dISAE HaENE st D NFY 7e
QA A 718 A7)

2015. 12.







7“_9_ $0000000000000000000000000000008000000000080000805000000000800008800000000000000088000000000000000080000000000

i

O TH D Ll T QA eeereeersrrssrrssssssssississssssssiss s sttt st sssanes

A S

TEBFELA] ceerssersessssrsnessssssssssssssssssssssssssssssensasssssnsssnsssnssenssssesssssssssassssasssenns

II.

r
i
;OO
Ho
-
0

12

16

E

;.OO
Ho
=
O

e

17

17

BE  ceneresssnneenneteensntiennaeteiseietintiesettessnttesiatessattessateessaetessasteesnnasssnnaenas

Ho

el A7

9

7}.

38

1o°

Ho

S R

-40

E

;.OO

Ho

o 2o A%

v ]

T
T
___OO
Ho
<o

41

Ho

7} R&D

61

Ty

Ho
o

116

144

150
152

E

o°
Ho
<

ok =] 7



152

155

2
Hr
K

&

157

158

!
1

V. 7le/NdZA

158

1. 7].]_9_ eeeeessentenstententtentnntenstnstententtestenteestententeestententeestenttestententenstestenstessessenstastanans

158

158

159

164

165

165

167

T
il

i
i+

K

N
=

A

=197
204

Ny

AR

4.

204

KB OFH 7] L NHFTIA] LA weremsressssssssssssssssssssssssssssssassssssssasssasess

.

204

7} Z&0 WE HAEHE AZE) QAE|H |2 7]E TR ceeeresrrssnninsniisnces

213

227

w237

ol
A
=1

b
A

238
240



240

e

243

248

248

248

252

299

297

297

A1 O] HAA] servmsresssrusssrsssssssssssssssssssssssssssssssssssisssssssisssssssssssissssiss

Gl

A

7l B

. ZlesE

7} 7]

260

T0
Jo
N
Ho
0

K

264

w267

0

o

£}

3. A

267

268

B

w73

t}. B/C Ratio

w74




AENOREAEE ARSI

=

kd

10>
11>
12>
13>
14>
15>
16>
17>
18>
19>
20>
21>
22>
23>
24>
25> =
{FE 26>

O OB OWEH R B G

/N

RS ERAREA RS IS

=

=

MAGERERALY ] o TEFED AY AL (13~25d) o 6
2 A5 £ T BIEQEIETIS iiisiiiisiisssssiisisasissises! 7
5o HE 1T} FHAT BOf ZT U crmrrsmserssssssssssssssssssssssssssssssssass 7
A ETE TIFAIE] ceonserssnsusssssssessssosssssrosssosssssrosseosasssrssseossssssesssesssasess 12
el -1 13
A S A A TFE(2010~2012 T TF) ceereecresssnsrnsesnsnsseesssnssnsesssnssesesssnensaes 17
A AT A ATFE(2010~2012 FJTF)  ceeeeereresrrsesnesesnesessesesnesssnenes 18
S = = Ry [ D8 B a FoY [ B [ B 19
AT ANATFE(2010~2012 T TH)  erorersesssssssssssssssssssssssssssssssssssssssssanss 20
AAZ AATFH(2010~2012 T TF)  coveeeesersesessesessenssssssssssssssssssssssenes 20
ATA O] BE AATFE(2010~2012 T ) eereeeesresrsrseresesnssssesasnane 21
A MA B A 2B BB A ZF T (2010~2012 T TF) eeeeereeresrssnssncsansanns 21
HAezpef BB AT E(2010~2012 T ) cereererrsrssesansensensensisessieisnessisnessssssssssssesnes 29
THeATELAL | o EATH AF /M ((13~251)  crvcscnmcnsenunensd 25
980l A F0 HELAM JTZHEH A cererersnererseensesesseessesssssssssssased 26
TEAT LA 0] A B TZE (I~ 2010) coeremesensersesinsissssssssnsississssssssssisssssissssssssssissosss 27
OLZ T} A F HTEILZAE  cervvesesrcsssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssess 34
AZEAL AV TZE C10—"151) ceeresrernscsnssesusnssesunsasassnsasacsnsassnsasnsnns 35
ZANAELAZC03-"20)] & FPQ  coccrsersersensenserseneseressenes 36
TEN O] HIE QA censmsorsessssssrsssessssssesssesssosssssssssasosssssrssssossssosossessss 38
TEH T F|F]  covosmsssnssoosmsssnsssosnassnsissnsssssssssnssssssssssssassassssssasssassssanes 38
G I LTt TR T R P I 39
R Dl T === L 47
TEHATH MZZAZFA D AT HE s 51
ARZPEE A L3} A ZBFF et 59
AEDAE EFRUEY Data FA] D EZHFH ceerenenensensensensensessessenens £0



B Wk e e e R

N\

DRSNS @

/N

i

k

k

N\

=<1

k

/N

27> MBFZEFHOE FQ EF] ZYQl crrrrmnninininiininnnnisnssnsssssssssnsn. 92
AZJAZEOE EF FQ ZY O] o 114

7| RO 7| S5 QTAF LT T s 159

Z R ZZ BOEH HOF7]Ze TP e sssssssssisssssssssssssissssissssss 159
Aot7|% B3-S B 529 7|S/aololEl W BT 7] e 164
VAR RN N R\ K = R 165
7)1%A ATG F AIEA U ZAFTHE crersersersssesssesssssssssssssessssssssssssssssssesss 166

T) 2222 ZAFFFE s ssssssssssssssasns 166

T T ALE] QT ZAFEFE womrressssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssess 166
36> S50 wWE HZEHE =zt ¥l Zle EEok Zlesidotol i
A s U B A R =2 D g [ SRR 169
ZAE Qlze} A Z1E Rk ZleEololdlE TeH Ak E A7) 1T
9 A=Z-AAA 71e ARk Zleridoto|E ZeA/AE]E AFA] 172
718 E W] T AR O] T QA ceeresnsinsiiiisiiississisasisases 173

14> F&o) ME H2ENC Ame} QEFol sl Aok 7% EotolHy

/N

=4

N\

b

N\

=<1

bR I N 1 1= 177
455 A AZet HYLA 71% Ao} F]E ol AE HRA GE w179
46> §FF HEZ-AAH 7% TR} 71 S| SIE HRA GHGE e 180

Z4o] ME HAENS ALt AE|x J1% AEoE 7] & EelolwE

B B [ L e 181




Ap

48> AAT Az} A 7]

-
At

<

184
188
188

A4 71% Ak F1 & molo] B H DA LB AT e

50> mIALS] T RE .-

-
It

<
<

%O T e

of 7l&7doto] R

=]
Rl

QIEjFo] 2 7] A

=z}

il

Hl=

2 H2E

51> Tl wh

-
st

-190
191

p—

(FE 52> AT ©

&1 7))

<& 54

200
T
w201

<k 201

WA 224 AE - 400Km/h

(F 55> &
R 3}hA|

{E S6»
<& 57>

<
<

5 B 079k A A F]%

E - 34

5
T

Hipal 54 A= - 20 4
HaA 573

&
L

202
203

58> %
59>

-
st

3

ZleME AEFA %

TR A

(E 60> 2L oAk

-
It

w38

239
w47

B

—_—

0

4

22
v

ol

248
w256

TS ATALY AT A 30| serremerrssssssssssssssssssssssssssssssssssasanes

|

(<E 64 TEIER
(E 65> ZU e

e 260

of m&

268
269
269
w270

2] 350km o]

3|

67>
68>

<
<

Jﬁmo
e
o

KR

= AMAF] FHAY G

A

s
=

€] 350km o]’ a1

3|

-
st

—r

[e)

|

=)

N

CERER

<& 69>

271
272
272
272

70> =4
< 71D =4 1

-
st

<

72> = 350km ©]
<E 73 AR b

-
At

<

o]

H

B

=
=



74> ZU9] A ]2 O] FR TR wremmerrsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssanss 973
CE T5> ATTE A QoA FAYTFR] werrrrssssssssssmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesd 973



(29 1] vt

A7

]

3

(23 2] A+

15
16
18
24
29
27
29
30
31

B

sF =

97

A

(138 4] F9 9

A B (13"2010) eerssesersenssrssessensenssessessensens

%

=

ol
=>

e

~
0

o

M
il
4
™

i

(28 9] vl ZAg

[ 10] 2020%

(29 11] 2 Afo}

32
.33

(13 12] 2 Alo}e] Moscow-St. Petersburg

Al

(2= 13] Morocco?]

33
35
39

40

(29 14] Johannesburg ¢} Pretoria 73t 145

3]
<l

AT A

(19 15] AlzHAl

T+ Q O] eereeresresnnsnnsensensenensenesesnesnssnnene

=i
=

(29 17] =) NESF

61
61

o

wjr

T
wK

N
o
A

Y
wjr

h=
=

(29 19] 5718 A=2+=

(19 20] HEF

62

o

wr

62

(19 21] AEEof 77}

(13 22]

71

79
82

(29 23]

gl

(13 24] B EE°F =7}

(13 25]

93

A

94

94

Nlo

wK

Zol

2]

(19 27] Axd= =7pE 59 &



(27 37] < 1093 =7PE A27FEEF =2 AA Fol

(1 38] HZ 1087 AlR7|EdorE = AA Fol

(18 39] 27} A EHoF =& AA 320] L H|Z s

(T2 40] =7F =ibEol =32 AlA Fo] 3

[ 4]1] 27} WERof =5 AR 320] E H|E oerreesssssssssssssssseees
[ 42] 2718 E]GBof =2 AR 320] E H|ZE oeeresssssssssssssssssens
[ 43] A5 AT I AR Z20] seerrsserrsssssssssssssssssssssssssssssees
[ 44] AAAE 27 =2 A 320] B H]ZE eomerrmsssesssssssssssssssnss
[18] 45] A B EofE AEH EEA R Z20] wrssrssssssssssssssssssssssssss
(25 46] AAHZAI2E A5 2ok =7HE =FAA Fo

(28 47] A 2ok =7HE =2AA Sl 3 vls

[19] 48] of A} Bof 7P E=EA|A] 320] L H|E eommeersssssssssssnnn

(T2 49] 718} AAAZ Zof 7P =2 A4 F0] H

[ 50] 7| &2/ ALE] AN 2] AFA 7] ceerssnsssssmmsssssssssssssssmssssssssassssssss

A

d 35] A=
H 36] 9= A
0d

2 28] AR E Hol QX1 EF|ZQY Z20] rerrersesnrsssrsserssessssssssans

Y 20] AR FoF F/hE 5F 9 Fol L uF

Y 30 SE¥ Bop Z/hE 53 29 Fo| 2 uF

2 31] oz} Bof 71 EF = F0] " H|E .
=]

Y 32 B YA o} 77}

_11_

132




[T18 55] H 7| S H G FFF crrrmmssrsssssisssssssssssssssssssssssssssssssssssssssssssssss 148
[728] 56] HOFH U 7] ZGrT sememenninininiiisisisisisissssssssssssscss 149
(28 57] U] AL O A Q] FQ T wereresesesessssssssnseseeessnssssssssssssssasssssasans 149
(19 58] METLEER ZU S 7|EE3F G 2Q O] errsrrssssens 150
(18 59] AN ZEOE ZUQ) 7S E3E T Z2Q O|FF wwersersersersesseseanens ~151
(28 60] AP HFEE T2 cerrrerersersssssssssssssssssssossssssssssasssssssssasssssssssssssssans 153
=2 3 = = L 155
(28 62] AL ZRA 080 W2 ZHFZZEOE TmZ s 156
(23 63] 7| SN TA] T2 SEZA I corerrerserrserssesssessssusssssesssesssessssssssssssas 158
(28] 64] 7] 2R ALE] A AT A T] soerrerrsssrsssrsssssssssssssssssssssssssssssssssssssssases 167
(718 65] =<0l W2 HAEH= QlZa} QEjHo) 2 7|& /ukiol 7|&2) A8 AFA|7] 168
(2% 66] 2FAITH et A LA 715 TR 7S ZAFE] 2] A A T] ceersensensenns 170
(19 67] %% AZ-AAA 7l Wk 7|3/ F AdAA7] 172
(18] 68] H ISR GT TUFF corrervsrerssssrsssssssssssssssssssssssssssssssssssssssssssssssassnss 181
[72T) 69] U 7] ZDGRTe enemessensrusossrssorssssesssssosssossussonsessessessossusossossossossossorsosses 185
(28 70] 246 2 H2ENT A=) Qe ol x 7% Afdiol I 7]&4F 186
(28 71] A QZgl A LA 7]% NLEOE U] TS GF errereeersrnsrnnssesssisnens 187
(28 72] €838 AZ-AJA 7]E MDEE U 7]E ST weemnnn 187
[28] 73] 7] 252295 FEZF]Q wssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 192
[O9 74] 71 E€TT-FTRE ZEZTQ FBA(FTH) srormererrmmsensciesseenne 193
[ 75] & wE HZEHE Qlxe} Qo2 g MEEF VeTE-T8%

FEZZQ FA] s 194
(23 76] XA Az} AALA 7 MEEF 7EFF-F85E TEZYL B4 195
(28 77] €88 d=2-AAA 71& MIEoF 7EFTE-TAE TEZ L EA e 196
(29 78] S&5¢ W& H2EWE Qlxe} IEFH o2 7& /Mol $RAA =& 197
(23 79] AT o1z} A AaA] 7]& MEEOE TRIA I ceevrscmesmnessmsensnesens 198
(28 80] 38 AZ-AAA 7]E/ME BEof TRIA TEZ cerrrcscsiisnssisesecisisennes 199

