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Evaluation of Stress Reduction of Continuous Welded Rail of
Sliding Slab Track from Track-Bridge Interaction Analysis

ABSTRACT

Continuous welded rail on bridge structure experiences typically a large amount of additional longitudinal axial forces due to
longitudinal track-bridge interaction under temperature and traction/braking load effect. In order to reduce the additional axial forces,
special type of fastener, such as ZLR and RLR or rail expansion joint should be applied. Sliding slab track system is known to reduce
the effect of track-bridge interaction by the application of a sliding layer between slab track and bridge structure. This study presents
track-bridge interaction analysis results of the sliding slab track and compares them with conventional fixed slab track on bridges. The
result shows that the sliding slab track can significantly reduce the additional axil forces of the continuously welded rail, and the
difference is more significant for long and continuous span bridge.
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=
JiIQS 249 mapd BaRE st LS L AAE 50l ekl S HEAE ol 2 AN, o) & sash] SJstel BE
AR B AAAEY ABGA} B ESARRAE A g B DF0] A S AAsfelo} gk, Zefold Seln Awi mPst A
= ol Alo]o] S| EEE Fo] A28E AL & Ak Ao AA AT o] AT Sefold Ao} Yuk EAPE A
28 mego] thste] J54e o4 ke ATE. 34 2} &efold AEE A G o2 FlEde] s 27} e AN A%
A % Sl Ao IR R, 71 Aol A% % AAdmel T 2 202 ek,

201 : Zefold el A, AR S, AT, A A

0

i

=2
A=
ST

11

o}

A& <(Continuous Welded Rail, CWR)S 4 200m o)} dI<H Hd2A 54Z0 2 4= km7kA] 4w, 20~25m Zo]|2
TR XA vlaste] Gk T A ZFo] ARtEe] FARte] $skal ofgulide] glo] fRIEFTE 9578k APl Tk

* B A 7]|edTY A9l (Korea Railroad Research Institute - kclee@krri.re.kr)

** Q59 WAAR}- S HE7]eATY AYATY (Corresponding Author - Korea Railroad Research Institute - syjang@karri.re kr)
wex Fm A T7)EATY £33 (Korea Railroad Research Institute - dkjung0428@krri.re kr)
whkx 359 - A|l2Ee} Fe]o} HAFY (Systra Korea - hkbyun@systra.com)

Received January 12, 2015/ revised February 10, 2015/ accepted August 24, 2015

Copyright © 2015 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




w5 Sl ol Lefold

53] 250 kmh opFe] 31 F35) Axel] Slof AL T3
4 Ane gjslo] Bz Agulolol Bk AuiRe o
2ol USSP Qo] 2o W A5 we) st
= 7F57ZHmovable zone)o] Fchol] Hoh) 100m2 2HAYshH,
T Apelele 2 wisle] wket glde] meF wAYskA] el #lde]
S o] Wkl F-s7{immovable zone)o] FH} F-5
THAE 23 A Y] A W D FHo] FEEER
#190e] o) Wpo Selo] = WAIT 4 glol, 7] £
‘*?_ -4'3(’“'% 9 587 2% el mE

1 Sefel WA rsfolok wek

W A, e alﬁoﬂ EEE RHEH?J_ o) £ Wiz
o] W tﬂﬂﬂ A= F3jo]
SI91o Esio] BN 0 F14 S W
R A EARge] Wk QMo me] A

5 el 53 wslh A 2] vl S7boR Sk
e A T $akol A Al 28 B

B e S R
HAS AT 2 AFo R QI do] W slFo] w9 uwF

0 | Zo] Wk M9l fuelal o] WPt Ales Faio]
o] Hewle] F7} S2s fsl |ck Fzle] AREs skl
of B3} o] ko iﬂ?*éﬂ Agrel] 7 = »}aurﬂ

110
iy
o
ru& r
O::‘,
% 1l
0
E
1>§

ozl 46} EEEE
& Apjstar, AR s

]_
w7} %@,4 50~70%= 7}-% = l
s FAF oJgk &t 5~10%

o8t F37} 20~40% “LE)aL

Hes 2pA)sh)

