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CRTS III (China Railway Track System III) slab ballastless track structure is one of the high-speed railway ballastless track
structures which has Chinese independent intellectual property rights. The mechanical performance of CRTS III slab ballastless
track structure under temperature load has not been clear yet. Therefore, through temperature ﬁeld model and temperature load
values selected by statistics analysis based on long-term meteorological data, the mechanical performance of ballastless track
structure is studied under two typical working conditions with diﬀerent safety probability. It is found that the daily extreme values
of monthly axial uniform temperature and the daily maximum temperature gradient obey certain statistical laws. In addition, the
maximum tensile stress of the self-compacting concrete layer is located in the middle and edge of the slab bottom and the side of
the slab. The maximum tensile stress of the base plate is located at the edge of the surface of the layer and the inner edge of the
limiting groove. The interface normal tensile stress is located at the end and corner of the interface. Furthermore, maximum stress
increases with the increase of safety probability.

1. Introduction
At present, high-speed railway is developing rapidly in
China. Speciﬁcally, the ballastless track used in CRTS (China
Railway Track System) III; is developed based on the main
characteristics of that used in other ballastless track structure
with certain improvements which has Chinese independent
intellectual property rights. The CRTS III slab ballastless
track structure consists of rail, fastening system, track slab,
self-compacting concrete layer, isolation layer, bed plate,
support layer, and other parts, as shown in Figure 1. Until
now, in China, the total length of CRTS III slab ballastless
track line under construction and operation is nearly
4000 kilometers [1]. In order to implement the strategy of
China’s high-speed trains going global, CRTS III slab ballastless track becomes the important technology of China’s
high-speed railway.

As an important environmental factor, temperature load
has a signiﬁcant impact on the mechanical performance and
durability of slab ballastless track structure system used in
high-speed railway. Therefore, the mechanical performance
of ballastless track structure under temperature load has
attracted the attention of many scholars. Generally, temperature load of ballastless track structure mainly includes
axial uniform temperature and temperature gradient.
China’s high-speed railway design speciﬁcation stipulated in
the temperature gradient is 45°C/m. Many scholars and
research institutions took some temperature tests on ballastless track structure and found that the track plate temperature gradient was between 40∼80°C/m, maximum
negative temperature gradient is half of the maximum
positive temperature gradient, and the temperature change
of the bed plate is not obvious [2–5]. The long-term observation of ballastless track structure shows that the
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performance of CRTS III plate-type ballastless track structure system under the temperature load.

Track slab
Self-compacting
concrete layer
Isolation layer
Bed plate

2. Temperature Field Model of Ballastless
Track Structure

Figure 1: The composition of CRTS III slab ballastless track
structure.

temperature ﬁeld inside ballastless track structure is mainly
aﬀected by solar radiation, wind speed, and atmospheric
temperature and varied on a daily basis with temperature,
and the vertical temperature presents a nonlinear distribution [6–11]. With the increase of depth, the amplitude of
temperature change in ballastless track structure decreases
and the peak value lags [12–16]. The study in literature [17]
further shows that both positive and negative temperature
gradients show nonlinear distribution and their occurrence
time is basically equal.
However, these studies are generally based on the speciﬁc environment or special working conditions which the
values of various parameters are not standardized and
uniﬁed. Therefore, it is necessary to determine the appropriate temperature load ﬁrst, and then study the mechanical

As a multilayer structure, the temperature change in the
CRTS III slab ballastless track structure caused by the change
of the external environment is mainly concentrated in the
position shallower from the surface [10]. Therefore, considering that the boundary condition does not change along
the track longitudinal, the calculation of temperature ﬁeld of
ballastless track can be simpliﬁed to the solution of a onedimensional diﬀerential equation of heat conduction. When
the temperature changes harmonically on the structure
surface, the temperature ﬁeld inside ballastless track
structure can be regarded as the superposition of temperature inside the plate which was caused by the action of
atmospheric temperature θa and equivalent temperature
increment Δθ, respectively, which is given as follows:
θ(x, t) � θac (x, t) + Δθc (x, t).

