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An Experimental Study for Longitudinal Resistance
of Ballast Track on Bridge
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Abstract When a ballast track of a high-speed train is constructed on a bridge, the displacement of the bridge decks
can occur because they are not fixed to the rails. Moreover, relative displacements occur between the bridge and rails
caused by temperature changes and external loads. The current longitudinal resistance criteria (UIC Code 774-3, KR
C-08080) on ballast tracks with continuous welded rails (CWRs) do not take into account the longitudinal movement
of the bridge and the frictional force between the ballast and slabs. In addition, the magnitude of the longitudinal
resistance, k, is calculated somewhat conservatively and, (therefore?) it acts as an unfavorable element in the design
of long span and continuous railway bridges. Thus, in order to replicate the actual behavior more effectively, the
longitudinal resistance of CWRs should take into account the additional rigidity between the slab and track. In this
study, the longitudinal resistances of the ballasted track on the bridge were analyzed by carrying out an experimental
study with a test setup designed to simulate the deck and bed track. In the test results, the maximum longitudinal
resistances of the tests were similar to the resistances of the current codes, however, the measured longitudinal
stiffness designed to limit the displacement of the tests were much smaller in comparison with the longitudinal
stiffness on the codes.
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Fig. 1. Behaviors of CWR track
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Fig. 2. 2-D model of track structure on TU Delft’s study
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Fig. 3. Longitudinal track resistance of domestic criteria
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Table 2, Friction of slab

. Static friction Sliding friction
Weight KN) (KN)
Slab only 13 8
Ballast track and slab 23 15
3.2 x}E5tE HIXSH A2 BMEH £
7% stante] AstE S Wel FAH A el =

shefhe] Beioh el 242 2314 352 Astkstol
A9 FAsat. Sdne] Wiz o somm7t 24y
% A Setsn, 2 A Fig 1034 2 Y

Ay Adel] AxE mr Ao ZAE 5o ok 7
0~80kNo= SAW Itk 2t A3 T8 ol A4S A
S sl oy AES AAE 7] wite] zh A 7t

o o)z} MAF Ao WL

Fig. 11(a) ezl 35 As} 7ol dAsh= =
AE B ZE whee] A updelA 7190 Ao 3
et 5 ARY dka(a)t ALY Wl SA3 8
F(b)9] Akoli= Hheh ahike) vhE A e SAX 9 F
AstaL, ool whet gl e} U aks SAX(F 55kN)
7t awg o) A e SN AdYer g 5

ATk

9] Zol(lm) A= FEF 432 Fig. 11(c)
o} 2w, &g 1 Eol| A bilinear® FEA|TH
Oﬂfﬂ AABEIL = grelth
g 27]3H ske-Re &
O = WERYIL, o] ERRI D2029] A3
s BT web 27] o] A %—Xé% Test
ALt 2Ha ateol gl 7
sk Sk 5441 vﬂ&%’iﬂr %
S7kste] dolH 9 A S FEsfor &
et

o N
=2 2
>
_&Nﬁ
>

mlm

3.3 X255 Mt AlS] EXF S
AHEAFS 170N 5 Aol
29) 91209] delel 74 shelan, el el 23],
S 13 332 Aol 3519 A E A3
o AE 53 A 52 2
Somm7} ST WA
125} Rtk feF AAENN 54
S 120] o 200kNS.2 FAHUT) TR FYT HE
Ask 2719 @A A vAs AR} 2o Hxe

r&'i
ol
ol
o\
Mo



-

Y 4 ABA=Y FAFY S 0 4P A7

HM Ao & E}L %OHOIEMVM shFo] WEske]
Syl g % A Aol shgol FuaA
%3 AW FB A ASAA B0l kR Ao
= yEbst

100

Test1 Test4
i

~ 75

g

3

2 50 Test 3

£

£ Test2

325

0
0 10 20 30 40 50 60

Slab sliding displacement (mm)

(a) Cylinder load of slab
100

Test1

Reaction force (kN)

0 10 20 30 40 50 60
Slab sliding displacement (mm)

(b) Reaction force of rails
30

N
(=}

Resistance of the track (kN/m)
-
o

o
o

30

10 15 20 2
Slab sliding displacement (mm)