) @ =9)¢] A3 (Korea Rail Network Authority,
2014b; International Union of Railways, 2001; The European
Standard EN 1991-1-2, 2003)0jx= =038}, AA% 3% 9
ATF A3 efste] WAshH= G FUREEES US4 H) 72
MPa QPA] ol 92 MPag AlgksaL itk ot F=2]e =ie]
o= Alxe] IR|A|Ho] FEhfd) 717k Hde] FH=F 92t
gloma, st % ol tiele] 92 MPag A8,

3Gl 710018 A BrheHe wage] TPAHL Azl
(expansion length)7} A5 t% =7 WAgch XAt

1180 Journal of the Korean Society of Civil Engineers

Sen o] g $9 Az ma w4

Aehe ) A ¥
ojnfahy, deee 7Pl Al 14 l%‘jil‘i—ﬂ ATk
CHR7AIS] Ajoltt izt ofxsto] wiA|E o= 7t Ay
AR ke At mege] AEshe Hd) 2Pt HER, ofE =il
M TARE AR SR TARRE At 2 we
o) WS} 7] el JBARE0 = Qg de Rr1e]
shRIT) kEo B YA At BaelE ¥ A
= 80m = 60m oJuiel A¢ xR Qg RkgHo]
steAlg 2 ehe Ao ek Wl e ezt
& SIS SRIER) L AR AlE 9js} o] ARgIo R
A D F7RsEE Aot 1= siivk SRAIRE oA | ARkt
AE ASkEHA =Hd wEke] A7) AekS = AL B2
Siems Ag3p] ofeldly] Hhe] HEmgo s Themiks
T2 iAshs s dol asF AgelA n7EAIHA A7
A Ko, WAk A Fskg S Sajel Ul 2
S-S HAESIEE 3l gir)h Yang et al. (2000)S
] S8s sdsh] A Z2aE Jgskitt Kim
et al. (2005)= W Frielole] S2g Azkap) Slat e
ﬂE—s}oq AXE3L, Choi et al. (2009a; 2009b)-S 1A s}
Ao tiste] Al T W) HES 1% AR
AT Lee et al. (2010)2 1158 Sralige)] e
heele Bk
aFe] AR APt E71jsl ol Ale-nli Ageake
of oJ% dld F7ks-Eo] s18aks 2oshs B9 01—3 Bk
S1ate] o) 744 wieto] 2§ glek AR, W] A,
Azt gl 7130 e SR H ke o 2 miee] weprt

Hewaky

1m

1o m
41: "

23] uhzol) JEAG B3NS B 5 ok SR o= 1)
ek S 3 5 9lo] W AF vlgo) AelshArs AV}
ik

AR, wEke] AR o gl BRgEe] s8XlE
IR e SEo] FEshA WAsHE AR o &%
A @7 (zero longitudinal resistance fastener, ZLR fastener)Z
Zgate] g} FE Aleld] e R WS fisle] daat
|5 PR F Zolv WS AL 7 Atk o] HEe &A
Y TS Alofd & IR & Al dAPF oL EF
A= Szt G Alele] I5& FI1H0 R WY davt
A

Al AR, ek 3t Aol dhste] Bl Aad=H]e] AdEs
si5eo] Apddx|e] S AES Gt AE7dR1e] 40 KN/mET}
Zke 22 KNIm=2 AR A)A1d= Afd==|(reduced longitudinal
resistance fastener, RLR fastener)E #-8-3}e] &7} 2o

thate] dde] WelE S7HA SHHskE Sl ol Stk



o] WPHe A EAR) Ao 2 AR FIE ATAIE F

S o] AT AL 5 9k Zo| A@Holn, A
Asjol whe 9 Wl Ztol diele] A= Bask ddck

EA] Qi AAAFZE A7 400m o3l A-g-oll= Eld

F7FEHo] S5 ARAAE Sote] Ao & ghe A== ]
mzoll, gk TRl dd A5l HE dAjsle] AA|E 74

gl SEe] Aughe 003 AAsle] 28S Aosh= o]
itk o] HiHe TARAT Al 71 AT G B4 wak)
A JaaRg BAE sidshy] flete] AEEANL HYalEel 3
A= 8T 2 F) e TRbexE AL ofeier

