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2k = (USA)

(1) CHSTP(California High Speed Train Project)

1

vl CHSTP?] Design Criteria(2013)0] A+ X4 EAE W3 sl7] 913 Weto =
AR

ARAA P Bt AFWE AG F A A+E BE ANGHD ok

O ¥ 23& dAaxAH S E 93 Barrier(Intrusion Protection) 7@ < WA A A5
S YERd FHo =2 Euro codedlA AAlste= Fx2Eo digt 3 FE3F(EN

1991-1-7)3 AL fFArstth, M2F5A2E20] 31 mol el Aol Wwado] &g
28ty AFL T Qda, wFelAdt B aEAsgge

Protectiong x| }tA] ko Wity HX|A|~Ent A x| 5}

it L
=
o
)
u
=)
=
jon
12}
o
=}

¥ 2.3 Barrierdl #-83l= 492 55355 (CHSTP)

Barrier = 9| AL 35(f,) A=A LF 35 (f,)
=l A 3 m ol 4,000 kN 1,780 kN
£ ocs £ HsR L STRUCTURE 1 HsR % ocs
6.08 | 10.6 | 8.25 8.25 | 10,67 6.08
'El RS
g = —
00| | g — | [OOO[]

1
\
\
\
\
0.67

10.00 @ €

4.58 10,17 3.25 7.00 7.00 3.25 10,17 4.58

25.00 25.00

9 222 CHSTPO PSC Wt=AG . £+ (USA)
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O 4935 (DCP) 71¥<¢ Containment/Protection Wall®] o= ¥ =o]l& <
Holl A 204 mm o] o ® s, W3 Fsts 156 kN= o}
T doahH) o R 1 (305 mmE XA EE &
ol Load factor 14E5 #&3t=e% st e 459
mm, 734%2: 271 mm, &%, 234 mm)strt A A stE A zFol 7t st

of

| HST i HST |
TRACK TRACK
s1e | s2¢
10-8" | | | 10°-8"
n ¢ (1] ¢ L1} L ll‘
| | l13-0" 8'-3"]|8-3"; 13-0" | |
| ! T 1 T i
e, el
| DERAILMENT 4 |/~ (Tye) | —SAFETY RAILING

(TYP)

| PROTECTION |

WALL (TYP) == —
e i ™ it : — ] '__ ‘““:'—CABLE TROUGH
I WALL (TYP)
C-1-P P/S CONC ! |
BOX GIRDER 1

% 223 CHSTPC W34 (Fresno River Bridge, USA)
(2) AMTRACK

O "= AMTRACKOIAME= deWs H49 DCPE 4834 &
e A% 2 A3 FARSFE T3 gHAgAd 2HS ¢ DCP+=

o3l ARG 2Pl W7t HH FAHeE ¥ =& 94FE 2 5 Y
vhetetar gl

S
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vl A X (Japan)

(1) Central Japan Railway Company & Shinkansen Japan

O Yo w7k ghslo] gz Al 7t=gd WA 28 DCP Type 15
Agsta glon EAR YL} =S A ouk g sA|He DCP Type 3%
AESE s stal At 19 2247300 A9 o] dutHow FEHAE, It o ¥

i
g
3200 2sd) 250

4800

2
i
i

900!

B ~

agwnzy ¥ H
o

I 7 =

C@a3ae =

| sizEan
6100




dc|E a8

1320' 250

19 2.28 Nishi-Gojodori Kado, Tantogawa, Otsugawa, Kita-Mikawa
Bridge-3t= U% At 2l(Japan)




v}, & (France, SNCF)

130 km/he]Z
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)

)
NF

)

ox

™

fite)
700

ol
B
)
—_

o
o
ol
Hr

>
iz

Ho

O 1% 231739904 ¢k

-
.

A

SEE

H 2389 399

ob2 4 girh
DCP el ohd fA 8% 2l

1o

SR

9%

=
=

5

E B x
i LS H
i i .
i !
= i T
Ervpotoms vy | A 808
i

i

} = 7}o}x] 1l (France)

-5

1% 2.31 Peage A7 Bridge

19 2.32 Arc River Bridge-d = E# 2 o}x] 1l (France)
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- P !

