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Transition track system, Uplift force, Compression force

Railway bridge deck end,
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SUMMARY

The components of concrete track(rail and rail fastening system) in a railway
bridge deck ends have been damaged and deteriorated by a track—bridge
interaction force such as an uplift force and compression force owing to their
structural flexural characteristics(bridge end rotation), calling for alternatives to
improve the structural safety and serviceability.

Transition tracks are an alternative for enhancing the long-term serviceability
and durability of concrete track components in railway bridges. In this study, by
considering the rail supporting distance and the distance between the bridge and
the abutment, the behavior of concrete track installed on a railway bridge end
deck and the bridge end rotation were analyzed. In order to analyze the
track—bridge interaction, bridge and abutment specimens with concrete track
structures were designed and used in laboratory testing and computer analysis.
Further, the influence of bridge end rotation and rail supporting distance on the
bridge deck ends of a concrete track on uplift forces currently employed in
high-speed lines was assessed by performing field measurement data and the
proposed prediction equation using actual vehicles running along the service line.
As the results, at a constant fastening support distance, an increase in the bridge
end rotation caused an increase in the displacement of the rail. Therefore, the
displacement of the rail directly affects the rail and clip stress. Further, it is
inferred that the results of multiple regression analysis obtained using measured
data such as bridge end rotation, clip stress, and rail displacement can be used to
predict the uplift force acting on concrete tracks in bridge deck ends by
considering rail supporting distance, and the prediction equation should be of
practical use for track maintenance.

According to the change of the rail supporting distance, the empirical uplift
force determined using finite element analysis and track-bridge interaction test
was compared with the predicted uplift force using the dynamic bridge end
rotation measured through field measurements.

The study performed a comparison between theoretical (numerical) and

experimental results, and the results contributed toward the development of

_9_



simple prediction and evaluation methods for the maintenance of the in-serviced
railway bridge deck ends.

In the case that the clip stress, and track and bridge properties are known, the
uplift force could be predicted using the proposed prediction equation and bridge
end rotation, which can be measured through a relatively simple field test.

In this study, to develop transition track to enhance the long term workability
and durability of concrete track components in a railway bridge deck ends so as
to improve the performance of concrete track. Therefore, a time-history analysis
and a three—-dimensional finite element method analysis were performed to
consider the train speed and the effect of multiple loads of train and compared
with the performance requirement and German standard for transition track. Also,
two specimens with a normal concrete track and a transition track were
fabricated to evaluate the effects of the application of the developed transition
track, and static tests were conducted. From the results, the track—bridge
interaction force acted on the track components (rail displacement, rail stress and
clip stress) of the railway bridge deck end with the developed transition track
were significantly reduced, compared with the specimen of non-transition track.

In this study, the structural behavior of transition track such as the variation
in static and dynamic displacements and dynamic properties (acceleration, natural
freqeuncy and damping ratio) was assessed and compared by performing loading
test and finite element analysis using actual vehicle impact loading. As a result,
the analytical results reproduced the experimental results well within about 2-5%
difference in the values. Further, we found that the static and dynamic behavior
of transition track system 1s expected to satisfied the actual vehicle impact
loading, and therefore it is inferred that the structural capacity of transition track
system 1s proved.

It is found that the structural behavior of the transition track system is
expected to satisfy the actual vehicle impact loading, and the variation in the
neutral axis and dynamic characteristics are not affected by the fatigue loading.
Therefore, it is inferred that the structural capacity and long-term durability of

the transition track system is proven.

_10_
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Rotational movement:

ZLR clip allows rail to lift without

generating large upward force on plate:

Severe overload is stopped by shoulder:
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ZLR clip allows rail to lift without

ZLR clip allows rail to slide:

generating large upward force on plate:

Severe overload is stopped by shoulder:
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3% (Psta

3% (Pdyn

3.875(tonf/m)*2.4(m)/4(EA)*(1+0.27)x9.8(kN/tonf)

@ #Hx

1.33(tonf/m)*2.4(m)/4(EA)x9.8(kN/tonf)
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@O HAWYss(Pdyn : &3}%)
= (198.94kNx2)/4(EA)=99.47kN = 100kN
@ #Hx3sts(Psta : A%)

= 1.33(tonf/m)*2.4(m)/4(EA)x9.8(kN/tonf)=7.82kN = 8kN

Q@ FEA=AI=H B 170 65 (Pmax) = 230kN
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DAF = 1+(1) « (0.2)(1.0+0.5 190 ) =1.289
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* @O HEV|F AN FH AL 02 48
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* VO AE7)|#(dubdEE)  230km/h A&

Qun = @y X DAF =110x1.280 = 141.84kN
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@ #Hiss(Psta @ AF)

R w = |
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End rotation, f (rad)

5.0 0.00166 0.0033 0.0049 0.00636 0.0079
€ 454 —o— Measured value(static) 4.0 5 5 5 : :
é 404 --0--Measu_redvalue(dynamic) ’é‘ 354 —o—Casel-1(300mm)
S @ Analysis E --A--Casel-2(600mm)
T 3.5 S 3.0+ @-Casel-3(900mm)
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£ 254 g 204 e A
Q . -
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o | © 9@ AT
% 1.5 S 104 e /
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300mm 600mm 900mm  Transition track 05 . . . . .
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Bridge displacement, D (mm)
(a) dlDdaF ¥
End rotation, f (rad)
140 0.00166  0.0033  0.0049  0.00636  0.0079
—o— Measured value(static) 140 L I L L !
. 120 4 --#-- Measured value(dynamic) — o—Casel-1(300mm)
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w=" 80 =
A “. 80+
@ 60 -| 2
® 2 604 R
14 O % 40 /
20 14 /é
20 //§ .QO
0 T T T T S A
300mm 600mm 900mm  Transition track 0 . . . . :
Bridge deck ends gap 5mm _10mm  15mm 20mm 25mm
Bridge displacement, D (mm)
(b) #ALAF &9
End rotation, f (rad)
20 : 000166 00033  0.0049 000636  0.0079
—~ 2804 —o— Measured value(static) 280 I I L L L
g --#-- Measured value(dynamic) — Casel-1(300mm)
. i i —o—Casel- mm
= 2409 o Analysis g 2 --a--Casel-2(600mm)
w2004 E 200 @:--Casel-3(900mm) I
& - --&--Casell L
g 160 - 8 160 . /,A
® 120 £ 10/
o 7] - -7 O
= 804 2 a0l e ° A/
B 40 © o AT o}
-
© n 40 . o /
- od & . A 9 -
. 0] e
300‘mm 600‘mm 900Imm adoptedI system -40 r ; . . .
1 5 10 15 20 25
EridgRakiants g o Bridg?rglisplacn;%ent, Dm(mmm) m
5 o
(c) A4+ &9
Y 240 FHAEA2Y Hgo] E BR AE AR A3
B oAoA FAF AWAES B3 JuAEAsE AganE 49 2 o o
SHAY. FAYUEAREYD R AdAZGA £3H)7F add g 2 AR E ¢ o
=] 5 = 5 =1 ©
A AFAE o]fste] FAAEALY AAFH mE GF A AE5A
= = [e] = S = = =]
(FeE 2 5, W) AEFOoRM FuARA2dY HgarEs ddHon ¢Fe
- ® _
Atk AFAT, T GFEFIHE00mm) ZA A GAZAI~E A go mel oL AR
[e) > [e) S &
S8 oF 75%, T AAT SHo] oF 90%, Tl de AIFHAAH) 7t oF 87% A7
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=