2E0)FAA7) ol w=xk, Al Ee wEo] Harsk 7k
Argatolol itk Begh dldalEolgRlel] thek ARl AR
S7} e, GRje) a1 B A 333 eFgAdel dislele e

HEZ} a7dck
o];ﬂ%‘ :,‘L,”E '7‘?6]:

=

sabgol o3 99 HIhs S SEs]
SIeF ofe] o] glovk Zizke Azt Aol AVF At )
e PAe) BARG §38 7FsAo] gltk o] aTeldE

CWR

o

Slab Track

o

efek AEAES T A28 Aol Adel] 918 E ke
vhgto = e vegt At Sl A A Aol Lol
55 W A AT Sl et Jache At
A= JE2E S ool AhIde) ¥} 32
Brhete] elold Awe] Agol nkE YEAG h BNE
Brhsart ek

N4

ﬁ

2. §RAE MAY 2IUE A=

Ao AR EaE AEQY Se)d AD)E A
oo} g et Aole] Akt Sefol = slding layery&
HAJsle] wEke] L AlE W7l ZIEE EAKslab track)S
Foto] AFYCWR)Z A== 21e A7 A 218t
I 3lnk sl Ales AAlE dleg wztt altE Hes]
Slete] 25 wsjol] GRS 4] e alge] AR B el
FATE A(slab track)yS ek vl 1SR JAE AX]
gtk Fig. 1] EQl upe} o] e} of-she] w2 79

Anchor Anchor

Simple Span Bridge Girder

Anchor Anchor

Simple Span Bridge Girder

A ® A [

B

Abutment

M

Abutment

Fig. 1. Longitudinal Profile of Sliding Slab Track for a Two Successive Simple Span Bridge

Slab Track

Anchor
Anchor Anchor
Continuous Span Bridge Girder .
M F M M
Abutment . Abutment
Pier Pier

Fig. 2. Longitudinal Profile of Sliding Slab Track for a Three Span Continuous Bridge
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Table 1. Sectional and Material Properties of the Modelling

Part Material Property Sectional Property
E=2.1 E+5 MPa
Rail v=03 UIC-60 rail
a=12E-5
\fex =35 MPa
E =2.88 E+4 MPa W 3000 mm X
SlabTrack |, _ o138 H 500 mm
a=1.0E-5
unloaded : bilinear 40 kN @ 0.5 mm at every
Fastener o .
loaded : bilinear 60 kN @ 0.5 mm 1m under rail
- Frictional coeft. = 0.3 at every lm on
Sliding Layer Bilinear 11.4 kN @ 0.1 mm bridge

— —Fastener(loaded)
——Fastener(unloaded) //

vvvvvvv Sliding layer 4

Force [kN]
S

02 04 0.6 0.8 1
Relative displacement [mm]

Fig. 4. Non-Linear Spring Properties
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Fig. 5. Bridge and Slab Track Modelling

