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Abstract: As a new type of transportation, virtual rail
train has brought into full play the characteristics of

strong adaptability of road transportation and large
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capacity of rail train. It is found that the running line of the
virtual rail train has produced serious permanent
deformation. Therefore, this paper uses a decoupling
method to extract the three-way contact force of the tire-
rigid road interaction model and act on the viscoelastic
asphalt finite element model, aiming at the virtual track
train tires in the three driving states of constant speed,
full braking and steering The dynamic response and
permanent deformation of asphalt pavement are analyzed
and studied. The research results show that the road
surface shear force and permanent deformation both
decrease with the increase of speed when driving at a
constant speed. Among them, the road surface shear force
at a running speed of 20kmch ! increases by 65%
respectively compared with that of 60kmeh' (longitudinal
54% (transverse range) ;
!'is about 50% larger than that of

range) ) , the permanent
deformation of 20kmsh "
60kmeh ' In the longitudinal range, the maximum shear
force of full braking is 66% higher than that of the road
surface driving at a constant speed, and 76% is increased
along the road depth. Longitudinal permanent deformation
99% (552.56

(105.12 million times)

increases by 93% (10.512 million times) ,
and 100%

respectively when fully braking compared to when driving

million times) ,

at a constant speed. The maximum road surface shear
force and the maximum horizontal and vertical permanent
deformation are located on the inner side of the steering
when turning. The maximum value of shear force under
constant speed driving, full braking, and turning is on the
upper layer. The maximum value of constant speed driving
and turning is 0.03m from the road surface, and the
maximum value of full braking is 0.04m away from the
road surface. From the perspective of controlling road
shear and permanent deformation, the higher the train

running speed, the better it is to reduce road damage.
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Fig. 1 The finite element model of asphalt pavement finite element model
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Tab.1 Structural and material parameters of pavement"
ZER )2 JEJE /cm it /MPa MEL/NA A m n

o )E (e AC) 4 526 0.45 1.464 X10°° 0. 336 —0.502

2 (et AC) 6 440 0.40 4.802 X10°" 0.595 —0.532

THEWiEA) 10 710 0.35 1.956 X108 0. 830 —0.562
FEJZ(CBG) 36 1 600 0.35
JEH)Z(CBG) 20 800 0.20
+H(LFS) 30 0.40
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Tab.2 Statistics of the number of times through a
section
1x 14 54 104
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Fig.2 Finite element model of tire-rigid pavement
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Fig. 3 Force on the rim center
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Fig. 4 Tire-pavement contact stresses at the uniform motion condition (a: vertical; b: longitudinal; c: lateral)
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Fig. 5 Tire-pavement contact stresses at the fullbrake condition (a: vertical; b: longitudinal; c: lateral)
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Fig. 6 Tire-pavement contact stresses at the cornering condition
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Fig. 7 Shear stress distribution at uniform speed condition
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Tab.3 Permanent deformation at uniform speed

condition
RE i 2 AT
BT (;{Efiil) KA /mm

" i BT i)
20 9.50 8.48 11.88
10.512(14F) 40 7.93 7.05 9.97
60 5.83 5.19 7.41
20 18.85 16.79 22.84
52.560(54F) 40 15.92 14.14 19.47
60 11.84 10. 56 14.69
20 24.91 22.18 29.61
105. 120(104F) 40 21.13 18.73 25.46
60 15.95 14.21 19.50

3.2 R&HZTHBEWEENFME R KATHS
#r

RV IE S 47 ol S N O S E AR E
s AR 3, i 3, se 4 dilsh/3 5 1475 F i
G2 B RO IN I S deo k. M 56 G A E 3 ) 2 oy
A7 45kN | 785K /7 900kPa 15 17 3 B 60km b 1% %

-0, 1T A BT 80 20 1 S R TE | g
B A3ty A8 S 1 A A TR A R PR A
WL L

Il /R 1 RS 9 12 BY N 43 A7 An #
8T , BY W I FEGN ] 3 T PN %) e KA L [T 32T 1
AT B0 T HE K 6606, VB B TR BE ) B K
76 %0, B RN AR 268 Ko BY N ) T I B IR
[ (%) fe KA AERE 251632 0. 04m ALY H 1=

MNFE 3FNFR 4 ATHN, e A 3 T MG ) A A AR T
Fb A7 3 47 B i B K 93% (10.512 J7 k) L 99%
(52.560 J7 %) .100% (105. 120 J3¥K ) , 4 1) Al 3 [7]
KRB AHZEARK
3.3 HTHIIEEEINNIFEMEL Kk A TR

I 0T LR 4 FEL 6 R R e 2 Ak AR RS G
LA B AT A T s AR I8 A T 3 e X A i A A ) 2K
7 A A5KN L 58 5% 7 900kPa iz 1734 & 10km - bl
s £ > 5° 1 T 6 T 30 ) 2 ) W KK AR T R F
5, T LA 305t s o) 2 DX e 6 T A R R R, -
s M A B THEEE T

Il /R 1S B R 7 9 43 A A 4
9 FIr7 , AR5 N T B B KA AESE 7 5 il Ve
R B 7 1) A B N7 7 1) B RABLAE I 5 8% 3R 0. 03m 4k
() T2 o B 10 3RoR B IR 7k ST AR b i 3,
WA Y\ J7 1) B 7R AR TE A8/ A i) AR i) ) e K
TRAARTE S RE 25 PR o DA il 55 1 Ty Bk A7
TE ) A B A1, 25 T ALk A 0003 7 6% T I 9% 3 v b B iR



91 TR, 5 AT 9 AR T 2 e % v v 18 S AR T o B 65
B, TR I i TR A R ] RS
<
0.0004 - 0.008 S 00035,
@ < 0.006 < 0.0030
0.0003 |
= S 0004 E 0.0025
& 0.0001 | 5 0 z ggg}g
=R 5 B -0.002 RO I
® R . 0.0005
i & 0004 [ ol
= _0.0001 | ~0.006 £ o005
-0.0002 | 1 | -0.008 ! L | {,.) _0 0010 L | | | |
4 02 0 02 04 210 05 0 05 10 0 02 04 06 08 1.0
HHPEES / m M EE S / m PRERRIKEE / m
a Y b 1A c VB BRI

B8 TL£EIFTRTHEENN

Fig. 8 Shear stress distribution at fullbrake condition
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Tab.4 Permanent deformation at the fullbrake con-
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Fig. 10 Permanent deformation at cornering condition
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