=2

uh 712k AR ARl AN

O 71 €97 AAEIA ANF e PoE BAY AT, TR AYY A5
FAYAY 4 AAH A SO A8l A eAAY Hgol BHsm ofee
ol Stk

O WA T €A NYY A, FUT} L BA T 49 A9 WA= 2
Aolop S, Aol AT 284U FREA, FAY BA 52 FE3 nelsol
g,

al U7 A7 ARle) AlAY

O = Azt AAXYL A5 e AP I At M Sad Ao
= Qg

O =3 FAETC Ut Aol A471&9] durt Fa BA, A4z I
o] Fasith

_‘|8_



w21 A4 9 &9 £ AAEY A%

HEY 204 %(i()" %Q)m f"l'jj A ij ;ji
m
I ERETE! U= 53 23 1199651; $70°1 NATM i;
s2vEY gz | 151 o5 | o7 | wsma | PN 22
Y2EY 01= 2.5 2;’; 1?::; Fﬁi NATM ‘;;
S22y Eii 50.45 38 1?5;; $15021 ;?i'gl; ;j ;
Ol AEIBIHIE =z 2.2 19 ‘19586; ;‘;5 fz_'gj iff/
SUCHY 0= 2.6 2.5 1199220; gii NATM ‘;;
ggégga 5= 8.2 3.6 AHZE | 2% ji_'u ‘Xié
SamA HY | ©I 13.7 .4 ez $225(<); zgj ig
QE=C By Ci'iE 16.38 4.05 129303(; ggjl zﬂj d=/

5. 7Ul Bl ALY TF

O =e] WEFEAF/FAAL 19669 B 2AVE HE APHAL 1999 e ErSA
AL BFgA 37 =AEIT (1F 2.6).

_19_



1966 1995 1999 2001 2003 2006 2009
—g = % < < - 5 =
(+ S8 ErAz] (= 534 T4 22013 |
+ 19664 ZH 7T UM LI\ STTE AT

2ise gE MImoSIT UE

RS0

s CEEEEEALY

==

"Bl s EMS BHE 22

Sig sEsr iy =2
“CATIALE Bl SATE

OEEEE
TIImEE 2 AZE AR
‘AESIS S RADS DAl

P
H=

[» S=ESEE

AF EEHALA ]

i B

CIISUE 28 AEA G
HIE( S =A

Eco it

*AEHASSSE HE
FASEED ZEEE U

® Ejcrs =7 AN
‘ZFIES SN =SS NS
*E{ghd ZIF 20 FA|

* A EMA =SS RY
oj T2 X 2 Ope

a3 2.6 FAE7HAI = Flow Chart
O dAAe FAHEI} FAA= 1" 2.73% 2o
A=l ojgtE ALY ™
=
rd
o
=
A= +E > OH|EtSEZ AL > EtSdE7HEAD
Py 2EHYT @_’iﬂ_llﬁ$ KDI' oy, 251U ‘
+ =nszasuAssny . smme
(S7P|paseAY, 27| AEALSTAT)
» EEwEEENII=RE) 24 XTI 2707 OiF CRHEISS T
+ EEpgEEESTR=A) HeaTAaE oo
+ GEAETemsmEy ImSsg '
\(@7287248, ¥A2E4BAY)

a9 2.7 FAEIE A A
Bl A 1966 A 7S AolA ABARG SAHEE A
HAx=E AYEHG L
AL AT rEE QT
omelgA EARE 19999 3314
A, gAY 24 2AR RS
7B A 9 AREdAd
Ho=w JduEdd AT giH

SR

A] X

T

}o]

Art. ofH]

_20_

w1995 Ad7|edeH AlE A8z 5 @%

A 3t i, A4S A
Hste] ARIEFSA Z=AE E‘Qﬂﬁii,
=% dElem 20063 = EAA

By 2ARE FARIH] 500009 o] el n

©

g HEA
2003\ 7=
5 A A



=7 A o] 3009 o] R Al AFEe B Aol rlele AlEE
=7 AR ] A8zt THAIH Al3zxe A5t =AHJT 20083714 S=3
AR EFFA AL AR AZAHE Amrd F 372719 AnjEldAd 2APF gREen, 2
FHEE £27) 1657, 57t 7471108 B H|EFS A3

EFA% 7 19999 wEAA &3y ABH nFdHe FhEA A3tE B ¥
77 =5l 20019 wFAAIEESPY /8l wet FAE A & o] mpEE AL 2009
Y 97 eduFAAEES Y AR CE B3 HrE 2AVE vk E AT S A £ &3
H A8 W FHAINE A7z WEW EldAE 7] AgEtGAE e B OB
H77 EA%. AE B8 ke w71k s UAE, S7IaEAE BRI F
47 F7HAIg Y Z3EE APHES ddeE HrtE AAEt B A Hrke A
H WA AL sh7] Aol FARAH] 3009 o o] MEAY S
e w gad oAFE &A%

3 2.2% AREr3AE A B UEE vagk W&ot

)

il

e
o
i
)
£~
(o
fru
1>1J
-
O/

3 2.2 d¥etgA A BFRA 87 Hlal

a2 OlHIEFE A E AL EFE A X Ab
= (Preliminary Feasibility Study) (Feasibility Study)
IS EA OlFOl olasteos o e | OBIEIEE TAS Shs & =axol
T AHE =< - - c = T AIMEAE 2E AR, IS BY
NSM=ABHS QB HSR ZAb
SRR D EI G A (HHEH &) ANE S AYFTR2ER
e OIAEIHEY L JISFRIIIIEY G | AL |sR2Y ABY L DEMAHE
I = S5t o/t EXEILK A

= = = = —

o - =02 SEAHE N AAGHH AX, =

o 2o ROIFHE 2o, FERLHERS 2 | T T T S =

B eAE e N o o H, SAAEDS NFH S OIAH
= o

oHAXN Y& (qualitative method)0ll 2
St JHEEX Ol KA} - =

fusi}

BIRINLAHARRA(KD) BSEAr2e|HEH
AL E ot o, EH3('03E 35422 I | cAFHI 20| BHEI|2E dFOIEEY)
g
UIEGA ZAAE W gH RN HEoR

_2']_



|24 ARAEM

Aol i o 71 EXE 4

Aol B, 25 2 7=
Res(eIE |2 2A 5)
SAHNE A 24

2 [EEA

I_-! o
e = A0 Yzhg gl O
= 7lEH UE - ZEAel O FAene] a4y
* B9 H SAEFTE R A HEE = XYy
= e = = ArETIHOl HEadl = AgHEAEES
= H8Ee 4 -MEEE Thsd
* UEE 24 -2zd
= AFd 24 = AtESS "It

I A weAdel e FAEEAES Fdstr] 98 F= AAAE AFEB/C, NPV,
RR )7} & ¥FS AAst ok olejg AxE ALkt
4

B4stelol ek WEAN FAA

How ASEAR A AL
YRS AAstT glon, A=

A Ae Aol (& 24).

T = pogs as Bl D
L SBAIRE 24
- gyl 22
% X 5ol CWSADHES 24 molg M
SR e A BHy
CRADIA A AL
CXEAS TMY 2L
Ilm]H% §ﬂ+ HoleE A
AFE S NZAL =t Baes
XY MYTREO B S niets

_22_



<
A0
= ol | AD
wm 20 = ar uwo | B | RN |
o 5 00 | - ~ 2] - [
=8 |7 o RS R R= R e =N
_ m | X0 | B % | = |9l o of | oA | oo
el o | .| W] o | & 0 o1 Gl K| @5
— m n0 < K — E_._ o D ol _1_| = -
o S R — | Mo B | o | 30 | W0 [
o 50 — | T | FH |5 |0 e B R e 0
2) | =< | S <+ R|= | < ny | v
3 0 B e i 3l | WD
- 1o ~ pd R|l= |4 | =
or fo | M
il
~J
=
= | o0
W | Mu
S | W o
K| o ol
To .C_.m_.___ ”._ _Jm = A/._ A0
Bo | i z . n
o . A0 of B | 3| R
% | ~J KU A._ A_l R n -
— — -~ o - D
xE D] M _ n0 o | <M =
N H o e B K= ol | 5 |
= bo | B = 25|
N = 0H Ho o1 ° &0 =
ol IS ol 0 WD
—_ < =y W = M| | A
X o o K LH A R
Eall I U G R
R0 | R " 010
=R H D
a0 R0
0 "
Al
ol
21 s —
W M_n mﬂo of of
! il on s 5r &
B > B =
M RD 0
N o=
KD of D
PUEY] =

O

] o
He)

5790 g7

2/
2 A E4BIC, NPV, IRR %)

i
=

e,

<
T

o= of oF
H, o]& o84, TEA, 1A &

AvANe)

o

[}
A

_23_



0
0
o i)
o | of = o G|
70 Ol 4 ~
] Mﬁ KD = =]
5] wm ] 3 1
0 = ~ R
7|2 S =
0z | w0 S A~ S
RS on R 3l
_.H_uw (@) 1K e e _m.o |..A|
0 %0 | W H WA zr A
IQT & il cu R !
L wlo o o |o o
ol
A0 | nH
= | W O O O O O O] 0 O
o R0
of o | o <
) of | Y o )
N 8| g _ ] <0 ol I Ie)
o |z L |3 0 | o = | o D
or RU zr | 3 o n0 <4 - f0 | < &J i
W Sl=| 3 | A0 0| 3| ar 5! b
A ™R s | R | KD R|R =
= = | = = 0o = _ =
= AR o 4 A i
BBclE | ;
] =
gl xJ o7 0 =
1 - R = of = 80 R o
+ © o °© 70 ) 0 A ol
Ho oj o o] <
£l ar 00 o0 Zr
) TR o M =Y
Bl I o0 Ip R0 of ar
M =] W ey

)
To
Al
o

X
i
or
B

- A7 A

A DAFESEA, DA

L

T

o} ofel w2}t dEelA

-

ox

!

o
N
,m_.nﬂo

o
o
KH
,m_..n_wo

o) SFEs, YA B3

g, o]

-

A

(e}
TAG(Transport

-

=
WFFREAA

| —

T—

7171
Transport)
- 2 4 -

o

]

RYA

1

I3
i

o th?

Department for

s, A=A 543 T
wFHDfT,

O 979



Analysis Guidance)E MEEE il om, A= olE 47|¥t HHo=
WebTAGE A g3l Aot (& 2.6). TAGo = 4% FEAAIGS Hrlshr] ¢sh
AAF o] dE=d], ©o]2 NATANew Approach To Appraisa)e} &=, 20033 1€17

=
>
Y

f
N,

~ N ot
o

mO
i

Zds
¥l Green Book(Appraisal and Evaluation in Central Government)ol|A ©]|%& E& FTYH
AL o] AWe YEES sw ok AT, NATAE =457 29402 754E 4
A WEAFHEEA, A, AN, ADA DA AdE B 5 A= 7
Asta lon, TAGe FITAEAAN b nessds I 1dste badrlE
A %)(Guidance on the Methodology for Multi-Modal Studies, GOMMMS)-& w}& 7S Hal
St At

¥ 2.6 = WebTAGS] AALEE 2 AF HrladE
- & ZH4 say M3 H MEH
0ot & JIEt S S™EAl
2 HY
A _
o S Jlet S8 MEly
) o= Oi;r | EF | |
s S Al 2 arat
- _fEAIEA =
s2 S dd g - A BsH wEMES St
Zolge | & §X10'° Ssol AE Fa s4
oo = AH AL A B oF XM A PIPSPS| o Ao0|
A T e JESEE AFH NB &Y
JIEt g& _ 2oty
FRHER N HEt
d24
LA X
e AN E AZHS
JIEt

O o3 & & slollA wFSOCAIY S B7tstr] A7t Hrieka seuetst viszsi 2t
U 88 ARz Ex9stu Q(crowding relief benefi)d-Eo] 2= ubd, 7
H e AAARA ] T3w A Far FZH7IE(Appraisal Summary Table, ©]3} AST)ol]
TIANA BAsE Qe Zo=Z veigth &, AAd EYdAe SIAETHY
(travel time saving), &%+¢+a}# )(crowding relief benefit), n%5AFa3H ¢(safety benefit),
gz Aesu]- i o (vehicle operating cost saving) 59 Houke wgslar
Aot Y= wEAdl e FAAEAR L A, Z1edd Asstd T Bt
S 471x) wEAAGFS 2PH o7 Prishs Loz waEch oHd FES
EUZ TAGo = Z+E EXAIGS Hrlslr] 93k 7150 AAFH Qe=dH, 9 4714 =
Hoan(EA) t) HFZH o2 FEHIIRASDE 23t AIFH7F Z2M| 25 B
FEA S, ol oA, ol A AU AT} s XA Ho AAH e

S

2 & 7 AES A8 VES Aeska Atk

0 =9




=940 A9 =W AHIEIEARNT FARE FEY B8 A 7R Z (Macroeconomic
evaluation methodology FTIP 2003)o] 1o, &4 HiAWMHASo=E MBAY T Atk
53], & vgtete 2, BAA A4S A% e Al A 1% 9 AREEA
2 Exet ddd ARAAYES st JHE AU s B8l FASE, BVWP
20031 4+= 37HA 7HE AU 8 st &4 As AAEka =], 2003d HA
A= 37HA AV F BAIUE] &(ntegration Scenario)g EWE kil Ut

] Alvke] @(Laissez-faire Scenario): 1997, 1998 && frAlste wE A FAL

g A%t Aele

gz AU L (Uberforderungsszenario Scenario): E2¢} FFHE &FHIEo Fot
o] AX EZEA HAERO FAATS F3 AAMNLES Hd S8 FIAE FH

e AgEe
%3 Altbe) 2(ntegration Scenario): 4told FA G| AN@AAY, AAAY, A
8, =AAE S BE 1 4EIIsAS Aostalr] e BRH ARSI A )
& YL ABH FOE ol Toju AL

=3, deAgel B BE] 98 dolgue segel wa vt @
S GAN RS, B o), BeHEF @ AN D3e] UF FEE F14

o7 yHIT Y= Aoz JERIT} (£ 2.7).