Table 2. Track-Bridge Interaction Analysis Cases

Bridge Type Span arrangement Symbol Total bridge length (L) Max. expansion length(m)
25m X 1 span $s25 25m -
30m x 1 span ss30 30m -
Simple Span
35m x 1 span ss35 35m -
40m X 1 span ss40 40m -
25m % 5 spans 5ss25 125m 25m
) 30m x 5 spans 5ss30 150m 30m
5 Simple Spans
35m % 5 spans 5ss35 175m 35m
40m % 5 spans 5ss40 200m 40m
25m x 10 spans 10ss25 250m 25m
. 30m x 10 spans 10ss30 300m 30m
10 Simple Spans
35m x 10 spans 10ss35 350m 35m
40m x 10 spans 10ss40 400m 40m
40m x 10 spans +continuous span
23CS4 2
20 simple spans (40m+40m-+40m)+ 40m x 10 spans 3C840 920m 80m
+ 3 continuous spans 40m x 10 spans +continuous span
(40m + 60m + 40m)+ 40m x 10 spans 23C860 940m 100m
i + +
continuous spans (50m + 80m +50m) ED ff 180m 20m
. support : MFFM -
Extra-dosed Bridge - (50m + 80m +50m)
continuous spans (50m + 80m +50m
support : MFMM ED_fm 180m 130m
S@)stslon, A8 Alws Sefol=Fo] glo] uwt Art ealzh 22 1079734 viA| AL Sl 7 40 med
A 77 A DAA AEEIES Gt AL wF 3737t AEaLE viAjste] A5 A 2)7F 80m o] o] & 735l
oA AT To] Rt gl Q1 i Al (] tiete] HEsilom, F71= 377t o] Fditol 60 mel
A ek=th 739 Z3FsIQILE viAEke 2 50 m + 80 m + 50 me] 373t
A il F2 A8H= AP 25~40me] ST nigke] ¢l R %)% Extra-dosed 2FHED)O] thaje] Fs2kg- 34
| oste] Fe2kE- il sllaL, Zzte] Wit ks < TSI EDul= 65} 7tie] JaRelr At azksh
57 A& ARk Aok 10747t A% wiARt 498 F71= TR uAHo] AL AE 80 mE AFG A9

Aesjal Ao we F7E Wi, Yokl 40 m ke
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Table 3. Sectional Properties of Bridge Girder

Bridge Type Girder height (h) [m] Girder cross-section area (A) [mm’] Flexural moment of inertia (yy) [mm®]
25m Span 3.0 8.20 E+6 1.04 E+13
30m, 35m, 40m, 60m Span 35 8.67 E+6 1.53 E+13
Extra-dosed Bridge 3.6~6.5 1.25 E+7 2.15E+13

i T
et e
i
P
Pronnminna
iy
i |

Fig. 6. Extra-Dosed Bridge Modelling
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Aol Table 20 AAE Ble} 2o] 167]o]m, 2t 34 Alo]l2=
Table 29] Symbolol] AlAE Sfolz 233t AAE wlgk 2o
tisle] 28 Za2]E Al(fixed track)$} A 2ke- 278 Lajo)
J S FsGsliding slab track)ol] thajod 242} A e-nlw g2}
& WS T HY-eES AESISIk

Table 4. Maximum Rail Stresses Variation Due to Load Effects

7471g¢] 30 m, 35 m, 40 m, 60 m¢] WS FFULHAE
23370 A4E =0] 3.5 m =& 12.6 me] PSC ¥A G
Hg3tal, a7k 3.6 m 2739 T4 AF wzks H883em
w7zt gol= 10 mz SIsp wiAskgltt ZxFge] 25 mel
ol s i= At 0] 3.0 m w7k 27 32 mE 245}
& T AJolS Tk 2F FAE 7rie] T <= Table
of] 291 ule} 7k PSC Arji= wzto] Aule] Axsh ¥l
© 2 Wk, EDule 71 A AHIE Harste] AwE mjla}
71ze] B3e slXel E3eSiTiFig. 6).

PR T

3.2 siM Zat

ZA 1670 312 Allel] chst ol H1Ue dHE 2d ERE
H=(fixed track)¥} &2}o)d H=(sliding track)ol] ths}e] Table
4o ArEIATE Ax-nlwk 52 A 23 Sefold Ase
214 FIE A=e} vlusle] Y 38 FHA 80%eA )
90%7HA] AR 2o 2 VERstTH(Fig. 7). £8f0]d Ales