=
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=
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A 3 A

S LR P B ER

o

1. A=A =5 o] 4= X] 34
7b. At
(1) 1243t (D)
7h 14 3sks A
# 210 A sE A
T % etk 2 A stst5
AR Z2a# A% TS A8
(W) 22 1743t% F stswEZo] &3t sks
F 211 nAsT A4
T E LS el g A 3t st
7 15/ 2 0.75
7 0.75
(2) &3t&(L)
(7h EFDA8HE(LS-22)
(W) FAAFAEASE 230km/h, F588, =ik F2AA)
(th &sts A DRI AE AL
¥ 212 st A8
T A 7% = (km/h) t A A (%)
7 230 1.00 0.289
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3) Aded Fsks(LR)

(1) A= 10.0kN/m= #HdWAA el Astel 149%=T 2000kNE % 33514

(2) B Azgel A Fygom AA Attt

(4) ==3+5(T)

b BEem=wsh SHn FA $Fel thate] 05C/cme] LEWEE 13t

(W) 22 ABZAS 0 10x10-6
(th Aol A As - 12x10-6

(5) A&F3t5(LF)

(7 LS &tz ¢ sa=%2 15%

(b AL el A st

(Bh) 1+ %=l thet ARt a1y

SE=ES2 15%

220 X 0.15=33.0kN

a9 241 A EEE(LF)

6) Als % AlE3sHs(SB)
h) A Y™ 20m =ololA wEWIFow As
(b AF3sts @ LSats ol 15%
110x0.15=16.5kN
220%0.15=33.0kN
440/3x0.15=22.0kN
220/3%0.15=11.0kN/m
(th As3ts @ T35 25%
220%0.25=55.0kN
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% 2.13AF835tE =37
T B D L LR T LF SB
Combl 1.00 1.00 1.00
Comb?2 1.00 1.00 1.00 1.00
Comb3 1.00 1.00 1.00 1.00
Comb4 1.00 1.00 1.00 1.00
) F3es =g
% 214 =3ax 23
T B D L LR T LF SB
Combl 1.40 2.00
Comb?2 1.70 1.70 1.70
Comb3 1.40 1.40 1.40 1.40
Comb4 1.40 1.40 1.40 1.40 1.40
[ o

(1) *+xaAM

(7h A GA=A =~

= 1g AAA9E

Iy 7282 A4

e 4TE P49 TRE

o,

(W) AATxANen FEAAT, urh A2 AL 98] 349 dare] 4
SEAch

(th 87e] WAL o] gafe] X}

(2) A

(71 Al

At

Age FEANS g4 B 4

() 2o T

o gate] T3

(D Model 1 : Frame =9
@ Model 2 : Shell =4
@ sl =z =18 MIDAS/CIVIL 2012
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O F%3E Ady  HYZH(H440 x 300 x 11 x 18)
@

T3 7F=H © F:WA(400 x 38), H5-(30 x 190 x 2EA)

& 215 @A

T & A(mm?) y(mm) L(mm*) Z:(mm?) Zy(mm®)
Zukek Ag 1,574 220 561,000,000 2,550,000 2,550,000
ns 7121 2,660 160 120,700,000 754,375 1,775,000

(c) Shell 24(3D) (d) Shell =€ s}

% 242 M EEE

ERE Y EEE!

(1) Model 1(Frame Model)
7hH @viE HEAd3
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(a) A=

¥ 216 ¥9HdE A8 (&¢¢] : kN-m)
T = q = AR S Toz T

e AY 2.38 0.293 55.575 58.248

I8 7121 0.197 0.086 30.705 30.988
(b 3¢ Aeas

¥ 217 £ HE

7 B Z.(mm") Zp(mm”) f.(MPa) f,(MPa) AARE
ZHeE Ay 2,550,000 2,550,000 22.84 22.84 0O.K.
n8 7121 754,375 1,775,000 41.08 17.46 O.K.

(2) Model 2(Shell Model)

hH 8%

(a) AHZ=(EWeE A) (b

(c) etz (HARLD) (d) 23
28 244 AGHEA AE ] S



¥ 218 £8 HE (&4¢] : MPa)
T = 2 = 22} 314 55 st Al
Furek Ay 1.00 0.12 42.45 43.57
Ty 721 0.73 0.15 27.96 28.84
(th S84} a9
¥ 219 S84 (¢+9] : MPa)
- B Frame =4 Shell =2 3854
e AY 22.84 43.57 185
s 7121 17.46 28.84 185

gele] Aol7h WAsE AL Frame B2 AAAN SHFEL WoFH, Shell e

SAFAA YE7] W ol

sy
e
B
[-'O

i
)
i)
o
=2
(22
ox
il
rlr
H
z
2
[-'0
[o}(e3

Hxglo] o] W %= D=404mm, t=11lmm&% Z-F78](D/t=36.7)2 3]-&7(SM520,
=

FA= 2o gl Aoz HEHU

)
.