_12_



d 831 FHH TIE/ANBU= ZUE Y AA TF T e
2 84] M EIAE HAA| TA G A] e,
2 85] A TFILGB] A A ceeeererserersesersnsisinsusisinsisisasiisisisssiisasisasissssasisias
 86] TV lErE ARTN|E vs. 2AEHTRJZ A 2E T]E e
Y 87] ZAZRA B U T] LT s
T A P PAR - B PN DA B T o
2 89] ZrHEZ] AYGHA BT ETFA i,

3 901 =7HF-A

d 91] "AAdwE7lE R&D FA7IAG( *12), 9] AF-d =3t dAE A

2 02] HIA « 2 T ZH R ELOE seersssesssersssssssessssssssssssessssssssssssassons

_13_






N
AT 2 "HaA

O guvalE 19879 145 150km/h Ajrkes 382 dsta, 2004@
ZFPA TGVE =9¢3te a4 % 300km/h slé?—éE A E dAS

o 1996 3E 20029747 AA 71eMEe 53 Hus= 350km/he] 14
= 7]1%S gRgon KTX-aHolgts mauow 483t 423

o 2007dFH 2012717 HAEE 400km/hel sHEALE IEKHE A
(HEMU-430x) 7}ste] 2013 3€ 421.7km/h FHiEx G4

O 2&d= XAF 7€ dAH vusts 1&AE Q=g REd g
Z1eNde] S8 |FARA XA+
o Hi&% 350km/he 1453

;(]_E]:O] /éx‘ﬂi \_.8 I"IL_-;
& a7 AEARE $AAY AR R

b
o
N
()
=]
=~
3
’,:T‘
ek
2
of |
i
)
1=
of
o
aly
k)
ol
=2
R

o n&HAE AN FHo| Hu

B
UElo] 350km/h o]/de] a1 T ol 1‘4135} 7]g°] Pr%‘—'& SR

- ol ]
HEMU-430x 752
400
e e ) F
350 (2585270
KTH-AHH 7

J00

' KTH= 2
o (ARa=sEs)
200

. T4 s}
150

MOtE = SHEX} HE
100
CPEM 2| 2 &2}
el - e
(Hel4)
o

1gagls 19533 19815 19873 20044 20078 201243 201583 20178

[28 2] fa|uet BEol S5 HAEA



2t Al=" Zle S Aol

hva

of wgksolx 2010 = EH wF R&D EE3I]

2t A" ZlE/iEo]l AlFAel AZIE e 2010

hva

1

12955 400km/h ¥ 1243 = ¢

(o]

1&FI=
o AA i
(ZERF, “10.3)°0 4]

[] 400km/h

¥ i G . @ W oo T &
% > 3 iy NP g B T
" A ™ I w5 & L = A
! ol i M%._W fuy ﬂﬂ S jul7 = mw o} Njo
) )A .
— O ,mE X \E' S R
i o o 5L ow ooy, B B
° R A 5 Wm0 <
) TR © o7 A O o}J Pl
% M o T T T P
Y ol Moo 2 R = = W
10 T T T %_.,_ B i o & N < A
SN ?%@éﬂ&%@ﬂﬂ%%
) ° < % X M g T R
Wow ow . P T d 4% i = <
S R o W N = E
p A = o T o Ggmw TR TS
P 2 G x P T ZHHT o pF
N 4T P g FY eyl %
ew oAl DA o< TT o9l LUE o
H AN, ol u _ = -
d P ¥ 2 Txw vy AP
W T o= e e e 4 o N
o W T aﬂ Ha » &% = IR T
™o 9 A E "o - = K W oy = X
L8 < < O ool s KX
= % o o®oop N T W E = T o
o WY B T R oo W E N 24
Moy 4 4 d 4 o ® S X S 4
U He A f dHw 4w S e
™ O N S T I T
! | | ‘mi o
)

7

S

o}
[ES)

‘ZA Y ETCS-L2 g AHA| o

HETZE SHK|

71&’
HAE

Hplvle2

SH Al

AFgoRT 7A

1) RHMICH ETCS-L2 FAHA Of



[ d7 718 AllA wskd 71aeid

A2 st Bl 9

MEAY

&, A Z271e] ws

g

=
T

g o)

R&DA
ghA| ' Eoke] 7] e7iE Y

=i}
=

2

o w9 ZleMtEsd, A

3L

A

A= R

)

&
e

B

r
B

q_mo

Z1€oll =7k A9 A¥, 7l

H gl A d7E 22



AZ2EYH

P we

ZA 2N AR

TN Ao L&A

1

o

E£A=

al

¥ DB7= 3 400km/h

o Fe AH, A%, 7]

i
nld
HJ
=K
W
wjr

~a|
o+
KR
Nfo

mK

o
M

o]
i

N

LR

mK

o 7lETaFA}

=
=

b 7l E7)Eoto] |

i

E

- 717 doto]

™
o
Vo

N
Ho

22

- AlEAREEY +Y



HIEH/SE U
S0

R0 AR B4 .
Sthe) TEUTAR P4
HEOIER APREA

A
N

HFH S B3

SR Y

EIII

0| AFFCATIRE FF
55 % =25Y
" SR

ZHN FENA o

|
M o

AFHEE Y
249 H)

ol
(ST

s FUUEopE = SENEHVE ow AEEIPIG = PEROSY
?Pi-:-'ﬂ-_mh .};ah-ig Qﬂ&b o ARPIREIAE w  ZIaN EEY
= Buuadiae 22 . 7 e
?ss?‘mnmfn'gj s B
Rl = s FlETEnch
+2



1. 33&4

B4

i3

;oO

A%

3|

1.

&

Ho

w

7k s A

A&7 5@ B, J1Fasget

A Zo) FA

i/
M

Hse d&to= H

F

Al

=

)

2015

2020

1,124

4,776

(*13~"25)

422U~

EIEE

2| ~E25

1

Agolm, d&2 500km/h ©]

<}
=

F

1.25km7H=] g7

of |2/ ot
[e)

s

LQIX
S| o
N | N
™
o | ¢
N9
| ©
ol | o
oF m:_w
hal
= | o
a0
o
Al
<dr
r

Zt5: EU. 2008. TEN-T Implementation of the priority projects progress report.

|

o ~Fole AA T 90%7}

“20d7+A

r



973}

‘Vision 2050’04 &

-

—

A A

292011’

O #+38 =7 AL 93(ERRAC)

O_E ,Mv_ﬂ a7
o o K4
% 5 Al > |
o
M iy
INtO 1@1 m_x -
° o o X0
T T8 & & mm arE > | >
3 A_o ~ |z e " &l RO
%0 oy
o H)
o =il E
S.L © m_ o3 A_.__._
= @_._rzm___ I 4 SESEN
uF o- ® S
¢_m " I g0 @
oy m_a Hr He (R T KM ~
o e T T ol TF
! ilof -
ot oK M LW
— o o o ol ol —
o B =r 22| R m P o
T b|®lelg & =< BT v
= o= 2N TGS = | R
My B or F o
e H NS U w
el N il K I
w AV L) TS
o X e i g
1%! O_U md
™ i 5 WMo b B <k NN
B T v &= HroEm o | U
nﬂ/uu = M .WJ OT E_ v [)
o
Lm W_ % B % M _ L
S Q & s T | 4|
- - il
" 418128 <+ B w3
LUl Q H:. < 1o ol
I — i Lo ot <
S i = |oH K Rl __om_ pal
. 20 Lo ol qr E ol
i or Moo T
K <

2) ERRAC : The European Rail Research Advisory Council, 2012

75 Rail Route 2050 by ERRAC




THol kA PRIA,

IF7HEA 8

H

A1z A7)
ARRA 3o 2A% 4y Z71d=A 8 24
1

[0 d¥d=HFRA)L

D "=

—_—

-
Y

0

o

150km/h7k

=

3l 800kmeo]

S

—

o

=

b

w49

I *H(ARRA)
200~400km/h <]

s

4=
==

9]
2~3AM3t olul= A4

22X Al

=

=

SRR R

=

o 77188 8 AFA W
)

o
B

;OO
Ho

o
!
Nfo

—_
o

oF
mj

o

jzel

nJ

M
i

=T

J)

B/

il
=

r

40% %

=

‘30d7HA mEHE 247k =

[

T
4

“(NE HSR

=

20404

%

o

2~ =
1EE =
=

Ea

=22, =94

=
=

=i}
=

Yol

X

Corridon)& H#+ W&

o Amtrack&
o g



2 =3~
[0 SNCF(ZZ2 9 E =) A

A5S ISASE AT F

> rlr

o ‘08~ 14\d71A 3008 A3 1&£HE gaF o) 28 F

o 20d7kA TGV sHel-dER I3 dvs 34

O A<7bs 2%, aSA2d AFE, S[I9TAFT H 2489 A&

98 mEEF AT = 1% (PREDITHS <%

o E AAAAL, HAH DF/E D A2 A8, S, A=A,
A9l e 28] 7ke] BRI} 23
o MM, FANLT, A HAF A2 23
Q) =<
I 22

O 229539 a5 FAED) it oz 3&£ITE 7
3}

o 71FWE WS 5 BARE Yo A

[

o BY FLEASE A Frke] A WEFUOE

[0 “olZAy wE” dFz=z33 9 “Research Initiative Rail 2010

T2 +9Y

o A&VsH, BES 2

3 Inter-ministerial Land Transport Research and Innovation Programme(2007-2012), 2013. 10.
N 7170 718 E3M, 2012, 9, T EWER

3rd
4 DEHEE 27| FNe L M5



(4) &

AR BNE F

‘153714 S EA(E=, alof, A},

o

oH

B
Hr

oju

)

file)

B/

AR T

- 417441 ©F 600km A2

700~800km

3t

a4

=
=

A7E, thaek

oj

LOAIEE Hu&EE7) 581km/hdd

1
|

3

[e=]
=

/\01—

-

2ot mtag B A=A 2H

A, FARTHS A, 42 MY Fo ZleAd

o @3} ALslol

)
Hlo
rl
L
ﬁo
-~

K
ol

<A

el
el

TH

<]
M

oy

O v d=E, 4838, 7|z27|e 7

o

7= kol

A AR Aze =

3+

stgom ¥

2 483

=

AYEAEE AlA

=
o =

A3}t Azl g A

=N
[}

O OfATE

_10_



A

2 ‘e

o
==

FF 208 0T &

‘AHE,

T—
-

[ dEAE=FR71<A7T4RTRD

‘@A 23

F,

3t 714

A=3h, dapAole] A

€l
=

, AZHZIA A2

2<El
=

|

A

A

8

al

-—

N
X

o

piig

ﬁo
)

ol

ﬁo
R

—

A

o

A=A 7]

P
T

?:5_]_-

3}, EAZ 7] &l ¢

A<
alss

31> & A

®) T=

‘20d ZlE AT 209 o] =AM AT FATHE 95% ol X

[

'R
e
A

A= YEYZ T

g3l=

£ Ag

I 3,000 &2 F2

9

% 9

[e]]
k=

o

a4 A

A

‘1213 109,000kmell A 201d 120,700km =

=
=

7] AU EH I

o

T A4S

|

b s

12,000kmel] &3

3

£20d

Al w=H

T

oH

&
o

= 23

%

1t

‘20d7bA] oF bF fIte TSt 8F 83 F

]

i
—_

4
Wi

—

__AE

o
N

o
=

—_
o

SE=

=
=

O A=% §F< vgo s IAE AZPAY AAZE o)

‘099 7= AlA S FEoE AR

= HE a8 3] AHCSR, CNR)&

=
3

o

_11_



4. 30 35

D AR/FA AT

L] SelA &

Ea

al& SOCs

=
=,

o Al 3F FZIRFTAZFAAZ( 1D = =2 F A AT

o
Hlo

o Al 13 A &7be =7tals

3} 7leS JIEC 123 430km/h)

ol

4
\4

~

[

Kir

ol .Arox._.ﬂ._
p <! - il &
pafiEs a0 . ((E=]
PRI i ] ¢ 9
ooe 0 =2 p 20N R
R AR M o & B0 8o
= Dm - w0 — 9
0 N = & N0 ~ K S o I
oo N.__A.Ao = - n_o._.Au.___AT_.JloEm_ r_%
= | 2P w4z R Tl T
T 8% mu3E M o
0 F =T . - BT I _ ToF D w2 & E
K] B AW W0 RO N < g
g WA oo W ouo o
PR B RN = 3 W R
N o = EU X0 o X0 <IN - gh oy KO o
-0 F ® MW OOKH T R KO - 2T R0 B o 1o
20 Yo W I <F o, ® A O W
YO olo V) T ol o o M
AN S B I A E
W ® T T w k! I e KWl L gy X0 EUy
A3 K WATX W ®H T E HroRl
_._._._o_xru _A_._. _—
_ N =
wd e ¥ ww NoB) o F
of o Ly M = SR TH o 0 w0 S
_A_-._ __oo =T O_ Iy - __A_.o - o“_o - hil <
W TR Ty ITT) MG
Hltzxo8 . " Fleadz T3 B> g
oSS I g T A S AW O H gD
— Nl o = < o |H O oo R0 o F IR Rl e
T W 20 7" owo jol o0 T OO I W Wo up NE E WM K WKL &
THMFoaoAIT N AAdAARIEAM SWFD
AN o)) ©
ml Lo S p =
- =)
T S Q Q
o N 3, & =, 2 -, &
BN & S & & & &
- Ry O LR LW
oF [T Y KU wr KNEol T
0T 7_m_._mO TN AT =~ W
o <kF Ko < RO =

_12_



Faug

ol

prn
o

=
S

b

=

k=1

AH WS H A

fivy

o
H

K0

=

of
~NO

ol

Kl
Kl

of
~NO

od

il
Kl

P AHE 7H

2

o
=

9o

ST

=

il
)

.1

A
!

k

o
i)

=L

=

o

F
or

: 15.9%('08)—24%(’15)

: 0.10824(10—0.10024('15)

M

2hu))
74%('09)—95%(’15)

HlAl
: 2%('09)—4%('15)

7
A

o

. H

o

o] EAIA

9

5104

9

STAIZITHRl 1AIZE 0= E

Kir

-

o0

Kl

s
=

EEFAA T

3l

=

H

i B |

20
K1

Tof
0fo

H
7l
Bl

&l

P28 10% &=

<
70l
oF
i
20

- 12kmE LARARLL ¢
1224(09—1024(15)

i

00

N

5

- 19kmt AH

A A, A=A F3AY

al LH
!

