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Analysis of Force and Deformation of Embedded Track Under
Axle Load of Heavy—Haul Railway Wagons
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Abstract: The finite element approach is used to create an embedded track finite element model in order to in-
vestigate the applicability of embedded track in heavy—haul railway. From the perspective of rail stress, rail dis-
placement, and track slab displacement, the influence of truck axle load on the stress and deformation of embed-
ded track structure are studied, and the existing embedded track structure is adjusted. According to the findings,
the truck axle load has a substantial impact on the stress at the head of the rail, the stress at the bottom of the
rail, and the lateral and vertical displacement of the rail. Among them, rail head stress and rail lateral displace-
ment all exceed the regulatory requirements, but have no effect on track slab displacement. Following the re-

placement of 60 kg/m rail with 75 kg/m rail, the stress in the rail head was significantly reduced, but the trans-
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verse displacement of the rail still exceeded the limit value. On this basis, as the elastic modulus of filling mate-

rials increases, the stress and displacement of rails are greatly decreased, and they are all within the code limi-

tations. It is advised that the elastic modulus of filler materials be 400 MPa.
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and deformation analysis
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Fig.1 Embedded track structure diagram
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Fig.2 Finite element model of embedded rail
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Tab.1 Calculation parameters of embedded track
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90 TS it o A 1 7 28, 7 80 Ly 10~100 kN Ji ik
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22 2 KW, A RT3 A B Sk 1 A i KA
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FROTAC ARG 3 AT 4E
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Tab.2 Comparison of the maximum value of transverse
displacement of rail head

The maximum

Reference[12]
transverse
Lateral disol . Maximum lateral
i semen
load/kN sprace e. displacement of
of the model rail head i
. . rail head/mm
in this paper/mm
10 0.219 0.21
20 0.439 0.45
30 0.658 0.65
40 0.878 0.85
50 1.097 1.15
60 1.317 1.33
70 1.536 1.51
80 1.750 1.75
90 1.975 1.96
100 2.194 2.24

Name Material properties Parameter value
Elastic modulus/Pa 2.06x10"
Rail (59R2)
Poisson’s ratio 0.3
Polyurethane Elastic modulus/Pa 1.6x10%
material Poisson’s ratio 0.45
Elastic modulus/Pa 3.6x10"
Poisson’s ratio 0.16
Track slab Length/m 4.8
Width/m 2.2
Thickness/m 0.4
P 1 » 8
Self Elastic modulus/Pa 4x10
compacting Poisson’s ratio 0.3
concrete
adjusting Width/m 2.2
layer Thickness/m 0.094
Elastic modulus/Pa 3.3x10"
Poisson’s ratio 0.167
Base plate
Width/m 2.6
Thickness/m 0.2
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Tab.3 Load conditions kN
Axle load Lateral load Vertical load
210 252 315
230 276 345
250 300 375
270 324 405
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(a) Rail head stress
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(¢) Lateral displacement of rail
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(e) Lateral displacement of track slab
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Fig.3 Location of wagon axle load
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(f) Vertical displacement of track slab
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Fig.4 Calculated results of force and deformation of embedded track
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Tab.4 Stress and deformation results of wagon axle load on embedded track structure

Displacement of rail/mm Displacement of track plate/mm

. Rail head Bottom rail
Axial load/t tress/ tress/
stress/MPa stress/MPa Lateral Vertical Lateral Vertical
21 396 193 5.35 2.73 0.15 0.08
23 434 207 5.85 2.98 0.17 0.09
25 472 225 6.36 3.24 0.18 0.09
27 509 243 6.87 3.50 0.20 0.10
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Ko MR SCHR[13]7T 1,60 kg/m BB FL 80 H1 o,

9 352 MPa, B3k W 1 4R T o, T BHUIE R 7 34708
F o, TRl MR8 SCHR[12, 14] 00 0, byl 5 89 5 & 2=
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Tab.5 Calculation results of force and deformation of embedded track structure for different rail types

Rail head stress/MPa

Bottom rail stress/MPa

Lateral displacement Vertical displacement

Axle load/t of rail/mm of rail/mm
60 kg/m 75 kg/m 60 kg/m 75 kg/m 60 kg/m 75 kg/m 60 kg/m 75 kg/m
21 396 274 189 174 5.34 4.62 2.72 2.36
23 434 301 207 191 5.85 5.06 2.98 2.58
25 472 327 225 207 6.36 5.50 3.24 2.81
27 509 350 243 224 6.87 5.95 3.50 3.01
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Tab.6 Calculation results of force and deformation of embedded track structure caused by different strength of filling
materials

Rail head stress Bottom rail stress

Axle load/t

200 MPa 300 MPa 400 MPa 500 MPa 200 MPa 300 MPa 400 MPa 500 MPa

21 264 248 234 225 163 143 129 124
23 290 271 258 247 178 159 141 136
25 315 295 279 269 194 170 153 148
27 340 317 303 289 209 183 169 165
Lateral displacement Vertical displacement
Axle load/t of rail of rail

200 MPa 300 MPa 400 MPa 500 MPa 200 MPa 300 MPa 400 MPa 500 MPa

21 4.07 3.26 2.80 2.49 2.03 1.53 1.32 1.18
23 4.46 3.57 3.06 2.73 222 1.68 1.44 1.29
25 4.85 3.88 3.33 2.96 2.41 1.83 1.57 1.41
27 5.23 4.19 3.59 3.20 2.61 1.97 1.69 1.52
360 260
—=—200 MPa —=—200 MPa
3401 300 MPa <240 =300 MPa
< | ——400 MPa & | —4—400 MPa
=3200 500 MPa =220 500 MPa
7300¢ £2001
%280 — 180}
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£260f =160
'Q::?s 240 = 2 1401
20 7 120
200 1 1 1 | | 1 | IOO 1 1 1 1 | | 1
20 21 22 23 24 25 26 27 28 20 21 22 23 24 25 26 27 28
Axle load/kN Axle load/kN
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Fig.5 Variation of rail head stress with elastic modulus Fig.6 Variation of bottom rail stress with elastic modulus
and axle load and axle load
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Fig.7 Variation of rail lateral displacement with elastic Fig.8 Variation of rail vertical displacement with

modulus and axle load elastic modulus and axle load
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