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Study on Dynamic Displacement of Ballastless Track Subgrade
Under High—-Speed Moving Load

Feng Jingchun, Luo Wenjun, Xu Xinyang, Du Ke

(School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, China)

Abstract: A nonlinear numerical analysis model for three —dimensional finite element of CRTS [l slab ballast
less track —subgrade —natural foundation soil is established, and the wheel/rail load is calculated based on the
random irregularity of the track. The wheel/rail load is imported into the finite element model by secondary de-
velopment subroutine of finite element software, and the equivalent three—dimensional uniform viscoelastic artifi-
cial boundary is used to simulate the actual semi—infinite space at both ends of the subgrade around the natural
foundation soil. Accordingly, the dynamic displacement distribution of subgrade under high speed moving load is
studied and analyzed. The results show that the vertical dynamic displacement of the subgrade calculated by the

finite element model is far less than the current standard control value of China’s high—speed railway of 3.5 mm,
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which meets the requirements. The train model adopts two bullet cars, and the dynamic displacement generated
by the movement of two sets of wheel sets in the middle is superimposed. The peak value of the vertical dynamic
displacement in the time history curve of each structure layer corresponds to the number of bogies. In the range
of concrete base, the vertical dynamic displacement amplitude of each structural layer of subgrade changes little
along the transverse distribution, and the maximum transverse difference of each structural layer is only 0.129 mm.
Outside the range of concrete base, the vertical dynamic displacement amplitude of each structural layer of
subgrade has a great difference in transverse distribution, and the maximum transverse difference is more than
0.5 mm. With the increase of depth, the vertical dynamic displacement in the subgrade gradually attenuates, and
the maximum value is located at the top surface of the foundation bed, which attenuates approximately linearly.
The impact of roadbed surface stiffness changes on the system dynamic response is limited. The increase of the
roadbed foundation stiffness has a significant effect on reducing the dynamic displacement of the subgrade, which
is conducive to the smooth, comfortable and safe running of the train. The increase of the train speed increases
the deformation displacement of the subgrade. The change of the foundation soil stiffness has the most significant
effect on reducing the dynamic displacement of the system in the subgrade.
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Tab.1 Material parameters of track system

Rayleigh damping coefficient

Density/ Elastic Poisson’s Damping
Name . .
(kg/m?) modulus/Pa ratio ratio
a B
Rail 7 830 2.06x10" 0.30 0.01 0.032 5 0.002 8
Track slab 2 500 3.65x10" 0.20 0.02 0.098 1 0.009 1

4 10
Self CO?@%‘TW—&?W‘T%Thina A&demic Jodimii Blectronic p'&glishing Houd&*All righlsoi%%gerl\ ed.

Concrete base 2 500 3.25x10"

0.20 0.02 0.098 1 0.009 1

h t?poz()?\\l\\‘v\' .cnki.
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Tab.2 Material parameters of subgrade and foundation soil

Layer Elastic
) Y Density/ Poisson’s  Cohe-
Name thick- v modulus/ . .
(kg/m?) ratio  sion/MPa
ness/m MPa

Surface layer of
subgrade bed

Bottom layer of

23 1939 70 0.30 0.05
subgrade bed
Embankment 23 1837 50 0.35 0.04
body
Found.atlon 30 1 800 60 0.28 -
soil

0.4 2184 120 0.30 0.07

Internal . Expan- Flow  Compres- Absolute
L Damping . . K .
friction to sion stress  sive yield  plastic
angle/(°) ra angle/(°)  ratio  stress/MPa  strain

27 0.045 0 0.855 0.178 0
23 0.039 0 0.876 0.122 0
20 0.035 0 0.892 0.095 0
- 0.075 - - - -
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Tab.3 High-speed train parameters

Moment of

Car body mass Frame quality ~ Wheelset quality

inertia of car

Moment of Primary vertical =~ Primary vertical

inertia of frame/ stiffness/ damping/

It It It
body/(kg-m?*) (kg/m) (kN/m) (kN+s/m)
42.4 34 22 2.74x106 7 200 1.04x103 50
Secondary Secondary Anti-snake Lateral damper  Stiffness of anti—

Wheel rolling Wheelbase of

vertical stiffness  vertical damping damper damping damping/ roll torsion bar radins/in bogic/m
/(kN/m) /(kN-s/m) /(kN-s/m) (kN-s/m) /(kN -m/rad )
0.4x10° 50 2 500 40 3 000 0.457 5 2.5
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Fig.7 Vertical dynamic displacement distribution along the
depth direction
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Tab.4 Influence of subgrade bed stiffness on dynamic dlsplacement of subgrade

E B AT B

Dynamic displacement amplitude of Dynamic displacement amplitude of

- Depth different subgrade surface elastic  different elastic modulus of subgrade
Position m modulus/mm bottom/mm
120 MPa 150 MPa 180 MPa 210 MPa 70 MPa 100 MPa 130 MPa 160 MPa
Top surface of subgrade surface 0 1.350 1334 1324 1316 1.350 1.236 1.168  1.124
Bottom surface of subgrade surface 04 1343 1330 1.321 1314 1343 1.230 I1.161 1.113
Bottom surface of subgrade bed bottom layer 2.7 1.049 1.041 1.034 1.028 1.049 1.025 1.005 0.987
Bottom surface of embankment body 50 0755 0750 0.745 0.741 0.755 0.738 0.726  0.716

x5 WMETRIEMIERENHEENCE NN

Tab.5 Influence of foundation soil stiffness and train speed on dynamic displacement of subgrade

Dynamic displacement amplitude of N .

L ) . . Dynamic displacement amplitude at
different foundation soil elastic o
different speed/mm

Position Depth/m modulus/mm
20 MPa 40 MPa 60 MPa 80 MPa 200 km/h 250 km/h 300 km/h 350 km/h
Top surface of subgrade surface 0 1.846  1.540 1350 1.241 0.903 0.927 1.005 1.350
Bottom surface of subgrade surface 0.4 1.844 1533 1343 1.232  0.893 0.919 1.003 1.343
Bottom surface of subgrade bed bottom layer 2.7 1.580 1.243 1.049 0934  0.667 0.692 0.772 1.049
Bottom surface of embankment body 5.0 1.273 0932 0.755 0.651 0.453 0.470 0.544 0.755

._.
~

—

~

[ro—

=#=Surface of sub grade bed

—o— Bottom surface of sub grade surface

—a— Bottom surface of sub grade bed bottom layer
¥ Bottom surface of embankment body

Ju—
o]
T
Ju—
3%}
T

Py A

—
o
T
—
(=]

T

—&—Surface of sub grade bed

== Bottom surface of sub grade surface

== Bottom surface of sub grade bed bottom layer
~¥=Bottom surface of embankment body

o
0
T
o
o0
T

|

v
v ——y

ertical dynamic displacement Uymm

ﬁf ertical dynamic displacement Uymm

w.o

(?’ 11201|n1146¢ag§0n|q$gL11 12.@[)1“ Igg@onic ?u%&;(jnnggé Ioupml) Allg‘l(l)ghlsji'@ser}é@i.
Elastic modulus of sub grade surface/MPa
(a) Surface stiffness of subgrade bed

@
N

http://www.cnki.

Elastic modulus of sub grade surface/MPa
(b) Bottom stiffiness of subgrade bed
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