_..._..._.__,':l

9 2.33 St.Andre Bridge-3t= & x (France)

-

|
E—

5,500
13.400

19 2.34 Grenette Bridge-PSC #2711l (France)

12,66
0 4.08
™
-
S
Se—
LI U
) ’,Gratlng
]

19 2.35 St.Genies, Drome, Cavaillon Bridge-4<=57 ] 2 (France)

_47_



| [Z
FCMTRF 2180 LM77}
12866

1% 2.38 Garde-Adhemar Bridge-3}& ¢34 7o} X] 3 (France)
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A}

JIINATRNNETL

1% 2.39 Bonpas, Mornas, Mondragon Bridge-3}& 7o} %] 1l (France)

H 7] of] (Belgium, SNCB)

E,
N
=2

Ir

Kl
o
[>
Ho

A7)ef 3= = AR S LSt s SR, gAY SHow
F % E2 Exwk 7oA DCP Type 18 A&3tw 3ate] 7bsiel 9l
SAA el DCP Type 3& #A&dt=s dha vy 7]@Hos 2ds A
1S =

Ashe Azg TEA P Em gk

LR =T

19 240 Jose, Herve, Battice, Ruyff Bridge-2% ®27 ] 1(Belgium)

. @lv} = (Denmark, Great Belt Railway Link & @resund Link))

° =2 DCP
27} DCP

A 8L

:

dint= Great Belt Railway Link®] n#F F7lo A= &4 9
Type 181 7t=ddS ALt o, HAdAE AL $F9
Type 32 A&t} o FAYE HA= 100 kN/me| FHstF2

it

f
SR A

ek oAl A9 S dA3E @resund Linkol A= Side Walls %=+ Guiding
Devices®] A ox ZAZES Steel e DCP Type 35 A &3t Ut} H
da wE A = 2adE 9S Hgsta, ug e FEARS

it
flal Steel ¥ A&7}

o b
L
T
W
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2}, o] gkg] o} (Italy, High Speed Railway)

!‘

(a) Precast Box Girder

-~

; 1T R
W = 135360 m

e - —————
' Lmax 43,20 m
Ll

2
|
(c) Single Box Girder
_ W=15680m
Lmax = 46.'77 m
e e 7 N oy :
: ¥ l 1_I‘ 1| - .,: L I, 1 ) 'I '-I--I_____ -'_" .-‘.""
(e) Precast I-beam (f) U-type Girder

% 241 AEHAE w4 Fo d(ltaly)
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2}, =¥ 21 (Spain, High Speed Railway)

O 23 n&d
4

¢

L 325 105 ' | | ;

EESE LSS . —————e b 35 ped 550 jag
(@) sET=d= (b) PSC ¥r=7H

AAl 29 242, 4302} o] AWtH o R FF

o
el SAMEA e ol 4 glr

—— o=

19 243 Ebro River Bridge-3t= PSC ®#23 At u(Spain)
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7} W€ e+ =(Netherlands, HSL-Zuid Project)

o

=
(2o jo ot ng

AEH TRl HSL-Zuid T2 A E(2004) 0= &

=2 7 FZE2¢ DCP Type 19 Concrete Plint
A& AE7E vk AEs 23 E A% Rheda track? HEdte] AAE A
2 B9 E) Plinthe] 3ol 170 mm, £& 500 mm= to] Zolwrake] W
o7 g3t

Concrete plinth for Rheda track

yranren pensglfis L] n

TYPICAL CROSS-SECTION AT CANT =0

@® sturrup O18
4018 O  stirrup ©12
per sleeper

' 200 mm i
1:75i i

1
ele] ooooooooooooooooqnunumomnnhouum
i

500 mm

V...

4012

a
per sieeper < 7500
< 1125 =>
| 0
: |
normal width '
derailment provision

500

sleepers —\

19 2.44 Concrete Plinth(Netherlands)
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4. T gATIAE B#dE d% o

F 24 e AN TAE Ad A g

Country Organization Type of DCP Conditions Comments Identified
/Project Adverse Effects

Korea KR Type 1 - ukA o vk Guard Rail #-& -Guard Railoll W3k A4 F4-&

AW 300 m PIRE B gA9] | A2 A B A e A

o] gl A2, wFdo] 18 mol|-DCP Type 39 o]l $% (o]