_26_



27 59 WEAYBNGE
= s= el
AAHFDEH s 24
(NB1, Decreased vehicle operation costs)
DE HIB AL HeemyE %A
(NtEr;énFégggt%ttli%?])Of (NB2, Decreased vehicle operation costs)
WSS E [HE HsSEA
(NB3, Changes in transport costs due to modal shifts)
WSAE i BExHlE 2
NEANLERI2HE 24 (NW1, Transport infrastructure renewal)
(NW, Transport infrastructure
preservation) WEAE AL 24
(NW2, Transport infrastructure maintenance)
ME==3el¥SP] Fal _
(NS, Increased traffic safety)
248
N (NE, Improved accessibility of -
el destinations)
A48 & NEFE &
(NR1, Employment impacts from building transport infrastructure)
S2t& Hol 29 & 13 gt
(NR, Spatial advantage) (NR2, Employment impacts from operating transport infrastructure)
SHNESE St
(NR3, Contributions to promoting international relationships)
RLuUsSsl _
(NI, Impacts from induced traffic)
a0k SEANINA
(NH, Improved links to and -
from seaportsand airports)
ns 2 s 83
(NF, Fulfilment of -
non-transport functions)
Hl= ESNEsIR=3 _
= (K, Invest costs)

HIHERA),

B9

SEASE = EI} =
(ERA, Environmental Risk Assessment) MA XSG e E IHHDA, Habitats Directive Assessment)
22t srE Jt o = = 5 @ 5
(SIA, Spatial Impact Assessment) SUHI X HE, =d@s X 2
2. =
O "l=2] A5 3t Aol FX=7] falixe= A 47FA] GAE AA ok sh=Hl, AA,
o7} 2 Fstate)2bd Y wSAALA dA, =4, 7] 71kl "El] F3E W A

g W& 23et= AgPlanning A, AR, HlalF

= U

3 F97) 71z
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A2 P e oF

(Programming)&H7, 12T wpAeko 2 A6l tha) wAlcH

A

T

o9 Te AL AR RS ZAHsk=
=E]

=
ol =]

8)5t= A 5=2l(Project Development) @A 502 Rt Ut

v o] 73
FAg 9]

SAFETEA-LU®| A 15 A

A5 7}

s okst=

353

SlE. o

Fas AASHL A=

Hrpgae AL

e Economic Vitality of the metropolitan area

o Safety of the transportation system
e Security of the transportation system
e Accessibility and Mobility

» Environment, Energy Conservation, and Quality of life

» Connectivity of the transportation system
e System Management and Operation
e Preservation of the existing transportation system

AT, HE

A Hslore gEe o

% 28 W EREEAL AAH B TR

O ’ 05~ 09 F7]1mBA
EAFREE 05
Jd 23590 ®

O 7 05~ 09zt F7]asAA

A

d 21.0%F4¢, ’ 061 22.5%9,
AP 236290 F7|nFAEEATER AAE AT
ExAA L 14462H02 FAAHNOH, =2 FHEF

EAAG] FEAFRE 117.8290]H,
$ 073 25.4%9, 08

&
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Generative Impacts Redistributive Impacts Fieiniziz) Mmoo
Impacts

0l EX Ho(SEHAIZH & S)

cHSAAE AM 2H U 229

AgeE 12 Y 243D ANAEN HE, 2d = 222
i miw CEXINEH (S FE e it P l
— 37_1_0 e ax(sS °EK|JH%§ O|_|§|' _Tl_%‘i—c'—’.“—%'% L\; 1LE iTmo.

oY SA 5) o1 °Joint development income to
RAFEO(MHIIE & S . _ local agencies

- E = l °Corridor Wi ZJH&sS SOt ¢ .

MM m(=0 st &2 °Property tax impacts

s)

oFXLAZ QIS HEHEZ

3 s vl o

24, U 9] A3 9 A
1. FHe IH£HE AA 9 A £
AR WEANEAAY 2 @

dApE alFAA
W 254=4, 7 09



O

O

HFo] 58. 7%= 714 mom, AT BE 183%= 26.4xYelH, EAIEEY) 6.7%= 9.8
Zdo|th

TYAFe 1FS0C FAEEL * 10d 7l =2 5%, ZE2E 30%, &3 0.5%, 7
13%, ===t} (=A1AE, 7]E} A9)

Elvete] HEAATEE uld ofF 552 FFoltt. AR oF 44%, AshE oF
1.1%9, 2010 7]%)

g FNAE S547 Fol

O

Ao ANFEHAAL mjd Jrlsls FAlolY FdEFES] A C 08W7HA] ZTHAME
A8 7F * 09de] A9 22 AANY] T2 Jdste Addiv] oF 16% #4g A
o2 Yyt (& 2.9.
¥ 29 AR FH47F Fo)
- = 2005 2006 2007 2008 2009
GRS
(B1otol) 3,561 3,662 3,711 3,799 3,849
SRR
(B0} E) 42 43 45 47 39
T oA KTX, YHHHE, MH, CAHE =3
A2 ZESAULE THAzAd2HIE, 2010
C04d 15EAR JlE 5o AT FEHEEFGEC] FUIS v, =2 2 &F 5
+F BEEES Ao =3 22, Fx9 qUgE FHETES SISO, &, 3
) I B e s
HEo AL & F£40 0 099 AA FEEL 0 019 oiv 14% ZFAE o
A= HE oY #5442 9.5% 713
97t AT o7 FH£A2L8 0 80 oY FYUT-HEV|Ee 98 =42 FAst)
KTX 7§% o]% Hl53ch
TUnE £ AWS AyHE™ C 08d oib] * 15@71A] U A Y7 A= 1.07
sl Ekld 7]5), A Y7 IEFLE 1L.20M(HEE 715 =T dAdHh
U R Y7F A== 0 08 oF 516099k 21/ doA 1513 <oF 5529wt /i do g
AR 0.99%2] F7HeE SV " Th
= AY7r FESFLE 0 089 1L705WMTrE/ oA ° 15d 1,916WYtEFo R AFTF

1.68%2] Z71&2 7171 AT
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o Sy dxrle FE B FE TR

O AAHwF7|=H 742009 MR f-2uvete] FEr|e FFo] AX= tin] 74% +F
o8 ZAEAT (F 2.10).

O ARERY 7l& o] 7HE A velgton, AEA 28 A, 2s 9 B4l 5
o] 7l& FEo] AUFHoRE A Ut 2.

O HZAFF 714(76.76%) F-&o] HHETH =A Yeld.

EotE = H&3F 100% o
HEF 2=
gt= s BER= gt= e BER=

ETAIAE AMXILIAHE 47.52 62.63 75.87 100
EDAAY 22 56.16 77.70 72.28 100
HEES D= 56.35 70.04 80.45 100
&F Jl=s 4717 61.29 76.96 100
BCds ¢ S 54.93 77.92 70.50 100
DALY HEETH 33.58 51.87 64.74 100
g;;ﬁ;g}gj%l%g% 62.46 81.34 76.79 100
BCXE Jl= 26.86 34.99 76.76 100
g 48.13 64.72 74.29 100

* AR AduS7|=EIH, 2009

0 Seele] AR A% FEE AARL VEFRLE, 92 Y D) fu] A4
o] 60~80%= YEGTH (& 2.1D.
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® 211 A=nd7e AAE
By 2 Iz 4= )
AssE =of MAZS Tl 60% | ASIEIVT 2 2= 8BS
e ASAAE 20} MHE S ChEl 60% %i;jg i:ﬁfggﬂé'
_ ¥ = Pandrol, =& Vossloh,
ASTE U PNE 20 MIHIZS CHEl 75% ot
HTD A Y S DI HIHIZS CHEl 80% S8 as
L By PHE 2 HIHZS CHEl 80% s oz
Det EEDT AIZ Oz HAZ S CHbl 80% ol
Ho DY ASEI U ASEA ]
i HIHZS CHEl 70% u= g=
o e Y A I HIHZS CHEl 70% D12, MU
o BCEY AT Jls HIIZS CHEl 80% a= o=
clu | BEEE/EzY SEEH X S| ime ool s0% %=, =
Jl=
2D2EC MZEHY Jl2 HIHZS CHEl 80% PN
NBRES 87 L A I | MAHS ol 70% | 012, =2, 9= yac
e ABRES MRS HIHZS CHEl 80% ol
=8 NMRxe A2 2 PAE Ol | MU Ol 70% Az =9 0=
NUBRES SSEI o &4 Jlz | MAES Ol 80% e

O AA A= AR rEE 2010 32069128 =AM wid 5.3%% Agste] 20151d0l=
4,147 o]& AoZ HYHATH (IF 2.9, 2.10).

O &4 A fEE 2010~2024d3%E ¢F 20,000kme] A7 54 ™ol 7|9k 1km@ 0.26
Agee] ArdHl 7HY, & 52002, AE 3509 Dl Aol ARE A,
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330 7 [ ‘ - 7%

 Bliion § o 3208 [
320 1 | -8 Gowh $ -
el 5%
310
L 4%
® =00 3%
8 290 =%
o i 277.6 o1
0%
29 1 1%
260 1 -
250 r : o
2006 2007 2008 2009 2010(e)
-E— 2006 2007 2008 2009 2010(e CAGR(% /(' 06~'10)
776 293.3 3099 302.3 320. 6

A2 : Dalamonitor, "Global Railreads’, 2010, 11

a8 29 AA A=A RN EE 22 %, 201D

Bilion$ —8— Growth § |

&0 4147 T
40 - 6%
= 5%
m -
eg 250 2206 336 4%
Eao{ | 3%
150 | e
100
50 F 1%
9 2010 2011 2012 2013 2014 2015 @
2010 | 2011 | 2012 | 2013 | 2014 | 2015 CAGR( 1o~ 15)
HIJHI*I“ 3206 | 330 | 3537 | 3724 301 | 447

A= : Datamonitor, ‘Gobal Railroads”, 2010, 11

29 210 AA AEAZ ARHMREIE 22 59, 201D
2. Ul AAEE AA 2 AF BA

7V AEE Al AR

-

S Ukl ER5E0] MNE AAETOR stk
o4A g A AT $at F2 F/kstn Ak AAHOE B
L oY gad ZEAERE tg 193 go| obolst BulE

Aste WYsg YR, F19 olulelol viEe} ofxestE ARG AHBE
 7E% 924 AA4AG gead B 99 (O0F 21D A
19y

§

Tt 2 i

_32_



otk (¥ 2.12, 2.13).

