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Abstract: With the development of high-speed railways, ballastless tracks are widely applied,and
the dynamic characteristics of the subgrade form the basis for design, construction, and mainte-
nance of the ballastless track/subgrade system.In a sense, the distribution rule of dynamic re-
sponse under the action of train loads and the influence of subgrade parameters lags far behind the
construction of high-speed railways in engineering because it is highly complicated. The dynamic
system, which includes rail, track,and roadbed,is so complex that it cannot be solved by available
theory.In this paper,the numerical simulation method is introduced to describe the dynamic action
of a roadbed bearing high-speed rail loads. A three-dimensional (3D) finite element model of the
track-subgrade system is established with the aid of ANSYS for dynamic response of ballastless
track subgrades bearing vehicle dynamic loads and load input behavior. Moreover, by using the
choice method and basis of unit type,a constitutive model of subgrade and material parameters is

established. According to the distribution mode and behaviors of vehicle dynamic load and load in-
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put characteristics,a two-car,eight-wheelset vehicle model was introduced to obtain contact pres-
sure time-history curves of fastening when two bogies pass between neighboring cars through
Fourier transform.In addition,the rationality and applicability of the model are verified according
to the data obtained from in situ testing. Vertical dynamic stress, dynamic displacement,and dy-
namic acceleration are calculated for a CRTS Il-type slab ballastless track and a double-block bal-
lastless track when a passing train has a speed of 300 km/h and an axle load of 170 kN.Further-
more, the relationship between the response laws and the rail-subgrade construction are analyzed.
Interrelated analyses reveal that vertical dynamic stress, dynamic displacement, and dynamic ac-
celeration decay with an increase in roadbed depth.Dynamic acceleration decay deceleration was
the fastest.In addition, the type of track influenced the dynamic response only at the top of the
roadbed.

Key words: ballastless track subgrade; vehicle dynamic load; dynamic response; numerical simu-
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Table 1 Material numerable parameters and structure size of

model
4k JEL R A me o wE/ M
14 /mm /GPa It (kgem 3 Ik
e 176 210 0.3 7 830
EfIEGe 40 MN/m
M 2 AR 200 35 0.167 2500
AP 22 A 260 35 0.167 2500
W BE R CA M 30 4.5 0.2
M IE SRR 300 27 0.2 2 400
B MR SR )ZE 300 27 0.2 2 400
SRR 0.4 0.24 0.27 2250  0.028
YN 2.3 0.15 0.32 2130 0.035
B B AR 2.0 0.10 0.35 2000 0.035
JilB-S 4 0.06 0.35 2 000  0.045
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Table 2 Calculating parameters of actual roadbed

S8 PRE/GPa ML B/ (kg m™%) B

HEREZ 1.55 0.27 2 200 0.028
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by 3 0.60 0.35 2 000 0.045
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Table 3 Calculating parameters of model verification

451 JEEE/m BAEE/GPa VAL HE/ (kg e m )
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FEIR IR )2 1.5 0.11 0.25 1 800
B RA AR 1.5 0.06 0.25 1700
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Fig.14 Decay ratio curve of vertical dynamic stress am-

plitude with depth
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Fig.15 Vertical dynamic stresses amplitude of subgrade

cross section
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