Bxglo] o] W %= D=404mm, t=11lmm&H Z-F78](D/t=36.7)2 3]-&7H(SM490,

D/to=60) mtolm e S HAA= sdast Aer HEHNOY g 72 Ass S

il

) M3 7hRR B3 36 £ A4E 21 s,

ok 71E A E

(D) A A=4d3
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% 245 AP

¥ 220 AR AEAY (¢+9] : mm)
Frame 29 Shell =4 3843 AARE
0.28 0.29 2.40 O.K.
3423 = L/1000
(2) ¥t AEZAy}
(7 wH g A A= (kN)
i) 71
lars 75
|
5 g5
T 7
1% 246 BakFol o3k A
¥ 221 AT AFH
T = 2} F 2%} 31 A 3} 5 g3t AL-&-3t 5
Frame =4 5.11kN 0.63kN 97.55kN 103.29kN
Shell =d 5.09kN 0.63kN 98.38kN 104.10kN
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2

(4)

ol
by

7R
(7 Z=wWstel] ok o5 #(ALD)

@ AT = £35.0T
@ a = 0.000012

@ ALL

= a-AT-L = 1.26mm

(th Al 23k o]s F(ALD)
@O ®eo] THFoNAM LA AT H7MA 9] A
h = 2/3 x(45 + 440/2) = 176.67mm

@ 19

O =

EER

1/150 = 0.0067

ALZ2 = h-©6 = 1.18mm
(th) A A]of - 2(AL3)
DO A o HNEF

AL3

= +10.0mm

(2 AAolE

@© AA
ALs
ALe

@ A7

s
TEY

= 12.44mm
= 11.26mm

T5F(ALs) R A1 F(ALe)

AL = 23.70mm

(ALD 3 A7=F(ALe)

¥ 226 ZAAe ¥ HAEAy
T B AL4--5-2 3839 AARE
T Ay 43.57MPa 185MPa OK.
I8 7l=25 28.84MPa 185MPa OK.
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P} BRAEA LY ARBA AL

448
440
214 , 226

400

J 200 Jk 400 l 200 Jk 400 Jk 200 l
3000

400

E|

lZOOJ

400
.

¥

E 228 FEAEA2E AlFA ] FAFE
=8 FAE Al 4

D 9 UIC 60
@ HALAZALA] System 336 and None
@ A& Ap-g-otst
@ 7+ SMb520

e EETA
© 23 2:300kN, 4=H:240kN, F-4H80kN, ©]-& = +100mm)
® ZAYE A-g-otst

Ao gAML AdAZAGAE T 2egFAdTHTS T RERA

o A9 3362 AdFgomn AAl FulelM Agsn e NHES Aseta
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o

2

&3oto] dA F30GHz, 10Hz)E 7HA3E & Algstsa AIEACA Al ¢4 s]

Test type Loading condition Frequency
Static 0 ~ 340kN(loading step : 20kN) -
Casel(5%) Case2(15%) Case3(25%) 5Hz
170kN 1619 + 8.1 1479 + 22.1 136.0 + 34.0
Dynamic
250kN 238.1 £ 11.9 | 2174 + 326 | 200.0 + 50.0 5735Hz
331.5kN 3149 £ 16,6 | 281.8 £ 49.7 | 2486 £ 829

* 250kN x DAF(1.326) = 331.5kN(5 4 5% A5, DAFiL#)

=

ok A EA 2~ A

olr

=4 e}

A

A@e We 2 gy

(1) IGAEA 28 ASAd 24

=

% 230 FRAEA LD A5AE 24
ES ] A =4
Test Case 1 dd 2 HALdAAGA gls A5
Test Case 2 System 336 A 242 A& A
Test Case 3 System 336 A A= A8 & AAIZA0.006 rad) 28 Al
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(c) Test Case 3 : System 336 & ZAAFZ71(0.006 rad)

O 248 A=A " AFAY 24
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(2) A=A

. Non-Rail

(a) Test Case 1

Case 2 : System 336?]

t

(b) Tes
(c) Test Case 3 : System 336 & ZAAFZ71(0.006 rad)

a9 249 I EA

uze)
_ZTI

o
Gon)

2" 18 7[2H

a9 2508 A A

]

o o = A

hyA
fn

& 87j 9

A=A 2

[e]

AN A A

S

=

—_
file)

=2 AAFEAY

o] A3 ¥

e A

)l €]

Z

= A]

ol

0

N
ol

ol A 2]
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g 72 H

(c) I

A A]

d 250 WA

1

_5_!

=y

el

2E Y IA A

a9 251
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G) AgA AAM dA AA =

(7h WA, 2EGAA A JA =

D1 —D2 D5 D6
on 1] | ]| 1] |
S1 S2 S5 S6
a9 252 A A e WA, 2EHIA A AA A=
% 231 AFA SHE WA, 2EHAA A A i
Al A No. AZ719 9l A
D1 LVDT(10mm) | T3 AY(FY) sti-ZaA F4F
D2 LVDT(10mm) T8 #HAIAA] 7F2H stH FdH
el D3 LVDT(10mm) | &% A ﬁ(—?%’) SE-Z WA FH
e D4 LVDT(0mm) | W& AL(FY) stF-ZFHA SIS
D5 LVDT(10mm) 18 ddAA 7F=2H 3FH T
D6 LVDT(10mm) THE AY(FH) stH-ZWA FGH
S1 Strain gauge THE AY(FH) stH-ZWA FGH
e el S2 Strain gauge T8 #AIAA 7F2H spH TS
- S3 Strain gauge T AY(FY) stFEWA TUH
Al o] A sS4 Strain gauge T AY(FY) SHE-ZWHA T
(Steel) S5 Strain gauge 18 ddAA 7f2H aH T
S6 Strain gauge T AY(FY) stHE-ZWA FHH
S7 Strain gauge Alo|A] ~EHE
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(th) 7H&E=A AA 914

A1
A2x x
49 o &l°
° i
o@| |(O9 o@| o
o |Ho o
a9 253 AgA AW JEEA A A=
¥ 232 A EA A vEEA AA g
Al A No. AS7]H $1 A
Al Acceleration(2g) | W& AY(FY) FHZHA] =LHFCIH)
7 A A2 Acceleration(2g) | W& AY(FY) stF-ZAHA] =LHFCIH)
A3 Acceleration(2g) | W& AY(FY) FHEZHA] TLHFCIH)
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o FRAEA s 5P 23