2

a9 211 o A d Z2AE FHA

RS Ll s

19 2.12 Gibraltar si g9 F4AS
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R Fo| o
HNE9 A 4o ABE2AENN SFTE Exzog Hed & 9o Aoz @
g9EH e F Qe TEAE 1Y 214, 215, 2163 2t

Lake Constance
(Germany/Austria/Switz)

Neuchatel, Lucerne, |=

Zurich Lakes (Switz)

Strait of Gibraltar
{Spain/Morocca)

a9 214 &

r®
Lo
o
ofy
El
ol
Y
il
o
s
XN
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@® Houyo strait(Kyushu-Shikoku)

@ Kitan Strait(Honshu-Awaji Island)
® Isewan Bay

@ Tokyo Bay

® Funka Bay

a9 216 Hrjek wAREe] £3u vt

off

%317

O ITA(nternational Tunnel Association)oll4] <43t sisEE A& 715 HES O =
2,128 21, YF 354 AL 71 AY9e 7 2139 2o
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E 212 sTEHE A& Vs S

Possible Locations

Country for Coastal SFTs
Norway Many fjords
[taly Strait of Messina
Greece Mainland to islands
In-between continents;
Turkey

between mainland and islands

Spain/Morocco

Strait of Gibraltar

France Gironde

U. S. A. Fjords on west coast
Alaska Bering Strait
Canada Fjords on west coast

South China Sea

Between islands

Coast of Southeast Asia

Mainland to Islands

Japan

Mainland to Islands;
between Islands

® 213 d=HE AL 75 UE 345

Country Location of Lake
EUROPE:
Italy Como/Lecco
[taly Maggiore
Italy Lugano
Italy IsCH
[taly Garda
Switzerland Neuchatel
Switzerland Vierwaldstettersee
Lake Lucerne
Switzerland Zurichsee
France, Switzerland Geneve/Leman
Germany, Austria, Switzerland Bodensee/ Constance
Sweden Vattern
Portugal Rio Tejo
THE AMERICAS:
Canada, U. S. A. Superior
Canada, U. S. A. Huron
Canada, U. S. A. Erie
Canada, U. S. A. Ontario
U. S. A. Michigan
Nicaragua Managua

Peru, Bolivia Titicaca
ASIA:

Israel, Jordan Dead Sea
Japan Biwa Ko
Ukraine Azov

OCEANIA:
New Zealand Taupo
New Zealand Wakatipu
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E 214 AFE B 4 sdE TYE (G 0 dH)

DI Al AIZA
e
HED] ol | & gl | ol KTX =]
2016 | 11,525 | 1,316 | 12,841 | 4,013 458 8,369 | 12,841
sz | 2026 | 16,227 | 2,135 | 18,363 | 6,274 825 11,262 | 18,363
2036 | 22,847 | 3,465 | 26313 | 11,164 | 1,693 | 13455 | 26,313

O Tg-AlF A IEKEHEE ZEAE FoA BXx-AF AZL gl BAdxet FA%
E AAA ATl o]2+= F 100 kme] Aol FEgd (IF 2.18) sligdelA RAx
7MAE g nFe R Adsta O o|Fde FAEE AXHA AFE7A % 704 kmE
A AFEHIR Attt AFHIY Fhde V& AT 2TV AX " o]
A GelA A S AFEet FAE Atolo] ¢F 150m, FAES} BAE Alo]d&
°F 80molE 2 AFH I Huedy} A FEuds At Add3ittd e 7
AAR] JdFol 7 o= AdEh

4

EH“’HI"F‘ =}
1A (OF
;ZEE(") ,/—);gn@sg
=2 ?‘ X|Ab
V| (66km)
Hgo+—
wae AL 2H28km) S0zt
(167km)
= SNE
(73km)
e

Lo il cinilalanl il

O ad-AlF 1&HdE A48 2198 dg-R4x 7.7km 7D RAE~FAE
24.1km 37t @, FAE~AFE 49.9km 7 QLo®2 UE ¢ Jdom ZF FE FAL
FAEHE I8 2.20 ~ 2.259} 7t}
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Depth of Water(m)

Distance(km)

25
1
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-20 4

2L -FIE
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Distance(km)

1] 10 20 30 40 50

20 L . L y 1 i 1 L 1 1
e \ [
T 0] \ ;_;
E g0 | e /
‘é 100 | \_,/\ f
S " /

140 ] m——— @E=NE -MEE

o @ % AAEY 72

O 19923 % 4ol ¥ B AAH wHAAc] FASM

A2 23 3 140mol) &3, sig-R4% 7.
S AAs= Fo®E AgFHNY se-AlFE 7 15E 5

=
42 ddstes AdHE 6oz FAkEgow o] A¢ A

s

o
4

3

-9

Mo
oz

o
flo
1o %

N L4 24

7Fsted, 1992~200613 71%F

% =
o @50 telmee AW 104%0) Z/HAE Bk v @3] BEF wee

AT 23.2%°] S7HAE vERlS (29 2.26).

001 = =2 —— =T

'D |
1982 1983 1904 1985 1996 1967 1988 1969 2000 2001 2002 2003 2004 2005 2006

Y 226 =) tiejuwy 8 S w9 F0](20001d=100)

O T - AL 73] oA FHFS & 2159 £
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F 215 ezt oA T ool -
g 3" g g2
=
B2 — &= == — 8= B2 — == == - 8=
2002 2,494,810 2,517,368 410,861 589,139
2003 2,215,186 2,192,436 448,340 551,660
2004 3,115,739 3,105,628 453,959 546,041
2005 3,858,573 3,826,865 410,205 617,088
2006 4,227,754 4,252,096 543,736 633,074
2007 5,200,379 5,257,206 517,932 586,719
2008 4,505,661 4,539,773 539,691 557,101
2009 3,998,766 3,983,102 558,044 583,149
2010 5,149,365 5,171,652 731,700 754,038
2011 5,531,385 5,574,904 738,724 761,276
A5 D d=EdeAh 2 SEIGHF
O %t F3t & 83F 3l WY Fol= & 2163 £t
F 216 F3F 2
BHE2 Moo (WMotey) BHE2 DAB(HE)

T E gt= > &= == — &= gt= — &= == - &=

2002 23,754 16,575 22,891 52,892

2003 35,110 21,909 28,583 60,477

2004 49,763 29,585 31,346 52,822

2005 61,915 38,648 31,414 56,898

2006 69,459 48,557 36.375 56.180

2007 81,985 63,027 33,404 63,190

2008 91,389 76,930 34,442 57,481

2009 86,703 54,246 37,844 36,688

2010 116,838 71,574 36,926 39,680

A5 - A EIGE SAAR

= Z7VIEATEE SAHLE BEAATE Ao, F 419 =

A
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® 217 3L T A FFLFH AR B)
s a2
T Z A
az= StZER = a2 A
1991 5,085,819 5,085,819
1992 5,106,194 5,106,194
1993 5,356,483 5,356,483
1994 5,640,871 5,640,871
1995 5,643,300 5,643,300
1996 2,805,281 2,818,196 5,623,477 271,743 5,895,220
1997 2,382,321 2,428,953 4,811,274 304,778 5,116,052
1998 3,033,636 3,096,986 6,130,622 288,889 6,419,511
1999 3,402,458 3,465,370 6,867,828 417,417 7,285,245
2000 3,719,482 3,730,436 7,449,918 531,286 7,981,204
2001 3,664,187 3,715,832 7,380,019 571,595 7,951,614
2002 3,821,621 3,875,519 7,697,140 732,801 8,411,941
2003 3,423,631 3,449,369 6,873,000 811,165 7,684,165
2004 4,100,293 4,110,111 8,210,404 1,005,424 9,215,828
2005 4,282,395 4,309,739 8,592,134 1,028,333 9,620,467
2006 4,545,091 4,591,827 9,136,918 1,151,560 10,288,478
2007 4,769,759 4,810,986 9,580,745 1,391,600 10,972,345
2008 4,714,474 4,755,793 9,470,267 1,429,779 10,900,046
Az SSEEEEAIAH] <A, http://www.airportal.co.kr
off 2: FAEIEEZ AL B A=H o2 E 1 g =54, httpi//www.busanpa.com
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#® 218 ¢ 1 sE4AA dF (B9 B
S ol 2
22 Z g
=Rl stzsE =Y off 242 2= o A

1991 233,000
1992 233,000 4,420,649 4,386,864 8,807,513 9,040,513
1993 246,000 4,291,118 4,340,930 8,632,048 8,878,048
1994 267,000 6,810,554 5,677,339 | 12,387,893 | 12,654,893
1995 305,000 14,616,771 | 13,566,342 | 28,183,113 | 28,488,113
1996 152,604 164,349 316,953 17,521,267 | 19,041,198 | 36,562,465 | 36,879,418
1997 169,582 176,337 345,920 16,075,387 | 20,556,036 | 36,631,423 | 36,977,343
1998 144,444 190,484 334,927 12,559,717 | 20,635,692 | 33,195,409 | 33,530,336
1999 169,491 211,175 380,666 16,983,927 | 25,879,216 | 42,863,143 | 43,243,809
2000 206,308 221,976 428,284 17,905,359 | 28,216,382 | 46,121,741 | 46,550,025
2001 157,258 230,482 405,740 21,774,783 | 32,348,125 | 54,122,908 | 54,528,648
2002 188,138 222,427 410,565 26,756,076 | 29,977,498 | 56,733,574 | 57,144,139
2003 193,169 215,036 408,205 28,345,609 | 29,617,836 | 57,963,445 | 58,371,650
2004 205,427 233,058 438,485 31,859,790 | 33,053,758 | 64,913,548 | 65,352,033
2005 223,854 223,895 447,749 32,918,398 | 31,704,509 | 64,622,907 | 65,070,656
2006 245,881 210,495 456,340 36,316,694 | 32,881,121 | 69,197,815 | 69,654,155
2007 251,031 204,570 455,601 39,300,355 | 30,741,845 | 70,042,200 | 70,497,801
2008 217,368 201,764 419,132 37,842,051 | 33,294,100 | 71,136,151 | 71,555,283
t=: 33 S EZEAAH S3ZEH, hitp://www.airportal.co.kr
2 si2stErs EATENLSR, sieegdeEs R EA L™ hitp://spidc.go.kr)
O % T =4 e FabdA tint=E AA AHEE ddste Y =41(223km)

o B¢ (A" 230) FA=EE FASHE v 1% 2313 Zow 100m o ¥3=He 73t

o] 4% Ryol}
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Distance(km)
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a9 233 Y =AM3 74
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120 \\/“H‘/\\\_,
140 4

@ Ol 3|-AtItS

TOF 234 L =44 A

L SR FAR)

&F HAEE A ELH2009 D) wHE
< 123% 4470919, 291 3}Ad-¢) o]0l
olgto] =AML 127x 9,81749 4, 491 &
7F 4284 Zlo=® Adidn (& 2.19).

% T -
TAE 117% 8,094, 3¢kl HeA.©dR-¢
Z-¢Jo)dlo] =AML 72% 577094 e] ZAlH]
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3 219 35 SAEE A b

R
EE R e A
shield TBM  350(218/m) 771,050 771050
& oy 260[2¥/m 290420 217620 316628 57,200
NATM 200(&24/m) 8000 11800 10,840
wgk 0402 2/m) 11,424 11424
EZ 015 2/m) 1200 4875 2070
W 5,000(213/71) 25,000 25000 25,000 20,000
AR 1400002251 140,000 140000 140,000
£ 7 1,234,470 1,178,094 1279817 725770

FJEHAEE FZAHE 20049 7]F 945609t =) AQEQT E]QZAMH] 45%,
Huld 2 7|} 1A A 38%, AF 2 Z1EF Al 118 17%Y. ol 19853 A H
AP AIRPA ol HI§- 474097 ahg-E 0] 2ufjo] Zehe fEolth
Alo|zt siAEE-2 4dn] 10,7369 <, A=-FH] 3,690 0] A28 =T
%HxiEikélfﬂ AdnlE AR gdstA dSEHI lou, ABEH SiAEE, WP

A AMAEE T 1 & wl, AFo] &olF A% kmT 2,00094~3,5004 A FEL
2 R EE AEE FA AR, 20099).
FEEEY @9 kmd AR 39E 2 FAEE Y A9 E V22 & o Y A
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Z Aol 100mEA] 20mZole] B 5715 AANA A
Ztelal AR =S A=A

Boreholes:
e 71 72 73 74 75
- — —® * >
100 .