(c) Resistance of the track

Fig. 11. Without vertical load: ballast track weight only

ARG S 6} @sh AY Bl S48
a5(b)el Aol A A7 AR Seju sd

ol A WAL mhE ol A 7]Q1FE Zoft). oo whe} &<l
tHol| A =43k ]_%(_1 l75kN)9‘ = x{s}eﬂ o7
7P o AL, &9l Aol ke TAYHL Fig.
12(c)9] 1)z ek, FWE A A7) Ao
A A ghell Al skl vrebstot 2719 7
=nch 2 b

{0

[¢]

250
Test 2
200
= Test1
x
T 150 \ \
S Test3
& 100
=
>
© 50
0
0 0 20 30 40 50 60
Slab sliding displacement (mm)
(a) Cylinder load of slab
250
Test2
__200
F3
x
o
o 150
e
c
2100
©
©
3
50
0
0 10 20 30 40 5 60
Slab sliding displacement (mm)
(b) Reaction force of rails
80

(=]
(=]

Resistance of the track (kN/m)
N B
o o

o

10 15 20 2
Slab sliding displacement (mm)

(c) Resistance of the track

Fig. 12. Track weight and 170 kN vertical load

KR code®} UIC codeol| A= sl A5t Al AAHAI=
AME dY B 2mmY W) 60kN/mEZ &k 9lon,



A 71E8 8] =2 A AlTd AsE, 2016

)\164 734,} ] =
20kN/mZ Z4 5
IE Bz 74E 4
HAEe] A5 atF At Ale 16&@!0
7k ALRE AR,
Alske gz wet A4 ghitakar A4
7Fhe AeR veldtl &5 At stF
55 S7Vete] HlolEl] 4 o] I
g,

2

o,
o
o,

il

o

>

1o

N
>

)

b

1o oot

NI

oo
ol

N
-
it
i

>

ol
ox

k)
=
)

[ o
> OW 2 o

2l
=2
X

rulo o rIf

ST

o B o
ol o\
S

64

e
Fo
(o
u

[ms]

2) AEakE AL A Ame] FAFHL o s5kNe.
245213, KR code ¥ UIC codeol| 4] AA| 3}k
= W99} GAalsk Ao g eI

A 8HE(170kN) A} Alell= Al=e] T4
TALEE oF S8NO.R FAE o] FAe
FARSHAl LrEbske). ShARE gl W97k €]
o A At @A 2= ek Alsk Al
=2 2 dekst

4 B delelel AHEE ol e F1

htt

3) Aol
A=
&

y/
A

g
o}
3

References

[1] KR (2013) Ballast Track Structures, KR C-14030, Korea
Rail Network Authority.

[2] KR (2012) Track-Bridge Longitudinal Interaction
Analysis, KR C-08080, Korea Rail Network Authority.

[3] UIC (2001) Track/bridge Interaction Recommendations
for Calculations, UIC Code 774-3, International Union
of Railways, pp.2-8

178

[4] R. J. van’t Zand and ing. J. Moraal (1997) Ballast
Resistance under Three-Dimensional Loading, ERRI D
202/DT 362, European Rail Research Institute.

[5] C. Esveld (1997) Improved knowledge of CWR track,
Delft University Press.

[6] K.-C. Lee (2014) Feasibility Analysis of Sliding Slab
Track for Reducing  Track-Bridge Interaction,
Proceedings of 2014 Spring Conference of the Korean
Society for Railway, pp.916-920.

[71 M.-C. Kim, Y.-H. Bae, and Y.-G. Park (2014)
Experimental Study on the Improvement Measures of

Ballasted Tracks Considering the Speed-up of
Conventional Lines, Proceedings of 2014 Spring
Conference of the Korean Society for Railway,
pp.1669-1676.

81 2§ KKyung-Hwan Min) EEIE

©20079d 2€ :

o el L LA
skel FxFet

St
20131 7¥ ~ s
P& HIAT4

# 4 2l(Kyung-Min Yun) [H3lg]
| 2009 29 : TSt BEEY

sk} (FEAh
e2012d 2¥ : Fddistu sk

BT (F3AAh
02012 3¢9 ~ @Al : B
EEF8n ukalyg

,4
=
2%
El




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