& A AA)el g AL e

Type 3 S EHE(200 km/h ol A))  wEFo]
W g
o _

UK UK (General None -dubA #E 9w g Ve gl -geldEnt gl
matters) =
~‘GC/RC5110-Recommendations
for the design of bridges7} 7}
T .
CTRL (2002) Type 1 SRk o A HE A & 100% #A4E W33 DCPE|-&elwnt §ls

Type 3 -Concrete Kerb 2 Faeldo] A
o I olgs AYT F g™

= 9IXE A B
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Country Organization Type of DCP Conditions Comments Identified
/Project Adverse Effects
= A7 gi7] dwiitel, 4wk
calEF ZzE AAES Aok, Y| g4 b 2 FAE W U
A =o] 100 mm, FHSIE 2004 Y= BHo] 3.
kKNe & A7 J1&E Ao A DCP Type 13 2+
= ez e A9 wdd | 2ot gl ad
o] 200 mm, TH3F 300 KNS |-DCPoll tjst o224 HITe 7]
2 A sXqoz Adrtssta AE =
e A9} 335 =5 gof g
UK Heathrow Type 3 - 7F il Z ol Concrete g Ent gl
Express Tunnels up-stand A |
-=o]: Rail level, 25 3]-&W9:
215 mm
RSSB (2000) Unclassified Ed ek xfEo] "o TESH AR A FREIY A9 FE -9 gl
A, Wk wreE AFEo] A o |2 et damage
g 7hol= HEE AA FEe degwts ga3E A
T A= =1 Ak

B o] A7 2. Rail running edge®
HE1,500 mm o] 4

B =oll YA 350 mm °)
&3 335 100 kN

-GC/RC5110-Recommendations
for the design of bridges

&4 #33stF 100 kN2 EN
199120 4] A Al dx}e] A}3Y
Fo <3t 23} (Nosing force)
o]
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Country Organization Type of DCP Conditions Comments Identified
/Project Adverse Effects
NR (2011) Unclassified ‘RSSBe} &4t 7y ‘NR/L3CIV/020-Design of | -&AHn} ¢l
-8 o] A A Rail running edge® |bridges
FE1,600 mm ©]*4+ A s 1564 kKNS &3
¥ ol # Yt 350 mm ol 3 &% (100 kN)el Partial
A = EE: 154 kN factor® i@l slo] ARAL
China High Speed Type 2 or 3 A2 He] 114 22 m(AFZ |- EY mole AR AlY T
Railway A%), 1.9 m(EAYE A%) Exde we AMzA"AT 7
‘W olr wERY 900 mm(AFZA | 2.
3), wFY 700 mm(EIHE
=)
Hong Kong, Type 2 or 3 ‘Upstand wall®] $x+= Z3IYE

West Kowloon
with TuenMun
(2002)

A SHol A3k dA
8 o]t WA 7707900 mm, %
400 mm
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Country Organization Type of DCP Conditions Comments Identified
/Project Adverse Effects
USA US AMTRACK None Fog A=A FARS | -FA gl
s T3 A WA =4, 4 =2 93 #
W 7heAd e
CHSTP (2013) Type 2 or 3 -Containment / Protection wall % |-California High-Speed Train
ol: Yd 204 mm o]t Project®] Design Criteria & 4.
ST Alx Hdolwreko w 218|-FA F¥HelF 156 kNe| Load
kN/ft(1 t=305 mm) factor 1.4 1124(218 kN).
Barrier ‘Intrusion Protection T4 o= A|-de: AZFA72 31 m ol
Al °l A EZa,
‘Barrier %o]: =HoA] 3 m oA |-uEH = B wEAAEY =
Al =wEE sk 4,000 kN o] A7} Qlom=w AHAstA &
ek sk 1,780 kN =
‘T E3%te 27]; EN 1991-1-7
Germany DB Type 1 EARx ko] drk 2 SEIDA| -Guard rails EFEte] g4 gl gl
7F &3ty A Zo| At Guard Rail|vH]E ¢33 Lubzx ol 3ol <

[e)

A e % el w 38}

A Ea.
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Country Organization Type of DCP Conditions Comments Identified

/Project Adverse Effects
High Speed Unclassified nEHE W FAFE AEoE Hi A%
Railway B e Aol ¥ FEsh7] | Alelel A % 2l

A, R 2pao]l FREdel o | (G Al olgd Ao &%)