2011.5

2010.12

&

2

A &
7|2k

2011

2015

2011
2020

2011
2015

O sdl =384 F8 7P AMs A=z &5, AAAnE 714,

M2t

[e]

<
H
il

=7t

H2xt

Zo W
H o
ki

_13_

43%(09—8324(15)




=

o

A

B

2

-
ighl) 7k PAY 4

ZALER} S/

o

L] = ) M 2
L ‘l_d H o
=

@ %% R&DH

iy
% C 4
= T WE Njo Mwm < 0
o oo o o o
w R Njo e i <° <
_E Ao o U ‘* ﬂ_mo - o -
wy 537 g5 3 v 53 g
T - X %0 N od W w < - Ny T Aqr o
I ° S Mo ¥oomm L
T o @ - T gl W T 5% 12% < m_—m ~o U |
v EoT i - B o B ®oo © o < morou %
kol i %0 Vi B W A LMo T i dﬂ; o O r o
_zﬁmﬁ%é HA AN T ﬂmuu %7 5%1@
o E i z M a M S B i 2E_w
—~ R — 5.0 TKH — E ,.n_.me o 1.&1 M J| =
B oy T 8 Jo A a R T ¥
X 2L X Jo = Ar S A i B B o B X <
I/ SN = P N T * R S Bl o) oy ~o =0 X —
S W o o= o = 0 < ol Mo 4 o w <
mﬁra (D I~ Mo N @ X T _‘1_ " = W o o o T X aﬂo -
tm_mw_ﬂ;ﬂ%av_ z u s ﬂTzﬂx T
*3 T i= ?_ZTA;ZQ by FE21
I b 7 o _ - o T om W T i X
g < ﬂﬂw.ﬁzl% MR Mo N T h
u_.ﬂ_/d mﬁ%G@DﬂuA ,xﬂa_.% mu_u ™ W_WEJVU
e i um&rwo_a &ﬂ:l | . G o= Mo Rom _ymﬂ
T o W o= R 3 X A %o B w - T B I B
5 W 2?4y b = ™ o o o < T » M il
F g )W%ﬂl]ﬂ T X L m < ™ o — g G
Nl SR N %O_H@4O_ELE Y T g
< N .mc%mm_ﬂ% R B % - %@Jﬂ&s o T T
NS = X El R { o ok o B No 100 El r = %0 oy No ur_,ﬁ A
Mo+ & W m% W w W W T um ) o~ w mm ;o N
o o 0| B o — @ o =g a T < oy K
N rU N A KR 22 o< 4
© S~ 4 o o) =
° N ro AD 0 ) B\
;IL o Ll " nmo Ry
-~ e _ 0 A

- 14 -



11 (12 3 (14 fs (e (7 (8 | smame | suss

400km/hE n&T= PR ] DEEN UE T, A0ckmih izt 4
NEEE ) _ . . | #4712 % AN | A el e
[ HHCk Al 248 ] {A0kmhE BOE DEAN | 430G A 24w
(BsE<)  WeH I 7ale) ) . . | | EA HEDIG W AMRR | EsE HE NS e 28
2B aaga | ey ﬁﬁ? 25 n=ga uy ET;}H P2 ety f
00k S HEALA | 2 |d& | S00kmihg | ks S00kmn BE
; g Ean - Bal7he 4
[ AU SO0kVRE | R4S SO0kmUhAl B | MEYE| SO0kmME
L} | #eAsguss | aSwsnmsdus | 4830
A H7|Saa) o g TAY R iArEa OEE Y | A ATRaEae 9
£E MY [ 5 HUES 2 A T [ R £ [ 27Hd Hueddy
MAEHEN | QT SR FIELE \|AY [ OfT | S AT SEEE T
i SHAT SHE HY | B

| ' ' | daisge| G0 M le
TOIEE AAH | ME A A .

FE A |RAEs a4

E35 TEEEE ] FAAE #347 R it S G

[ 04 IS BTE e I EE Tigny ;III'-%.l IElg‘; JJEH:% . ol A s Y
S5 AR Y B HAS | WY Y TSYME L8|
S| | gmediuio | metimes

: Al i D o E| & T

TEUBHE APM Y TR EVEl ATEE | TSR 1% AL 7lgoe

HEER A Rl SR SEF | U oiEEs A

Al
[ om rw w aexm 2 o T da, SUE AR | AAAARS B0[E S

% )

[O2 4] ‘&8 A U MoEEY|s’ JMEAZZME 20

_15_




2. NAZSFEA

7k Y NS

(D) A=AR =26

(] AlA AEAZ 2= 20108 8H 2012@71A] 8] HiS 7|E0 =2 1,429¢
fr2old, o] F FxagF BEo] 860YF260%ZE 7HE & vl 2A

o AEANH TFEE 20169714 A 33%Y AFAES HY Ao o=HUo
o elzgt FxE] 39%, A2E7|E 1.8%, HExE 33%Y HAAES B
Y HRoE o=
<E 6> HTAIE 72(2010~2012 )
MEE(2011~20164
T NERR 820 2
1. ol=elxg 43700 39
2. AAEIZ|E 13,200 18
3. HE AR 86,000 33
A 142,900 33

A5 . The Worldwide Market for Railway Technology 2011-2016, SCI/ Verkehr Cologne 2012
[ AYE ANAFE ¥ZFL §8 49%, olAlo} 43%, EolwEzt 20%, CIS
18%, ol=ZEl7} - TF 5% FH| « TV 4%, Aoty o} 3%E Z}A
o YHAZES HUA AA AY F olxZYiHFT AFY HTF dZE0]
10.6%=2 7F& &1 Bu] 5.0%, 97 5.0% <=2 YEeEIY

6) HEAIZ2 SCI Verkehr2012 & EHE QIZ2fFEE AlE, AIAHDY|= AlE, BZARE AIZ22 TFE5t] Fald
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<E 7> K99 HTARFE(2010~2012 )

Chel: B0l 72

TE AlEE A&E(2011~2016d Eo)
M7 39,700 30
STH 9,400 34
=0| 19,900 50
S| 4,100 50
OtAlof 43,400 1.8
ot=Zz|7HES 5,100 10.6
CIs 18,100 32
AE 2|olEf 3,200 1.1
| 142,900 3.3

A& : The Worlowide Market for Railway Technology 20112016, SCI/ Verkehr Cologne 2012
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<E & ATE-5TE D&M Yol(MA7|E)
= 200~250kmvh 2517300kmv/h 301~350km/h 350~400km/h Al
20| (km) 3,768 920 1,441 - 6,129
07~
‘09
H| & (%) 61.5% 15.0% 23.5% - 100.0%
20| (km) 5511 1,581 8,261 - 15,353
104~
124
H & (%) 35.9% 10.3% 53.8% - 100.0%
20l (km) 8,025 4,741 6,265 - 19,031
134~
154
H| & (%) 42 2% 24.9% 32.9% - 100.0%
20| (km) 5,507 4,502 3,234 667 13,910
16~
184
H| & (%) 39.6% 32.4% 23.2% 4.8% 100.0%
Z 0| (km) 5,274 2,103 1,370 1,345 10,092
194~
214
H| & (%) 52.3% 20.8% 13.6% 13.3% 100.0%
20l (km) 6,950 5,830 3,479 3,115 19,374
22 A~
H| & (%) 35.9% 30.1% 18.0% 16.1% 100.0%
XFZE: HSR Global Market Trends SCI Verkehr, 2010
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Ob Az F2E AAD

[J 2010958 2012d@71A| 9] HES 7€ 2 JA=Zg7F2E AA AT
B 4139 fr20lH, o] F ofAol= 1289 frE, AREL 1119 FE4

9 F=29
<E > YT AETFZ(2010~2012 HH)
CHY|: gokR 2
o==p} 2@ M| o}
_l?_ M 5 oo =] =L} A
T= B! STE £ Zto| | ofAo} == CIS Lo} A
AT M | 2750 510 710 600 5,760 720 470 280 11,800
sxjzal | 5720 1390 | 5380 820 4,980 1010 | 2920 540 22760

A& @ The Worldwide Market for Railway Technology 2011-2016, SCI/ Verkehr Cologne 2012

o AH3} FIEANGL 679 F22 AN EFRF 409F=, FAAERF 27
o FE=E UEhd

<E 10> MES} A|ZF2(2010~2012 HH)

chel: wor R

o o o | mnl | = o=} 24 ot

72 | MRY | SR | =0 | sdol | oot | | cs | | A
Al THZ 1,440 260 150 110 1,540 190 240 60 3,990
A 22| 1,210 420 30 16 490 15 520 10 2,710

AtZ @ The Worldwide Market for Railway Technology 2011-2016, SCI/ Verkehr Cologne 2012
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) Alz" 7le NS

Az A0) Bo] 1329 #

= AR dRES AASH A

<E 11> AEH0| B2 AFF2(2010~2012 H2)

crel: wol §2
72 | MRE SR | S0 | 3gal omio | T cis || A

ARzt | 2440 | 400 | 510 | 240 | 2080 | 430 | 160 | 200 | 6400

A 22 3,260 800 425 60 1,240 115 720 200 6,820

A2 : The Worldwide Market for Railway Technology 2011-2016, SCI/ Verkehr Cologne 2012

o MHRALE Bok AL AFANF 200 F2, fABE 5029

<E 12> O{AYEAAHE R AZH2(2010~2012 1)

chel: wiot §2
o7t QAMlo
78 | M@ | s | %o | s=o oMok | °Ht| s SR
ST LI Ol'
Mt 7HEF 835 75 195 25 675 40 85 40 1,970
R E==A 210 30 50 5 150 10 30 10 495
A2 : The Worldwide Market for Railway Technology 20112016, SCI/ Verkehr Cologne 2012
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() A=A

O A A=xF AFFEE 8629 F=Z FRoIH, NYEZ s ofA o}
2649 =, A4 2209 F=, CIS 1329 2 74249

o A FRERE A 2099 F=, EMU 1299 #2, A7 %3} 1129 #2,

AzE 77 7=, EAEE 689 =, aE5EAE 659 7=, 71718 599 =Y

o AAATRS Tl F AGFEE 22 4779 K2, 3859 F

fru
juked

rr
>,
il
N
rf
[
N
b
2
=
m
o ©
o
o
b
o
El
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3,
Jo
N
f
+
R:J
ofo
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chel: wiol 52

TE Med | S7E | |0l | SH0| | oo} o2t S&| CIS |2Alotot| A

M| | MR [ 580 130 230 10 | 2490 180 830 50 4,500
J|®AH| EoiE | 1,000 | 330 20 10 560 130 350 50 2,420
Cl= [ AR | 340 70 1,160 | 240 | 1620 270 530 250 4,480
7|®AH| Ei® | 1300 | 600 | 2340 | 330 | 1,180 290 710 230 6,980
% | AR | 1430 0 0 0 4,640 0 70 0 6,140
dxt | o | 1730 15 15 0 1,200 0 10 10 2,980
ey A | 3800 | 450 230 220 | 1450 70 350 530 7,100
mofE | 2250 | 300 150 120 | 2250 180 370 220 5,840

oy & | 700 120 30 5 80 75 40 25 1,075
mof % | 83 170 10 20 265 3% 45 30 1,405

gz |AA | 430 190 400 100 | 2260 310 1,540 10 5,240
K Zhf = | 1,130 | 440 250 30 | 1,230 200 330 30 3,640
x| A | 580 160 | 2330 | 120 | 2420 120 5,780 260 12,000
o= | 1520 | 760 | 3220 | 230 990 270 1,730 130 8,850

Sixqz | A | 970 470 250 A4 34 170 100 14 2,040
CTT | Eoi= | 1,080 | 960 300 12 72 20 160 45 2,650
SAL | MR ] 1170 | 170 640 300 | 24%0 210 150 0 5,130
He | ®oiF | 1080 | 130 950 160 | 1,200 60 110 0 3,690
5 |AA | 10000 | 1760 | 5270 | 1,029 | 17.484 1,405 939 | 1,139 | 47,705
mhf® | 11925 | 3705 [ 7255 | 912 | 8947 1,185 3,815 745 | 38455

A 21,925 | 5465 | 12525 | 1,941 | 26431 2,590 13205 | 1,834 | 86,160

Zt5 : The Worldwide Market for Railway Technology 2011-2016, SCI/ Verkehr Cologne 2012
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<Z31> UNIFE World rail Market Study(2012)
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P 9

O HREx8AZNA 202008744 F 10,256km 15d =8 A4S A 84

<E 14> "HSHDSYHE, of DSHTY A e (113~'254)
T& A& 72t A Zh(km) 23(4)
oal~22yd/B2d~Z 2L~ dAH 2~ 2 1,124 2015
e A 22 3,753 2020
T =8y 603 2013
of#l2|otetE 4,776 2020

At=: EU. 2008. TEN-T Implementation of the priority projects progress report.