Analysis Temperature load Train traction/braking and vertical load Total
Cases Fixed Track Sliding Track | Ratio Fixed Track Sliding Track Ratio Fixed Track | Sliding Track | Ratio
[MPa] [MPa] [%] [MPa] [MPa] [%] [MPa] [MPa] (%]
ss25 26.58 0.51 2% 15.60 5.24 34% 42.18 5.75 14%
$s30 30.34 0.69 2% 17.56 5.70 32% 47.90 6.39 13%
ss35 36.20 0.87 2% 40.43 6.45 16% 76.63 7.32 10%
ss40 40.70 1.59 4% 30.52 7.06 23% 71.22 8.65 12%
55525 33.03 4.45 13% 30.61 6.72 22% 63.64 11.17 18%
55530 36.42 4.98 14% 29.88 6.26 21% 66.30 11.24 17%
55835 40.90 5.52 13% 42.57 7.63 18% 83.47 13.15 16%
55540 44.67 6.23 14% 37.80 7.65 20% 82.47 13.88 17%
10ss25 32.00 5.43 17% 29.61 6.66 22% 61.61 12.09 20%
10ss30 35.83 5.65 16% 25.58 6.26 24% 61.41 1191 19%
10ss35 40.95 5.93 14% 3245 7.39 23% 73.40 1332 18%
10ss40 45.00 6.34 14% 33.73 8.96 27% 78.73 15.30 19%
23CS40 50.76 7.25 14% 40.65 8.67 21% 91.41 15.92 17%
23CS60 62.00 8.00 13% 36.80 6.92 19% 98.80 14.92 15%
ED FF 123.42 20.14 16% 53.30 8.96 17% 176.72 29.10 16%
ED FM 151.00 21.40 14% 72.55 8.71 12% 223.55 30.11 13%

Vol.35 No.5 October 2015 1185



A= HEAG S4o] ol setold e Awe] Ao $¥ Az w24

250

m Fixed track  m Sliding track

200

153
S

,_.
=3
=3

Rail Stress Limit (92MPa)

: S ©

& I S ]

Rail stress [MPa]

n
<

v

L D
< 52
& $°

<

F PSP S o
4 S N SN SN N

.
2
ity

Bridge type

Fig. 7. Rail Stresses Under Load Combination

s} wF Alelo] FR1 Sjo| =Bl ofste] LRIzt uke
ALgF A50] Aol AR 7] wieel] &=sksol| oJgk A3t
FI7} 83%014 98%9l| o]2FITk o]} thEo] Gat Al Bl
tistl= 66%0l 84%<] A7+ &} vERdTE: W &ejeld
Aes 2Edtal ofgh de ket oz} AlAlE sheol oJgt
dEAE A A ARATIE Ao s SR

7 D] A9 Aie] Aol wet 2= wiste)
of3k me] NS W9} STkete] FeAkge 2% HlY S-=o]
7k oM, 543 B 10747t A48 75 T8kt T
Hlgle] gazkgel o3 G F7t 5830] 2d FE Alee
FHd 50%7H] S7Fetl e, Eeteld Alms o 110%7H4]
SISk el Al Wiel &5 wA]ol] ofte] #9-8-2
o] Z7F vlge] Hd Axr £ s g F7F &)
214 23gE Ax 10%14 20% Hxo Bt wenl
el AR At 40m olstel] wEd HE A=t
SHlo|d A% B g2kl o3k ride] F18-o] 51871
221 92 MPa (Korea Rail Network Authority, 2014b; International

80
~—Fixed track
60 —Sliding Track
40
g
2
2
3 .
E
w
-60 i
-80
0 200 400 600 800 1000
Longitudinal distance [m]

(a) Temperature Load

Union of Railways, 2001; The European Standard EN 1991-1-2,
2003)& RE3ITh

22 40m B 2R Tt 10787H) i S
o] 3737+ &S HjR|EF 73-9{23CS40, 23CS60)= L5, AHAIE
2 7] slee B 29k A 7 Ee] A e Al
A Hof] 91.41 MPag} 98.80 MPaof| o]2&] &-8¢k2] 92 MPad|
] LA ket Ak Bojrk whde, SEjold AsE
2185 5ol 16 MPat 15 MPadl| mE2] F5 218 oJ%h
a3} 724z 83%9} 85% AT Ag IStk