T
3l 7tel= HE== AA(UK RSSB

tragendes Bau-
teil dber dem
Briickendeck

| ) \\\\\\W\\\
.5041////// \\\\5//\//\\\\\\\\
27

Japan Central Japan Type 1 - #Fo A Guard Rail 4 & R S “FlHnk gl
Railway Company (Transportation  Ministry  of
& Japan % ¢1)
Shinkansen Japan |Type 3 EA 9E Tyt =2 Aoyl
&
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Country Organization Type of DCP Conditions Comments Identified
/Project Adverse Effects
Sweden / @resund Link Type 3 -Side Wall / Guiding Device Al gle afe] EAdo] glom|-glent gls
Denmark - Steelwall 28 (5 %4 7h) 2 AAAAHAA o] &T F e
HY & w¥ HEHE: Concrete| R 7F SIS
wall % & olof 7l=4 9PE S Al
wa S
Italy None ARZFANE So(ars5A) ik #AE 9w gl 7E Sl AS Ao A
=. shelgnl gle
T)EM A o] G et
2 7= AbgES aieste] AR
Netherlands HSL-Zuid Type 1 A W Sl gl wEnl gl

Concrete Plinth A |
-%9]: 170 mm, *%:500 mm

Concrete plinth for Rheda track
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EREN
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2.6 =% (Paper) &4 7|+

hyA
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i

World
1990.01.01.72015.10.08

Title, Abstract

Web of Science, Thomson Innovation
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O W A BUNT Aol B ApolA ALenA ohe slEe] Bel/AnA
& pEaR, Arndon AFAAY BAS dd dAES GEF-FER2
ERE TRt

X 277 5

&5 > = 5F AEF
AA g fAYSE
(Derailment mechanism)
o3 A g okAA =4/ 7
AP =4 . .
A (Traii derailment) AB (Analysis/Evaluation
of derailment safety)
AC g4 = As
(Behavior after train derailment)
BA At F=
(Train to train crash)
B aa = BB TEEYL F
e ae] s Ao (Train collision) (Colhs1on with Structure)
Zte Z2Aa9E AR V& g E 2m
BC Lo e
. . (Collision after train derailment)
(Engineering development of
the concrete track with the o) B u} =) A A
contammént Cap?aty of CA| (Containment wall, Derailment
derailed train) Az W containment provision, DCP)
c| T ot | 1
) (Derailment prevention facility)
containment)
cc gty
(Protection barrier)
3 Aba 9/ 5EANL
X
D = . DA| (Derailment/Collision accident
(Train accident) of train)
Zage A A N e A
E Devel f |EA - - —«
(Development o (New concrete track)
concrete track)
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(3) F& 29 ¥4

O E3& ol &3 A9 =A< (Top 10 Assignee)S AHxm  dXHo] 7H
TETSUDO SOGO GIJUTSU KENKYUSHO7} 31d¢e= Hu 9o,
CENTRAL JAPAN RAILWAY COMPANY<} RAILWAY TECHNICAL RES
INST$ TOKAI RYOKAKU TETSUDO KK, AKEBONO BRAKE IND,
NISHINIPPON RYOKYAKU TETSUDO KK, HITACHI LTD %S¢ 9¥ Hx
A4 71go] v E3E o] glon Edeo] MAX BOGL BAUUNTEMEHMUNG,
BOMBARDIER TRANSPORTATION7} & &<l o0& vbebutc}

iy

i

S AE7]EATA(KRRDO] F8 Fddel Egrech

O
rot

O «9¥9o] CENTRAL JAPAN RAILWAY COMPANY$ HITACHI LTD, &9
MAX BOGL BAUUNTEMEHMUNG$ BOMBARDIER TRANSPORTATIONS
e Edol TS T e 9H, Ho 2P dE 9 ZH TETSUDO SOGO
GIJUTSU KENKYUSHOE ¥*3%sto] RAILWAY TECHNICAL RES INST,
AKEBONO BRAKE IND, NISHINIPPON RYOKYAKU TETSUDO¢%} 3dt=te] =
TedTde A 7R 249 A= YEy

