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Buckling analysis of meter gauge railway track
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Abstract

Presently, double-track railway has been being constructed
across Thailand to increase capacity, reduce the travel time,
improve service, and thus reduce the logistic cost. Once all the
projects are completed, it is expected to have more than 3000
kilometres of double-track railway in Thailand. Due to the
increase in train service, it is important to properly maintain the
railway track infrastructure to be in a good condition. However, it
is not only the increased axle load from train that can degrade
track performance but also the influence of the environment.
Note that the influence of extreme heat has been listed as one of
the serious issues in railway system around the globe. The
increase in rail temperature can induce an axial compressive
stress in the continuous welded rail (CWR) and this may cause
track buckling when the stress reaches the buckling capacity.
Even though railway track buckling has been widely studied, the
focus on metre gauge railway track, which is a major track type
in Thailand, has not been fully mentioned. This study performs a
nonlinear analysis of a three-dimensional railway track model
using the software LS-DYNA. The major parameters influencing
track buckling capacity including lateral resistance from ballast
and sleeper, rail type and track misalignment are considered.
The results show that these factors significantly reduce the
buckling temperature of the track. The lowest possible buckling
temperature of the track is found to be 66.4 °C when the poor
lateral resistance combined with a high track lateral
misalignment. The outcome of this study will help track engineer
to understand the behavior of the railway track and raise
awareness of track inspection and maintenance to keep the track

in good condition.
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2.1 Railway Track Stability

\wfiusnIw wie stabilty luaanuisaesiainslosiuss
winofie idsnwsasiudgiulassainianans (stuctural stability)
W30 L& HuTNINV0IT AN (geotechnical stability) wlusne5a W
stability aznansflsnnaaunsnlun1sdu buckling vaslaseasng
solw TaslunguifiiAsadesiu bucking aansaudsldidu Axial

force in rail a2 Critical buckling load

2.1.1 Axial force in rail
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2.1.2 Critical buckling load
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2.2 Finite Element Modelling (FEM)

M"3¥ Finite Element Modelling 3:14115unsa LS-DYNA lag
sanuuuliiiu Tassaiemssn IAdsnwmenuutuinlsenis
%@ 1 1WA 18A20817 60 Las uazd 100 spans lagd
spacing 0.6 Lwa3 Gerinnualwsrssnlwuasliwuaudn Beam
elements %aﬁﬂﬁdﬁd shear and flexural deformations Iﬂmﬁ rail
way sleeper 3za¥9lasld SECTION BEAM waz MAT_ELASTIC
I@alﬁLﬁ'uqmauﬁﬁ‘lumsﬁ@%%a%@muqmvxgﬁ The
MAT_ADD_THERMAL EXPANSION 1% #U rails 1A 84188 9
AMFNLAVBINRAN &% rail pads WAz fasteners Tuaauduarss 7
g¥191lanld SECTION_BEAM waz MAT ELASTIC 14 rail pads
wae fasteners L’fauﬁu rails LAY sleepers ﬁ rail seat, rail pad &g
fastener 3zU3znavu'lUd 8 translational springs 31%47% 3 Fulie
LN pad stiffness IuLLﬂuﬁ?d 3 fiani9uazld rotational spring
§1M2% 1 Tuli aunw fastener resistance lugruasfinlsonig
%30 ballast 1379215134 tensionless support spring I@lm:l,%aua@]
ﬁ’uﬂmﬂ“fi‘i 2 de"uad sleeper Lmuﬁﬁmﬂu normal spring Lﬁaw’m
Tuaun sl beam sansaadauiilunrim support luumed
lifianavad tensie support (Ngamkhanong et al., 2020) %w:

TURBONANTINNFUIIVEY ballast

Rail pad and fastening

< (v
/ 'i ’

Longitudinal ballast spring

Vertical ballast spring /

Lateral ballast spring

gﬂ‘ﬁ 5 Ballasted railway track modelling



2.3 Boundary conditions
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Misalignment
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) Misalignment wavelength
Eﬂﬁ 6 initial misalignment (Kim Young Hoon (2010))