Zo} H7o] 60 m3l AdmE T HH23CS60)0] st
of wgF AAle] g 7t F8¥8S 2kl o3k dvel dat
s 2 2] 8%l 23k 7= Fig. 8¢l ZH7}t =AERich
7129 HA FIPE AlvE 255 thele] &) X3k
TETN Ed SHo] FA Wssilon), SRl Axerle
ol A § W] =4] it AE FagE
A AARE B 4 skl ofste] Sl ST S0
2ol Axs= 3t &3 =A Azt

>
2L

Ag BT Sk

377 qidse] Ao TARIZE Ak 717} 80 me} 100 mSl
48 neferY, A2 2aele Avt wAXE Ae)} 8om
ol %] €2 o] Haxig Ztals o) BEAER

S, 2ol A= THARIRE AL} 80 m opdR) ASolE
FEAge) oI A FHES o] B8RS =) Wil Wl
54 A2 52 121 Dart 9e oz nalrh
EDi= 28 A7k 9j35te] Fat Avle] zse
Aeke sl agslel AR AekE Fo HFER 80 m7k

---Fixed track
60 —Sliding Track

-20

Stresses [MPa]
<

40

-60

-80

0 200 400 600 800 1000
Longitudinal distance [m]

(b) Train Traction/Braking and Vertical Load

Fig. 8. Rail Stresses of 23CS60 Bridge Case

1186 Journal of the Korean Society of Civil Engineers



AT A=PE 130 mQl B-HED_FM) R tiste] 218 F=z]
E A A9e 2719 dd H7) -S3o] gt TR
WF AAARE 283 BHED_FF)dXe= 228k o3
BANC 2% #Y Frt F&Eo] wige] Jeiiolx 123 MPad|
ol2# 34 Huigkel 92 MPag =7 3Isi9aL, AAIE 2
52 3lg Z3kshH ] 177 MPao] o]2#] &18-3]9] 2u)jo]
TPk 7S Btk HS FERNE aAARS A8st
I 9= FERolE o FA1%S] - HED_FM)olE £53l% ol
2J3le] 151 MPa2] 330 BHIEIIaL AlAlE 2 422 3ol
oJsle] 72.6 MPa2] g-2o] WhAYsle] RE sk S35 E3sid
Fof 223.6 MPag] -g-2o] HAY3}ITh

A7 A7t 80 mel 3737F 914:3(23CS40)2] 25w}
o mE o] #U-&Ho] 51 MPal®l 1} v]awsl, A7t
A7t 5¢g EDIED_FF)9] #Y-882 123 MPa=Z vjj$-
& 3k Btk o= EDal wzke] 43732d0] e o 2l
7z vjle] S arefdt Alof) Yelo] 9lom, 53] o Feiol
TR e] HgHo] £ wW3lo) o5k Avle] BF L FHow

100
-----Fixed track

—Sliding Track

50 e -

e zjo] 59 O 2 SAISKL ol 2 SIsl] Al W
A} 13.6 mme] 52 Wl SJsje] Pt wmage] Fopasis)
9 =) wAs slow stelect

EDsol] Zefol AwE A85 B9 Lwstel] ofa ft
7 22k 84% U 86% AT, AAF L 57 55 9@
3} o) 212} 83% L 87%7h Agdlo] H

;

wzte] FHd| osle] FREE FAo 7 Yo o] ¢k 20
MPa A% HE3IHom, AAlE 2 537 35 o3 av=
ZA A7 o] &k 9 MPao| HEHTL F2 Fa|e Alwdis
343 92 MPags 233t gd B} $38& Fs] S5k
% o] 22t <F 30 m WK 40 m Tl 23] B AEA
(ZLR)E A-83PA U alwge] AHE T 350 ddilEols
AR(RENE Agalor & Aoz Holrh Ay Sy A=s
g3k Aol olfdh A3zkg g} AgEo] Mol B4
ABAAY PgrZol = 1ejEt Har) A Qe Aow
gel= ek

100
""" Fixed track
— Sliding Track
50
4
E 00— _-:%‘T_—
2
P |
w =50 1
2
n
-100
-150
0 50 100 150 200 250 300 350