95
90
85
30

ayer 1: Silt Water
2-1: Silty dlay(with gravel)

75 ~High weathered tuff}sandstone i

70 4-3: Medium weathered fuff-sandstong

. V‘*’Q}\T\u_w :51;# - |

60 \ﬁ‘ﬁ;:::_ 2-2: Gravel(with silty clay)
55 4-3

50 33.9 20.0 20.0 33.9

I I
Gap between boreholes (m)

Y 262 HI2AE W =9 3443 xHkxH
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wAgsty] HsliA " E 1A o] HH® 3 Tension pile 71271 285 Aot

Main Structure of SFT

Tension Pile

Ro;k/&onl

2 Ten%lon Pile
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------------------------- q, (thickness =0.30 m)

Steel
(thickness =0.02 m)

I

4.39m
355m
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Cable lengths

Lig=Lep=208m
Lgp=Lye=258m
Ly =Lyy=178m
Lop=263m
Lop=257m
Log=298m
Lop=291m
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EE = Eesidual Buoyancy

F,=Vertical component of
drag and inertia forces

Fy, = Hornzontal component of
drag and inertia forces
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Service Specifications

Verification of Hydrocarbon Refining and Petrochemical
DNV-DSS-314 o

Facilities
DNV-DSS-315 Verification of Onshore LNG and Gas Facilities
DNV-DSS-904 Type Certification of Wind Turbines

Offshore Service Specifications

Rules for C(lassifications of Offshore Drilling and Support
DNV-0SS-101 )

Units

Rules for Classification of Floating Production, Storage and
DNV-0SS-102 ) )

Loading Units

Rules for Classification of LNG/LPG Floating Production and
DNV-0SS-103 ) )

Storage Units or Installations

Classification Based on Performance Criteria Determined from
DNV-0SS-121 ]

Risk Assessment Methodology
DNV-0SS-201 Verification for Compliance with Norwegian Shelf Regulations
DNV-0SS-202 Verification for Compliance with UK Shelf Regulations
DNV-0SS-300 Risk Based Verification
DNV-0SS-301 Certification and Verification of Pipelines
DNV-0SS-302 Offshore Riser Systems
DNV-0SS-304 Risk Based Verification of Offshore Structures
DNV-0SS-305 Rules for Certification and Verification of Diving Systems
DNV-0SS-306 Verification of Subsea Facilities
DNV-0SS-307 Verification of Process Facilities
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DNV-0SS-308

Verification of Lifting Appliances for the Qil and Gas Industry

DNV-0SS-312 Certification of Tidal and Wave Energy Converters
DNV-0SS-313 Pipe Mill and Coating Yard - Qualification
DNV-0SS-401 Technology Qualification Management
Standards
Design and Manufacture of Wind Turbine Blades, Offshore
DNV-DS-J102 ) }
and Onshore Wind Turbines
Offshore Standards
DNV-0S-A101 Safety Principles and Arrangements
DNV-0S-B101 Metallic Materials
DNV-0S-C101 Design of Offshore Steel Structures, General (LRFD Method)
DNV-0S-C102 Structural Design of Offshore Ships
DNV-0S-C103 Structural Design of Column Stabilised Units (LRFD Method)
DNV-0S-C104 Structural Design of Self-Elevating Units (LRFD Method)
DNV-0S-C105 Structural Design of TLPs (LRFD Method)
Structural Design of Deep Draught Floating Units/Spars
DNV-0S-C106
(LRFD and WSD Method)
DNV-0S-C201 Structural Design of Offshore Units (WSD Method)
DNV-0S-C301 Stability and Watertight Integrity
DNV-0S-C401 Fabrication and Testing of Offshore Structures
DNV-0S-C501 Composite Components
DNV-0S-C502 Offshore Concrete Structures
DNV-0S-C503 Concrete LNG Terminal Structures and Containment Systems
DNV-0S-D101 Marine and Machinery System and Equipment
DNV-0S-D201 Electrical Installations
DNV-0S-D202 Automation, Safety, and Telecommunication Systems
DNV-0S-D203 Integrated Software-dependent System(ISDS)
DNV-0S-D301 Fire Protection
DNV-0S-E101 Drilling Plant
DNV-0S-E201 Oil and Gas Processing Systems
DNV-0S-E301 Position Mooring
DNV-0S-E302 Offshore Mooring Chain
DNV-0S-E303 Offshore Mooring Fibre Ropes
DNV-0S-E304 Offshore Mooring Steel Wire Ropes
DNV-0S-E401 Helicopter Decks
DNV-0S-E402 Offshore Standard for Diving Systems
DNV-0S-E403 Offshore Loading Buoys
DNV-0S-E406 Design of Free Fall Lifeboats
DNV-0S-F101 Submarine Pipeline Systems
DNV-0S-F201 Dynamic Risers
DNV-0S-H101 Marine Operations, General
DNV-0S-H102 Marine Operations, Design and Fabrication
DNV-0S-H203 Transit and Positioning of Offshore Units
DNV-0S-J101 Design of Offshore Wind Turbine Structures
DNV-0S-J201 Offshore Substations for Wind Farms
DNV-0S-]301 Standard for Classification of Wind Turbine Installation Units
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Recommended Practices

DNV-RP-A201 Plan Approval Documentation Types - Definitions
DNV-RP-A203 Qualification of New Technology

Quality Survey Plan (QSP) for Offshore Class New-building
DNV-RP-A204

Surveys
DNV-RP-B101 Corrosion Protection of Floating Production and Storage Units
DNV-RP-B401 Cathodic Protection Design

Allowable Thickness Diminution for Hull Structure of Offshore
DNV-RP-C101 )

Ships
DNV-RP-C102 Structural Design of Offshore Ships
DNV-RP-C103 Column-Stabilised Units
DNV-RP-C104 Self-elevating Units
DNV-RP-C201 Buckling Strength of Plated Structures
DNV-RP-C202 Buckling Strength of Shells
DNV-RP-C203 Fatigue Design of Offshore Steel Structures
DNV-RP-C204 Design against Accidental Loads
DNV-RP-C205 Environmental Conditions and Environmental Loads
DNV-RP-C206 Fatigue Methodology of Offshore Ships
DNV-RP-C207 Statistical Representation of Soil Data
DNV-RP-D101 Structural Analysis of Piping Systems

Failure Mode and Effect Analysis (FMEA) of Redundant
DNV-RP-D102

Systems
DNV-RP-D201 Integrated Software Dependent Systems

Recertification of Well Control Equipment for the Norwegian
DNV-RP-E101 )

Continental Shelf

Recertification of Blowout Preventers and Well Control
DNV-RP-E102 ] )

Equipment for the US outer Continental Shelf
DNV-RP-E301 Design and Installation of Fluke Anchors in Clay
DNV-RP-E302 Design And Installation of Plate Anchors in Clay

Geotechnical Design and Installation of Suction Anchors in
DNV-RP-E303

Clay
DNV-RP-E304 Damage Assessment of Fibre Ropes for Offshore Mooring
DNV-RP-E307 Dynamic Positioning Systems - Operation Guidance
DNV-RP-E401 Survey of Diving Systems
DNV-RP-E402 Naval Rescue Submersibles
DNV-RP-E403 Hyperbaric Evacuation Systems
DNV-RP-F101 Corroded Pipelines

Pipeline Field Joint Coating and Field Repair of Linepipe
DNV-RP-F102 )

Coating

Cathodic Protection of submarine Pipelines by Gavanic
DNV-RP-F103

Anodes
DNV-RP-F105 Free Spanning Pipelines

Factory Applied External Pipeline Coatings for Corrosion
DNV-RP-F106

Control
DNV-RP-F107 Risk Assessment of Pipeline Protection

Fracture Control for Pipeline Installation Methods Introducing
DNV-RP-F108

Cyclic Plastic Strain
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DNV-RP-F109 On-Bottom Stability Design of Submarine Pipelines

Global Buckling of Submarine Pipelines Structural Design due
DNV-RP-F110 ) )

to High Temperature/High Pressure
DNV-RP-F111 Interference Between Trawl Gear and Pipelines

Design of Duplex Stainless Steel Subsea Equipment Exposed
DNV-RP-F112 . .

to cathodic Protection
DNV-RP-F113 Pipeline Subsea Repair
DNV-RP-F116 Integrity Management of Submarine Pipeline Systems

Pipe Girth Weld AUT System Qualification and Project Specific
DNV-RP-F118 o

Procedure Validation
DNV-RP-F201 Design of Titanium Risers
DNV-RP-F202 Composite Risers
DNV-RP-F203 Riser Interference
DNV-RP-F204 Riser Fatigue
DNV-RP-F205 Global Performance Analysis of Deepwater Floating Structures
DNV-RP-F206 Riser Integrity Management
DNV-RP-F301 Subsea Separator Structural Design
DNV-RP-F302 Selection and use of Subsea Leak Detection Systems
DNV-RP-F401 Electrical Power Cables in Subsea Applications

Risk Based Inspection of Offshore Topsides Static Mechanical
DNV-RP-G101 )

Equipment
DNV-RP-G103 Non-Intrusive Inspection
DNV-RP-H101 Risk Management in Marine and Subsea Operations
DNV-RP-H102 Marine Operations during Removal of Offshore Installations
DNV-RP-H103 Modelling and Analysis of Marine Operations

Ballast, Stability, and Watertight Integrity - Planning and
DNV-RP-H104 i )

Operating Guidance
DNV-RP-]J101 User of Remote Sensing for Wind Energy Assessments
DNV-RP-J201 Qualification Procedures for CO2 Capture Technology
DNV-RP-]J202 Design and Operation of CO2 Pipelines
DNV-RP-0401 Safety and Reliability of Subsea Systems
DNV-RP-0501 Erosive Wear in Piping Systems
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19 2.77 Proposed submerged floating tunnel with pontoon
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V

Plan

13 2.78 Principles of submerged floating tunnel with tethers
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100  General
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PONTOONS COLUMN SUPPORT

| TENSION LEG | I FREE |

13 2.79 Submerged Floating Tunnel®] 8 &2
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14 %] (abutment)

Zb St A EHEF B FRHSRE A dE8S & F e EF AAUF 2
83t dE 49, o] A= Azl FFol| o3 do] WeF D AW sFs
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(Kegian Zhang, Yigiang Xiang, Yinguang Du, Research on tubular segment
design of submerged floating tunnel, Procedia Engineering)
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Make preliminary tube design
according with traffic volume

Draft detail size of tube |
NO| J
Check the buoyancy to

weight ratio (0.5~0.8)

| Arrangement design of cables |

Longitudinal

NO : i analysis of tube
| Static structural analysis :
Horizontal
v analysis of tube

| Tube joint design |

Dynamic analysis, seismic analysis and fatigue
analysis( internal force and displacement checking)

‘ Ventilation, lighting and waterproof design ‘

19 2.80 dolzE]l BA HA EF

AFEdel AA BAL 19 2809 2 AAE wed Fo@ AA 9
S %t Feel w5} 101517} Holoksln 059k 08 Aelel e Aol 2

o]},

o of\

(Submerged floating tunnels for crossing of wide and deep fjord, Rolf Magne
Larssen, Svein Erik Jakobsen, Procedia Engineering), Rolf Magne Larssen &<
Wi e ve=2e IJas 9% iFEHd AA MdS AASAT Hogs I &
2t Z2AES 53 AFEHEY BEAEES A5, =290 bl A
3k Zo] 1,800m Zo]7} 150m¢l Nor ¥ Q= 9} Zo] 2500m, zo]7} 400m<l
Storfjord, &°] 3,700me]aL Zlo]7} 1,250m<l Sogne I g =2t o mE FA|
AES 7IEsta A2 AA MdES AASA

Per Tveit & =E24lo] Mo =2c9] FEE HAE Sl F2 =14, olXF 3f
THEO #&ste sk, BdY HA A, BE ZAYE FEO A, Fad
E FES sfcte] A4, dAH AHNA FEHES olFste W, el
2 g5t 89, Bxof 9% M, FH 9H AA, O, Ad 9 e
5 oA, AP% A HB Tl Bt rl=sstAd. (Per Tveit, Submerged
floating tunnels for Norwegian fjord, Procedia Engineering)

O 3lsEde] Life Cycle Cost
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G. Mrtire 5& 712e] dat Agmst 3204 Y B3 A AL
o] H]-&S vl Hr}sket (G Martire, B. Faggiano, F. M. Mazzolani, Compared
cost evaluation among traditional versus innovative strait crossing solutions,
Procedia Eng) zt £F43te] Bl-&S H7Fsr] Qe H§& F4 EdS Absta &
Fu et SiFEE ol Aolo wet HI8-S At Hlawsith, Aol dojF
w2} s SEdo] HI§ SHAA FEsite AL B FIUTh

AReIative Cost | Steel suspended bridges I
! T
2.0 M % . ;I
] | 1 7

Motorway bridge

Ponte Misan Seto
coammese oo e
Railway Jrurqp

Ponte Akashi Kaiko

1.54

Railway'bri §

Y
tesullo S

1.6 : o _ -
] . . ‘__,pw‘ﬁ'
3 VU0 . L 22 - W
05 .
] = | I
- 1 E P 4 5 >

EN
A= QA A AL o5 ¥ 3 23, A" B 9 dY I Al
715 EFtolojayle a9 ¢ ok (S L Seo, C. S. Park, S. H. Choi, Y. J. Han,
K. H. Kim, Reliability management and assessment for the electric traction system
on the Korea High-Speed Train, Proc. IMechE Part F : Journal of Rail and Rapid

Transit, Vol. 224, 2010)
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Mission Profile &
System Specification
I

System Design &

Break Down
I

| Reliability Targets |
I

| Reliability Apportionment |
I

| Reliability Analysis |

Can design

achieve Target? Design Modification

System Manufacturing &
Trial Running
|

Failure Reporting &
Corrective Action

Is Reliability No

Target Achieved?
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3 2.23 Classification into subsystems and subassemblies of the
Korea High-Speed Train system.