<ufe|~ 224524 ~ 22~ UAR| 2E~BIED <HMRE>

o
<STHE>

<o|u1|a|o+uw:>

- =T
100 Z2AS
i 200108 0| =N A=
TRER 2010—20135 0 A=
| 20138 0|FH AF

AZ: EU. 2008. TEN-T Implementation of the priority projects progress report.
[O8 7] HREUSUAS(TEN) S D5E T A ('13-'204)
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[ 20123 7|& frgddA 14 ¢ A== 730 F 432 b3 25

<E 15> REe #d4d 32 M F4E 5HE
HS I 7t T2t & A ZHkm)
1 Austria (AT) Vienna-Salzburg 312.62
2 Belgium (BE) Brussels-Liege 104.52
3 Bulgaria (BG) Sofia-Varna 543.58
4 Czech Republic (C2) Prague-Brno 253.82
5 Denmark (DK) Copenhagen-Esbjerg 309.10
6 Estonia (EE) Tallinn-Narva 209.41
7 France (FR) Paris-Lyon 432.70
8 Finland (FI) Helsinki-Turku 193.04
9 Germany (DE) Frankfurt-Cologne 179.58
10 Greece (GR) Athens-Thessaloniki 493.42
11 Hungary (HU) Budapest-Debrecen 219.00
12 Ireland (IE) Belfast-Dublin 182.00
13 ltaly (IT) Rome-Florence 261.03
14 Latvia (LV) Riga—Rézekne 224.00
15 Lithuania (LT) Vilnius—Klaipeda 376.20
16 Luxembourg Troisvierges — Bettembourg 34.60
17 Netherlands (NL) Amsterdam-Breda 115.10
18 Norway (NO) Oslo-Trondheim 551.81
19 Poland (PL) Warsaw-Katowice 318.80
20 Portugal (PT) Lisbon-Porto 336.10
21 Romania (RO) Bucharest-Timisoara 533.10
22 Spain (ES) Madrid-Seville 470.40
23 Sweden (SE) Goteborg-Stockholm 457.00
24 Switzerland (CH) Geneva-Lausanne-Bern-Zurich 279.42
25 Slovakia (SK) Bratislava-Zilina 202.46
26 Slovenia (SL) Ljubljana-Maribor 155.84
27 United Kingdom (UK) London-Newcastle 432.00

A= ¢ UIC(2012), “INFRACHARGES : UIC study on railway infrastructure charges in Europe”
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10) Railway Gazette International(2012), “Picking the best in the world”, Vol.168 No.3
11) Railway Gazette International(2012), “A Record-breaking export order”, Vol. 168, No.7
12) Bombardier Class 102 and 112
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[0 201238 12¢€ HAl= 44 EAIR(PR], Institutional Revolutionary Party)
= 48 1HAEHR] FAVAY S FRHIYSWY

o " FZA E](Mexico City)e} 4FE]o}al(Santiago de Queretaro)E
T 19A Aol ¢4 FX=2

o 20A Ade 194 AL FoetAeHGundalajara)7tA] A5t &= AF
193Kme] FA71Ag o1, 459 287t F45 o] 20200 o] %

13) Carl Franzen(2013), "Mexico Plans Passenger Rail Revitalization, High-Speed Ling*, TPM
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16
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Fruruoso Santana(2011), “Brazilian Economy and Society”, Ministry of Transportation
Brazil Ministry of transport(2008), “Investment Opportunities in Brazil”

HepE MugR AdEwA(2013), “HelE MR NEHET QE oA o FH”
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===

_29_



AR

(vh CIS

O 2Alokes 1528104, SAATE 35, 549 A H2A Al
529 12030 2jAloF A=mF A A 2H2008~2030) 1 22A A AA]

o 19AIC08-"15E 71&9 I33 =y 7% AnlY wA, 2 =49 &5

ool tigk ZleAQl si2H AA, dx FEEY] AL, 6,000kno] /]

e 24

2EAIC16-30)= wFald ez 77 2 3,500kns EHsto], & 15,800km
7 A AEE AEAT AEQ030 Ao dxwF dxdxd=, 2007)

1ESFH (A 160-200km= F 10,000km, =15 HE(AE 350km)=
1,500km= A2 A<

A e oFFE k- A HFRET}, HPA, tFEE, dER
BEEAT-FAEINZ A ALE TIPold, 1&HAT AXFL
E
=

M —otEH 2, Radnl-2Ed AT -Tgta: Y18

(22 11] Ao BEat

: Ao} E=Z AL EH 0K (http://www.eng.rzd.ru)

18) MAEE 7=
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[] #JAle= High-speed rail project 1(HSR DollA] 2 2=TuHMoscow)-A|IExX
E] 28] 1(St. Petersburg)zt & 94 660kme] 1&AE =AA4A8 219

o HSR 1ollA= 400km/hg 1EHHEES 8T Ao, ol 3 =7HtY
A g Az FE Y 2= 7™

I
X

i Somt-Fetemburg

" Leningrad negion
Pulkows
- \

[O& 12] 2{Alote| Moscow-St. Petersburg 72+ =M T
(5D obza7t

[ =23 (Morocco)= ©7HTangen)¢t 7HAHE J7HCasablanca)g = oF
Z7t %9 1EAELGV) AEAY S LF0

23 AR 7HAER7HCasablanca)ot ®H7F Abol(FE o]l B 73h
4

=]
EAZE o8 wEs] A AHEE A0 LS AASAE

19) Alex Tourski(2012), "BCM1: High-Speed Rail Lines”, JSC
20) Railway Gazette International(2012), “Building Africa’s first LGV”, Vol. 168, No. 6
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[28 13] Moroccoll TA|ZF DEMT M AE

[0 Folx g 7}33=(South Africa)e £3hd) 21 Z(Johannesburg)$} ot
(Durban)e AA3= % Zo| 600kme] TEHIE AL 372D

o Z1&(VHS) H& A4 Z=EAHE v &L2 T 1809 24, WY 4.29 EDY
=3 17,0008 A4S g Agoln 2050d7tA AR FEFS

38,000 714 4 & AP

[28 14] Johannesburg 2F PretoriawZt IHET

AE: Pretoria office of Tourism

21) Av Eugene Gerden(2013), “Western companies to invest in railway line in South Africa”, RailwayBulletin
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O gol3 A%E F7h AUAYY Q@0 A= L AsALY xe
R o 19599 29 TR EAAYL BED

o Ax gl AsAxE Q=g o thd FA= "13dFH 15l A A

FE= 23 AHSouth African National Roads Agency Limited)2]
A

1 ot=g7t m7hEE FXFHE FEZZAEE e 235
<E 17> otZ2|Ft Zld F HEZ2HME
HS =7t Tt EE ZR2HEY
1 Algiers Metro
Algeria
2 Light Rail Developments
3 Egypt Cairo Metro
4 Ghana Accra-Tema
5 Casablanca Tramway
6 Rabat-Salé Tramway
Morocco
7 Tangier-Casablanca High—-Speed Rail Line
8 Light and Heavy Rail Developments
9 Gauteng Signalling Project
10 South Africa Gautrain Rapid Rail Link
11 Mpumalanga to Richards Bay Freight Coal Line
12 Nigeria Lagos Rail Mass Transit System
13 Morocco Light and Heavy Rail Developments
14 Tunisia Tunis Light Rail Development

AZ ¢ Railway-technology.com

22) National Treasury Republic of South Africa(2013), "Estimates of National Expenditure 2013"

_33_



(D) o} o}

O 9B L 5t AEH, Yok, QA AXZ, 3TF95PpS 3*1{} A
AASE AL BEEZ A Ad D YA 143 F

o 1597kA F A% 460km7-7F A A

<E 18> AMZHM Hd|FZF ('10-"154)

7z Hu| 72t AF(km) | 2HBAI|(Y)
Z7tol Alstas|el-dlote 2a) 1487 2015
T3 2ot 2 2|-5tx| =5 81.2 2010
AlZhl L7 b T ofol-7httet 2299 2014
R B VR - 2014
2 -7 27 - 2014

A2 FEWSA S5 0| X[ (www.mlit.go.jp)

Explanatory notes

mmm | ines in operation with standard gauge (Shinkansen type, i.e. full)
mmm= | ines under construction (full)
——  Lines under construction with narrow gauge (Super express type, i.e. super) S\H
mes | ines undertaken newly (full)
=== Lines undertaken newly (Super)
Nagasaki route (Takeo onsen - |sahaya); Variable gauge change train
wesws Lines to be constructuin :
(application under way for authorization of construction) {full) LB E
12t Lines to be construction 20158 &2
(application under way for authorization of construction) (Super)
suns Lines to be construction 148km e
(application not yet under way for authorization of construction) (full) = 2w

20028 @S
20148 &3

245km pakm | 170km

JFLITRSE

1997E B3

V oE B f_Eﬂ
20108 22 5"’ A3t "Schidduledha’Be completed
130km at the end of FY 20084
2004 &5

127km

Tt AR

[28 15] AMZHM M T AHE 2Z2F (10— "'151)
A2 2EWEA S5 0| X (www.mit.go.p)
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Al & 2~ %¥HKazakhstan)2 o} ~E}}H(Astana)e} ¢ulE](Almaty)E |23}

A nEAE AH AYE BRIIFYLD

- -
—

J.ixﬂ EZ 2017L 1—0134]

45 250km/h= &Pt

%
ljo
4>
b

1714 73(Balkhash Lake)S 7}2A =2+ 10kme] o

F 1Az s =ARE A9 300km &=

FdgEx =(Kuala Lumpunzt
‘173 E o R0
FF7A ] o=,

O] g eolAxo} AHE= A7}E(Singapore) -
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o 509 2 TR F AYS 4B 9 fFH dA9

A8t #WZ(Bangkok) - T HIALZ
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23) Av Eugene Gerden(2013), “New railway line to link largest cities of Kazakhstan”, RailwayBulletin
High-speed link for Kuala Lumpur and Singapore”, The Telegraph

24) Justin Harper(2013), “High—
25) on the Road Asia(2013), " High-speed train bids to start in 2013”
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=9 BOMBARDIER TRANSPORTATION GMBH
R =p KARG, Kenneth, A

£35%3 A BROKEN RAIL DETECTION SYSTEM

A system for performing broken rail detection on a railway track. The system comprises at least
one locomotive and a monitoring entity. Each locomotive comprises a receiver for receiving a track
signal that is circulating in the railway track and a processing unit that is in communication with
the receiver. The processing unit is operative for detecting a characteristic of the track signal and
generating a signal indicative of a potential broken rail in response to a change in the
characteristic of the track signal. The locomotive further comprises a wireless transmitter for
transmitting the signal indicative of a potential broken rail over a wireless communication link. The
monitoring entity comprises a receiver for receiving the signal indicative of a potential broken rail
and a processing unit for detecting a broken rail at least in part on the basis of the signal
indicative of a potential broken rail from the locomotive.
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=353 A7NE=E ZAYE €HBARY FEAF F4llE A 7 xE{Rebar structure

offsetting an induced current concrete slab track}
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precast concrete slab panel for track and this construction technique}
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TENS -
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=92 Cleveland Track Material, Inc.
ez CLEVELAND TRACK MATERIAL INC

E3 ™83 Elevated frog and rail track assembly

=38 The invention is a frog panel assembly for a railway turn-out switch, as well as a rail intersection
B design and a frog casting therefor.