Longitudinal distance [m]

(b) Train Traction/Braking and Vertical Load

Fig. 9. Rail Stresses of ED_FF Case

=
(-9
2
g 50
@

-100 Vi

-150

1] 50 100 150 200 250 300 350
Longitudinal distance [m]
(a) Temperature Load
100
-—-Fixed track
—Sliding Track
50

= 0
o
=
2 -0
g
@

-100

-150 <

Q 50 100 150 200 250 300 350 400

Longitudinal distance [m]

(a) Temperature Load

100
--—Fixed track
—Sliding Track
50
=z 00— = — —
-9 ;
2 |
2 50
2
@
-100
-150
0 50 100 150 200 250 300 350

Longitudinal distance [m]

(b) Train Traction/Braking and Vertical Load

Fig. 10. Rail Stresses of ED_FM Case

Vol.35 No.5 October 2015 1187



A= A%

3.3 &2i0ld #H=el Xl wWE 7|ch St

Etfo|d Ales A4 FAPE Aws} vluste] gde] &2
50] A7) wheel #d fAR Slavt Havs avke 7
oL, w7F e AEEeIES AR davt glors Iz
Al 7E7F Zkaskd = Qv 53] S2jold Al s argA]
HZE Ae) Aefe] glofA7] wiZell w77 A Al A
BVEE ATE AR = Qlo] deRxtolu AV e mix}
TRE = ARt g AR A e 9 $36] thgsle] skl
WFE A 5 9= o] ek ool tleled, &eleld A==
dafe] MRS sl St Bk Aghe] wite] uizjol] Ak
© 0l fAaso] wzt W A FA4T QS Jlow
7 gelold Ales H8eh Joake vt iRk $uE
AN = glomg Tieal thel dEulE golsl A8
T glom, A&l A GA] mge] AR whio] S 9o
™, APt Ed&EE awk WY 7jAT) SolE0] B ARSIl
Adear T wE dak 8 St FdE 7o = vk

82

lm -1%

oot

o
w1 A 9 A e Eoh 55 1 Pk e <
2ol AR AP} 1 9ol 4EAE] T TS

A e el A S o2 G B
£ Axsha glek BhslsA 471 B
Aol B8 o112 olel a1
. AN e BEARAS) R Hrs) A5G
A7 e A gstelobt sheik

Seold Awt TALlE A Ul A W viei
Aolel] ke elol =5 Bgslel wagst Awe] U AE
& eeldeny Ang 0@4% A AGA 5 Aok
o) @l 2= s 5% 700 T2 55 A
16 Afale) A7 uﬂxm Yoe el A2 2
el st bl sl 4EAse] o3 A9 P}
#3ee HEsigl, o8 Faio] thevt e AR mEsiir)

~ rlr
re
.ll*)'

El

o i

1188 Journal of the Korean Society of Civil Engineers

ARG Sl oljt Stold SeflE A= AiHY S A% axt &4

R A ¥ %
80m ogel ol 7k

57} g%o) Slage

o] 5}87ke WESRE, WA Az}
Aa e et el
Zaehe o2 Vesrk wh, el

J A= AR A2 80m o3l Al #ld
S 0] ShepkET FA3] vk Ao ' et TIES oisl

A

| WSk Ao R YERstt
(3) & 737F4o] 80m<l 3737t ¥4 Extra-dosed | H=
FEF- 17te] e sl 285 <Jgt HY FUt -8
o] WEFo] FEHE FA0 R Trshe AR e,
2182 A=E 283 239 Ud S8o] 8%k iﬂtﬂ' v,
ol Al sM8gke 58] RIStk 3 TR
AHEAE olFAR R WAsE g J—@ﬂ%‘jﬂ' A7}
F7klER 24 Awdiis Y 571 80| T S7IsHA

o

¥ <ol Ao A 2 WG] U Ak
Bk
() AEHoz, Fuoly AEE Heshd YA A

80m oPQl el dd 77} -5

T olorng, Aeuie] dekgo g QI Aok JfsiA|
Qa1 AT BEE wiAE g QML deke Evke
AZENZ7) skl e SAAgA], AAEY A2