SUBSYSTEM

SUBASSEMBLY

ELECTRIC TRACTION AND
BRAKING

PANTOGRAPH

HIGH VOLTAGE SAFETY DEVICE

ROOF LINE

MAIN TRANSFORMER

AUXILIARY TRANSFORMER

MOTOR BLOCK

TRACTION MOTOR

EDDY CURRENT BRAKE

DRIVING, TRAIN CONTROL
AND DATA TRANSMISSION

MAIN CONTROL

ATC/ATS

TRAILER CONTROL

TRAIN CONTROL NETWORK

DRIVER'S DESK CONTROL

DISPLAY UNIT

ELECTRIC POWER
PRODUCTION AND
DISTRIBUTION

AUXILIARY BLOCK

BATTERY SET

CVCF INVERTER UNIT

POWER DISTRIBUTION

MOVEMENT & MECHANICAL
BRAKING

MOTOR BOGIE

CARRYING BOGIE

CONNECTION

BRAKE OPERATION

AIR BRAKE ASSEMBLY

COMFORT FUNCTION
UTILITIES

DOOR SYSTEM

LIGHTING SYSTEM

FIRE DETECTION

HVAC AND PRSSURIZATION SYSTEM

WATER DISTRIBUTION

PUBLIC INFORMATION SYSTEM

VIDEO

COMPRESSED AIR,
TREATMENT AND STORAGE

MAIN AIR COMPRESSION

AUXILIARY AIR COMPRESSION
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(b

BATTERY
SET(TM1)

BATTERY BATTERY BATTERY
AUX SET(TP1) SET(TT2) SET(TP2)

BLOCK(TP1)

BATTERY BATTERY BATTERY
SET(TP1) SET(TT3) L SET(TP2)

POWER CVCF INVERTER
DISTRIBUTION UNIT

AUX
BLOCK(TP2) BATTERY BATTERY BATTERY
SET(TM1) SET(TT4) SET(TMS)

BATTERY
SET(TMS)

719 2.83 Reliability block diagram of the electric power
production and distribution system.

2 A4 JN GARSE NS ITh(%
o) AHA AN fARS AA Tl B AT, dFALs =R, A10Y, A5
%, 2007)

Pold 5 ATEEY k4 Bk P Y TS A wF 5o AUE
GRS welste] SER YAZstel AxYNHY ATE FPstack (Rold,
MY, AETEE A2 A, 0108538 FAGETER =)

9] 7% 5%

A=A 28] RAMS 714 2 713 #3712 EC of geslol itk A4 e
8 Bk 716 BRE EC o 7l&stel saE 3 gtk ECAA FAsHe A2

RAMS Life Cyclee 13 3} 2t}
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Definition of Concept &

Global Objectives Definition
N
_— System Definition
SDeflnltlon of & Application Decommissioning
ystem Targets Conditions & Disposal
N\,
ificati System . Reliability
System Specification V! Operation & o
Requirements Maintenance Monitoring and
Optimisation
Preliminary Apportionment of Reliability Demonstration

Design Analysis System Requirements System Validation

o

Design and Implication Installation

and Assessment

Quality Management
Configuration Control

Detailed
Design Analysis

Quality Management
Manufacturing
Process Control

13 2.84 RAMS life cycle
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LIFECYCLE PHASE

PHASE RELATED GENERAL TASKS

PHASE RELATED RAM TASKS

PHASE RELATED SAFETY TASKS

1. CONCEPT

¢ Establish Scope and Purpose of Railway Project

¢ Define Railway Project Concept

¢ Undertake Financial Analysis & Feasibility Studies
¢ Establish Management

¢ Review Previously Achieved RAM
Performance
¢ Consider RAM Implications of Project

* Review Previously Achieved Safety Performance
¢ Consider Safety Implications of Project
* Review Safety Policy & Safety Targets

2. SYSTEM DEFINITION
AND APPLICATION
CONDITIONS

¢ Establish System Mission Profile

¢ Prepare System Description

¢ Identify Operation & Maintenance Strategies

¢ Identify Operating Condition

¢ Identify Maintenance Conditions

¢ [dentify Influence of Existing Infrastructure
Constraints

e Evaluate Past Experience Data for RAM

e Perform Preliminary RAM analysis

¢ Set RAM Policy

¢ I[dentify Long Term Op & Mtce Conditions

¢ Identify Influence of RAM of Existing
Infrastructure Constraints

e Evaluate Past Experience Data for Safety

¢ Perform Preliminary Hazard Analysis

¢ Establish Safety Plan (Overall)

¢ Define Tolerability of Risk Criteria

¢ Identify Influence on Safety of Existing
Infrastructure Constraints

3. RISK ANALYSIS
(see Note 6)

e Undertake Project Related Risk Analysis

¢ Perform System Hazard & Safety Risk Analysis
¢ Set-Up Hazard Log
¢ Perform Risk Assessment

4. SYSTEM
REQUIREMENTS

¢ undertake Requirements Analysis

* Specify System (Overall Requirements)

¢ Specify Environment

¢ Define System Demonstration & Acceptance
Criteria (Overall Requirements)

* Establish Validation Plan

e Establish Management, Quallity & Organization
Requirements

¢ Implement Change Control Procedure

* Specify System RAM Requirements (Overall)
e Define RAM Acceptance Criteria (Overall)

¢ Define System Functional Structure

* Establish RAM Programme

* Establish RAM Management

¢ Specify System Safety Requirements (Overall)
¢ Define Safety Acceptance Criteria (Overall)

¢ Define Safety Related Functional Requirements
¢ Establish Safety Management

5. APPORTIONMENT OF
SYSTEM
REQUIREMENTS

¢ Apportion System Requirements
— Specify Sub-System & Component
Requirements
— Define Sub-System & Component Acceptance
Criteria

e Apportion System RAM Requirements
— Specify Sub-System & Component RAM
Requirements
— Define Sub-System & Component RAM
Acceptance Criteria

¢ Apportion System Safety Targets & Requirements
— Specify Sub-System & Component Safety
Requirements
— Define Sub-System & Component Safety
Acceptance Criteria
¢ Update System Safety Plan

6. DESIGN AND
IMPLEMENTATION

e Perform Planning

e Perform Design and Development

e Perform Design Analysis and Testing

e Perform Design Verification

e Perform Implementation and Validation

e Perform Design of Logistic Support Resources

e Implement RAM Programme by Review,
Analysis, Testing and Data Assessment,
covering:

— Reliability & Availability

— Maintenance & Maintainability
— Optimal Maintenance Policy
— Logistic Support

¢ Undertake Programme Control, covering:
— RAM Programme Management
— Control of Sub-Contractors & Suppliers

Implement Safety Plan by Review, Analysis, Testing
and Data Assessment, addressing:
¢ Hazard Log
e Hazard Analysis & Risk Assessment
¢ Justify Safety Related Design Decisions
¢ Undertake Programme Control, covering:
— Safety Management
— Control of Sub-Contractors & Suppliers
¢ Prepare Generic Safety Case
¢ Prepare (if appropriate) Generic Application Safety
Case
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LIFECYCLE PHASE

PHASE RELATED GENERAL TASKS

PHASE RELATED RAM TASKS

PHASE RELATED SAFETY TASKS

7. MANUFACTURING

e perform Production Planning

* Manufacture

¢ Manufacture and Test Sub-Assembly of Components
¢ Prepare Documentation

* Establish Training

¢ Perform Environmental Stress Screening

e Perform RAM Improvement Testing

¢ Commence Failure Reporting and
Corrective Action System (FRACAS)

e Implement Safety Plan by: Review, Analysis, Testing
& Data Assessment
¢ Use Hazard Log

8. INSTALLATION

¢ Assemble System
¢ Install System

e Start Maintainer Training
¢ Establish Spare Parts and Tool Provision

¢ Establish Installation Programme
¢ Implement Installation Programme

9. SYSTEM
VALIDATION
(INCLUDING SAFETY
ACCEPTANCE AND

» Commission
¢ Perform Probationary Period of Operation
¢ Undertake Training

e Perform RAM demonstration

* Establish Commissioning Programme
¢ Implement Commissioning Programme
¢ Prepare Application Specific Safety Case

COMMISSIONING)
e Undertake Acceptance Procedures, based on
Acceptance Criteria
10.SYSTEM e Compile Evidence for Acceptance . o .
. . ¢ Assess RAM Demonstration ¢ Assess Application Specific Safety Case
ACCEPTANCE ¢ Entry into Service

e Continue Probationary Period of Operation (if
appropriate)

11.0PERATION AND
MAINTENANCE

¢ Long Term System Operation
¢ Perform On Going Maintenance
¢ Undertake On Going Training

¢ On Going Procurement of Spare Paris &
Tools

¢ Perform On Going Reliability Centred
Maintenance, Logistic Support

¢ Undertake On Going Safety Centred Maintenance
¢ Perform On Going Safety Performance Monitoring
and Hazard Log Maintenance

12.PERFORMANCE
MONITORING

e Collect Operational Performance Statistics
¢ Acquire, Analyse and Evaluate Data

¢ Collect, Analyse, Evaluate and Use
Performance & RAM statistics

¢ Collect, Analyse, Evaluate and Use Performance &
Safety Statistics

13.MODIFICATION AND
RETROFIT

e Implement Change Request Procedures
¢ Implement Modification and Retrofit Procedures

¢ Consider RAM Implications for
Modification & Retrofit

¢ Consider Safety Implications for Modification &
Retrofit

14.DECOMMISSIONING
AND DISPOSAL

e Plan Decommissioning and Disposal
¢ Undertake Decommissioning
¢ Undertake Disposal

* No Activity for RAM

¢ Establish Safety Plan
e Perform Hazard Analysis & Risk Assessment
¢ Implement Safety Plan
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=& (km/h) HE2 (mm/m) 3m JIE HER Hot 2
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Figure 1 — SFT, Front View {a), Section View (&)

Table 1 — Geometrical and Mechanical Characteristics of Anchoring Bars

Section & F_(m) F.(m) Area(m’) Tm')
A 0.933 0.871 0348 0.139
B 0.975 091 0383 0171
C 1.029 0961 0425 0211
*R., Is the out radius, By, is the inner radius, and T is the initial moment.
Table 2 — Geometrical and Mechanical Characteristics of Tunnel
D_.{m) D (m) Ares{m”) Im") Wkt m)
1595 1395 3824 16370 1200

*Dhy i= the ont diameter, D is the mner diameter, and W is the weight of the mmnel

= — nelastic bars

g bi —— Hastic tars

by .,1 -1|n..-r.».ﬁ T 1

2

g Mrﬂn.”mﬂl’;\;WW“—m—__.

B 4
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E 3 r r r r r r

£ o 5 1'3 15 20 = 20 kS 40
Time 8}

«mf\ﬂ V‘NVW\,%WWMa _—

2k cJ

Banding siress lop-positon imrﬁ
=]

]
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Figure 8. Bending stress on top of the nmnel section. (a) closest to the shore, (B) section 4,

(c) quarter span, (d) mid-span.
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e I3l o]g]g] Politechico di Milano®] F. Perotti 5& SFT9 T4 AE Hok9

A7 2% BEEL 8ol

Wity AN APoE g muju),

Seaquake, 18]al It 27/, FFol 93 Vortex shedding, WF3}, 2553
% ol thst] AFsAth

Table |. Dynamic loading on Archimedes Bridges

Phenomenon Treatment Impact on safety/serviceability Design implications

Earthquake (ground Numerical simulation Resistance Section, end connections,

transmission) connections between modules
(tunnel); section, end
connections (anchors),
foundations

Earthquake (water transmission) ~ Numerical simulation (RD) Resistance Section and connections between

“seaquake” Physical testing (RD) maodules (tunnel); section, end

connections (anchors),
foundations

Earthquake - tsunamis Numerical simulation (RD) Resistance Still to be defined

Wind waves

Current (vortex shedding)

Secondary waves
Traffic (structure-vehicle
interaction)

Numerical simulation

Numerical simulation (RD)
Physical testing (RD)

Numerical simulation (RD)
Numerical simulation (RD)

Fatigue (anchoring system)
Comfort (tunnel)

Fatigue (anchoring system)
Comfort (tunnel)
Resistance

Fatigue (anchoring system)
Comfort {tunnel)

Design solution, end connections
(anchors)

Depth below waler table (tunnel)
Design solution end connections
and section shape (anchors)

Still to be defined

Design solution, end connections
{anchors)

layer

| v(x.t) |l|k]

Bar

Vortex 1;1!@

P
b=

J

7]
)

o VU 4y
o

RO R S A

Fig. 2. Distributed Vortex Layer (DVL) model
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Fig. 3. Eigenmodes of SFTP
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Model B (unit: m)

oo
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0a033
i}

Fig. 5. Distribution of horizontal deflection along the tunnel; (a) Model A: (b) Model B (unit: m)

Fig. 6. Distribution of vertical deflection along the tunnel; (a) Model A; (b) Model B (unit: m)
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Fig. 1. (a) An SFT demonstration model in laboratory of IMECH;: (b) West view of ABB. the line indicating the selected route for ABP
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Fig. 8. SFT dynamic response versus BWR under (a) tether angle of 30%; (b) tether angle of 0° [42]
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Fig. 12. (a) Seismic responses of SFT with different shore connections; (b) envelopes of transverse shear force of SFT under uniform excitation
and multiple excitations with various wave velocities
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a. Walkway in separate tube b. Rectangular cross-section

13 2.129 2nd proposed SFT with pontoons by Bernt Jakobsen et al(2013)
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19 2.173 FDS modeling of subway station (Fire Location)
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3 2.27 Frequency of occurrence of hazardous events

Category Description
Frequent Likely to occur frequently. The hazard will be continually experienced
Probable Will occur several times. The hazard can be expected to occur often
. Likely to occur several times. The hazard can be expected to occur several
Occasional .
times
Remote Likely to occur sometime in the system life cycle. The hazard can
reasonably expected to occur
Unlikely to occur but possible. It can be assumed that the hazard may
Improbable .
exceptionally occur.
. Extremely unlikely to occur. It can be assumed that the hazard may not
Incredible

occur.