(Test Case 2 : d¥ 2 HLdAZZLA =¥ =

Y
N—"

(1) A=ZAY DA AF) - A9

FA=AI 2" AARS= T ST ZAA TSF, TE dLdAA 7I2E &1

o}

o

u

3 &
g JEsgon, 4EA NP A Ar) FHEAE 072mm(40KN A3k ADE 1t

|=]
A}
U 5d gaA e age] AAMe] A 7]1=(09mm ©]st, 210kN 7)< & +

Ol

iy

3 s

M

Ao BEAEdT

F 233 afF-We] vlolH

Max Load Displacement (mm)
(kN) D1 D2 D3 D4 D5 D6

0 0.000 0.000 0.000 0.000 0.000 0.000
20 0.041 0.058 0.067 0.065 0.055 0.038
40 0.106 0.122 0.149 0.144 0.117 0.099
60 0.147 0.186 0.219 0.212 0.179 0.137
30 0.187 0.247 0.292 0.283 0.237 0.174
100 0.222 0.297 0.354 0.344 0.285 0.207
120 0.254 0.340 0.403 0.391 0.326 0.236
140 0.286 0.379 0.445 0.432 0.364 0.266
160 0.318 0.414 0.479 0.464 0.397 0.296
180 0.348 0.445 0.508 0.493 0.427 0.323
200 0.379 0.477 0.536 0.520 0.457 0.352
220 0.408 0.509 0.562 0.545 0.489 0.379
240 0.436 0.539 0.590 0.572 0.517 0.405
260 0.464 0.568 0.614 0.596 0.545 0.431
280 0.492 0.597 0.640 0.621 0.573 0.457
300 0.518 0.630 0.667 0.647 0.604 0.482
320 0.544 0.658 0.694 0.673 0.631 0.506
340 0.573 0.689 0.721 0.700 0.661 0.532
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Displacement (mm)
o =] S o 4 o o
o N £ o (-] (=] N

o
N

—&— D1 (before fatigue)
—e— D2 (before fatigue)
—&— D3 (before fatigue)
| —&— D4 (before fatigue)
—e— D5 (before fatigue)
—u— D6 (before fatigue)

HPANHEIIE =0.9mm

40 80

a9 254

(2) I ZA Y F(300%H3] FE5 5
FdA=Al 2] I =AY $(300

Ald Ak ol 7h glol e

NE)E FEI B

120 ‘ 160 . 200
Force (kN)

3 M) -

=

R4

N

3 2.34 sks-#e] HolH((300%EE &

it

240 280 320

shg-mel e

360

F3)) Ho AAWEYE 0.72mm(340kN A3k A2 1 2
2

Max Load Displacement (mm)

(kN) DI D2 D3 D4 D5 D6
0 0.000 0.000 0.000 0.000 0.000 0.000
20 0.042 0.048 0.073 0.072 0.037 0.042
40 0.089 0.102 0.145 0.144 0.101 0.086
60 0.127 0.166 0.220 0.215 0.160 0.125
30 0.163 0.239 0.288 0.275 0.223 0.164
100 0.196 0.280 0.339 0.329 0.259 0.200
120 0.228 0.328 0.380 0.365 0.294 0.236
140 0.259 0.364 0.416 0.399 0.327 0.266
160 0.291 0.398 0.449 0.432 0.359 0.300
180 0.320 0.431 0.481 0.464 0.392 0.330
200 0.351 0.460 0.513 0.494 0.423 0.362
220 0.381 0.482 0.541 0.527 0.457 0.394
240 0.413 0.514 0.570 0.561 0.491 0.428
260 0.444 0.554 0.599 0.595 0.527 0.460
280 0.472 0.578 0.628 0.625 0.562 0.493
300 0.500 0.606 0.659 0.660 0.593 0.517
320 0.527 0.643 0.690 0.689 0.621 0.542
340 0.559 0.665 0.720 0.718 0.655 0.572
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1.2

—o— D1 (after fatigue)
1.0 L |—°— D2 (after fatigue)
—2— D3 (after fatigue) 81915 &I =0.9mm
E 7| —a— D4 (after fatigue) | T
£ 0.8 - | —e— D5 (after fatigue)
- —a— D6 (after fatigue)
]
c 06}
o
5
0 04 |
8
o
0 02}
(]
0.0 |-
-0.2 1 1 1 1 1 1 1 1

0 40 80 120 160 200 240 280 320 360
Force (kN)

9 255 F-We aEEontE 8 5 aEudE FAA

i

)

off

3 HA2ZAE A-F(8H A7) - & (Steel)

A2AY A& A 72 a7 2567 2ol A 8897+ (185MPa)S A
st3lste= Ao ® yEh Fd]
grste] v 2kl o

30

@
S

—=— 81 (before fatigue) —— S1 (after fatigue)
25 L | —=— S2 (before fatigue) 25 L |—0— S2 (after fatigue)
—=— 83 (before fatigue) 4 83 (after fatigue)
—4— S4 (before fatigue) A S4 (after fatigue

N

15

»n

=3
T

e S5 (before fatigue)

)
—e— S5 (after fatigue)
)

E = S6 (before fatigue) E —=a— S6 (after fatigue
S tr A S 5f "
[} A =1 » e ;i/
g 10 | mﬁ@y@%)&& g 10 - e @*@‘ﬂvi
] e = & £ i
°r o @,@,@—r@,@;@:@ 5 & PR & O0
| st ooeee® | s¥ oo
o w0 s 0 e 200 200 20 2 360 BT w0 e 0 20 o 2 a0
Force (kN) Force (kN)
(a) J=AE A (b) HEZAH F
% 256 she-wel a2
(1) NAY A-FEA ) - SAGIoA 2EYE)
AWAIE =71 A F5olstA AXg AlolA ~2EZES HRAYE HA-F HAASH FE&
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—— 87 (before fatigue)
S7 (after fatigue)

-0.4~1.9MPa

Stress (MPa)

1 " [l n 1 n 1 n 1 " 1 n [l n 1

Force (kN)
Iy 257 sts-¥H9 ag=

(5) 4 W9l 2 A AEE B

b AEAE A-FEH AG) - A

54 ASANDAH 19 2585 o] =AY A-Fe| WY

0 40 80 120 160 200 240 280 320 360

et e Zhdskse] A7) B Fe FES A wa JA ALY deagx

(0.9mm ©J3s}, 210kN 7]) 2 I A=HEY 387]+(1.2mm/3m<S 25 313
2 UEy

Displacement (mm)