uCN mEP mIP B KR muUs
BOMBARDIER TRANSPORTATION GMEH

MAX BOGL BAUUNTEMEHMUNG GMBH
HITACHI LTD
NISHINIPPON RYOKYAKU TETSUDO KK | &

AKEBONO BRAKE IND COLTD ﬁ
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O “Analysis of Major Derailment Causes on Heavy Haul Railways in the United
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O “Analysis of U.S. freight-train derailment severity using zero-truncated
negative binomial regression and quantile regression (2013)” - Xiang Liu et al,
Univ. of Illinois at Urbana-Champaign
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O “Assessment of freight train derailment risk reduction measures : Derailment
Risk Models (2011)” - Report for European Railway Agency
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O “Railway Bridges - Safety in design for train derailments (2011)” - Frank
Rapattoni & Raphael Grzebieta, Univ. of New South Wales(UNSW) in
Australia
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O “Intrusion Protection for High-Speed Rail and Adjacent Transportation Systems
(2008)” - California High-Speed Train Project

(CHSTP)

Dominique Rulens et al,

: 2
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O “Safety of High Speed Guided Ground Transportation Systems - Intrusion
Barrier Design Study (1994)” - Paul D. Moyer et al, FRA

o i BN By Bk, G4 AN 2AG AASY AL,
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O “Development of high-speed railway vehicle derailment simulation (2012)”
Wei Wang & Gui-xian Li, Univ. of Electronic Science and Technology in
China
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O “Wheel-Sleeper Impact Model in Rail Vehicles Analysis (2007)” - Dan Brabie,
KTH in Sweden
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O “High-speed Train Derailments — Minimizing Consequences through Innovative
Design (2008)” - Dan Brabie & Evert Anderssson, KTH in Sweden
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O “Post-derailment dynamic simulation of rail vehicles—-methodology and
applications (2008)” - Dan Brabie & Evert Anderssson, KTH in Sweden
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o gw AwAg 43
O '097'11d 7)E S22 HEANY rRE dA¥dt 14589 fr=(oF 1922 ) o
o '15717dd = 1,699¢ fFE(eF 224% )R FAHAY. 5 =2d HE
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o,
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T 5 A AT AZF A 8] 2= Q=g 21 3 A o] Al2=d
‘09~'11 1458 477 1 32 120 6
'15~'17 1,699 M7 667 A3 143 8
% ZHZ3 : UNIFE(Union des Industries Ferroviaires Européennes, 9 & =2 =)
¥ TENFH(2013). M2 FEAFAY v dY Fa27d S 12H2013.6.12)00 4 AL
O ofAo}x] S HEAH = Ay Hd 20108 55 20143 7-A] H A & E(MV)

g TR
460%) FE(F 632 WE A TR g =Zn 201335 201897 AW T B
G4 FE(CAGR) 4% A3 Zo=m oidd. (¢ =x: THE WORLDWIDE
MARKET FOR RAILWAY INDUSTRIES 2014, SCI Verkehr GmbH, September
2014)

s}k
=

Western Europe:
-MV: EUR 41.8 bn

Cis:
-MV: EUR 22.2 bn

Eastern Europe:
-MV: EUR 10.9 bn

-CAGR: 3.2% -CAGR: 2.2% I -CAGR: 1.8%
North America: . .
¢ Asia:
-MV: EUR 25.0 bn ’ -MV: EUR 46.0 bn
- CAGR: 3.3% . -CAGR: 4.0%

South/Central America:
-MV: EUR 5.6 bn
-CAGR: 1.0%

Africa/Middle East:
-MV: EUR 6.2 bn
-CAGR: 10.3%

Australia/Pacific:
-MV: EUR 4.1 bn
-CAGR: 0.6%

© SCI Verkehr GmbH
* MV = Average markst volume 2010-2014 p.a.; CAGR = compound annual growth rate

a7 288 2013-2018 = 2H HEAY F

?‘gt
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O '13~'18d 7= & & T HEATF 60%E A S}
20187k A& <) N 1Eatel A uld 34% 2% Z7hE
Aoz ot &9 ZAsh 7| 3 A4 B, Ad8 e T o= A

NHow AEQd A FAHo|th (% %31 THE WORLDWIDE MARKET

FOR RAILWAY INDUSTRIES 2014, SCI Verkehr GmbH, September 2014)