3 2.28 Hazard Severlity Level

Severity Level

Consequence to Persons or Consequence to
Environment Service

Catastrophic

Fatalities and/or multiple severe injuries and/or
major damage to the environment.

Single fatality and/or severe injury and/or | Loss of a major

Critical I .
significant damage to the environment. system
) Minor injury and/or significant threat to the | Severe system(s)
Marginal .
environment damage
Insignificant Possible minor injury Minor system damage

3 2.29 Qualitative risk categories

Risk Category

Actions to be applied against each category

Intolerable Shall be eliminated
Shall only be accepted when risk reduction is impracticable and with the
Undesirable agreement of the Railway Authority or the Safety Regulatory Authority, as
appropriate
Acceptable with adequate control and with the agreement of the Railway
Tolerable )
Authority
Negligible Acceptable with/without the agreement of the Railway Authority
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3% 2.30 Typical Example of Risk Evaluation and Acceptance

Frequency of
occurrence of a
hazardous event

Risk Levels

Frequent | Undesirable Intolerable Intolerable Intolerable
Probable Tolerable Undesirable Intolerable Intolerable
Occasional Tolerable Undesirable Undesirable Intolerable
Remote Negligible Tolerable Undesirable Undesirable
Improbable Negligible Negligible Tolerable Tolerable
Incredible Negligible Negligible Negligible Negligible
Insignificant Marginal Critical Catastrophic

Severity Levels of Hazard Consequence

Risk Evaluation

Risk reduction/control

[ ] Shall be eliminated
. Shall only be accepted when risk reduction is impracticable and

Undesirable with the agreement of the Railway Authority

Tolerable Accept.able with adequate control and the agreement of the Railway

Authority
Negligible Acceptable without any agreement
O Xiang < dlFEde &3 14 AAH S fs) 918 8<U(risk facton 93

AAHrisk index)oll gt FHAS ATE FHFAoH AFS TaA717] 9

Aeke ANSA. sFEde) RS B
wiAnY 8 A Eoh 2ok U=

S ke thg 29 2,

BAe FAss AR Aok

@ N o g

t}.(Yigiang Xiang, Chengxi Liu, Kegian Zhang, Qianggiang Wu, Risk analysis
and management of submerged floating tunnel and its application, Procedia
Engineering, 2010)

3E 231 91EE BEe F8 UE

Construction division

Contents of risk management

Planning stage

Risk analysis of planning scheme
Risk Source identification of important event

Investment and financing risk analysis
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Feasibility study stage

Classification standard and strategy of risk management
Risk identification and assessment of feasibility study

Design stage(including detailed
survey, environment
investigation, preliminary design
and construction documents
design).

Risk identification and assessment of design project

Risk identification and assessment of construction
method

Special risk control for important event risk source

Construction tender stage

Risk management guidelines for bid inviting document

Risk management guidelines for bid submitting
document

Risk Management guidelines for contract signing

Construction stage

Implementing regulations for construction risk
management

Early risk warning system and emergencies measures
under construction

Implementation and record for risk control under
construction

Dynamic tracking and monitoring of construction risk

Operation stage

Operations management rules
Monitoring and control
Repair and reinforcement

Risk Management Framework System

of SFT
I
v v | \
Department Responsibilities of Management Management
Formation Different Sectors Process Method
| Risk Assessment |
Determine the Major Risk Determine Determine Elusion Tactics and Accident
Of SFT Risk Grade Beforehand Case of Major Risk Accident
\
| Dynamic Management of Risk |
|
N J/ i \]/ i
| Risk Tracking | | Risk early warning | Actualize elusion Major accident
tactics Management

y

Generate Risk Management

Document

OF 2176 A= #AYe %
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Risk Definition
(1) Bounding Scope of Risk
(2) Dividing Riskelement

Risk Identification

(1) Date Investigation
(2) Risk Factors

(3) Risk Selection

l

Risk Assessment

(1) Risk Probability
Evaluation

(2) Risk Loss Estimation
(3) Risk Grade Evaluation

l

Risk Assessment

Risk Assessment

(1) Risk acceptance Criteria
(2) Risk Assessment

v

Risk Decision
(1) Risk Control

Risk Management

(2) Risk Disposal Measures and
Countermeasure
(3) Risk Monitoring, Tracking and Record
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(o S5

2 1% EHS EREHE BE THE £ UtE e AA szl
. shielded metal o}= €4, flux-cored o}= €4, 7}~ ©H2H o3 £4, 7}
e o= &3, T2t ofa &3 TY dFiEe &Rl AMgE &
o], 7k B2 ofA 8o] 7 durd o g ARRH Il Qo

%z 84 W HAFS AL83te] shielded metal o3 £7% o=
flux-cored ot= &4, vt &3 ol AH&H-

oy ¥o [ O A

>0

SR e A& AL 5

FEaFAd g W 7t s S oS3 2k

gy |ed AU dEREA T4 1987d T4 250mTE AR 9
A “slleF 2507 o JiEell AdFetaink 19929 4 300mu A FolE
A1 CROV300= st 1997'd  200ma A& Ql
VORAMZ & 78}t

N5 HE&E): 1993d g Alole] IMIPZHE 6,000mg AUV (Autonomous
Underwater Vehicle)®] 7]&S =3t OKPO-6000 AUVE 7)dslitt
MRFTEFY: FEAHl tiste] g Adde gloy, 199437 sl oFt
rled AU FFREAT A} PF2Z 200ma AUV 7ol Foigk ub 2l
=2

o232 2R g3t A=A
H o] A7, Az 8 E7|ess SR

stejoletmn) g4Ae] Az T

e Aoz dEx Aoy wxd
Zg= ok s gastried AdsiFERED T2 I 250mE FA%
T4 ag200” & AA, =3, AZ B AE - BIHE 4E Aol St

FEHFAC] d@ 59 71EMtedS iy 2
19531 Dimitri Rebikoff¢] POODDLE®] 7l¥=® Al ROV(Remotely Operated
Vehicle)e] A7-71do] Al 2= it

A2 KAKOE ®HHEs Al slF25E-< 19959 7Wdste] AA A 718 2
< T4 mrEoht sl E "ANSEAH
u]= Sonsub 3] AFe] Triton XLS+= Shell deepeater®] Mensa %ol A 5,0004] 7F
AEo =2 AFE TP

[e] N

IS FBRRL AYEYS vioR TEY £ A, FFAN FaE

AAIE AT L ATE STl YoM, AANN BY FEELS
el7] AL ol A ROV Basih B TE Fas T ROV
£ Ree Wgolth
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- _g_%’g RECON IV TRITON SUPER SCOLPIO | HYSUB 5000M
2 @ o = ol = ol = 7y b
H =AF |Perry Offshore Perry Offshore Ametek Straza ISE
iy PEEF. XS DbEb. A2 .
FeeSx MY HH eI -HY ety gg;:f ‘5_?5_ ;3;
= oA & 457m 1,000m 1,000m 5000m
(LBH)(m) {1.98X0.91x084  [244%1.42%1.32 2.48% 1.48% 1,42 2.54% 1.48% 1.68
i Vehicle: 457 [Vehicie: 1,905 - Vehicle: 1.986
FzHka) xaur\cher:750(1.3!_><‘.:Iauncher:l,678(1‘8L><1.I 'Che' '_'.,.g {launcher:2.273(3.8L.
.4Dia.) 8Dia.) LGOS x2038X323H)
xHof & |®A3kKs =T 3kts HME 25Ks 72 5kts
X 2 .M L RN
L) [SOKO X AT F - M &) [20diq AT F- M) ooy o om . 4 8)) o0) (R E - A8
{ 3Bkg X 1{(FR)740W 182kg X 3(F=E|} ot gt
SHP, |38ko x 1(7H2) 2 & [204kg X 1 (7 2) B o 2 [225Ka X H(F=) 20H (=)
kgE3) [ogy : B o - 225k X2(H) R A 2E 2RI R A RE
SR :c,;iifoiw(xwf.a de UEAKIIZE S HEA (RO o
Zola - MME A FRMMIE I Bais - g AAME
ol 2=|160kg 227kg 150kg 254kg
o 2r218B/W EIETR T ETEV ) ZErTVat 2 x2 |  mebIvItEEfx2 |
BZE  [TVIioll B} 250Wal0[ & X6 250WE}0| E X6 250WEH0| E x4
S [250W2tol £ x4 UDTAZY ALt CTFAMATE =ub  |olz=asy ou)
7171 |UDT 2sfd2act  [7DOF&SDOFH] L &l |[7DOF&5DOF o U & | 7DEF&SDOF
4DOF ok Fafl0/ef |0l &l &l ol & uf o Eail ol
M ctekUDTX S
STIHDEM o, ZASHDSM chek
{ -3 = = = FE 2
&4 ?é]\o}:nol_. A=) 1,500m etc Z 4 £1500m.etc crerdt 84
£5 MYy Mol SE- MY Kol E . M Eeo =
s | 1R [S49mL x 32nmb ek 1,000mL X 42mnd Tk £t 5000mL. < 30.5mmep <
o ZE 14 2t 545t k2 E55
| SE. Y=o M= O
‘ < 128mL X 46mmd 274mL x 37mnd
o o [(OHZACAG0X3D  [60HZAC2400x30  [0HZAC30003b  helnse
& X 8OKW B7KWH37TKW S |60HP R 2
150KVA
MAER (Aol M2 E . . N T
x . X OF X} &I R . + X}
@& x (Aol g sl etols0t ) of T HFHAOIMAN MEEE HOUzy o) 81 x| etor2s0
g2 lkgx644m’) = ke 00kg X 142m)
o5 AZded, HolEa|amalel HojEalx (Aza MolEdx|azaiy Holg
A x| & 7Hauncher 2 2Hauncher Z 2tauncher x| & ZHauncher
224 % [1984d 1985 1985 1980w
u om [ARARAUR LRSS RN Y EEEL LS HYDRA/HYSUBAI
= lzw 2873 AR HYEZETS (XNUSHYEEVIE [al=e E2Y
= =
& 8l AFgEE 48 ROVE



3 2.33 Alsl-& ROV

[ aaw HA A Aew, %7 }
! KAIKO 11,000m | Mitsui/Mitsubishi/Kawasaki/JAMSTEC, 4 |
ATV | 6,09%m Spawar Systems Center, San Diego, 5=

CURV IlI 6,096m | Oceaneering Technologies Inc., ¥|3F
MAGELLAN 725/825]7000, ’7620ml Oceaneering International Inc., ¥ 3
GEMINI 6,096m Oceaneering Technologies Inc., ¥l

JASON/MEDEA 6,096m | WHOI (Woods Hole Oceanographic Inst.), @5
RTM 4000/6000  |4000, 6000m! Okeangeofizika, 2 A}o}

SUPERMAX 6,000m lDeep Sea Systems International, P=F
VICTOR 6000 6,000m | IFREMER, Z @2
HAMMERHEAD | 5000m | Subsea International Inc., ®]3
ROPOS | 5000m | ISE(International Submarine Engineering), 7} 4} o}
TIBURON 4,000m MBARI (Monterey Bay Aguarium Research Inst), ©] =
{ HIROV 3500 3500m | Hitec Subsea As, x4}
| DOLPHIN 3K 3,429m | Mitsui/JAMSTEC, 9%
I HYSUB 75 3,300m | ISE, 7t}
[ TRITON XL 3500m | Perry Tritech, Inc., ¥l =

MILLENNIUM | 3,000m iOceaneering International Inc., 2=

T2 AAMAZ .= 85I A= ROV A 2gufAle]tt,

International Submarine Engineering Co. Ltd (LS.E): 19753 syt X=2AEH
oA A=A 250085 gto]= KB 48 ROVIDWS), 1507+ 9] =41 2,000m
= ROV(CRS I & 1D, AolERTH/FAE T4 2,000mm SCARAB 1V, <4
2,500m+ Pacific SCARAB | 5& A &&t4t}.