1.4

1.2

1.0

0.8

0.6

0.4

0.2

@ D1 (before fatigue) 2 D4 (before fatigue)
m  D2(before fatigue) o D5 (before fatigue)
A D3(before fatigue) © D6 (before fatigue)

£ @0 898
@

@ @ @ @

om>
o>
om>
o>
o>
em>
em>
om>
©

(210kN DI F)
s e OS] BUE A5 0-9mm
e 82 e
@ © @

@ @

n 1 n 1 n 1 " 1 " 1 L 1 F 1 n 1 " 1 "
LC1-1LC1-1 LC1-1 LC1-1LC1-2LC1-2LC1-3 LC1-3 LC2-1LC2-1 LC2-1 LC2-2 LC2-2 LC2-3LC3-1LC3-1 LC3-1 LC3-2 LC3-3
(6Hz)(10Hz) (12Hz)(15Hz) (§Hz) (10Hz) (5Hz) (10HzZ) (5Hz) (10HZ)(12Hz) (5Hz) (10Hz) (5Hz) (5Hz)(10Hz) (12Hz) (5Hz) (5Hz)

Loadcase

(a) YEAY A

- 130 -



1.4

e D1 (after fatigue) & D4 (after fatigue)

21 | w D2 (after fatigue) © D5 (after fatigue)
—g 1.0'_ A D3 (after fatigue) o D6 (after fatigue) (210KN I )
E L=3.0m8| 5iE 7 0.9mm
€ osr &8 6 8 &
E | 6abepp oo eo0
o [ © © © ®© © @
S BEEENEEE
@ 04t @ @
(]

02|

0.0 | | 1 1 1 | 1 1 1

LC1-1LC1-1 LC1-1 LC1-1LC1-2LC1-2 LC1-3 LC1-3 LC2-1LC2-1 LC2-1 LC2-2 LC2-2 LC2-3LC3-1LC3-1 LC3-1 LC3-2 LC3-3
(5Hz)(10Hz)(12Hz)(15Hz) (5Hz) (10Hz) (5Hz) (10HzZ) (5Hz) (10HZ)(12Hz) (5Hz) (10Hz) (5Hz) (5Hz)(10Hz)(12HzZ) (5Hz) (5Hz)

Loadcase
(b) I 2ZAE &

a9 258 I 2ZAY -5 Cased WS ¥U(EAHAY)

LA

(Wb A2 A-FEAND) - FANEE

O

o

s2Ag A-Fo) 517}

=

AYe Fo

i

= 2
W ZAYEAES] 7t 58715 05g)% A=A A2 7x3(0.25g) 8 B

otz Ao® YEH

0.30

o Dbefore fatigue
025 - o gafter fatigue

IS5 8IIE = 0.25g

o

Py

=3
T

G

S o5

]

gm_ . . . ’

@ o . & . . °
Q qsf o ¢ 98 * 00 ° 0 OO 8 o 8 8
gwr o088 ,9 5 o038 o Voo

0.00 -

-0.05 1 1 1 1 1 Il 1 Il 1 Il 1 Il
LC14 LC1-1 LCIA LC1-1 LC1- LC1-2 LC1-2 LC1-3 LC1-3 LC24 LC24 LC24 LC24 LC22 LC22 LC23 LC2:3 LC34 LC34 LC34 LC3A LC3-2 LC3-2 LC3-3
(8Hz) (10Hz) (12Hz) (15Hz) (35Hz) (5Hz) (10Hz) (SHz) (10Hz) (SHz) (10Hz) (12Hz) (3Hz) (SHz) (10Hz) (SHz) (10Hz) (5Hz) (10Hz) (12Hz) (35Hz) (5Hz) (10Mz) (5Hz)

Loadcase

Y 259 M EAE H-F Cased 7MEE v (FAHAH)

6) 554 AEGLHAES 2 gau 24
b A=AE A FEAAD) - FEA W5

B AT E AdAe RFNEFE BARI 8 A F AFAEGGe] o

rob



FFT(Fast Fourier Transform) {415 F33te] A=A~ S 1/ sTE A&
stk AfRlEs EAAY, 29 260t 2ol JaAEA AR afXE5E 7H g
o 27 B 7zl Fae wste] s wA gtorn, AR=AYE A, 9 afFHET
zhol = wig- &gk Ao yeiwgt wbd 3 2ZAFE wE ddA e g e A<

ERAR W AR Mshe BASA g Aow Yeg

—e— before fatigue
—o— after fatigue

— 70
N
I
N
)

65 |
<
(]
S
o
i —@ @ @ @@ @O
[T
o
2 55 - L
© z -
P4

54
0 T = T s T k T J T 5 T . T . T L T

LC11 LC1-2 LC1-3 LC2-1 LC2-2 LC2-3 LC3-1 LC3-2 LC3-3
Dynamic loadcase

(a) AfF3&F

4.0
—e— before fatigue
—o— after fatigue
-~~~ 3.5
X
N
o
=
©
E o
o 30 @—@—@ O —O—F——O—@
=
g' 0.5+0.125(20-L)=2.7%
©
o ;5.
2.0

LCI1-1 I LCI1-2 ' LCI1-3 ' LC|2-1 l LC|2-2 I LC|2-3 I LCI?:-1 I LCI3-2 ' LC|3-3
Dynamic loadcase
(b) 4w

a7 260 FZAIFA WE AlFA ] F5A W

= AFAME Ae2Ade] AAEAFAE o)Lt AUAFS T 53 SRy
Hol A EsH S=AHAHNE ol gdle] 474 (Logarithmic decrement) 2 72 H| =
AT AGAEA 2" U HEE NdE YA AEAR"o RN AT A
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HERANE D Ee AR A DS 29H gouel dasy o) B A

oAM= FeAEALHY T2 32 AR A F7F B dgkew 30073 v =AY

A, o nHAES W g MHFES v, ARy, vzstFe] BE I
EAsdY P2 D ARE 549 W oRE gEstel FuAEALR 37 TS

