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Stress Simulation Analysis of the Pavement-
Track Joint with Embedded Fasteners of
Tram Line

LEI Zhenyu, ZHAO Yang, LI Li, GENG Chuanzhi
Abstract At present, for the track sections with embedded
fasteners of operating trams, the asphalt pavement along the
rail is seriously damaged after being repeatedly rolled over by
vehicles. Through finite element software ABAQUS, the finite
element model of rail-pavement joint section is constructed, to
study the response characteristics of trackside asphalt pavement
under social vehicle load and to optimize design of fastener
covers and rail side protection blocks. According to the calcu-
lation results, under the most unfavorable working condition,

the maximum deformation occurs in the top layer of asphalt,

which is 0.423 4 mm, and the maximum stress occurs in bot-
tom layer, which is 0.971 6 MPa. With the increase of elastic
modulus of fastener covers or rail side protection blocks, the
stress and deformation of asphalt pavement shows tendency of
linear decrease, of which the decrease range of stress and de-
formation of bottom asphalt layer is larger than that of the top
layer. When the elastic modulus is increased to about 2. 5 times
of the original one, the maximum vertical deformation reduc-
tion of asphalt layer is 3.34% and 8. 27% respectively, and
the maximum stress reduction range is 2.41% and 7.55% re-
spectively. The maximum stress of fastener covers and rail side
protection blocks has increased greatly, reaching 45.69% and
140.61% respectively. Therefore, while the response perfor-
mance of trackside asphalt pavement is improved by increasing
the elastic modulus of components, the performance of compo-
nents under high stress should also be considered.

Key words tram; level crossing; track with embedded fas-
tener; asphalt pavement; finite element analysis
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Fig. 1 Pavement damage at tram level crossing
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Fig.2 Structural diagram of track with embedded fastener

% 1 Drucker-Prager #2451 #1541
Tab.1 Material parameters of Drucker-Prager model

o ORPERLE/ WEE/ JRIRSREE, BEHES/
A MPa THEL (g/em?) MPa (°)
FifE 580 0.35 2.35 1.110 6 43.12

THZ 610 0.30 2.35 0.969 6 43.00
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Tab.2 Material parameters of elastomer components

S SPERCR/MPa AL BE/(g/em’)
R 206 000 0.30 7.85
Pl 8 0.50 1.00
Enpay 8 300 0.28 1.20
TH PR 32 500 0.20 2.36
iRl 1 0.35 1.15
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Tab.3 Arrangement of working conditions
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Tab.4 Summary of Mises stress and deformation calcula-

tion results of asphalt layer under each working

condition
T Vil oK Mises Jif f1/MPa i KA/ mm
AR 0.842 7 0.423 4
TH 1 )
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T2
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Fig.3 Nephogram of asphalt layer Mises stress
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Fig.4 Component deformation nephogram under

working condition 1
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Fig.5 Curves of relation between asphalt layer Mises stress,

deformation and fastener cover elastic modulus
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Fig.6 Curves of relation between fastener cover stress,

deformation and elastic modulus
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Tab.5 Calculation result summary of Mises stress and de-

formation of asphalt layer under working condition 1

YIS i Bk Mises if /)/MPa  K7ZEJE/mm
LHZE 0.842 7 0.423 4
APERL A Tz 0.971 6 0.290 7
k) 0.675 1 0.472 6
PR B 2 0.908 2 0.336 7
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Fig.8 Curves of relation between asphalt layer Mises stress,

deformation and rail side elastic modulus
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Fig.9 Curves of relation between rail side protection blocks

Mises stress, deformation and elastic modulus

TR A BRI B LR W A

L 9w, BEE B B R A3,
BUIE P B B0 38 i) B A 1) 8 O B B PR /N Y
o Bl PUE S B PR A AR (Y 4R T AR TR 8
el AE GO g R R R e, A 1) e R AR ek T
6.43% , [ KA I/ T 7. 03% , B 3 )i
TI¥EE T 140.61%

4 HiE

A o o AT - A BR TR Y 4 5 LA, 4531
T AR A A T 0S5 0 S ) R AR O
A 1 BB A2 00T T U T S T WIS B R A LA
TR

1) XTSI BT, 40 80K-F 107 ) —
BT £ 2 A P A B9 LA B S A 5 e AR A
BB ACF TR AU D A

2) FOF R A i A B S B s R A AR 4R
e AR TR R B0, J5 8 X 55 J2 08 ) RS B /Y
P 2R A, )R 1A A P R I B K, R
8.27% , 1 J1F&WE R 7. 55% .

3) W T 0 S T A R A A A B
TR, IR TT 58, W0 T 1 TR 228 BN )
29 LR R 2 4%

4) /NI R TOU I -5 % T ) 42 S v B AE AT 2
Pl B T AT

5) AnfEE U BB A A S s R A A 4R
e, B R T o A A 4R TR A AR
SRR U0 T 0 T 52 Ay M 7 ) ] FsF 7 2% R 47 A sk
(14560 E A o IR B9 AR RE

S22 3Lk

[ 1] B#Z ARAK, T, 55 BURAE IR F UL LR [T ].
POBbriEBTT,2014(7) .58.
XU Yanjun, LIN Hongsong, WANG Jian, et al. Overview on
track structure for modern tramway [ J]. Railway Standard De-
sign, 2014(7) : 58.

(2] BORYE, it PR, . A P R HP0E R F WS
ST ARARAS RS2 4, 2019 (1) <12,
HUANG Dawei, FENG Qingsong, LUO Xinwei, et al. Site inves-
tigation and analysis of the tramway disease[ J]. Journal of East
China Jiaotong University, 2019 (1) 12.

[3] AL AP EINFE—iR AE S EE TR D].
HHR - PU TS S R, 2014,

(T#% 59 ;)

<31 -