120 5%
5 _
- =
T 90 + 1 4% o
D T
W . &
© n ©
S 60 | _ +3% &
@ @
£ ©
-

— -
QO
2 30 + 1 2% %
S 0]
S

0 , | 1%

Infrastructure Systems technology Rolling stock

O Market volume [EUR billion]* m Market growth [9%]**
@ SCI Verkehr GmbH

Source: SCI Verkehr GmbH, *Arithmetic mean 2012-2014, *CAGR 2013-2018

19 2.89 Market volume and market growth by product segment
[2013, EUR bhillion/2013-2018, %]
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A wEdizet FaFEE 4132 &89 o]
19%(78% Ee)E AT A

A PSS AHHEY FHUAGH FEA
oA At or @We T/l odFFHu (¥ =3 Strategic Insight on Global
Rail Market, 20125, Frost & Sullivan)

2 Holw, o] T uFidz

North America Europe Middle East
Sa4000 — MM § 86000 5 400 -
§& §& 5,000 | 5&
> 3,000 -
2 £ 2,000 2 £ 3,000 - 28 200 —
a2 == e 2 \
2= R & 2000 = {
« g 1,000 i HE 100 i
i l £ 1,000 | = |
0 g b 4
Latin/South America Africa Asia/Oceania
= = =
S 5,000 S 800+ S
55 s 55 EE |
ow 1 ow 600 o » 8000
2 o 4,000 = =
22 3,000 1 22 400 =5 16,000
£= 500 g2 23 4000 —
adg < O @ 200 - o dg Total in billions
= L = i & ‘2000 _‘E m Water $22,610
0 i : )
0 0 - Power $9,000
Road & Rail $7,800
[ Air/Seaports $1,590

a7 290 2010-2020 =2E dxze FAH(AE) A%

O =2=2¥ AJEZg(HEAF, HdHs} HEWAE T A= A4S 2013945-H
20203 7H4] AF T 5FAHFE(CAGR) 1.1% S7F8te & AEAZ0]3A, A4 4d
2F, 2, skAb) AGS EZsbeke] 2020714 Al&GElA SUHE ASE o S H
(% Z*: Executive Analysis of the Global Rail Industry 2014, 2014.7, Frost &

Sullivan)

Total Track Length (km) Electrified Track Length (km) Locomotive Installed Base

. 1,186,934 3

139,768

% 2044475

P

1,102,280.7

126,637

278,655.5
2013 2020 2013 2020 zo13 zoz0
Passenger Coach Installed Multiple Unit Installed Base Freight Wagon Installed
Base Base

85,574
B 3,140,508

337,777

2 77,549 U
304,351 g | 2,967,810
2013 2020 2013 2020 2013 2020

19 291 Rail Market: Forecast Overview of Key Rail Parameters,
Global, 2013 and 2020
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O 2010972020974 AFH Aw Ame] F7h TEAYLS Avnw, A AAHow

Route Km Operational

=

02% Z7tete Wl 23 Aoz d5dn fFH2 7E] A=d8S S ss)
O 9% Ao dqFHARE dd oz ofAo} A oM H= Frfrt Fol
Bl Zlo® d=d"rh (% &3 Strategic Insight on Global Rail Market,
2012.5, Frost & Sullivan)

4

£

1,035,887
010.767 « Only a mere 0.2 percent growth in global mainline network length. o
g + Europe to maximise utilisation of its current network for freight; Asia to add —_—
72% extra capacity in terms of track length. South
3.8% America
Note: Chart In Center Shows Mainline Railway Track Addictions By 2020 In Each Region
Africa
Mexico 26.2%
24.9% 26,704
B Asia
Others 10.9%
63,875
e — ° Russian
Otrers 2378 < — s Region
3160 ' Japan 10,674
- K e
Poland
UK
16,373 & 128 raine : li\lorthr
Spain __ 21678 - Serbia Uruguay Others  Cuba merica
30.8% Italy -9}5‘243 4058 aoes) 1o 55078
16,959
France All Afro-countries P— ;3';!3
lina a;
A0.000 Russia il 25,523 '
Germany 85,894 Brazil
‘ Sabihd 30217
2010 North America Europe Russian Region Asia Africa South America 2020

a9 292 2010-2020 22 =zt FaH(AE) A8

20113720200 74A] Al d n&EA % Q1 T sk 4 A EE AT
W, 2011 7009 & i ol A, 20200 9 =

AHEHEAGE ARARAA 7HE 2 2AE A

S0 7F 7R & Alaf Aol 2 Ao R dSHh (% FA: Strategic Insight on
Global Rail Market, 2012.5, Frost & Sullivan)

