Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2017.18.3.562

cooperation Society ISSN 1975-4701 / ¢ISSN 2288-4688
Vol. 18, No. 3 pp. 562-568, 2017

AFEAE A s F8 A ARY 29 S9R
A= 3 A =
NS, AE, EME

o
'SIRAHE 7 |EITY ADIESAHTE] *StR AT A}

Evaluation of Dynamic Stability of Precast Floating Slab Track with
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Abstract A precast floating slab track with a 5m slab panel and installed with isolators is proposed to solve the
noise and vibration problem at existing elevated railway stations. Thus, the construction can be carried out rapidly
without interrupting the train operation. However, dynamic instability problems may be caused by repeated
discontinuities in track due to the short slab panel length and excessive rail displacement due to the inherent operation
mechanism of a floating system in reducing the vibration. Furthermore, the difference of the supporting stiffness at
the transition between the floating track and ballast track may raise problems. In this study, the assessment factors
to evaluate the dynamic stability of the precast floating slab track are presented and assessed with the vehicle-track
interaction analysis. Through the analysis, all values relevant to the stability at the floating track section are found
to be acceptable, and the slab panels at the transition section are designed to satisfy the stability.

Keywords : Dynamic Stability, Elevated Railway Station, Noise and Vibration, Precast Floating Slab Track,
Vehicle-Track Interaction
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Table 1. Properties of vehicles [13, 14]
Saemaeul KTX
Parameter Locomotive Passenger Car P(ézvrcr Palgg(c):l(gcifcgar Pasg(;x;gcr
Vehicle body(ton) 56.46 29.92 54.96 42 26.5
Vehicle body inertia moment(ton-mz) 1526.54 1885.28 1131.9 1643.6 955.3
mass Bogie(ton) 35 35 242 3.076 3.018
Bogie inertia momcnt(ton-mz) 3.012 3.012 2.594 3.26 32
Axle(ton) 2.648 1.786 2.048 3.004 2.104
Primary suspension(MN/m) 1.518 2.04 2.504 2.504 1.65
stiffness
Secondary suspension(MN/m) 1.582 0.6 2.536 0.8 0.6
damping Primary suspension(MN-sec/m) 0.06 0.074 0.04 0.06 0.024
Secondary suspension(MN-sec/m) 0.08 0.04 0.02 0.02 0.012
Bogie distance(m) 15.2 159 14 18.3 18.7
dimension Axle distance(m) 2.6 2.6 3 3 3
Wheel radius(m) 0.43 0.46 0.46 0.46 0.46
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Table 2. Properties of tracks

Parameter Value
Elastic modulus(kPa) 2.1x10°
Poisson’s ratio 0.3
Rail Mass(torn/m) 60.3x107
Section area(mz) 7.75%10°
Moment of inertia of area(m4) 3.09x10°
5
Rail pad Stiffness coefficient(kN/m) 32.'207?1004
Damping coefficient(kN-sec/m) 200
Length(m) 4.925
Width(m) 0.9
Height(m) 0.3
Elastic modulus(kPa) 356.8x10°
Slab - -
Poisson’s ratio 0.18
Mass(ton/m) 0.772
Section area(mz) 0.27
Moment of inertia of arca(m“) 2.0x10°
Ballast Stiffness coefficient(kN/m) 4.5x10°*
and mat | Damping coefficient(kN-sec/m) 200
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Table 3. Analysis conditions of transition section
1 1 1 1 1 1 1 [} J_l_l_l_l_l_l_L‘_*__..‘

P2 2] k] B 2] 2]

case 0 22.5kN/mm x 3ea 22.5kN/mm x 3ea

case 1 30kN/mm x 3ea 30kN/mm x 3ea

case 2 22.5kN/mm x 4ea ‘ 22.5kN/mm x 6ea ‘

7 ARAEske] HETe] hE B4 gy A
© 23S Fig 7-97} 2o] A A A7 A4
A& =o17] 8 Casel 7 2, 7 A5 BF I 712
& WEAI)E ASR ek olo] et Casel 3 2



A= AEAE AL B A ALY B2 298 A=) 54

HEY A=

F ol ek AustdeE ¥4 e wERA
ok FA] o mE Case27t U W AAE Holal 9lo]
wr} obde Aow ket wgk BHAE el
OE 2%/ ke itk 598 248 2=s A7
2 31 o] A% L A B SwelN 1) feld
Aoz FAerrt old mWe} Case2 & AH AZE 22
H &gy A JE5 A weter A gk
0.4
s
5 \?_’4
g 09
=
-
=
=
=2 02
E
=
E 0.1 -~ Saemaeul
- S€KTX
——Limit
0 .
case 0 case 1 case 2
Fig. 7. Max. wheel load variation
100
80 %
=
% 60
g
; 40
e
—&-Saemaeul
E !
B =KTX
——Limit
0 .
case 0 case 1 case 2
Fig. 8. Max. rail stress
20
16
g \
2 \\(
2 12
=
E
s 8
3
3
E . -~ Saemaeul
é =<KTX
£ —Limit
0 .
case 0 case 1 case 2

Fig. 9. Max. force on rail fastener

567

AFAE 712 Hateiate] a8 2 %
23] 918l Ak ALY FRY Sen
WA 4 % FH I AR, B
nes) Sle) A Awg @
& A4S FAetg @

A7} 7 oy

e

O

N

An E2E AR 7 E B
TESA e 7= AR et

o SAHSAY A BN 7%

O

References

[1] H. G. Wagner, “Attenuation of transmission of
vibrations and ground-borne noise by means of steel
spring supported low-tuned floating track-beds”, 2002
World Metro Symposium, Taipei, 2002.