A& A4St (KDD): ol w4719l KS-1 PLOW<} KS-2 PLOW, <4
2,500mel Al A F2Fgol 7Hsg ROV-MARCAS 25005 7]=-sksith.

Perry Tritec (PT): 1984\ th& ROV<SI TRITON % TRIUMPH, 1989y <% # o]
= 2448 ROV TRITON ACMV, 19951 2,500m ROV<S! 2507} 2] MARINE A
Zeh 3], 19961 2,000my= ROVE =fu] KSTEHE FE ol A&3tA
=3

SIMEC: Towing 2} Plough (ELISE 1, 2 & 3), siA™ Z3} Tractor 2] (CASTOR
1 & 2), ¥ Flying 2] YEIAIE (SEA WORKER) 2 Hal¥ YEIAE (SCAT
DTS thFstAl sk

Slingsby Engineering Limited (SEL): g7 &3l A& 1970d e A=
At FAFA LIRS & AxsiaL, 1908 tolyadn] JIMS 7idstaith
2,0005 TROJAN, 3sii# s=€AclE X8 CHRAB, 19854 aAAlolE B
A& g4 1,000mw CIRRUS, 1989 4 2,000mw 3iA E= 3 SEADOG, 1990
d 44 1,000mg 400KPae] SCRAB II-& A|#slAth th&x HZ o] 4
1,000m+= 100=}= 2] Multi Roll VehicleS #|2}5F53 T}

Soil Machine Dynamics (SMD): 1971d¢ll A= = =@ H M=ol LA 3}
I At AolE g FHF 34EF2 Plough, $%F 12EF Plough, Trench
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Backfill Plough 5& A&sldtt 2055 SiAEZDRE 44 1,500m7 EUREKA,
J=r] 2,500m%7 2507} o] ROVE 7NEslA o).

SFol AAE AR 5 PAE R Yy s @A SFT AxH
o RS B UMM TER B B2 T1&o] AR} g
.

SFBA ) ATFERC ThE B PA] AR PRe A FEEAY
Bt ARl Ag TR R+ o

WEFHe S, f7lgkol YT, T2l dFH L concrete jacket 0.2
BRY 5 otk WEARAE BuE, 2H2 oA, MEZd0lY, o
9 FHFED ol Yt

AT FEF PN o) FeE ABAL Y FTREY FIRE
S1%o] A7) AGET AfALe] EFET HolA gL 25T IFAE Y
Mo FEE o|EAND qvlelw, £3 FRA By B 5] T
E 992 93l AgETh

MEzHolY WEPPL MEZH )Y HolZE ZAH] LA a2 ¥
Ashs FHOE HolZ WA JBAAE HolxE, HoIE, PVC AE I
FRP, FRPP, FRV %‘*Q o|-&3tth

%4 OP/‘rOlUP 718214

HAZCEN HF 5o W
Ho=x Zduy 28 T =l : ~)
(galvanic anode system)3} <]F-d w4 (impressed-current system)®] 5714 w

ol Atk
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6—electron flow in external circuit
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7-~inert anode, or graphite, lead alloy or
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U EAS FIAZE = Aok
3. 3p &4
7F B4 7= 74
X 2.34 7|EET VI
gZ27F (9%) FEF (9%) 2E8F (98) 7195 (9%)
AAARED 24 2 2 | A7), HHs) QlEFo), AojFrH]
5k Qa
H [e)
(System  analysis | (Design code, optimization,
and combination) interface, life cycle cost)
AAE el N, AR, FARTA, FAA,
7= AA= Az, A, euds, I,
&l

A" 7]
(Technologies
for long
submerged
floating high
speed railway

system)

(Technologies for

e A, A, e, A Al

=,

AB.RAMS 7}& FA T, dAAAZE
s ystem (Reliability, availability, maintainability,
. ) ( R A M S . : o
engineering) safety, risk reduction, monitoring,
technology) emergency, evacuation, leakage, smoke
extraction, integrity, durability,
diagnosis system, maintenance, remote
control robot)
FerE, et AderE, 2]
3%, 3501'5 1}1‘;:%} Wghds, %‘l
ol Sy2 ?‘Z = o2 }—% Ao
BA.;% L AL 7 A8 }ak S% ade Ak
€ 314
(Technologies  for | (Wave load, current load, earthquake load,
external loads and tsunam load, collision load, explosive
_ ] load, fireproof performance,
behavior analysis) | g id—structure interaction, soil—structure
interaction, vehicle—structure interaction,
B.ak] 2 A 7K behavior analysis)

. sk W) 27k e, EE ARIEE
(Telchf.lologles fO(li” BR.A%A] 714 PAPANE AL NN AN AP AR PAPR)
analysis an . (ILaterd  displacement reduction, tension leg
design) (Techr}ologles for oo h load  reduction,

behavior control) vibration/noise  reduction,  passive

damping system)

BC.AA 7=
(Technologies  for

design)

g 2, BPGT Wk sy,
Al AR 7 WL A s
ARAPEL ATEAPEL Ak A,
(Risk analysis, Environmental effect
evaluation, Tunnel tube, MNboring
system,  Connection,  Foundation,
Ventilating  tower, station, track,
electric power system, Signal system,
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Vehicle, car body, propulsion)
CATZA AE 71 | BAE EE, dF5 A, =94
. ) 1 X
(Technologies for }\]_iE”’ g_}x? %8 _
) (stiffened grder modue, consecutive
construction of | construction,  collision prevention
structure) system, stability)
C. NzE 7= CB.HEE A2 7% | o494 4A A", 144 37
(Technologies for | (Technologies for | 1=t 71°1&
eChnolosles 1o ec r.1o ogies ot (gravity —anchor system, fixed
construction) behavior control) anchor system, cable)
AL, S FdAA, oY A]
CCAIAAE Al 7Tz s B>
(Technologies for | (offshore electric power substation,
design) offshore evacuation facility, energy
harvesting)
B3 24
(D 53 24 89
3 2.35 53&4 7+
T =4 7€
E3 44 DB Thomson Innovation
S BEES T ok i 5
=4, 55 =49, % =9, &5 =9, &% =9
AT 1990.01.01.~2013.6.19
A9 Title, Abstract, Claim
@ 7127 L A48 234
% 2.36 7= A 23 9 gidEsAT
_ A}
NeTE A4 24 N
—“T.d AT
A7l=
CTB=((sub*merg* or (under adj water) or underwater or
AA/ |under*sea or sub*marine or sea or river or water or undersea 4477
AB or submarine or marine) near4 (railway or railroad or tunnel or v
(pipe adj line))) and Tab=(float* or BUOYANx*);
B7]&
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NeTe a8 234 .

BA TI=((FV'Vave or (ocean a@j current) or earthquake or tsunami 4427
or collision or explos*) adj (load)));

(CTB=((Lateral ADJ displacement ADJ reduction) OR (tension
ADJ leg) OR pontoon OR (earthquake ADJ load ADJ reduction)

BB | OR ((vibration OR noise) ADJ reduction) OR (passive ADJ 884
damping ADJ system)) AND TAB=(CONTROL)) AND
(CTB=((RAILWAY OR RAILROAD)));

(CTB=((Tunnel ADJ tube) OR (Mooring ADJ system) OR

BC Ventilat¥*) AND CTB=(TUNNEL)) AND (CTB=(RAILROAD OR 1877

RAILWAY));
C7l=
TAB=((stiffened ADJ girder ADJ module) OR (consecutive

CA/ ADJ construction) OR (collision OR prevention) OR (gravity

CR/ ADJ anchor) OR (fixed ADJ anchor) OR (offshore ADJ 5057

cc electricx) OR (offshore ADJ evacuation ADJ facility) OR
(energy ADJ harvest*)) AND TI=(CONSTRUCTION AND
(RAILWAY OR RAILROAD OR TUNNEL));

Q) 537l %

b Edd=E & =7pd

O AAY Hi4 e nAKHd=AZH Zle/d 2okl A

sed TF
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SAY)

HHEH, 1990dFE dA7tA] F 254712 E5|7F SUHL
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stal o, T2 2007d o] A

15tk 20073 o] % tha
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—-— P 1 1 3 3 10 3 E] 3 14 3 6 3 9 a 10 7 6 10 & 2 1 2
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a9 2194 EddE 2 HUME 450
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O &4 g AAZ<=B7e)s} A371s(Cre) Bopt 53 2447 78 g
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(th F& =49 &4

O A7 Fw4 sl5 AHE=A2E 7e woF At 24 B2 538 =4
g A9 10709 =9€9le #A3%F A3, 1 TAISEI CORP, KAJIMA CORP,
MITSUBISHI, HITACHI LTD, + SHANGHAI TUNNEL ENG RAILWAY, CHINA
RAILWAY TUNNEL GROUP & &3 =9 4, AAYAHI AL, A4 =

AEAE S UL Wol B Ue

O 53 &9 A4S 2Y AA/AAYAHIAIES HFEE A= 5392 29
< 3ta 3, AAAEAE AR v, §H 5 gAIESE 2ol Edsta
S
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SHIMIZU CONSTR COLTD —
NISSAN MOTOR J ' ——
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8 7 m INST OF MECHANICS CAS
= SHIMIZU CONSTR €O LTD
7 -~ WTOYOTA

= HITACHI LTD

| = MITSUBISHI
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= NISSAN MOTOR
W SHANGHAI TUNNEL ENG RAILWAY
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= TAISEICORP-
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ZUT7PE AH71E SHEEE AVE A3 QRS BE J|eRop] ¥& 4

Zo| 53E BAsha glon, 53] AF/IEC19)0] TE Boll us) =

UElT §lEd o] TAISEI CORP, KAJIMA CORP 5 ZA/ENG3|A7F &

E38 gol BAsta QY] MEos Aty

O FFE @A AF/ECNDe] Te Bopol el E Yepim el ol
HANGHAI TUNNEL ENG RAILWAY, CHINA RAILWAY TUNNEL GROUP - %

HJENGE A7} Bl B3 wol Bgsta QY] WEoR Hud
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A& A <=PI : Patent Impact Index) & 7] 2] 4X(TS : Technology Strength)
Az A9 dFEAFE BF 37 &7 Ve AdeEs S5 A
Foln, JlEdAge EF 171 JVleRfa4 FHFHESAPH FFEA
FRAAFDES A YUY

(A 42D

CREED
mlate] QREASPIE 99822 A1 A e} AH SzolA 21 A4
g 9t Roz Hely
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o Qo] 185302 5/ ERtn 31g
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3 5
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A fire suppression system and a method for selective delivery of a
breathable fire—suppressive gas directly to a fire location inside a
transportation tunnel, said system and method comprising:
a gas generation device producing said fire—suppressive gas from
ambient atmospheric air;
a gas storage station consisting of multiple high—pressure containers
receiving said fire—suppressive gas from said gas generation device
and storing it for immediate release when needed;
an addressed gas delivery hose communicating with said gas storage
station and said gas generation device and, when in use, receliving
said fire—suppressive gas from said station and/or device; said hose
installed throughout a tunnel and having multiple gas discharge means

located at required intervals from each other;
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1. A method of installing an underwater tunnel system for vehicular
traffic connecting first and second shores of opposed land masses
separated by a body of water, the method, using submarine
manufacturing technology, comprising the steps of:

(a)constructing on land a plurality of substantially complete elongated
watertight tubular tunnel sections, each of the tubular tunnel sections
having a longitudinal axis;

(b)embedding into the first shore a first watertight elongated inclined
stationary tubular tunnel section for ingress into and egress from the
underwater tunnel system of the vehicular traffic traveling through
the underwater tunnel system, the first inclined stationary tubular
tunnel section extending transverse of the shoreline and into the
body of water and having a land—based proximal end and a distal end
immersed in the body of water at a predetermined depth at a
location distant from the first shore;

(c)embedding into the second shore a second watertight elongated
inclined stationary tubular tunnel section for ingress into and egress
from the underwater tunnel system of the vehicular traffic traveling
through the underwater tunnel system,
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e EN 13913 Rubber suspension components
— Elastomer—based mechanical parts

e EN 13802 Suspension components —

Hydraulic damper
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844 ¢ 20mm, 100Hz

Load sell : 0~490 N

Distance Guage : 4000mm, 0~10V RS—232
Servo Motor : AC220V, 800W

Lead Screw : Ball Screw, BNF4010—5
Electric Cylinder : 40kgf—m

ol At AAE A ¢ S CLAMP w4
ME] L2 A D7

o X AIA : 20mm, 100Hz

e Servo Mortor : AC220V, 800W

e Lead Screw @ Ball Screw, BNF4010—5

o o|%5uixk AEa A 8 CLAMP %)
AE Y FHA A7

© 8 -20kN, HPHZ-1mm,
1 Ho7kE E=-50G

: AML/E£100
sA A5 A ¢ F9F CLAMP %4
e Service Block : Hi/Low System,
Accumulator, Filter

e WE 53X : P2 -Stepping Motor,

Ao w4 —Pulse A|o], #F9-°]F—+400mm

%.......