= Ydilsels A S8 AT davt gtk

gl =

B QP FETEY HE|EA7Ae) ek
% 15RTRP-B071566-03, IA|: 52813512 )3k Ale L
1% vk T2 el o8 SEekch

References

Choi, I. Y., Cho, H. C., Yang, S. C,, Choi, J. Y. and Yu, J. Y.
(2009a). “Development of design chart for investigating an additional
rail stress and displacement on CWR(I) - Design Chart for High
Speed Railway Bridge.” Journal of the Korean Society for Railway,
Vol. 12, No. 4, pp. 565-573 (in Korean).

Choi, I. Y., Lim, Y. S., Yang, S. C. and Choi, J. Y. (2009b).
“Development of design chart for investigating an additional rail
stress and displacement on CWR(II) - Design Chart for Railway
Bridge of Conventional Line.” Journal of the Korean Society for
Railway, Vol. 12, No. 4, pp. 574-581 (in Korean).

International Union of Railways (2001). UIC Code 774-3R 2nd
edition, Track/bridge Interaction Recommendations for calculations,
Pavis, France.

Kim, I. J., Kang, K. D., Park, D. G. and Bae, S. H. (2005). “A study
on the plan of reducing the longitudinal force of continuous welded



rail for concrete track on the bridge.” Proceedings of Korean
Society of Civil Engineers 2005 Conference, pp. 3830-3833 (in
Korean).

Korea Rail Network Authority (2014a). KR C-14040 Concrete
track structure.

Korea Rail Network Authority (2014b). KR C-08080 Track-Bridge
Longitudinal Interaction Analysis (in Korea).

Lee, J. S., Cho, S. L., Park, M. H., Joo, H. J. and Nam, H. M. (2010).
“Parameter study for long-span bridge of high-speed railway
considering CWR axial force.” Proceedings of Korean Society
for Railway Spring Conference, pp. 1452-1459.

Ren, J., Xiang, R. and Lechner, B. (2009). “An innovative slab track
test-line in China.” Proceedings of the 8th International Conference
on Bearing Capacity of Roads, Railways and Airfields, Taylor &
Francis Group, London, UK, pp. 1243-1252.

Rui, X., Juanjuan, R. and Yong, Z. (2010). “A study of compressive
stress and compression of hard foam board for longitudinally
coupled slab track on bridges.” Proceedings of the 2010 Joint
Rail Conference.

Sanguino, M. C. and Requejo, P. G. (2009). “Numerical methods

for the analysis of longitudinal interaction between track and
structure.” Track-Bridge Interaction on High-Speed Railways, R.
Calgada, R. Delgado, A. C. Matos, J. M. Goicolea, F. Gabaldon,
eds., Taylor & Francis Group, London, UK, pp. 95-108.

Sun, S., Zhang, W., Wang, Z. Su, W., Wu, C. and Bu, Q. (2011).
“Design of unballasted track bridges on Beijing-Tianjin intercity
railway.” Engineering Sciences, Vol. 9, No. 4, pp. 59-70.

The European Standard EN 1991-1-2 (2003). Eurocode 1: Actions
on Structures-Part 2: Traffic loads on bridges, Section 6 Rail
traffic actions and other actions specifically for railway bridges,
Pavis, France.

Wang, P., Ren, J. J., Xiang, R. and Liu, X. Y. (2012). “Influence of
rub-plate length on forces and displacements of longitudinally
coupled slab track for a bridge turnout.” Proceedings of the
Institution of Mechanical Engineers, Part F: Journal of Rail and
Rapid Transit, Vol. 226, No. 3, pp. 284-293.

Yang, S. C., Lee, J. H. and Suh, S. B. (2000). “Development of a
numerical analysis method of longitudinal forces of CWR on
railway bridges.” Journal of Korean Society of Civil Engineers,
Vol. 20, No. 5-D, pp. 581-591 (in Korean).

Vol.35 No.5 October 2015 1189