¥ DT S8 YT S PHERO MA Ssls [2H] Bz
o FUSNA A= AFHN, A 2 F AFL BEIF A= FH) 2

HY 587 4591 A=

AW US12/206345
=9 2008.09.08
SEHE US20090070064A1
jEs=d -
=9 2009.03.12

=992l  Board of Regents of the University of Nebraska

kg 2} Farritor; Shane Michael, Lu; Sheng

E3&m™3 Vertical track modulus trending

Systems and methods for determining a trend in vertical track modulus are described. Vertical
deflection data is collected along a particular section of railroad track. A first set of vertical track
modulus is determined, based in part, on the collected vertical deflection data. At a second time,

E3 )& vertical deflection data is again collected along the particular section of railroad track to be used in
determining a second set of vertical track modulus. At least the first and second sets of vertical
track modulus are analyzed to determine a mathematical algorithm that facilitates developing a
trend in the vertical track modulus of the railroad track.
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93z US20060162470A1
=494 2006.07.27
TEHS US7337682
529 2008.03.04 HE=™ -
=91 Holland LP
Otto; Daniel P., Ruggles; Harold Thomas,
g
B2 Conneally; Martin
E3 WA Gauge restraint measuring system
A direct measuring loaded gage axle assembly that measures track strength by directly measuring
constant load on split axles as vertical loads are imposed by a hydraulic ram, and horizontal loads
E35U)& being supplied by horizontal rams through split axles and steel wheels to the railroad tracks
enabling improved calibration to measure changes in track gauge indicating track strength condition
and further including electronic data recording and comparison.
93z US20090070064A1
£49¢ 2009.03.12
TEHS US7937246
529 2011.05.03 HE=H -
290 BOARD OF REGENTS OF UNIVERSITY OF
ke NEBRASKA
kv =} FARRITOR; SHANE MICHAEL, LU; SHENG
£33 VERTICAL TRACK MODULUS TRENDING
Systems and methods for determining a trend in vertical track modulus are disclosed in accordance
with embodiments of the present invention. Vertical deflection data is collected along a particular
section of railroad track. A first set of vertical track modulus is determined, based in part, on the
=8ue collected vertical deflection data. At a second time, vertical deflection data is again collected along
B the particular section of railroad track to be used in determining a second set of vertical track
modulus. At least the first and second sets of vertical track modulus are analyzed to determine a
mathematical algorithm that facilitates developing a trend in the vertical track modulus of the
railroad track.
993 US20080228436A1
=44 2008.09.18
TEHS US7920984
=9 2011.04.05 HE=H -
=9)o BOARD OF REGENTS OF UNIVERSITY OF
= NEBRASKA
ke =} FARRITOR; SHANE MICHAEL
£353 MEASUREMENT OF VERTICAL TRACT MODULUS USING SPACE CURVES
An on-board, non-contact measurement system and method is disclosed for measuring track quality,
=8ue vertical track stiffness and vertical track modulus for a portion of track underlying the rail vehicle.
=

The system comprises two or more position sensors for determining the position profile of the track
and a computation system for determining the vertical displacement of the track.
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=94 2012.02.22
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=l Beijing Jiaotong University
e 2} Qin Yong, Cheng Xiaoging, Zhou Huijuan, Jia
Limin, Pang Xuemiao, Liu Song, Xing Zongyi
=893 Wheel-track force prediction method based on NARX (Nonlinear Auto-regressive with Extra
B Inputs) neural network
The invention discloses a wheel-track force prediction method based on an NARX (Nonlinear
Auto-regressive with Extra Inputs) neural network in the technical field of railway safe operation
control, comprising the following steps of: collecting track irregularity data by using a track
detection vehicle; emulating the track irregularity data to obtain wheel-track force data; carrying
out normalization on the track irregularity data and the wheel-track force data; setting a prediction
model of the NARX neural network; selecting a training sample to train the prediction model of the
E3 )€ NARX neural network; selecting a test sample to test the trained prediction model of the NARX
neural network, and outputting the tested wheel-track force data; and analyzing the wheel-track
force data in the test sample and the tested wheel-track force data to evaluate properties of the
prediction model of the NARX neural network. The wheel-track force prediction method provided
by the invention is used for predicting a wheel-track force by using the actual-measured track
irregularity data through adopting the prediction model of the NARX neural network, thereby
improving the accuracy of safety evaluation of railway train operation.
93z CN101122930
94 2008.02.13
TEHNS CN100478965
gEz=d -
=Y 2009.04.15
491 Southwest Jiaotong University
e 2} Zhai Wanming, Yang Jizhong, Wang Kaiyun, Cai
Chengbiao, Zhao Chunfa
E£3]9M A Railway track system dynamic performance visualized emulation method
The invention discloses a visual simulation method for dynamic performance of a railway track
system. The profile data of the steel rails and train wheels within the influencing range of train
vibration are added with the vibration displacement data to rebuild steel rails and train wheels with
a vibration shape, simulate deformation under force of steel rails and train wheels, thus realizing
E35|Y) & visual simulation of vibration behaviors of steel rails and train wheels in a railway track system.

The method can more actually comprehensively simulate various dynamic performance of a track
system while a train is running, and is characterized by high integrity; the invention can also
visually display the dynamic status of the train and the track in a three-dimension scene, which is
intuitionistic, vivid and simple for use.
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9z US13/031678
=494 2011.02.22
TEHE US8474730
gsd -
=Y 2013.07.02
=90 BOARD OF REGENTS OF THE UNIVERSITY OF
T NEBRASKA
Weaver; Brian Frank, Laws; Brian Alvin, Roberts;
K Robert C.

E35 %3 VISION SYSTEM FOR IMAGING AND MEASURING RAIL DEFLECTION

Devices, systems, and methods for imaging and measuring deflections in structures such as railroad
rail are disclosed. An example vision system comprises a high-speed, visible-light imaging camera
and an evaluation unit configured for analyzing images from the camera to detect geometric
variations in the structure. In analyzing structures such as railroad track rail, the imaging camera
can be coupled to a moving rail vehicle and configured for generating images of the rail as the
vehicle moves along the track.

=93 US20120300060A1
=944 2012.11.29
TENS -
jE=d -
5549 -
=90l BOARD OF REGENTS OF THE UNIVERSITY OF
b NEBRASKA
g 2} Farritor; Shane M

£33 VISION SYSTEM FOR IMAGING AND MEASURING RAIL DEFLECTION

Devices, systems, and methods for imaging and measuring deflections in structures such as railroad
rail are disclosed. An example vision system comprises a high-speed, visible-light imaging camera
and an evaluation unit configured for analyzing images from the camera to detect geometric
variations in the structure. In analyzing structures such as railroad track rail, the imaging camera
can be coupled to a moving rail vehicle and configured for generating images of the rail as the
vehicle moves along the track.
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EP02545092A1

Bayer Intellectual Property GmbH

ZHANG, Chenxi, PANG, Yongdong, LIN, Jen,
Chieh, Roy, TAN, Xiang

POLYURETHANE ELASTOMER BALLAST MAT AND PREPARATION THEREOF

SLRE

The present invention provides a polyurethane elastomer ballast mat and the preparation thereof,
and a railway track bed and railway facilities using the same. The polyurethane elastomer ballast
mat according to this invention comprises a reaction product prepared by spraying a reaction
system comprising a polyisocyanate, a polyol, a chain extender, a blowing agent and a catalyst, on
the surface of a railway roadbed or on one surface of a ballast mat shielding to conduct a
reaction. The technical solution of the present invention makes it possible to provide ballast mats
with different mechanical properties, shapes, thicknesses and sizes, depending on particular
installation conditions, in order to adapt to various requirements for installation and use in railway




Ed¥s WO2011EP053290
=94 2011.03.04
FE¥sE -
HE=YH -
559 -
=921 BAYER MATERIALSCIENCE AG
e 2} ZHANG, Chenxi, PANG, Yongdong, LIN, Jen,
Chieh, Roy, TAN, Xiang
£333 POLYURETHANE ELASTOMER BALLAST MAT AND PREPARATION THEREOF
The present invention provides a polyurethane elastomer ballast mat and the preparation thereof,
and a railway track bed and railway facilities using the same. The polyurethane elastomer ballast
mat according to this invention comprises a reaction product prepared by spraying a reaction
system comprising a polyisocyanate, a polyol, a chain extender, a blowing agent and a catalyst, on
E3& the surface of a railway roadbed or on one surface of a ballast mat shielding to conduct a
reaction. The technical solution of the present invention makes it possible to provide ballast mats
with different mechanical properties, shapes, thicknesses and sizes, depending on particular
installation conditions, in order to adapt to various requirements for installation and use in railway
construction.
Edds CN201010120634
=94 2010.03.09
FEHE -
fExd -
559 -
=494 Bayer Material Technology (China) Co., Ltd.
Zhang Chenxi, Pang Yongdong, Lin Renjie, Tan
=]
A Xiang
E35|A Ballast pad made of polyurethane elastomer and manufacturing method thereof
The invention provides a ballast pad made of a polyurethane elastomer and a manufacturing
method thereof as well as a railway ballast bed and a railway facility adopting the ballast pad. The
ballast pad made of the polyurethane elastomer, provided by the invention, comprises a reaction
product obtained by spraying a reaction system including polyisocyanates, polyols, a chain extender,
E3Y]8& a foaming agent and a catalyst on a surface of a roadbed of a section of a railway or a surface

of a protective layer of the ballast pad for reaction. According to the technical scheme provided by
the invention, ballast pads with different mechanical properties, shapes, thicknesses and dimensions
based on requirements on a specific construction environment can be provided so as to meet the
construction and using requirements for various railway constructions.
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China Railway Sixth Group Tianjin Railway
&9  Construction Co.,Ltd.; China Railway Sixth Group
Co., Ltd.

Li Chen, Xu Linxue, Shi Zenghui, Li Jinyu,

Zhong Yi, Hu Bin, Fang Guangqiang, Wang

Yanbin, He Zhen, Jia Jianguo, Yu Futong, Li
Qiang, Zhang Xinping

Combined construction method for transforming underpass below ordinary-speed railway and
building new high-speed railway

A combined construction method for transforming an underpass below an ordinary-speed railway
and building a new high-speed railway includes erecting a high-speed railway frame bridge at a
joint of the to-be-built high-speed railway and the existing to-be-transformed underpass below the
ordinary-speed railway; shifting a road section, which is positioned on the top of the existing
to-be-transformed underpass, of the ordinary-speed railway to the top of the high-speed railway
frame bridge; detaching the underpass, erecting a new frame bridge, and shifting the road section,
which is positioned on the top of the high-speed railway frame bridge, of the ordinary-speed
railway back to the top of the new frame bridge of the ordinary-speed railway; and laying the
newly built high-speed railway on the newly built high-speed railway frame bridge and extension
lines. The combined construction method has the advantages that construction for the newly built
high-speed railway and transformation for the existing underpass below the ordinary-speed railway
are organically combined, so that construction for a viaduct can be avoided under the condition
that roadbed construction is not wasted, and investment is reduced; and the road section on the old
underpass can be temporarily shifted to the high-speed railway frame bridge in a transformation
process of the old underpass, so that reinforcement for the road section is omitted, the
construction period is short, construction cost is low, and the safety performance is good.

e B
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E£35 M A Railway construction method of solid concrete roadbed in large-size industrial plant
The invention discloses a railway construction method of a solid concrete roadbed in a large-size
industrial plant. The railway construction method comprises the following steps of: (1) mounting a
tubular pile; (2) simultaneously digging a railway foundation trench and foundation trenches of a
plant column and a connecting beam connected with a railway and the plant column; (3) pouring a
foundation cushion, and binding a foundation reinforcing steel bar, and then respectively welding a
left side foundation bolt and a right side foundation bolt with a main foundation reinforcing steel
bar at a left steel rail and a right steel rail; (4) supporting a template and concreting; (5) welding
E3U & left and right side pre-embedded steel boards with the circumference of a nut, and then welding
each two adjacent pre-embedded steel boards at the same side; (6) carrying out secondary grouting;
and (7) respectively welding the left right side pre-embedded steel boards and the right side
pre-embedded steel boards with the left steel rail and the right steel rail. With the adaption of the
method provided by the invention, the railway foundation is integrally connected with the
foundation of the plant column through the connecting beam, and the air shrinkage tension strain
of concrete is compensated by using micro-expansion concrete in the secondary grouting process,
so that the generation of foundation cracks is greatly reduced.
E9Hs CN102587224
=4¢ 2012.07.18
TEHS -
T2y - HE=T -
=94 China Railway 19th Bereau Group Co., Ltd.
Zhao Yongjun, Liu Hui, Yao Hu, Zou Xiaobing,
e 2} Zhang Yuyin, Li Yongxiang, Zhang Jianjing, Hou
Jiaging, Si Changliang
=353 Basic structure of ground structures and application method of the basic structure for building
B railway roadbed
The invention relates to the field of construction. Specifically, the embodiment of the invention
relates to a basic structure of ground structures and an application method of the basic structure
for building railway roadbed, wherein the basic structure can be used to prevent damage caused by
horizontal seismogenic fault dislocation of earthquake. The basic structure provided by the invention
comprises a foundation (1), and a sliding layer (3) arranged between the foundation (1) and a
ground structure (2). The embodiment of the invention has the effects that: the sliding layer can
E3 |8 generate a horizontal friction big enough to prevent structures from horizontally moving under the

gravity of ground structures; a generated horizontal motion force is far bigger than the horizontal
friction provided by the sliding layer under the condition of horizontal fault dislocation of
earthquake, so that relative slip can be generated inside the sliding layer, an upwardly transmitted
horizontal force can be restrained so as to greatly reduce the horizontal movement of the ground
structures under the condition of horizontal fault dislocation of earthquake and reduce the damage
to the ground structures.
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RAILWAY TECHNICAL RES INST; KUNIMINE
INDUSTRIES CO LTD