2 b SEe 2r)s Fuad] 9FS WA 21 AP FES FARE AoR e
oS A E3 AN (S 30%)E AN AN FTEe) gl S @
7% WESE Ao BANGOM, ARAY A, F gl ol wlg v

e} 3729 JRARA2e) 30008 AEaE] hE T2 2 ARY A4S 9

F 235 W sld shw -] HlolH

Cyele Median~ Displacement (mm)
(N) Ma(};;;)o ad |y D2 D3 D4 D5 D6
1 232.3 0.417 0.545 0.586 0.511 0.535 0.483
328.9 0.531 0.679 0.706 0.647 0.679 0.601
£0.000 232.3 0.424 0.543 0.591 0.522 0.539 0.489
’ 331.3 0.543 0.684 0.714 0.662 0.690 0.611
500,000 232.1 0.425 0.532 0.586 0.518 0.541 0.489
’ 331.2 0.546 0.676 0.711 0.658 0.693 0.612
1.000.000 232.4 0.435 0.540 0.597 0.530 0.548 0.495
’ 331.0 0.557 0.684 0.721 0.670 0.701 0.617
1500.000 232.3 0.438 0.543 0.601 0.535 0.550 0.499
T 331.1 0.561 0.688 0.726 0.676 0.703 0.621
9.000.000 232.3 0.424 0.526 0.585 0.522 0.544 0.492
T 330.9 0.548 0.669 0.711 0.663 0.697 0.610
9.500.000 232.8 0.442 0.544 0.604 0.539 0.553 0.502
R 331.0 0.564 0.687 0.728 0.680 0.706 0.623
3 000.000 232.3 0.435 0.533 0.594 0.535 0.549 0.499
B 331.2 0.560 0.678 0.720 0.677 0.703 0.621

TE ¥

W 81-9-(%) 4.89 1.86 1.68 4.67 3.08 3.32
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() AN EZA3 1830093 9 =2 A

a20.] | —D1
| |—D2
280 | —D3
]| ——D4
240 ——D5
= | |—Ds6
E 200
g 160-
o ]
— 120 4
30—-
40—-
0_'|'|'|'|'|'|'|'|'|'
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Displacement (mm)
% 261 st - W9 gz
a9 2613 2ol MEAY ol FolE FuAmAlzwe] AW R ) 9
o R EEe ) oA WalEEe] ug- mad Ao vEh PudEAsde
A3 A 53 e FrRAL W B e Aow EAHATh EH 30093
2Ag ol Folw HAualE 3M0kN7HA o] Al@eFol tiete] wel R WAL fgol
$1#A% 27 dFste Aoz vt IRAEA~EEe SR ety 2 30073
2A0 ik 7 2A AdA R A E FET F USS APH R JFekith

360

ke
T

RICESCE))
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vk A A A" AeAE AHEE)

(D) 44 A A

1.2
—=—TC1D1—2—TC1D2——TC1D3
1 —a—TC2D1—©—TC2D2—4A—TC2D3
O | —=—Tc3D1—e—TC3D2—4—TC3D3| HSIBEIIZE =0.9mm
— ——FEAD1——FEAD2
E 0.8 |-
E
-
c 06|
o
£
8 sl
)
o
Q 0.2 |-
D 7
00| =
o2 o1
0 40 80 120 160 200 240 280 320 360
Force (kN)
(a) W9
30
—=—TC1S1—o—TC2S1—=—TC3 S1——FEA S1
25 | TC182-—0-TC2S2 e TC3S2——FEAS2
—4—TC1S3—4-—-TC2S3—-—TC3S3——FEAS3
—_ 20
©
o
= 151
&
o 10|
=
(7]
5
0
-5 " 1 " 1 L 1 1 1 1 1 1 "
0 40 80 120 160 200 240 280 320 360
Force (kN)
(b) &4

a9 262 A Ae A

FeA=AIAde] AW HEAY Hd AW ddAAHAN 0.70mm  m| v
(340kN  Ast Aoz yeid 5o FaAz=Axde] A b9 FAZIE09mm o] 3}
210kN 7]&)& wstar sajsfqdstele] ztol7k 0.0mm wgkl Aoz veyt, 19
262(a)= A=A FEddqe] G WS yEhd ZoiH Hda ddA2dH
2 A Gl A0 TC13 TC2¢] Aol7F oF 0.1mm wwte = e o d )

il
>
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ACh JAAEA ~E o A F

A58 15MPa® el A
7]1%(18MPa)s& WHEal Fwdk &S grstes Ao FAHAL FA A Aot
zpol 7k ¢F 05MPagl Aoz uebytth =3 e dy LA AGH HeF5ol 02 TC1
TC29] #Fol7F ¢F 1.6MPa vwlwte @ uvelyron Hodasgo] 5% A7 75(185MPa) 2
°F 12% o R YERY} ol AMEAAY] ARTFEE AA s3] RE ATAEA 2=

