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Abstract. CRTS II ballastless slab track is widely adopted in high-speed railways in China. 

The influence of temperature induced deformation of CRTS II slab track on the running safety 

of high-speed trains is an important issue to be considered. With the temperature field of 

track slab simulated by applying temperature load on the track slab nodes, the warping of 

CRTS II track slab under overall temperature change and temperature gradient is analyzed. 

By applying the vertical rail displacements caused by the slab warping as the additional rail 

irregularities, the dynamic analysis model for the train-track system is established, to analyze 

the dynamic performance of the train. With the additional rail irregularities caused by slab 

warping under the most positive temperature difference as excitations, the dynamic responses 

of the track and the train vehicles, such as the wheel-rail interaction forces, wheel offload 

factor, reaction forces of fastener, as well as the accelerations of rail and track slab, are cal-

culated, when the train passes on the track at the speed of 250km/h. The results show that the 

dynamic responses are larger, especially the accelerations of rail and track slab when con-

sidering the additional rail irregularities caused by temperature warping of track slab. 
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1 INTRODUCTION 

The CRTSII slab ballastless track widely adopted in high-speed railways in China is com-

posed of rail, fasteners, track slab, CA (cement asphalt) mortar layer, concrete supporting lay-

er and anti-frozen layer. A standard track slab is 6.45×2.55×0.2m, as shown in Figure 1. The 

CA mortar layer is 0.03m thick and 2.55m wide. The concrete supporting layer is 0.3m thick 

and 2.95m wide. 

  

Figure 1: The standard track slab 

There are mainly two types of temperature loads to be considered when analyzing the track 

slab, namely the overall temperature change and the temperature gradient. The temperature 

gradient of track slab has already been studied thoroughly 
[1-7]

, However, the overall tempera-

ture change and the temperature gradient happen at the same time, and the concretes at differ-

ent heights of track slab have different temperature changes to form the temperature gradient 

in height. The temperature warping of track slab should be caused by the overall temperature 

change and the temperature gradient. 

The warping of track slab under overall temperature change and temperature gradient is 

analyzed with the temperature field of track slab simulated by applying temperature load on 

the track slab nodes. By applying the vertical rail displacements caused by the slab warping as 

the additional rail irregularities, the dynamic analysis model is established, to analyze the dy-

namic performance of the train-track system. 

2 TEMPERATURE WARPING OF CRTS II SLAB BALLASTLESS TRACK 

The temperature field of track slab is simulated by applying temperature load on the track 

slab nodes. The initial temperature is the construction target temperature when track slab has 

neither temperature difference nor deformation. The final temperature is the measured tem-

perature.  

The calculation is simulated with the software Midas. The track slab, the CA mortar and 

the concrete supporting layer are simulated by solid elements. The track slab and the CA mor-

tar are connected by nonlinear springs which are only compressed. The CA mortar and the 

concrete supporting layer are concurrent in contact surface. The rail is simulated by beam el-

ements, and the fastener is simulated by the common springs. 

The model of a track slab is shown in Figure 2. 

 

Figure 2: Model of a track slab 
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The temperature is cited from literature [6] to analyze the warping of track slab during a 

whole day. The surface temperature, the bottom temperature and the temperature difference of 

track slab during the whole day are shown in Figure 3. The temperature warping of track slab 

within 24 hours is shown in Figure 4. 

08:00 14:00 20:00 02:00 08:00

-10

0

10

20

30

40

50
T

em
p
er

at
u
re

(℃
)

Time

 The surface temperature of track slab

 The bottom temperature of track slab

 The temperature difference of track slab

 

Figure 3: The surface temperature, the bottom temperature and the temperature difference of track slab during 

the whole day 

08:00 14:00 20:00 02:00 08:00

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

M
ax

im
u

m
 v

er
ti

ca
l 

d
is

p
la

ce
m

en
t 

o
f 

tr
ac

k
 s

la
b

(m
m

)

Time  

Figure 4: Temperature warping of track slab within 24 hours 

The temperature warping of the track slab at the time of the most positive temperature dif-

ference and the most negative temperature difference are respectively shown in Figure 5 and 

Figure 6. The temperature warping is upward in the central area of the track slab at the time of 

the most positive temperature difference and the temperature warping is upward in the four 

corners of the track slab at the time of the most negative temperature difference. 

 

Figure 5: Temperature warping of the track slab at the time of the most positive temperature difference 
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Figure 6: Temperature warping of the track slab at the time of the most negative temperature difference 

3 DYNAMIC ANALYSIS OF TRAIN-TRACK SYSTEM UNDER TEMPERATURE 

LOAD  

By applying the vertical rail displacements caused by the slab warping as the additional rail 

irregularities, the dynamic analysis model for the train-track system is established, to analyze 

the dynamic performance of the train. With the additional rail irregularities caused by slab 

warping under the most positive temperature difference as excitations, the dynamic responses 

of the track and the train vehicles, such as the wheel-rail interaction forces, wheel unloading 

rates, reaction forces of fastener, as well as the accelerations of rail and track slab, are calcu-

lated based on inter-system iteration
[8-11]

, when eight vehicles pass on the track at the speed of 

250 km/h.  