F. Cui, C. H. Chew, “The effectiveness of floating slab
track system-Part 1. receptance methods”, Applied
Acoustics, vol. 61, pp. 441-453, 2000.

DOI: https://doi.org/10.1016/S0003-682X(00)00014-1

C. M. Kuo, C. H. Huang, Y. Y. Chen, “Vibration
characteristics of floating slab track”, Journal of Sound
and Vibration, vol. 317, pp. 1017-1034, 2008.

DOI: https://doi.org/10.1016/j.jsv.2008.03.051

Y. S. Jang, I. W. Lee, Y. S. Kang, “Track system
technology for future advanced railway construction”,
KSCE Magazine, vol. 61, no. 9, pp. 41-51, 2013.

Y. S. Koh, Y. S. Ji, H. S. Choi, S. H. Choi, “Optimum
Design Property Estimation of the Precast Floting Track
System for Vibration Reduction”, Journal of Society of
Hazard Mititigation, vol. 16, no. 2, pp. 69-76, 2016.
DOI: https://doi.org/10.9798/ KOSHAM.2016.16.2.69

[2]

B3]

[4]

[3]

[6] S. Y. Jang, S. C. Yang, “Assessment of train running



S| Eersl=EA) Asd A3E, 2017

safety, ride comfort and track serviceability at transition
between floating slab track and conventional concrete
track”, Journal of the Korean Society for Railway, vol.
15, no. 1, pp. 48-61, 2012.

DOI: https://doi.org/10.7782/JKSR.2012.15.1.048

(7]

Standards for railway vehicle safety criteria, Ministry of
Land, Infrastructure, and Transport, 2013.

[8] Design Standards for Railway Structures and
Commentary-Limit for displacement, Railway Technology

Research, 2006.

A. Namura, K. Matsuo, S. Miura, Introduction of buffers
into a transitional track stiffness region, RTRI report,
vol. 11, no. 2, pp. 39-42, 1997.

S. C. Yang, M. C. Kim, J. S. Kim, “Prediction of

(9]

[10]

bending fatigue limits of rail welded parts”, Journal of

the Korean Society of Civil Engineers, vol. 20, no. 1-D,
pp. 97-106, 2000.

C. Esveld, Modern Railway Track, 3rd ed., MRT
productions, 2001.

(1]

[12] S. C. Yang, “Enhancement of the finite-element method
for the analysis of vertical train-track inter-actions”,
Proc. of IMechE Part F: J. Rail and Rapid Transit, vol.
223, pp. 609-620, 2009.

DOI: https://doi.org/10.1243/09544097JRRT285

[13] M. C. Kim, “Development of a quasi-three dimensional
train/track/bridge interaction analysis program for
evaluating dynamic characteristics of high speed railway
bridge”, Journal of  Computational  Structural
Engineering Institute of Korea, vol. 16, no. 2, pp.

141-151, 2003.

[14] H. U. Lee, 4 Study on the Analysis of Dynamic Behavior
and Performance Evaluation Test of SCP Bridge, Korea
Railroad Research Institute, Shin-Sung Engineering &

Construction Co., 2006.

Xt
S

S S(Dongdoo Jang) [E3] 3]

02003 2¢ : F=HEEd A
2 34 Fsta) Aa)

02003 3€ ~ 2007 7€ : &¥E
o]&FA AT

02013 2€ : A=Y Ad

U1 g].ﬁ"s] ‘r]_ H]—/\]_

02014 49 ~ A : FxERY)

EAdTY AdATd

568

Z! | S(Jin-Ho Kim) [R5 2]
©1993d 29 : NEAIHEtw et
A F2E3 (34D
©2003d 9¢ : UC Davis E5-38t
¥} (FEHEbAh
2001 59 ~ 20033 2¢
California D.O.T. A7+¢
¢2003d 92 ~ A : IAHLY]
AT AT
<ok
ARER &% - 3%
H M| E(Se-Gon Kwon) [H3| ]
-2007Lﬂ 84 : ATt gkl
EEEaaletiAh
02013 8¢ : et g
EEgaaleshaah
02005 3¢ ~ 2013 7¢¥€ : B
HAEFA} 52
0201351 8¢Y ~ @Al : AHHEETF
Al AT AdATd





<<
  /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