£
b
ofo
oo
JE
—_
oo
Q1
<
)—U
o3
i
N
M
frt
N
of!
Lo
r (o]
o3
oo
1B
o
o
i
_O‘L
el

N

N

X,
>
il
Y
oo
ol
.ﬁ
@)
N}
1o,
>

o

i,
i)
o,
—|—‘
o,

12
>
12

o}
= 79 Y= Aoz yeut B3 2EZES] A d5s AY we SR AN ¢

e gom, o 2x FudEAsdY 594 A% 54 A
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(2 B4 W9 L A7 SpEw B
hH ANdzAdE we B4
1.4
12 e D1 42 D4
“r m D2 o D5
’g A D3 o D6
= vor #9/5/2|= = 0.9mm
§ oo 133323113
s ERERREE
0.6 |
ks A A A & &da a8 & & &
<y @ © @ ®@ © @ © ® ©
0 o4
o
0.2 |
0.0 1 1 1 n 1 1 1 1 1 N 1 1 ] 1
LC1-1LC1-1 LC1-1LC1-1 LC1-1LC1-2LC1-2LC1-3LC1-3LC2-1LC2-1 LC2-1 LC2-1LC2-2LC2-2 LC2-3LC2-3LC3-1LC3-1 LC3-1LC3-1LC3-2LC3-2LC3-3
(5Hz) (10Hz)(12Hz)15Hz) (35Hz) (5Hz) (10Hz) (5Hz)(10Hz) (5Hz) (10Hz) (12Hz) (35HZ) (5Hz)(10HZ) (5Hz)(10Hz) (5Hz)(10Hz) (12Hz)(35Hz) (5Hz) (10Hz) (5Hz)
Loadcase
(a) Test Case 1
1.4
- e D1 & D4
“r = D2 o D5
’g A D3 o D6
g "r #9I5/2I|% = 0.9mm
-
-l EEXEEY
@
g 1 Ge oo oo
g o ® @ @ @ @ @ @ ©
s [ 88888888¢
0 04t
[a]
0.2 -
0.0 I 1 I I " I I N I N 1 N I 1 1 I
LC1-1LC1-1 LC1-1LC1-1 LC1-1LC1-2LC1-2LC1-3LC1-3LC2-1LC2-1 LC2-1 LC2-1LC2-2LC2-2 LC2-3LC2-3LC3-1LC3-1 LC3-1LC3-1 LC3-2LC3-2LC3-3
(5Hz) (10Hz)(12Hz)(15Hz) (35Hz) (5Hz) (10Hz) (5Hz)(10HZ) (5Hz) (10HzZ) (12Hz) (35Hz) (5Hz)(10Hz) (5Hz)(10Hz) (5Hz)(10HzZ) (12Hz)(35HzZ) (§Hz) (10HzZ) (5Hz)
Loadcase
(b) Test Case 2
1.4
- e D1 & D4
“r = D2 o D5
=4 A D3 o D6
E 1.0 -
£ #1252 = 0.9mm
€ osl 2 8 e 2 P 8
[})
2 4 6 6 L b6 H YL HOe @ 0e e 0
S osf @ © @ @ @ @ © @
s 888888888
o
0 o4l
[a]
0.2 |
0.0 1 I I I 1 I 1 I I I | I

LC1-1LC1-1 LC1-1LC1-1 LC1-1LC1-2LC1-2LC1-3LC1-3LC2-1LC2-1 LC2-1 LC2-1LC2-2LC2-2 LC2-3LC2-3LC3-1LC3-1 LC3-1 LC3-1 LC3-2LC3-2LC3-3
(6Hz) (10Hz)(12Hz)(15Hz) (36Hz) (5Hz) (10HzZ) (5Hz)(10Hz) (6Hz) (10HzZ) (12Hz) (35H2) (6Hz)(10HzZ) (5Hz) (10Hz) (5Hz)(10HzZ) (12Hz)(35Hz) (5Hz) (10HZ) (5Hz)

Test Case® A AsAIE A=

Loadcase

(c) Test Case 3

1E 263 Al He] v

1

(o)}

=i}
=

=

19 2.63(a), (b)e} o] @Y |
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2 =

= (e] o y - It = o} o 1+ =
2 WS Aolv FHEkA @kew, 19 2.63(0), (09 Zo] AAlzAd wmE
= = = o) o)
Al & Aol & YERA] 2kt
= I~ B
(h NBEAE A w4
0.40
0.35 ° Al
o A2
0.30 | 4 A3
HEEHEIIE =025
0.25
—_
)
2
c 0.20
k<l
S
g 015
-— ia o o
@ 010 |- g o o o
Q 2 ¢ ¢ 2 2 2 © g o 2 o o
2 o x i o O o o o ’ ’ 2 o a] ’ ’ : x i
sk @ e 2 9 ¢ ¢ 2 2
0.00
0.0 ; \ \ i 0 L \ i i ) . )
LC1-1 LC1-1 LC11 LC11 LC1-1 LC1-2 LC1-2 LC1-3 LC1-3 LC21 LC2-1 LC2-1 LC21 LC2-2 LC2-2 LC2-3 LC2-3 LC3-1 LC3-1 LC31 LC3-1 LC3-2 LC3-2 LC3-3
(8Hz) (10Hz) (12Hz) (15Hz) (35Hz) (5Hz) (10Hz) (SHz) (10Hz) (5Hz) (10Hz) (12Hz) (35Hz) (5Hz) (10Hz) (SHz) (10Mz) (5Hz) (10Hz) (12Hz) (35Hz) (5Hz) (10Hz) (5Hz)
Loadcase
(a) Test Case 1
0.40
0.35 |- ° A
o A2
oz | 4 A3
I} E5BIIF =025
02|
2
C 020 |
0o
&
S o5
2
8 0.10
s | 2 2 2 2
sl o 2 =z a a B g g a R a 2 a 2 2 2 5, 2 & a
0.00
0.05 I I I I I L I L I I L I
LC1-1 LC11 LC11 LC11 LC1-1 LC1-2 LC1-2 LC1-3 LC1-3 LC21 LC21 LC21 LC21 LC2-2 LC2-2 LC2-3 LC2-3 LC3-1 LC3-1 LC3-1 LC3-1 LC3-2 LC3-2 LC3-3
(5Hz) (10Hz) (12Hz) (15Hz) (35Hz) (5Hz) (10Hz) (SHz) (10Hz) (SHz) (10Hz) (12Hz) (35Hz) (SHz) (10Hz) (SHz) (10Hz) (SHz) (10Hz) (12Hz) (35Hz) (5Hz) (10Hz) (5Hz)
Loadcase
(b) Test Case 2
0.40
0.35 | ° Al
o A2
ozl | A A3
sosgdlE =
— 025 | IS E5EI|F = 0.25g
2
c L
g 0.20
-
S o5
2
8
S 0.10
<
e o 2 f a f
5 2 2 o fi
ol @ @ @ 2 f a2 5z a2 = g 5 a f =2 a
005 . i . ‘ L . \ : " : \ ;
LC1-1 LC1-1 LC11 LC11 LC1-1 LC1-2 LC1-2 LC1-3 LC1-3 LC21 LC21 LC241 LC241 LC2-2 LC2-2 LC2-3 LC2-3 LC3-1 LC3-1 LC3-1 LC3-1 LC3-2 LC3-2 LC3-3

(5Hz) (10Hz) (12Hz) (16Hz) (35Hz) (SHz) (10Hz) (5Hz) (10Hz) (SHz) (10Hz) (12Hz) (36Hz) (5Hz) (10Hz) (SHz) (10Hz) (SHz) (10Hz) (12Hz) (35Hz) (SHz) (10Hz) (5Hz)

Loadcase

(c) Test Case 3

a9 264 Ad=dE Tk
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19 2649 o] A
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el
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o
ojn
oR