20128 202297 A AlAl S d A Aol ik A AFES 45%
of @8 Aoz At w3k 20258704 ofrlolet FHIF nEHAE AA A
2 19A szt 7diEo] nE&rroA HERe tgtE wEsd dgke] 4
et

el AF 20259704 2Rl Zeks g9l Bl ol2= A u&H
ol #5dE Aow VIUEAL, ofAlo} B ¥ A ke T LHEE G
vo® M & uEART LS 2t AT 9 B A9 ZERAE #-
AR nEHEW QPHEe oA Bt (% 3 Rail Outlook Study
2013-2022, 2011.5, Frost & Sullivan)
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Note: Chart In Center Shows Investments In High Speed Rail Infrastructure By 2020 In Each Region \\_70'61 billion

Turkey

== Switzerland
$70 billion sweden — .80 Total global rail infrastructure
investment between 2010-2020 is
expected to be $910.61 billion.

This was total expected investment
South Korea in HSR. Most of the Obama
government ‘s planned HSR was Canada

voted against in November 2011

Europe Asia-Pacific Middle East & Africa South America North America 2011 10 2020

HSR is Note: All figures are rounded. The base year is 2010. Source: Frost & Sullivan analysis
currently - —> South America,
operational @ Europe, $338 billion $87 billion
in EU and North America,
APAC Asia-Pacifi $137 billion
Ia=Facirtic
markets e
onl $166 biilen E’—) Middle East &
Y. Africa, $107

19 293 2011-2020 25 HEE d=xel Fxd st

A

Tatar 74,896 « m

Tora1 42,312 km

480

R = Ve

2012 - APAC EU LATAM NA ' 2022

MOparsvonat Langtn M Unaer Construcaen WPiannea

Source! UIC, Frose & Sviuvan

a9 294 2012-2020 22 aE5HEEY Qg AEHA dg
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o AEA 2" FAEF ALY

O HAZAIZH FART & Hx Qzgp2EgXd g AAAG R+ 20114 7
Fo® 2279 2 FFolm, 0166 AW 39%H 4FY Aoz dZHch
E3] ofrlo} AmAl2®l Al AFEGT%HT =A AFSa o], AEAAH
AA AFgelMel Fadol S k. % =#1 Worldwide market for

railway technology, 2012, SCI Verkehr Gmbh)

Track system (Renewal and Maintenance)

Region Current Market Volume Current Market Volume AEESE A HMEE

(EUR million) (ML) (A& 2E) (2011~2016)
Western Europe 5,720 8,251 25.1% 3.6%
Eastern Europe 1,390 2,005 6.1% 3.2%
North America 5,380 7,761 23.6% 1.8%
South/Central America 820 1,183 3.6% 4.2%
Asia 4,980 7,184 21.9% 6.7%
Africa/Middle east 1,010 1,457 4.4% 4.8%
CIS 2,920 4,212 12.8% 3.0%
Australia/Pacific 540 779 2.4% 3.6%
Total 22,760 32,831 100% 3.9%

* 232 : 1 EURO =1,442.509

19 295 The World Market for Railway Infrastructure Maintenance (2011)

Worldwide Market Shares of Track System Suppliers 2007-2011
[EUR million]

W voestalpine AG, Metal Eng. Div.*)

B China Railway Group Ltd. (CREC)

| Steel Authority of India (SAIL)

B China Railway Construction Corp.
Ltd. (CRCC)

@ Vossloh AG, Rail Infrastructure BU

0 ArcelorMittal Steel

O Evraz ple, Steel Segment

O Other Suppliers

*) up to March 2012:
Division Bahnsysteme

total:
-~ EUR 17.1 billicn p.a.
@ SCI Verkehr GmbH

18 296 A=A 2" (Track system) #oF 719 A% AF&(%)
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AEA 2] FAES D wAA G digh AA 71959 dF&s AvEd
Voestalpine AG(8%), China railway Group(6%), Steel Authorty of India(5%),
China Railway Construction(5%) =0 2 A ZAHAHF&S 2AstaL o i
T8 7IdEY AEATEC] AA Fa VIE T4AY VIYgEe] AA AFHFES