MURAMOTO KATSUMI, KIKUCHI HIROSHI,
KOWAGUCHI NORIAKI

£33 POWDER AND ITS MODIFICATION METHOD

PROBLEM TO BE SOLVED: To improve the handling properties during rain of a roadbed improving
material used for improving the roadbed of a railroad or a road.SOLUTION: In the roadbed
improving material 13, the surface of a swellable substrate containing bentonite as a main
component is coated with a biodegradable swelling retarding agent. The swelling retarding agent
includes a film making agent (methyl cellulose, water glass, etc.), a water repelling agent, (liquid
paraffin, hardened oil, etc.), a water-absorption resistant mineral (talc, a chlorite, etc.). Initial
swelling is retarded by the roadbed improving material 13, preventing the absorption/swelling of the
swellable substrate (bentonite) during construction. The swelling retarding agent of the roadbed
improving material 13 is decomposed easily in the ground by microorganisms and is

ecological. COPYRIGHT: (©)2007,JPO&INPIT
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kv =} Wu Weiguo, Wu Yue, Yuan Dengxian
E£3]M % Stamping reinforcement method of weak rolling area of roadbed and application thereof
The invention provides a stamping reinforcement method of a weak rolling area of a roadbed and
an application of the stamping reinforcement method of the weak rolling area of the roadbed. A
high speed stamping reinforcement device-stamping rammer compactor is used, and a stamping
pounder is lifted in a hydraulic or mechanical manner to punch a tamping plate with a buffer
gasket for conducting stamping reinforcement on the weak rolling area of the roadbed which is
normally rolled. An application of the stamping reinforcement method of the weak rolling area is
further provided for the weak rolling area of the roadbed of a compact road rolled normally.
Stamping reinforcement is carried out on junction of new and old roadbeds when the old road is
Ry widened, base of the roadbed newly widened, and newly filled roadbeds. Stamping reinforcement is
- carried out on a roadbed structure base and the weak rolling area of the roadbed of the compact
railway rolled normally. Stamping reinforcement is carried out on water damage treatment of
roadbeds of roads and railways. Stamping reinforcement is carried out on reinforcing the weak
rolling area of river dams and brake back backfill water conservancy projects. The stamping
reinforcement method of the weak rolling area of the roadbed provided by the invention has the
beneficial effects that the backfill compactness of the weak rolling area of the roadbed is
improved, the bearing capacity of the roadbed is improved, post-construction settlement of the
weak rolling area is reduced, the project quality is effectively improved, the project expenses are
saved, and the economical benefits are remarkable.
=9 CN102621059
=494 2012.08.01
FENE -
559 -
U : : : jE=9 -
=909 China Railway Fifth Survey and Design Institute
Group Co., Ltd.
Xiao Jinfeng, Dong Aiming, Xing Liang, Sun
Bz Jialiang, Cai Hong, Xu Huichun, Cheng Huilin, Li
Shufeng
=3 ™A Instrument for detecting dense state of existing roadbed
The invention discloses an instrument for detecting a dense state of an existing roadbed. The
instrument comprises a probe rod, a data acquisition device and an electronic testing device,
wherein an angle adjusting device is arranged at the bottom of the data acquisition device, and a
guide frame is arranged on a side part of the data acquisition device; the probe rod is inserted
into the guide frame; a conical probe is arranged at the lower end of the probe rod, and an
energy measuring device is arranged at the upper end of the probe rod; a stay cord type
displacement sensor and an angle sensor are arranged in the data acquisition device, and a stay
cord of the stay cord type displacement sensor is connected with a side handle of the energy
=5ue measuring device; and the energy measuring device, the stay cord type displacement sensor and

the angle sensor are connected with the electronic testing device through the data acquisition
device. The instrument can be used for detecting the dense state of the existing railway roadbed
under the condition that the operation of trains is not influenced, and has important meaning for
perfecting a railway roadbed compaction quality detection technology and a roadbed public works
engineering maintenance technology. The detection instrument is portable, convenient to use, high
in detection speed and reliable in data, does not cause damage, cannot interfere with train working,
can be used for detecting a roadbed soil body from a roadbed surface and a roadbed slope
surface, and is suitable for detecting and evaluating the dense state of a ballast rail roadbed and
ballast-less rail roadbed of the existing railway.

_68_



93z CN102352582
=494 2012.02.15
FE¥s -
Al -
559 -
=90l The Third Railway Survey and Design Institute
= Group Corporation
kg 2} Song Xuguo, Wang Zhu, Dong Jie, Qi Chuny
E35A Reinforced soil-cement pile strengthening structure of railway roadbed
The invention relates to a reinforced soil-cement pile strengthening structure of a railway roadbed,
and the reinforced soil-cement pile strengthening structure of the railway roadbed consists of a
soil-cement pile, a connecting beam and a roadbed side slope mortar rubble masonry pavement,
wherein the soil-cement pile consists of a plurality of soil-cement pillars which are horizontally and
continuously piled from one side of a bank side slope; a reinforcing cage or a precast pillar is
inserted into a soil-cement pile body; the connecting beam has a reinforced concrete structure and
is arranged at two ends of the soil-cement pile body; a reinforcing steel bar in the connecting
beam is connected with the reinforcing cage or the precast pillar in each soil-cement pile body of
=ae the soil-cement pile; the connecting beam is arranged at side slopes on two sides of a bank; the
! inner side surface and the outer side surface of the connecting beam are both parallel to the
oblique plane of the bank side slope; the vertical height of the connecting beam is not smaller
than the pipe diameter of the soil-cement pipe; the roadbed side slope mortar rubble masonry
pavement has a mortar rubble masonry structure; the upper end of the roadbed side slope mortar
rubble masonry pavement is connected with the connecting beam; and the lower end of the
roadbed side slope mortar rubble masonry pavement is arranged at the bottom of the roadbed. The
reinforced soil-cement pile strengthening structure of the railway roadbed, to which the invention
relates, forms an integral enhancing structure, promotes the strengthening effect of the roadbed,
and furthermore, has small engineering quantities and a short construction period.
993 CN101994279
44 2011.03.30
TERS -
F5Y - HE=E -
~ China Railway No.4 Survey and Design Group
(]
e Co., Ltd,
Guo Jianhu, Li Xiaohe, Zhan Xueqi, Qing
g =} Qixiang, Wang Yonghe, Zhao Yong, He Qun,
Jiang Ying, Wu Qiang, Yao Jianwei
E3%A Short roadbed transition section structure between two rapid transit railway structures
The invention discloses a short roadbed transition section structure between two rapid transit
railway structures, which comprises a transition section roadbed, wherein the transition section
roadbed is laid between the structures; the space between the two structures is less than or equal
to 60m; the transition section roadbed comprises a bed surface layer; the part, below the bed
surface layer, of the transition section roadbed is filled with the same materials; and the materials
E35]Y) & are graded broken stones which is doped with 3-5% of cement in weight percentage. By adopting

the design scheme, the graded broken stones with good performance are used between the
structures, wherein the graded broken stones are doped with 3-5% of cement in percentage by
weight, thus dynamic response superposition caused by excessively close distance of the structures
can be resisted, and the stiffness and smooth transition of settlement among the structures can be
realized.
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Li Xiaohe, Guo Jianhu, Zhao Yong, Zhan Xuedqi,
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Meifang
£33 Rapid transit railway soft rock-improved soil roadbed structure
The invention discloses a rapid transit railway soft rock-improved soil roadbed structure comprising
a road embankment formed by a foundation bed surface layer, a foundation bed surface layer and
a roadbed body. The side slopes of both sides of the road embankment are provided with side
slope protection layers; a water-resisting layer is arranged between the roadbed body and a
foundation bed bottom layer; the bottom surface of the roadbed body is also provided with a
=3ue water-resisting layer; the water-resisting layer comprises a compound geomembrane and medium
! coarse sand layers which are arranged above and below the compound geomembrane; each medium
coarse sand layer is 4-6cm thick; and the fine grain content in the medium coarse sand layers is
less than 5 percent. The rapid transit railway soft rock-improved soil roadbed structure has
comprehensive waterproof and drainage measures, good effect and stable overall settlement and
can meet the requirements for the post-construction settlement and the long-time stability of the
rapid transit railway roadbed.
E9¥s CN101590858
94 2009.12.02
TEHS CN101590858
fE=y -
=Y 2011.02.02
921 Central South University
g =} Xiao Jianping, Liu Jianxin
=353 Method for processing railway roadbed detected radar data with sleeper interference
B eliminated
The invention discloses a method for processing railway subgrade detecting radar data with sleeper
interference eliminated, which comprises the following steps: finding out a position of a sleeper
reflecting surface event of a railway subgrade detecting radar original data and extracting a sleeper
reflected signal; performing low-pass filtering on the reflected signal to obtain a logic rule
SR Y representing a sleeper position; and selecting the subgrade detecting original data by taking the
=

logic rule as a reference, and obtaining the railway subgrade detecting radar data with the sleeper
interference eliminated. The method extracts the relevant information of a sleeper according to a
sleeper interference signal and eliminates the sleeper interference signal so as to facilitate the
further processing of the railway subgrade detecting radar data. The method has the characteristics
of safety, high efficiency and strong applicability.
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=4 CT-ZOOM TECHNOLOGIES INC
bty Lortie; Alain, Blier; Sebasiten
E£35]9% % Apparatus and method for remote inspection of a structure using a special imaging system

SR

The present invention relates to inspection of underground conduits, railroad bridge support
structures and other facilities that may be examined remotely, using a video camera or other
imaging system. The present invention provides fast and cost-effective systems and methods to
inspect such structures remotely and to produce comprehensive and detailed information about
inspected structures.
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E3HA Method for detecting using state of multi-span continuous beam of existing railway
The invention relates to a method for detecting the using state of a multi-span continuous beam of
the existing railway, comprising the following steps of: building a vehicle-bridge dynamic analysis
model by applying a dynamic finite element theory, and carrying out analog computation on the
dynamic strain value of a bridge when a train passes by taking the irregularity of an actually
measured track as excitation and adopting a numerical method so as to obtain the strain control
threshold value of a detection point of a support section of the multi-span continuous beam;
arranging transducers at least comprising strain transducers on the bottom surface and the side
E3 U8 surface of the support section of the multi-span continuous beam of the existing railway, measuring
a response signal when thetrain passes, and processing the response signal to obtain the detection
strain value of the detection point of the support section; and when the detection strain value
exceeds the threshold value ofan envelope curve, sending early warning. The method can be
adapted to the conditions of various villainous weathers, extreme environments, and the like, can
carry out remote transmission, is convenient to construct by arranging a measure point on the
support section and realizes the dynamic real-time automatic long-term detection of the using state
of the bridge.
EdH3 CN102116688
E£4¢ 2011.07.06
TEHS CN102116688
=Y 2012.09.05 D EA] _
290 Locomotive & Car Research Institute of China
e Academy of Railway Sciences
g 7} Zu Honglin, Li Gu, Chu Gaofeng, Hu Aiquan, Jiao
Wen, Sun Haoging, Wang Xiling
E£3MA Method and device for obtaining wheel rail force
The invention relates to the measuring field of wheel rail force of railways, subways and urban
rails, in particular to a method and a device for obtaining wheel rail force, which are used for
solving the problem that no wheel rail force measuring and processing method is adopted for
double bridges in the prior art. The method comprises the following steps: a detection result of the
double bridges is obtained, interference between vertical force and cross force is eliminated,
SR Y vertical force and cross force are computed in a synthesizing method, and the direction of the
E

cross force is judged. The embodiment of the invention has the beneficial effects that: a vertical
force bridge formed by two electrical bridges with 90-degree phase difference and a cross force
bridge formed by two electrical bridges with 90-degree phase difference are realized, and the
calculation of wheel rail force continuous measurement can be carried out under the condition that
the sensitivity coefficient of the vertical force bridge and the cross force bridge with the same
phase has the same functional relation along with the change of the angle.
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E35 ™A Method for calculating longitudinal force of ballastless track on bridge
The invention relates to a method for calculating a longitudinal force of a ballastless track on a
bridge. On the basis of a principle of track beam interaction and a finite element method, a model
and a method for calculating the longitudinal force of a longitudinal slab track on a long-span
bridge are built by using a beam unit and a spring unit to simulate each structural layer. The
calculation method has the advantages of calculating an additional longitudinal force of the bridge
under the working conditions of deflection force, temperature force and broken slab force and
E3& analyzing the friction coefficient of a sliding layer, the extensile rigidity exchange of a track slab

and a base slab and the influences of the arrangement of a consolidation mechanism on the
additional longitudinal force of the bridge. Results obtained from the method have a great
reference value for analyzing the longitudinal force of the longitudinally connected slab track on
the bridge and provide a certain theoretical direction for the design of the longitudinally connected
slab track on the long-span bridge of a railway line for passengers due to groundbreaking work
done in the aspect of theoretical researches.
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Substructure simulation of inhomogeneous track and layered ground dynamic interaction under
train passage

713 Okayama Univ i Okayama University i Dept Civil & Environm Engn

A A} Takemiya, H | Bian, XC

AL 2005.07.01 g A 433]

The vibrations in track and ground induced by train passages are investigated by the
substructure method with due consideration to dynamic interaction between an inhomogeneous
track system comprising continuous rails and discrete sleepers, and the underlying viscoelastic
layered half space ground. Initially, the total system is divided into two separately formulated
substructures, i.e., the track and the ground. The rail is described by introducing the Green
function for an infinite long Euler beam both for moving axle loads action from a train and
for reactions from sleepers. The ground is formulated by the layer transfer matrix approach
for wave propagation along the depth. Subsequently, these substructures are integrated to
meet the displacement compatibility and force equilibrium via inertia of sleepers and stiffness
of railpad springs. The dynamic equations are solved in the frequency-wave-number domain
by applying the Fourier transform procedure. Based on the assumption of a constant train
speed, the time domain response is evaluated from the inverse Fourier transform
computation. The dispersive characteristics of the layered ground and the moving axle loads
lead to significantly different response features, depending on the train speed. The response

B
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is classified as quasistatic for a low speed, whereas it is dynamic for a high-speed situation.
An illustrative case study is presented for Swedish X-2000 train track properties and ground
profile.

JOURNAL OF ENGINEERING MECHANICS-ASCE | 131 (7): 699-711 JUL 2005

The control of ground-borne vibrations from railway traffic by means of continuous floating
slabs

Catholic Univ Louvain i KU Leuven i Dept Civil Engn

Lombaert, G | Degrande, G | Vanhauwere, B i Vandeborght, B | Francois, S

A

2006. 11. 06 18 A 363

W&

This paper deals with the effectiveness of a floating slab track for the control of
ground-borne vibrations generated by rail transportation systems. The effectiveness is studied
by means of a three-dimensional numerical model for the prediction of railway induced
vibrations that fully accounts for the interaction between the train, the track and the soil.
The incorporation of a resilient mat in a slab track system results in a resonance
phenomenon that is determined by the mass of the slab track and the resilience of the mat.
At frequencies higher than the slab resonance frequency, the concrete slab uncouples from
the underlying soil and the transfer of vibrations is reduced. The effective reduction in the
free field, however, is highly dependent on the dynamic characteristics of the slab and the
soil. In the case where the phase velocity of the bending waves in the slab is higher than
the phase velocity of the Rayleigh waves in the soil, the radiation of waves into the free
field is modified. As a result, the reduction of the free field vibrations depends on the angle
between the track and the line between the source on the track and the receiver in the
free field. In the case where the phase velocity of the bending waves in the slab is much
lower than the phase velocity of the Rayleigh waves, a more uniform reduction of the free
field response is obtained. (c) 2006 Elsevier Ltd. All rights reserved.