=K
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TCH
—a—TC2

TC3
FEA
F—N

LC1-1

75

T T
o 0
- ©

60

(zH) Aouanbayy jeinjeN

T

A
L
uw w
wn

LC3-2 LC33

LC2-2 LC2-3 LC3-1

Dynamic loadcase

LC1-2 LC1-3 LC241

3}

Godl
-
e

oF
g

)

e

N

i

19 265 A

300%+3] I ZA|

A EA

(<]

I}, 27 26569 2ol

=:]
=

o™ Test Case

}5o @78 7FAF 4

717 s

—
)A
ﬁo
=K
nH
o .
x B
5%
W
X n_Auﬁl
RO l
T
= ™
 ©
T K
= A
N
o
= X
K
aum =y
oj
Ay s
o 8
o] =
T
R A
w Mo
q
T ok
£
o
= o
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M <
N H
=
¢ =
do
<ol
o

&

—)

0

o

X
J|
—~

o

oF

el

Ho

el

Bl A

=]
=

49

ke
LN

UTE E 2.36

(Critical speed)= )<}
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o

ol
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pil
!

o)

TH

i}

<

| :=A)

=

e

gl
Mo
X
B

BH

(59.96H7)
5,073

3,011
4,037

ol Al €% (km/h)

=<
3

A

(60.29H7)
5,100

3,028
4,059

w
~
w

o
of

23.50m

13.95m

18.70m

Gl
Mo
N
B

Pl
ol
on

KTX, G7

< KTX

o 744 uh

pl

—

o
o

ﬂ
el
N

N
N

;OL

2.7%

0.5+0.125(20-L)

LC11 LC1-2 LC1-3 LC21 LC2-2 LC2-3 LC3-1 LC3-2 LC3-3

A

Dynamic loadcase

——TC1
—o—TC2
——TC3

19 266 A

4.0
2.0

(%) ones buidweq

Test Case

A EA]

R4

3 Test Case
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AL BRAEA 2R Yy aTE
¥ 237 A=A e a2
ANEFF HrEE 9] H7}7 %
AZHA(FZAIY A, 3m 7]9) -
D' 2z 20063 sa0kN Az | ™0 =09
2) AEHEY 7|+ @ AHeA =9 mm/3m <12
AFE | 2" |3 A& E 5 871E g <025
s A
}\]54 }\]Uq 4) :‘%]%?ﬂlz:_ 1?—1';;(:]94 a%ﬁﬁi rad 002
5) oA wRo] 3 exlst mm <1
5] 2 A1 9 (300%3])
6) AxY ARA FB T - < 172%
(ZFAEF & 740 ¥}
7 AZAAZL(EZHA) KN/ EAye] A dx
AEA A7 W e (< 350km/h) mm (<18)
A FSH(=HA]) < 13003 &-54)
8 MP N ‘
wgen | A9AY < e EAD)
s el (=) 4 4, %
AATLH (2 MPa ArE) o=
B _ ~ He zx T
&4 &7 o o] g9 (S X) mm Xiz%lﬁr";%
s A %]
A9 | oam |9 e e gas Az - 60% ol
10) =Rk E - < 08
11) d¢ 55 JHEYH7HE A mm < 4
A A5 (DAF) V=60
12) (-1.0-0.2, V=300km/h, DAF : 1.326) DAF | =17t s 2L0+0567)
1) RIL804(2003) % AA] AF+A3} o]g A4 7)) AL=AAHY A=H(2012) =
2) AvAAAY Hx 8) A=AARH, A= (2012) =
3) ArdAHG 4 5d7Ed” F=x 9) AA| AFAF o8 A
4) RIL804(2003) #= 10) Ax=AAAY, A=AR012) F=%
5) RIL804(2003) &= 11) A=dAAY, AXH2012) F=x
6) A A4} o] 8 A 12) AEAAEH, A=H(2012) =

* Rudolf Seidel.(2000). “Feste Fahrbahn auf groBen Stahliiberbauten der NBS Hannover-

Berlin”, EI-Eisenbahningenieur (51), pp. 23-29(German language).
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% 34 HAEE 250km/h o] o] H7bE AEHEL Y =A%
= 7} 72 F (km) = 7} 7 g (km) = 7} A (km)
g R 2,837.5 T 1,395 5 o 857.5
25l 377 o] &g]o} 237 3 = 224
2 7] o 140 4 = 108
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- SCI The Worldwide Market for Railway Technology 2007-2011 &% A=W FekiA
At 3 359 2ok FUlele WEFLE S50t uE wesdd AAA s
detar Aol u&stel s dFadol o]Fo] A Ao oFHth

- A2 AmTE N 2 Aedds d-Es A= FA 6400 WRE = (g8 8% 9)ol A
2011A7b4] 8~9% S7td Ao dSHm Ao fAve] 2 Aok AhsM = o
A 21,000 M9E FZ(33} 2620)olA 2011974 2~3% F7FeE Ao g o SHT

¥ 35 A=ze My 54 (Track New Development and Upgrade)

(&+¢] : EUR million)

A A 20 2 BaEARFS7 A S | BEANFS7S
A& (EUR million) 20072009 2009-2011
(in% p.a) (in% p.a)
A 3,400 +4~5 +10~12
T 320 +15~18 +8~10
Lol 2] 7} 370 +20~30 +10~12
/% ok 2] 7} 160 +16~18 +12~15
oFA] o} 1,500 +10~11 +9~11
o} g7}/ F 5 230 +25~30 +10~12
=Y57tag 250 +/-0 +18~22

o rEddeol/eH & 170 -7~9 -3~5

3 A 6,400 +7~9 +8~10
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¥ 36 A2 w3y FA#2 (Track Renewal and Maintenance)

A < };]E;%g EH—}FJOL%} %ﬁ?O?f;fO;} =R 372%0?9?2%04171} A
uilliigny (in% p.a) (in% p.a)

A9 7,900 +2~3 +2~3
RO 1,500 +2~3 +2~3
Hold g 7} 4,800 +2~3 +2~3
/T 5-okrl 2l 7k 600 +2~3 +2~3
oFAJ o} 3,700 +4~5 +4~5
o} 7] 7}/ 5 450 +2~3 +2~3
SHI7FAS 2,000 +2~3 +2~3
e E A ol/E g 350 +2~4 +2~4
o A 21,300 +2~3 +2~3
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