140 IS
>9 },ﬂ
r__)‘:l
>

...ﬂ,‘.
OrEN Do

St )
=AY

7 3000kVA, 25kVA &7
&

H Ak 750V/1500V,
V~1000V, 900V~2000V
B3pAE] @ 660kW 4W] A F7],

W2, 4% hE 5 /4 1 A o]

— Alo] 2 DAS AH] : Rackmount PC with
Windows OS, Local Control System, Data
Report/A 375
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® 6.6Kv, A8% 22,000kVA
® 6.6Ky, 34 500kVA, F3H gy
e ——y P—— p———— AAgEF 22 000kVA
o AR 3,000V, 1,500V, 750V
o THE Ex A o B3k 7] 1 660kW $BfFEdE7] 20
o DI TENE Aol g mE Al STue)
g A w7 o RN o AlokA 1 B /E Ao
£A7¢ R o HUA S 1 5.000rpm
S Az Ao e | © ELARAEE  3,000N-m, 10,000N-m
AEFALELSANE | o gAGZ : 10 B=S A 660kW, 3.500N-m /
2t 44$ A 1,320kW, 7,000N-m
e Rack Mount PC with Windows OS
e PLC Base Local Control System
e Data Report / A&7 =
ArAlsdn
=83 Al
e 2L/ %E 59
° 493 5] O
SERRAYSE L | REAE) 24kN, 525001
FAEHE Byt | ATC A s
A5 A ,f]' = e VXI MainFrame, Embedded Controller,
_/r‘:gg)e = o° Switch Matrix ) .
ATC A= o Dlgltal Oscilloscope, Multi FUHCUOI’I. '
oAme W Synthesizer, Pulse Generator, Dynamic Signal
;]\__‘O:_E.ﬁ;ﬁjoﬂxﬂ% ﬁnalyzer, ireclluency
O Sl =S o esponse Analyzer
t'z—g:r%%]— %‘{;]‘;i ATPC ?}%711?1}\]])?;?3]13?]?(}7?]1 256M RAM
5 L =1y e Pentium—III Dual Z,
<ATCA & 7> égigg(még ?Ei‘cﬁf";%% RN
AT RY =5 AH 0 +200c~—73c
DA % 2b) o ZEAIR7] ¢ 24kN, 5~2500Hz
AUE Be 5
o AT A e A
48 F)
:_St%\ilc iorcel\?ating © £250kN, £100kN,
+50kN, £25k
o YA A A e Dynamic force rating : £200kN, +£80kN,
AsAd#dA +40kN, £20kN or more
- AA/5H e Dynamic displacement : 150mm or more
FRAALYAGFA e Hydraulic performance : minimum #1.5mm
- 7| A AEA S at 20Hz of 200kN dynamic load
- WAL EAY e LVDT : Internally mounted in cylinder rod,
— B EHALH A Non—linearity < 0.25% of full range
— HRESF A A S e Loadcell : Nominal load limit
— AubA aA g capacity=150% of full range
o Adutz ol u 2 A% | e Non—linearity< +0.05% of full scale or
o AulAlel = AlE | better
e Hysteresis= £0.05% of full scale or better
e Repeatability= £0.02%
e Main Frame : 4800(kN) Hydraulic Clamp
Cylinder, 400(kN) Hydraulic Up/Down
Cylinder
A A aFZ=er& A3 (UU | @ Static Actuator : 2000kN, Stroke £200mm,
, CU, CKoU, CD), Hydraulic performance maximum test speed
SRR R PN I 500mm/min & )
AEES Koghd, Minimum test speed 0.01mm/min
ojuleldl e Dynamic Actuator : 200kN, Stroke
Ao (=4d/gH) +200mm, Hydraulic performance minimum
Ald, +10mm at 10Hz on
SolEuE (1Y 160kN dynamic load
o o= e Load cell : 2000kN, 200kN, ¢+ <=4
g 27 Al S E A ALl A e Triaxial cell : Confining pressure : 2MPa
ERS T & (Liquefaction — 5000><900H (1set) : Specimen size :

Modulus, Damping
Ratio,

1500<300H — 1 set for general triaxial test
— 7000<1200H (2 set) : Specimen size :
3000<600H

: 1 set for general triaxial test & 1 set for
frozen soil & gravel triaxial test specimen
size

— 9000<1650H (2 set) : Specimen size :
5000<1000H

: 1 set for general triaxial test — 1 set for
intermediate principal stress control test

e Oedometer Cell 10000x<600H (1set),

6000><600H (1set)
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o At 2o @ 5§ FAHSF 250kN,
58 +HIH3tF 500kN
® 500kN F & ATl o]E] 1 17] (stroke
e 100mm, £10mm at 5Hz)
gl 7] e 2500kN %@%‘%oﬂo])ﬂ : 17] (stroke
ENE =S 150mm, £3mm at 5Hz
Edr e Hydraulic Pump : 680lpm
e Hydraulic Service Manifold : 271
e Controller
e DAQ : 64Ch (EDX—-2000A)
e 18], =2kel, Aol E PC 3
e 45.5m(L)*14.4m(W)>1.2m(T) <]
o U 1 (13.5+10)m(L)8m(W)2m(T)
o v 1 455m(L)14.4m(W)1.2m(T)
;Zﬂg_}% FL%EEH%] : X}—Zrﬁ OI/%\,#fj% o
Lpqpe | EAART R s
. :—j_/iot}l:(Hi h * 250kN T oFololE : 127] (stroke
P C L 250mm, +12mm_ at 5Hz/250kN)
frequency & Long | o")50kN 4 215relloEl : 47] (stroke
FE 250mm, £5mm at 50Hz/250kN)
. 3|2 A3 e 250kN %X—*,‘ﬁ?roﬂolﬁ/ 47] gstroke
N S 750mm, £80mm at 5Hz/250kN
i R p uasiStatic & o 500kN & NFol|o]E : 47] (stroke
79 AL B 250mm, +10mm at 5Hz/500kN)
o A7} FolHE = ;5200001§N g A FololE : 27] (stroke
(Rea Time Hybrid 5000KN 44 @17l o8] : 17] (stroke
< 750mm)
1t &
._—rLOZ] uﬂo“%ﬂ-sf ® 500kN Material Tester 17]
,H\:_,\E]%q e 2500kN Rock & Concrete Tester 17]
coriu e Hydraulic Pump : 180gpm><X6=1080gpm
e Hydraulic Service Manifold : 250gpm 1271,
100gpm 1971, 50gpm 17}
e Controller : 4ch 47], 18ch 17]
e DAQ : 64Ch (National Instruments)
e 71 9] 3=, Aloj & PC &
e SSpecimen @ Wheel & Rail 300~1000mm
e fAd-AF 3] (diameter)
A& A¥ (Rolling e Driving Motor : 355KW Servo Motor,
%ontact Fatigue o }iladial Loader : Max. 180kN, £2.5mm @
est 20Hz
S w7 :\]%], o) 2}E wlR Eo{ﬁrust Loader : Max. 100kN, £7.5mm @
ERSET)| o Y, AFH ] e Test speed : 0~2470RPM @ 1000mm
whEAF 54 A9 (445km/h)
e f Y, A+ i e Slip rate : —10~+100%
AzAF 574 A9 e Contact angle range : 0~3°
= e Attack angle range : —3°~+3°
e Environment Control : Dry, Wet, Sand, Oil,
Temperature, Humidity
e st HW : 4.1m*x4.1m
o HU(FAIHFTH  308(208)
e % FuulY ¢ 0.1~60Hz
o A W ZAYE 7)x (1,4408%)
* 300~320kN &% FoolE] : 87] (%4,
FA4)
S ] ¢ T8 FAPUA (12000 A7
=d7Y o Hj £e23 1+ 200~300mm
o Hu| 3 AE=AYGERANE(FAFAH
2.5m7]5) 1 1,200 kNm
o =3 Rrhdes BAGH] © Hydrostaticy2] @
Am}zk Mass—Rig
e Sabio AlY 6AFFE AojA| 8 H
A E 9]
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N o e 3D %
-9 o) 8 31 ° Q%.?iﬁ e 20x15x1.8
=R o ubef ity
L <3D 7=
<Large Cone
Calorimeter (10MW)>
Sk Ad 7] = 5 = - °
N R o TZA A, d5H, AFE §E/FH/AVE stAletE Bt
=AY
<Room Corner
Tester(3MW) >
<Single Burning
<Column Testing
Sk 7144 7] Furnace> 3
ey o 32 71%(1000ton)/B vk eH(10m) § FEFA ] Waks4 Bt
=dATd
<Slab Testing Furnace>
<Wall Testing Furnace>
<AFAR FAAREA
7147 =77 >
A slodzulds T O Xyl A dider 1 Hogxl =X
e <AZA 7 SryE B o FAAA sAATEE FEVIA, T 2 EdT 54
gl >
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Capacity : 5MN

Main_Size @ 8,200 (H : Max)

4% AgEol] 1 5,000mm

Actuator Stroke : 500mm

e Force Range : 6 steps (X1, X2, X5, X10,
%20, X50)

e Column to Column : 3,000mm

e Bending Span : 23,000mm

e Capacity : 500kN

e Stroke between Grips @ 950mm

e Load Accuracy : 6 ~ 600kN

e Strain Measurement Accuracy

0.5% of indicated value

e Test Space : Width between Columns
-762mm

Maximum Vertical Test Space — 2,057mm
e Overall Height : 3,677mm

e Position Transducer Stroke : 250mm

Capacity : 5MN

Pressure Plates @ 380X520 mm
Actuator Stroke : 100mm

Load Measuring Range : 100 ~ 5000kN
Piston Stroke : 100 mm

Deformation at Max. Load : 1.2 mm

- e Chamber Size (WXDXH) : 700X500X740
= SaEA s mm .
= | ° IS P EOHO] s | ® Temp Range : =30 ~ 80 C
C | OE 2B A L 1C
[ el me ceuracy :
A=A A =7 e Regulator : SSR Type
c o e ¢ | o Temp Thermocouple : PT—100Q
e Water Bath : 800X700X900 mm
o Hul 277t
AEag A A o A% : 6DOF
7HA¥ e W& : 4mXx4m
e Zas= Yl o HUAAFZ : 308
fﬁﬁ}iﬁ‘%—}ﬁ@ﬂl o HY7}EL ¢ 3g oldl (ZF W 5g o|d})
2 A E Pl e -
. Xlt‘lj—%tj% m o Hu5ul4= 1 0.1 ~60Hz
_ o = R=PNE]
B} o) &) 3l Tl’xﬂz_]o =%
TLq']ﬁJ-‘— .LNGxi;g'%ﬂ,
A 21 A A 3}shdd] 59
ZWEMN]
T A A A5 2 A o A4 : 3DOF 27]
o 7t e WA : 5mX5m
™21 A 21 74%] 2] o A ANFTZF 1 30, 60
Aead o Hu7t& % ¢ 2g, 3g ©]3F
o 7], AR}, B4, o HU|F7}4 1 0.1~60Hz
1A, 24, &,
= _TI:_E_O o] 7}=x=
<o]%2] 3DOF F%E0)> %%%LH%]Z:]J 13
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H 919109 DEo] AA 38 =AY FU(AF 167km, AFGH] oFl4x63 94,
AFAZIZE 11 A8 AIE A E-Al5= 2412 268
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® 523 dlFHE HL75 AE

Country Possible Locations for Coastal SFTs

Norway Mary Fjords
ltaly Strait of Messina
Greece Mainland to islands
Turkey In-between continents: between mainland and island

Spain/Morocco

Strait of Gibraltar

France Gironde
U.S.A. Fjords on west coast
Alaska Bering Strait
Canada Fjords on west coast

South China Sea

Between Islands

Coast of Southeast Asia

Mainland to Islands

Japan Mainland

to Island : between Islands
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Country Location of Lake

EUROPE :
Iltaly Como/Lecco
[taly Maggiore
[taly Lugano
Italy Iseo
Italy Garda

Switzerland Neuchatel

Switzerland Vierwaldstettersee Lake Lucerne

Switzerland Zurichsee

France, Switzerland Geneve/Leman
Germany, Austria,
_ Bodensee/Constance

Switzerland
Sweden Vattern
Portugal Rio Tejo

THE AMERICAS :
Canada, U.S.A. Superior
Canada, U.S.A. Huron
Canada, U.S.A. Erie
Canada, U.S.A. Ontario
U.S.A. Michigan
Nicaragua Managua

Peru, Bolivia Titicaca
ASIA :

Israel, Jordan Dead Sea
Japan Biwa Ko
Ukraine Azov

OCEANIA :

New Zealand Taupo

New Zealand Wakatipu
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50.0% - —
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