2.4 Material properties

N3 finite element modelling #aNINNNITRIILAT
WAEIMUATALLIAUE LIEFBIINUAAI A UENTAA1IVEITRG
w30 material properties lagluwisuiiazRa1san rail Mdwiwdn
S9fl 2 w0ialdun UIC60 waz UIC54 &1% sleeper axMasamtiln
timber (hardwood) LazA1a4 ballast L8z fastener zdtnoadn
spring TagfASNUoILTIFI UM UATNUWILNG X T84 ballast 716@
af;jﬁﬂmuﬁa 2 284 sleeper azAaeaANaVRIFUTI k ldun 60 ,
120 , 180 , 240 waz 300 N/mm tAa1U3ouIfiunaves buckiing 7
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Parameter list Characteristic Unit
value
Rail (Steel)
Modulus 2 x10° MPa
Density 7850 kg/m3
Poisson’s ratio 0.25
Thermal expansion 117 x 10" ° 1/°C
Timber sleeper (Hardwood)
Modulus 1.02 x 10* MPa
Shear modulus 3.93 x 10° MPa
Density 2740 kg/m3
Poisson’s ratio 0.2
Lateral resistance 60 - 300 N/mm
Torsional fastening 225 kNm/rad
resistance
Gl’li’l\‘l‘ﬁ 2 Section properties
Parameter list Characteristic Unit
value
uic60
Section area 7670 mm?
Moment of inertia 5.123e+06 mm*
about z-axis
Moment of inertia 3.038e+07 mm*
about y-axis
torsional constant 3.551e+07 mm*
Shear area 7670 mm?
uics54
Section area 6977 mm?
Moment of inertia 2.787e+06 mm*
about z-axis
Moment of inertia 2.338e+07 mm*
about y-axis
torsional constant 2.617e+07 mm*
Shear area 6977 mm?
Timber sleeper (Hardwood)
Section area 3.750e+04 mm?
Moment of inertia 1.950e+08 mm?*
about z-axis
Moment of inertia 7.000e+07 mm?*
about y-axis
torsional constant 1.760e+08 mm?*
Shear area 3.750e+04 mm?




A13191 3 Spring stiffness

Parameter list Characteristic value Unit
Ballast X 60 - 300 N/mm
Ballast Y 11000 N/mm
Ballast Z 2.193e+04 N/mm

Rail pad X 7.000e+04 N/mm
Rail pad Y 7.000e+04 N/mm
Rail pad Z 1.700e+04 N/mm
Rail pad RX 2.250e+08 N/mm
Rail pad RY 2.250e+08 N/mm
Rail pad RZ 2.250e+08 N/mm

Note: X = LNUAUING (Lateral), Y = WNHUaIu812 (Longitudinal),

Z = UNWLWIAY (Vertical)

2.4 Load case
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3. HAaNIIALRWINWIVY

91NN1T¥ Finite Element Modelling laaldldsunsu
LS-DYNA LWaSaTz#n15lnatanzinsa buckling 289lasas319na
niwwa 1 was lasazRasmnazesgunninu fswuadly

wazfnHazaInNdiaesats gfssnadani1siasazuainig
a & ' a s
s0'lW lun1siiensinaasnislisanzasiansanfinenansae s
71970 IWUAZANFIFATDILTINNUIIUNURTE axial force Tilnd
= ad - = o o A
gafig o grnpdfrilauddshaflduoufsununem
w lituwgdnssumsitaveslasezanenalwnieldaugsn

LANAIIN
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®1319 4 Buckling temperatures for model validation (°C).

Analytical solutions FEM
Carval Ngamkhanong . .
Prud'Homme This Difference
Kerr, ho et , Wey, and Average
and Janin, study (%)
1980 al. Kaewunruen
1969
2013 2020
57.7 47.8 50.0 53.0 52.1 54.1 3.7




3.2 Parametric Study
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