JOURNAL OF SOUND AND VIBRATION 1 297 (3-5): 946-961 NOV 6 2006

Simulation of dynamic interaction between train and railway turnout

Chalmers Univ Technol i Chalmers University of Technology i Dept Appl Mech i CHARMEC

Kassa, E | Andersson, C i Nielsen, JCO

A AL

2006. 03. 01 g A 313

4

Dynamic train-track interaction is more complex in railway turnouts (switches and crossings)
than that in ordinary tangent or curved tracks. Multiple contacts between wheel and rail are
common, and severe impact loads with broad frequency contents are induced, when nominal
wheel-rail contact conditions are disturbed because of the continuous variation in rail profiles
and the discontinuities in the crossing panel. The absence of transition curves at the entry
and exit of the turnout, and the cant deficiency, leads to large wheel-rail contact forces and
passenger discomfort when the train is switching into the turnout track. Two alternative
multibody system (MBS) models of dynamic interaction between train and a standard turnout
design are developed. The first model is derived using a commercial MBS software. The
second model is based on a multibody dynamics formulation, which may account for the
structural flexibility of train and track components (based on finite element models and
coordinate reduction methods). The variation in rail profile is accounted for by sampling the
cross-section of each rail at several positions along the turnout. Contact between the back of
the wheel flange and the check rail, when the wheelset is steered through the crossing, is
considered. Good agreement in results from the two models is observed when the track
model is taken as rigid.

VEHICLE SYSTEM DYNAMICS i 44 (3): 247-258 MAR 2006

0 71¢5%% #dste ATRoplAE A 14 L ARcF =Eo]

F2 AAEHL A=

_79_



o A& B EA =52 AF-AE FEAEHY Ve =il FE AAR

A=A B M RS AA AE =E 1250 F 847do]n] o F A
A= 52§35 FHAFANBY 8o 5749

3 Using the Fourier-series approach to study interactions between moving wheels and a
periodically supported rail

rir
i

71 E China Jiaotong Univ i Univ Southampton i University of Southampton i Civil Engn Dept | ISVR

A =} Sheng, X | Li, M | Jones, CJC | Thompson, DJ

AL 2007. 06. 20 91§ s 113]

In this paper, the Fourier-series approach is employed to study wheel-rail interactions generated by a
single, or multiple wheels moving at a constant speed along a railway track. This approach has been
previously explored by other researchers and what is presented here is an improved version. In this
approach, the track is represented by an infinitely long periodic structure with the period equal to the
sleeper spacing and the vertical irregular profile (roughness) of the railhead is assumed to be periodic
in the track direction with the period equal to the length of a number (integer), N, of sleeper bays.
By assuming linear dynamics for the wheel/track system and for steady state, each wheel/rail force is
a periodic function of time and can be expressed as a Fourier series. Fourier coefficients are then

W shown to be determined by solving, separately, N sets of linear algebraic equations. The coefficient
matrix of each set of equations is independent of rail roughness and therefore this approach is
particularly useful in modelling the generation and growth of rail roughness of short wavelengths.
Excitation purely from the axle loads moving over the periodic track structure is realised by assuming
a smooth railhead surface, and subsequently roughness equivalent to such an excitation is defined and
evaluated. This equivalent roughness may, in addition to the actual rail roughness, be input into models
in which the effect of moving axle loads has been excluded, so that the predictions from those models
can be improved. Results are produced using the improved Fourier-series approach to investigate the
effects of wheel speeds, roughness wavelengths and interactions between multiple wheels on wheel/rail
contact forces. (C) 2007 Elsevier Ltd. All rights reserved.

=4 JOURNAL OF SOUND AND VIBRATION | 303 (3-5): 873-894 JUN 20 2007

=1  Stability analysis of railway vehicles and its verification through field test data

7% Natl Taiwan Univ i National Taiwan University | Dept Mech Engn

A A Fan, YT | Wu, WFFan, YT | Wu, WF

AAYLE  2006. 05. 01 gL A 23]

Dynamic stability is one of the important performance indices of railway vehicles. In the
present paper, a twenty-eight-degree-of-freedom dynamic model is proposed to study the
response and stability of railway vehicles. Nonlinear quantities existing in the railway vehicle
system such as conicity, track irregularity and contact force between the wheel and rail are
considered. Numerical simulation is performed based on a type of vehicle currently operated
by Taipei Rapid Transit Corporation along with different kinds of track irregularity as random
inputs. The stability of the vehicle is discussed in detail and compared with other full-scale

W test data available. It is found that the simulation result is in good agreement with the test
data. Both of them indicate the transverse acceleration of the bogie meets the required
stability criteria set by authorities for mass rapid transit vehicle systems. With regard to the
car-body, when the vehicle is operated below the speed of 148 km/h, the lateral throw of
the car-body is found to be below the required level. To avoid flange contact, the lateral
excursion of the wheel-set is examined as well. It is found that flange-rail contact will not
occur very frequently for the studied vehicle when operated at its regular service speeds. It
is concluded that the dynamic model is appropriate for the stability study of a railway
vehicle, and the dynamic performance of the studied transit vehicle is quite good.

=4 JOURNAL OF THE CHINESE INSTITUTE OF ENGINEERS 1 29 (3): 493-505 MAY 2006
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Track Modulus Analysis of Railway Track System Using Finite Element Model

Indian Inst Technol Madras | Indian Institute of Technology (IT) | Indian Institute of
Technology (IIT) - Madras i Dept Mech Engn

A A

Babu, KG | Sujatha, C

AL
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With the development of ever faster trains, the problem of excessive ground vibrations has
increased. Dealing with ground vibration from surface and underground trains is a challenging
issue for the railway industry. In the present work, the analysis of a typical Indian railway
track system has been done with special emphasis on “track modulus® for Prestressed
Concrete (PSC) sleepers and Wooden (WOOD) sleepers. The track consists of two rails of
standard length, rail pads and sleepers with constant sleeper spacing, ballast and subgrade
covering the length of the rails as per the Indian Railways standards. Finite Element models
have been developed for computer simulation of the dynamic behaviour of the railway track
system for 52PSC, 60PSC, 52WOOD and 60WOOD track. In this model, subgrade, ballast and
rail pad parameters have been considered for parametric analysis of the track modulus.
Finally the track system is excited harmonically over a range of frequencies to predict the
dynamic variation in the track modulus.

JOURNAL OF VIBRATION AND CONTROL i 16 (10): 1559-1574 SEP 2010
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Field Investigation on Dynamics of Railway Track Pre-Stressed Concrete Sleepers

[ran Univ Sci & Technol i Iran University Science & Technology i Sch Railway Engn

Sadeghi, J

AL

2010. 02. 01 & A 13]

W&

A comprehensive field investigation was made with the aim of achieving a better
understanding of the dynamics of railway track pre-stressed concrete sleepers. Modal analysis
and free decay method were used to determine the natural frequencies, model shapes and
clamping of sleepers. The validity of the results is discussed by comparing the results
obtained here with those available in the literature. In order to investigate the characteristics
of the dynamics of the loads imposed on the sleepers, load cells were installed between the
rail seat and the sleeper and beneath the sleeper, recording the interaction between both
sleeper and rail, and sleeper and ballast. The loads transferred from the rail to the sleeper
and from the sleeper to the ballast were measured as a function of train speed. The rail
seat load and the contact pressure between the ballast and the sleepers versus train axle
loads and train speeds were recorded. The effects of the sleeper supporting conditions on the
sleeper dynamic behaviour were investigated. The ratios of the rail seat load and the ballast
contact pressure to the wheel load were obtained from the analyses of the field test results.
These ratios were used to calculate the dynamic impact factors and ballast-sleeper pressure
distribution patterns required for the design of sleepers. The methods, the test procedures
and the results are presented and discussed in this paper.

ADVANCES IN STRUCTURAL ENGINEERING | 13 (1): 139-151 FEB 2010

Dynamic comparison of different types of slab track and ballasted track using a flexible track
model

Univ Basque Country i University of Basque Country i Dept Mech Engn

Blanco-Lorenzo, J | Santamaria, J i Vadillo, EG | Oyarzabal, O

AL

2011. 11. 01 Y& A 03]
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The dynamic performance of a ballasted track and three types of slab track is analysed and
compared by means of a comprehensive dynamic model of the train-track system, generated using
two commercial analysis software packages: the commercial multibody system (MBS) analysis
software SIMPACK and the finite element method (FEM) analysis software NASTRAN. The use of a
commercial MBS software makes it possible to include, in a reliable way, models of advanced
non-linear wheel-rail contact as well as complex elements or joints in the vehicle model, while the
FEM the flexibility of the rail and the slab to be taken into account. As a result, a combined
MBS-FEM representation of the vehicle-track model is integrated into the MBS software, which
allows for the study of dynamic phenomena in a wide frequency range. In this study, other
simpler approaches for modelling the dynamic vehicle-track interaction are also considered, such
as pure multibody or FE representations of the whole vehicle-track system. The quality of the
results obtained with the different types of models used is analysed, and some conclusions are put
forth regarding the possible validity of rather simple train-track interaction model types under
certain conditions as well as the most suitable configuration of the most complex models.

PROCEEDINGS OF THE INSTITUTION OF MECHANICAL ENGINEERS PART F-JOURNAL OF
RAIL AND RAPID TRANSIT | 225 (F6): 574-592 NOV 2011
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Application of the roadbed cooling approach in Qinghai-Tibet railway engineering

Chinese Acad Sci i Chinese Academy of Sciences i State Key Lab Frozen Soil Engn | Cold &
Arid Reg Environm & Engn Res Inst

Cheng, GD i Sun, ZZ i Niu, FJ

AL

2008. 08. 01 UL A 51%]

e

The Qinghai-Tibet Railway goes through 550 kin of permafrost, half of which is classified as “warm®
permafrost with a mean annual ground temperature ranging from 0 to - 1 degrees C. The
Qinghai-Tibet Railway is a long-term plan. In order to maintain its normal operation, climatic changes
over the next 50 to 100 years need to be considered. The passive method of simply increasing the
thermal resistance by raising embankment height and using insulating materials has proven ineffective
on “warm” permafrost and therefore cannot be used in the construction of Qinghai-Tibet Railway in
“warm“ and ice-rich permafrost area. To deal with the “warm® nature of the plateau permafrost and
global warming, a series of proactive roadbed-cooling methods were employed, which include solar
radiation control using shading boards, heat convection control using air ducts, thermosyphons, and
air-cooled embankments, and finally heat conduction control using “thermal semi-conductor” materials.
A proper combination of these measures can enhance the cooling effect. All these methods can be
used to lower the ground temperature and to help stabilize the Qinghai-Tibet Railway. Especially, the
air-cooled embankments have the advantages of high efficiency, case of installation, environmental
friendliness, and relative low cost. (c) 2007 Published by Elsevier B.V.

COLD REGIONS SCIENCE AND TECHNOLOGY i 53 (3): 241-258 AUG 2008
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Field experiment study on effects of duct-ventilated railway embankment on protecting the
underlying permafrost

Chinese Acad Sci | Chinese Academy of Sciences | Univ Sci & Technol i University of Science
& Technology - China | State Key Lab Frozen Soil Engn i Cold & Arid Reg Environm &
Engn Res Inst i Engn Inst

A7

Cheng, GD i Sun, ZZ i Niu, FJ

AA L

2006. 09. 01 vl& A 313]

B

Cooling principle is adopted in roadbed constructions in permafrost regions on the
Qinghai-Tibet Plateau for protecting the underlying permafrost. One way is to use
duct-ventilated embankment. Ground temperature data were collected along experimental
embankments in Beiluhe section of the Qinghai-Tibet railway. Analyses of ground temperature
changes and heat influx indicate that ventilation ducts effectively cool the soils surrounding
the ducts in the embankment. Permafrost behavior beneath conventional embankment and
test embankments with ducts installed at high and low positions was studied over 3 years.
The permafrost under the conventional embankment and the duct at a high position in the
embankment decreasingly absorbs heat during the period. The ground temperature of the
permafrost under the conventional embankment rises and that under the duct at a high
position embankment decreases slightly. The temperature of the permafrost under the duct at
a low position decreased remarkably. These findings demonstrate that a ventilated
embankment with a low position duct produces beneficial effects that actively cool the
subgrade soils and keep the roadbed thermally stable. Accordingly, they were strongly
recommended for use in the construction of embankments in the permafrost regions on the
plateau. (c) 2006 Elsevier B.V. All rights reserved.