3.1 The influence of fastener stiffness on the additional rail irregularities 

The deformations of the rail and the track slab are calculated under the most positive and 

negative temperature difference when the stiffness of the fastener is respectively 22.5 kN/m, 

60 kN/m and 60000 kN/m. The results are shown in Table 1. 

The vertical stiff-

ness of fastener 

The maximum vertical displacements 

of rail 

The maximum vertical displacements 

of track slab 

The most positive 

temperature dif-

ference 

The most negative 

temperature dif-

ference 

The most positive 

temperature dif-

ference 

The most negative 

temperature dif-

ference 

22.5 kN/m 1.34mm 0.09 mm 1.56 mm 0.44 mm 

60 kN/m 1.27 mm 0.11 mm 1.50 mm 0.43 mm 

60000 kN/m 1.07 mm 0.11 mm 1.32 mm 0.34 mm 

Table 1 The maximum vertical displacements of rail and track slab with different fastener stiffness 

Table 1 shows that as the vertical stiffness of fastener reduces, the maximum vertical dis-

placements of rail and track slab under the most positive temperature difference decrease. Be-

sides, the maximum vertical displacement of rail under the most negative temperature 

difference can be ignored compared to the most positive temperature difference. So the addi-

tional rail irregularities caused by slab warping under the most positive temperature difference 

when the stiffness of the fastener is 22.5 kN/m are taken as excitations in this analysis. 

3.2 The dynamic index for safety evaluation  

The safety indexes of vehicles are composed of the derailment factor, offload factor of the 

wheel, and the lateral wheel-rail interaction force
[12]

. However, the lateral wheel-rail interac-

tion force and the derailment factor are zero in this paper, because the lateral rail irregularities 
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are neglected. So only the wheel offload factor is considered in this paper and it should satisfy: 

∆P/P≤0.6, according to the <<Code For Design Of High Speed Railway>> in China. 

3.3 Dynamic responses under temperature load 

With the additional rail irregularities caused by slab warping under the most positive tem-

perature difference when the stiffness of the fastener is 22.5 kN/m as excitations, the dynamic 

responses of the track and the train vehicles, such as the wheel offload factors, reaction forces 

of fastener, as well as the accelerations of rail and track slab, are calculated when eight vehi-

cles pass on the track at the speed of 250 km/h. The results are shown in Table 2. 

 

Dynamic indexes 
Normal road sec-

tion  

Road section un-

der temperature 

load 

The increase per-

cent 

Wheel offload fac-

tor 
0.300 0.318 6.0% 

The maximum 

vertical reaction 

force of fastener 

24.39/kN 25.25/kN 3.5% 

The maximum 

vertical accelera-

tion of rail 

79.49/(m/s
2
) 95.93/(m/s

2
) 20.7% 

The maximum 

vertical accelera-

tion of track slab 

1.72/(m/s
2
) 2.08/(m/s

2
) 20.7% 

Table 2 The dynamic responses under temperature load 

Table 2 shows that the dynamic responses are larger when considering the additional rail 

irregularities caused by temperature warping of track slab. The wheel offload factor increases 

by 6.0%, the maximum vertical reaction force of fastener increases by 3.5%, and the maxi-

mum vertical accelerations of rail and track slab increase obviously by 20.7%. 

The wheel offload factor under temperature load is 0.318 and it satisfies: ∆P/P≤0.6, so it is 

safe for the train vehicles. 

The vertical wheel-rail interaction forces, the vertical reaction forces of fastener, and the 

vertical accelerations of rail and track slab are shown respectively in Figures 7 to 10. 
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Figure 7: Vertical wheel-rail interaction force histories of vehicle’s first wheel 
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Figure 8: Vertical reaction force histories of fastener 
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Figure 9: Vertical acceleration histories of rail 
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Figure 10: Vertical acceleration histories of track slab 

4 COCLUSIONS  

In this paper, the warping of track slab under overall temperature change and temperature 

gradient is analyzed with the temperature field of track slab simulated by applying tempera-

ture load on the track slab nodes. By applying the vertical rail displacements caused by the 

slab warping as the additional rail irregularities, the dynamic analysis model is established, to 

analyze the dynamic performance of the train-track system. According to the analysis results, 

some conclusions can be obtained: 
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(1) The temperature warping is upward in the central area of track slab at the time of the most 

positive temperature difference and the temperature warping is upward in the four cor-

ners of track slab at the time of the most negative temperature difference. 

(2) The maximum vertical displacements of rail and track slab under the most positive tem-

perature difference decrease as the vertical stiffness of fastener reduces. Besides, the max-

imum vertical displacement of rail under the most negative temperature difference can be 

ignored compared to the most positive temperature difference. 

(3) The dynamic responses become larger when considering the additional rail irregularities 

caused by temperature warping of track slab. The wheel offload factor increases by 6.0%, 

the maximum vertical reaction force of fastener increases by 3.5% and the maximum ver-

tical accelerations of rail and track slab increase obviously by 20.7%. 
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