64%E AAL A=z WS 7IgEe] dAo dHetL = AAolrh (x FA:

Worldwide market for railway technology, 2012, SCI Verkehr Gmbh)
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9 (Network Rail)ol A& FE23E EN 1991-2014 A A8t 9+ Nosing force
100 kN9 &3 SH3s}sol Partial factors &3k A4 FH3FTS 154 kN &2
Ha low I HeH HAASTS o9t FASE AVFEUS & &
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(3) AFgHAIe} TCL o] off &3t

35mm

@ IE5EE :H=206mm
@ YUHFHEE - H = 208mm

Y

Top surface of TCL

SFCS F£826mm

804
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=
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(2) Concrete Plinth®] Precast3}Z 3 Avjz 7 & HAE
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Anchor type and diameter HIT-HY 200 + Rebar 25 mm (500 MPa)
Effective embedment depth hetact = 175 mm
Anchor plate Iy x 1y, x £t = 300 mm x 700 mm x 1 mm
. uncracked concrete, C30/37, fc = 30 MPa,
Base material (TCL) h = 240 mm, Temp. short/long: 40/247
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uh, 7]E 2 Al FABE AR A H7F AY
(1) &5 E 93k Concrete Plinth

- 8% 2U(SE, 25, FAFY 9 T A

s 5
- Concrete Plinth¥-, Anchor dowel 52 =44 A& H7} A

- TS AA, A, Ax, A 5), A5 5 HAH A AR s
(2) Concrete Plinth7} 28%¥ Z3dE A%

- 3% A8l HE TAYE AR R FRYS Yk A

- Concrete Plinth # & W& <o~ AT HE

(3) Mock-Up A &A A= = Ay HAEAE

(4) ANAF A TS T3 A5 (Yard Test)
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g DE | 1g9s | 244E | 3949E | 49uE | 53dE | @A | HE
o17Am] 349000 6620000 7680000 494000 377,000 2.650,000] 24.1
o1 -4
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;lg 3 ul
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o 75} 700000 1320000 1540000 99000  75000] 530,000 4.8
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23 m 1560000  317.000 440,000, 2340000  186,000| 1,333,000 12.1
ARz 1100000 2664000 33550000 2005000 1,876,000| 11,000,000( 100.0
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Az | I
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A7l EH|
9
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Q) F&

(h9): €D
= =2 715E U8 1XHEE 2AA 3AEE AXAE S5AHAE A
SUSAILE0 e ds 7IE MY 362,900 557,800 811,200 362,100 434,300 || 2,528,300
Y g$M/5E HHe St Y= 45 718 g7 202,600 297,400 398,100 236,200 122,500 1,256,800
X AlEgolde Sttt = 5 7|1F g7 59,000 107,800 134,100 64,150 55,100 420,150
;H% AR 101,300 152,600 202,000 22,700 478,600
gf’;m%;ﬁj,fgl EE S 77,000 61,750 71,600 210,350
YA EdES 45553 162,400 162,400
HUSAILE0] gt s ot 7= e 261,600 405,200 532,200 300,350 336,800 | 1,836,150
2165 PeEs LEE R R e S 202,600 297,400 398,100 236,200 122,500 1,256,800
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o | A
azpa | 1d
Fof |
e
A 346,000 1,344,000| 1,529,000{ 1,034,000  863,000] 5,116,000f 100.0
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A/ S/RRIRES 7|E 7"
DA E2Y UEEISA|AHO QAMS O 7| SALY
u* |oo == o | =] | :|'|'oo ES |E |'o 60,000 30’000 90’000
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QUEHHIS A|AH XEH X MZ A|S G AL AFQEA
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KAl
LEHUDA A SEF o4 S A, AZE HE
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QEHEIS A| AT Y& W2 M7| AlSeto| OIE I o
TSRS IS A, el 2ol 6,000 18,000 6,000 12,000 6,000 48,000
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;I MA/NB/SAES 7S WY
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A2 LUSH/BEL AX ME, SAES YR SR U 5
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5 74E oS 9 Ay
UEH DA AR AFAIS X Yard Test/ZLHE S &
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no HEE A s A| AR SESHEO| i3 X X7
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AEMS DE{st ANAA 9 MAEAM FHA|A Al
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