COLD REGIONS SCIENCE AND TECHNOLOGY i 45 (3): 178-192 SEP 200

A roadbed cooling approach for the construction of Qinghai-Tibet Railway

Cold & Aris Reg Environm & Engn Res Inst | State Key Lab Frozen Soil Engn

Cheng, GD

AA L

2005. 07. 01 & A 233]

T

Over one half of the permafrost along the Qinghai-Tibet Railway is “warm“ and
approximately 40% ice-rich. Under global warming, the construction of the Qinghai-Tibet
Railway needs to consider climate changes over the next 50-100 years. Recent estimates
indicate that the air temperature on the plateau will increase by 2.2-2.6 degrees C by 2050.
Thus, the key to the success of the railway construction lies in preventing the permafrost
underlying roadbeds from thawing. It has been more than 100 years since the first railway
was built over permafrost. A frost damage ratio of greater than 30% has been reported for
all the railroads built in permafrost regions. Based upon the experience and lessons learned
from roadway constructions over permafrost, this paper proposes a more proactive design
approach for the construction of the Qinghai-Tibet Railway. This approach focuses on cooling
down the roadbed by lowering the ground temperature and is different from the passive
method of preventing permafrost from thawing by simply increasing thermal resistance (e.g.,
increasing embankment height and using insulating materials). This “roadbed cooling“ design
approach is especially relevant to “warm“ and ice-rich permafrost areas. A number of
measures can be taken to cool down the roadbed, including proper selection of roadbed
material and configurations to adjust solar radiation, heat convection, and heat conduction
patterns in and/or around the roadbed. (c) 2005 Elsevier B.V. All rights reserved.

COLD REGIONS SCIENCE AND TECHNOLOGY 1| 42 (2): 169-176 JUL 2005

_84_



HrEokAME =W dsR7HEUEYE R 1Y

rir
Ffn
of

Review of Effectiveness and Costs of Strategies to Improve Roadbed Stability in Permafrost Regions

713 Univ Manitoba | University of Manitoba i Dept Civil Engn

A &} Regehr, JD | Milligan, CA | Montufar, J i Alfaro, M

AL 2013. 09. 01 g A 03]

This paper reviews the effectiveness and costs of strategies to improve roadbed stability in permafrost
regions, based on a synthesis of literature findings. Roadbeds in permafrost regions experience instability
when the embankment loading and its heat absorption properties degrade the permafrost foundation. A
variety of engineering strategies are used to mitigate this effect. The review summarizes the rationale,
effectiveness, and costs of four types of strategies, namely those that control roadbed thawing, cool the
roadbed, insulate the roadbed, and reduce roadbed fill weight. The literature reveals that strategies to

u& control roadbed thawing, insulate the roadbed, or reduce roadbed fill weight do not reverse the
long-term degradation of permafrost foundations. Strategies that cool the roadbed by implementing air
convection embankments, ventilation ducts, thermosiphons, heat drains, or combinations of these are
effective in reducing embankment temperatures and stabilizing the roadbed. Costs vary by geographic
and dlimatic conditions and the proximity of materials to the construction site. Reported data suggest that
conducting normal maintenance is less expensive than implementing roadbed cooling strategies, but
maintaining serviceability may not be feasible.

=4 JOURNAL OF COLD REGIONS ENGINEERING i 27 (3): 109-131 SEP 1 2013

- Monitoring study on the boundary thermal conditions of duct-ventilated embankment in
permafrost regions

B Chinese Acad Sci i Chinese Academy of Sciences i First Highway Design & Res Inst i State Key Lab
= Frozen Soil Engn i Cold & Arid Reg Environm & Engn Res Inst i Cold Reg Rd Engn Lab

A =} Niu, FJ i Liu, XF i Wei, M | Wu, QB 1 Jian, X

AALE  2008. 08. 01 gL A 133]

Duct-ventilated embankment is a roadbed construction method for cooling the underlying soils in
permafrost regions. However, numerical simulation methods to predict the long-term permafrost-protecting
effectiveness of the roadbed encounter difficulties in selecting boundary conditions, because no monitored
data has been collected. In this paper, based on monitored data of field experimental embankments in the
Beiluhe section of the Qinghai-Tibet Railway, air temperatures in the ducts and the walls were analyzed
and simulated. The results indicated that the annual air temperatures in the ducts were higher than the
environmental air temperature by a value of 1.6 to 1.8 degrees C. This value was less than 1.0 degrees C

W in thawing periods and 2.0 degrees C in fr_eezing periods. On the embgnkment, the.ground temperature at
a depth of 0.5 m was higher on south-facing slopes than on north-facing slopes, with a value of 3.5 to
5.5 degrees C. The monitored data showed that the natural ground surface temperature was about 2.5
degrees C higher and the embankment surface temperature was 4.0 degrees C higher than the
environmental air temperature, indicating that some values used in previous numerical analyses of surface
temperature of the natural ground and embankment were reasonable. To better predict the long-time
effect of duct-ventilated embankment on the underlying frozen soils, a physical model and the relative
boundary conditions need to be incorporated into numerical analyses. (C) 2007 Elsevier B.V All rights
reserved.

2l COLD REGIONS SCIENCE AND TECHNOLOGY 1| 53 (3): 305-316 AUG 2008
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Fiber Bragg grating sensors for structural health monitoring of Tsing Ma bridge: Background

=5 : -
and experimental observation
Hong Kong Polytech Univ | Hong Kong Polytechnic University i TNO i Netherlands

71 Organization Applied Science Research | Changjiang River Sci Res Inst i Dept Civil & Struct
Engn i Dept Elect Engn i Photon Res Ctr i TPD | Blasting & Vibrat Dept

A = Chan, THT | Yu, L i Tam, HY | Ni, YQ | Chung, WH | Cheng, LK

AL 2006. 04. 01 FRlE 3 723]
The rapid expansion of he optical fiber telecommunication industry due to the explosion of he
Internet has substantially driven down the cost of optical components, making fiber optic

we sensors more economically viable. In addition, the rapid development of fiber-optic sensors,

particularly the fiber Bragg grating (FBG) sensors offers many advantages and capability that
could not be achieved otherwise. In the past few years, fiber Bragg grating sensors have
attracted a lot of interest and they are being used in numerous applications. This paper
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describes the FBG sensors developed for structural health monitoring, and were installed on
Hong Kong’s landmark Tsing Ma bridge (TMB), which is the world longest (1377 m) suspension
bridge that carried both railway and regular road traffic. Forty FBG sensors divided into
three arrays were installed on the hanger cable, rocker bearing and truss girders of the
TMB. The objectives of the study are to investigate the feasibility of using the developed
FBG sensors for structural health monitoring, via monitoring the strain of different parts of
the TMB under both the railway and highway loads as well as comparing the FBG sensors’
performance with the conventional structural health monitoring system - Wind and Structural
Health Monitoring System (WASHMS) that has been operating at TMB since the bridge’s
commissioning in May 1997. The experimental observations in this project show that the
results using FBG sensors were in excellent agreement with those acquired by WASHMS. (C)
2005 Elsevier Ltd. All rights reserved.

= ENGINEERING STRUCTURES 1 28 (5): 648-659 APR 200

=&% Dynamic analysis of railway bridge under high-speed trains

71& Beijing Jiaotong Univ | Beijing Jiaotong University i Sch Civil Engn & Architecture

A & Xia, H | Zhang, N

AAYE  2005. 09. 01 18 3¢ 363
The dynamic interaction between high-speed train and bridge is studied by theoretical
analysis and field experiment. A computational model of train-bridge system is established.
Each vehicle is described by 27 degrees of freedom. The bridge is modeled by modal
superposition technique. The measured track irregularities are taken as the system excitation.
The whole histories of the China-Star high-speed train running through a bridge with 24

e m-span PC box girders on the Qin-Shen Special Passenger Railway in China are simulated.
The dynamic responses of the bridge such as dynamic deflections, lateral amplitudes, lateral
and vertical accelerations, lateral pier amplitudes, and the vehicle responses such as derail
factors, offload factors, wheel/rail forces and car-body accelerations are calculated. The
proposed analysis model and the solution method are verified through the comparison
between the calculated results and the in situ measured data. (c) 2005 Elsevier Ltd. All rights
reserved.

=X COMPUTERS & STRUCTURES 1 83 (23-24): 1891-1901 SEP 2005

+=%%  Vibration of coupled train and cable-stayed bridge systems in cross winds

F: Hong Kong Polytech Univ i Hong Kong Polytechnic University i No Jiaotong Univ i Beijing

= Jiaotong University i Dept Civil & Struct Engn i Sch Civil Engn

A A} Xu, YL | Zhang, N | Xia, H

AIZE  2004. 08. 01 ZRlg 3 283]
This paper presents a framework for performing dynamic analysis of coupled train and cable-stayed
bridge systems in cross winds. A three-dimensional finite element model is used to represent a long
span cable-stayed bridge with a highway at the upper level and two railway tracks at the lower
level of the bridge deck. Wind forces acting on the bridge, including both buffeting and self-excited
forces, are generated in the time domain using a fast spectral representation method and measured
aerodynamic coefficients and flutter derivatives. Each 4-axle vehicle in a train is modeled by a

W 27-degrees-of-freedom dynamic system. Wind forces acting on the train, including both steady and

unsteady aerodynamic forces, are simulated in the time domain, taking into account the effects of
vehicle speed and the spatial correlation with wind forces on the bridge. The dynamic interaction
between the bridge and train is realized through the contact forces between the wheels and track
with track irregularities and wheel hunting included. The proposed framework is then applied to a
real long span cable-stayed bridge with a train consisting of two locomotives and 10 passenger
coaches in cross winds. The results demonstrate that the proposed framework and the associated
computer program can efficiently predict the dynamic response of coupled train and cable-stayed
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bridge systems subjected to cross winds. (C) 2004 Elsevier Ltd. All rights reserved.

=4
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Assignment of structural behaviours in long-term monitoring: Application to a strengthened
railway bridge

SETRA | Univ Ouro Preto i Universidade Federal de Ouro Preto | Tech Ctr Bridges & Struct i
Dept Civil Engn

A 2

Cury, A | Cremona, C

AL

2012. 07. 01 g A 0%

S

Novelty detection, the identification of data that is unusual or different, is relevant in a wide
number of real-world scenarios, ranging from identifying unusual weather conditions to
detecting evidence of damage in mechanical systems. Using novelty detection approaches for
structural health monitoring presents significant challenges to the non-expert user. In this
article, symbolic data analysis is introduced to model variability in tests. Hierarchy-divisive
methods and dynamic clouds procedures are then used to discriminate structural changes used
as novelty detection approaches for classifying structural behaviours. This article reports the
study of experimental tests performed on a railway bridge in France. This bridge has
undergone reinforcement works during the summer of 2003. Through the years of 2004-2006,
new sets of dynamic tests were recorded. The main objective was to analyse the evolution of
the bridge’s dynamic behaviour over time. To this end, the symbolic data analysis-based
clustering methods are used for assigning new tests to clusters identified before and after
strengthening or to highlight a totally different structural behaviour.

STRUCTURAL HEALTH MONITORING-AN INTERNATIONAL JOURNAL i 11 (4): 422-441 JUL
2012

Application of the structural articulation method to dynamic impact loading of railway bridges
- a case study

Kansai Univ i Kansai University i Dept Civil Engn | Kyobashi Construct Co Ltd i JR W Japan
Consultants Co Ltd i Nankai Elect Railway Co Ltd i Dept Informat i Lehigh Univ | Lehigh
University 1 ATLSS Ctr 1 Dept Civil & Environm Engn i Univ Colorado i University of Colorado
Boulder i University of Colorado System i Dept Civil Environm & Architectural Engn
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Sakano, M | Namiki, H | Yajima, S | Koide, Y | Furuta, H | Frangopol, DM
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Steel cables and tendons are commonly used in reinforcing steel beams as well as in concrete
beams. However, the structural detail of cable anchors in steel beams tends to be
complicated, and the effect on reducing live load stresses is not significant because of the
relatively small stiffness of cables and tendons. On the contrary, by using high strength steel
plates instead of cables and tendons, structural detail of the anchor area becomes simpler,
and live load stresses as well as dead load stresses can be reduced in steel beams because of
the relatively large stiffness of steel plates. In this study, the steel plate prestressing method
is applied to beam specimens and intermediate floor beams of a steel railway through girder
bridge. The behavior of the reinforcing steel plates and reinforced steel beams is monitored
during prestressing and live loading, in order to assess the effects of prestressing and
reinforcement. The study confirmed that these effects are beneficial to the performance of
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steel railway floor beams.

JOURNAL OF BRIDGE ENGINEERING 1| 11 (6): 681-687 NOV-DEC 2006

Dynamic analysis of railway bridge under high-speed trains

Beijing Jiaotong Univ | Beijing Jiaotong University i Sch Civil Engn & Architecture

Xia, H | Zhang, N

AL

2005. 09. 01 & A 363]
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The dynamic interaction between high-speed train and bridge is studied by theoretical
analysis and field experiment. A computational model of train-bridge system is established.
Each vehicle is described by 27 degrees of freedom. The bridge is modeled by modal
superposition technique. The measured track irregularities are taken as the system excitation.
The whole histories of the China-Star high-speed train running through a bridge with 24
m-span PC box girders on the Qin-Shen Special Passenger Railway in China are simulated.
The dynamic responses of the bridge such as dynamic deflections, lateral amplitudes, lateral
and vertical accelerations, lateral pier amplitudes, and the vehicle responses such as derail
factors, offload factors, wheel/rail forces and car-body accelerations are calculated. The
proposed analysis model and the solution method are verified through the comparison
between the calculated results and the in situ measured data. (c) 2005 Elsevier Ltd. All rights
reserved.

COMPUTERS & STRUCTURES 1| 83 (23-24): 1891-1901 SEP 2005
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o= | 2ol 5511 1,581 8,261 - 15,353
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