In addition, the temperature variation within the
structure θac (x, t) coursed by the change of atmospheric
temperature θa can be shown as follows:
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where θave denotes mean value of daily temperature variation, θamp denotes daily temperature variation, and Tmin
denotes the moment of the lowest temperature in a day.
And the temperature variation within the structure
Δθc (x, t) coursed by the change of equivalent temperature
increment Δθ can be shown as follows:
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Tmin ≤ t < Tmin + T,
(2)
Tmin + T ≤ t < Tmin + 24,

3. Temperature Load Values Selected Based on
Probability and Statistics
Literature [18] stipulates that the eﬀect of the change of axial
uniform temperature and temperature gradient should be
taken into account in the ordinary size concrete beam and
slab. For ballastless track structure, due to the periodicity
and regularity of the daily internal temperature ﬁeld, the
axial uniform temperature and temperature gradient reﬂected by it have a similar periodicity and regularity. In
order to study the mechanical properties of CRTS III slab
ballastless track structure under temperature load, it is
necessary to describe this periodicity and regularity
statistically.

(3)
where As denotes absorptance for solar radiation which
ranges from 0.5 to 0.7 for concrete, I denotes the daily amount
of solar radiation received by the surface of the structure, hcr
denotes surface thermal conductance, 19 W/(m2·°C), tday
denotes daylength αdenotes thermal diﬀusion coeﬃcient,
0.00313 m2/s, x denotes the distance to the surface of the
structure, and t denotes a certain time in daytime.

3.1. Temperature Load Extremum Probability Model. In order to describe the temperature load of ballastless track
structure, it can be transformed into a random process, and
then according to the sample function of the load or the
existing load distribution characteristics, the maximum
value of the load in the design reference period is determined. The speciﬁc steps are as follows:

Advances in Civil Engineering

3

(i) The design reference period of ballastless track
structure is determined to be T years.
(ii) According to the periodicity and regularity of
temperature change in a certain area, the design
reference period can be divided into N periods (τ i),
which can be shown as follows: T � N
i�1 τ i .
(iii) The distribution function (Fτi ,max(x)) of the maximum value of load (Qi,max ) within the time period
(τ i) was obtained by statistics. The distribution
function of the maximum load in each time period
is the same and independent. Therefore, the maximum temperature load in the design reference
period can be shown as follows:
QT,max � maxQ1,max , Q2,max , . . . , QN,max .

(4)

And its distribution function can be shown as
follows:
N

level α was 5%, as shown in Figures 6–9. The estimated
values of the normal distribution parameters of the daily
extreme values of the axial uniform temperature in diﬀerent
months are shown in Table 1.
According to the parameter estimation of the daily
maximum distribution function of axial uniform temperature
of ballastless track structure in diﬀerent months, the probability distribution function of axial uniform temperature in
diﬀerent months in Zhengzhou can be obtained as follows:
x
2
2
1
Fτ−m,i (x) � √���  e (x − μi ) /2σ i dx.
(7)
2πσ i −∞
It is considered that the daily distribution of axial
uniform temperature of ballastless track structure in each
month is independent from each other. Therefore, the annual probability distribution function of the daily extreme
value of the axial uniform temperature is shown as follows:
Fτ−y,i (x) � ω1 Fτ−m,1 (x) + ω2 Fτ−m,2 (x) + · · · + ω12 Fτ−m,12 (x),

(5)

(8)

Similarly, the minimum load and its distribution in
the design reference period can be obtained:

where Fτ−m,i (x) denotes the probability distribution function of the daily extreme value of axial uniform temperature
of ballastless track structure of ith month in a year. Fτ−y,i (x)
denotes the annual probability distribution function of the
daily extreme value of the axial uniform temperature. ωi
denotes the weight coeﬃcient which can be 1/12.
The daily extreme distribution of axial uniform temperature of ballastless track structure in the design reference
period is shown as follows:

PQN,max ≤ x � Fτi ,max(x) .

QT,min � minQ1,min , Q2,min , . . . , QN,min ,
N

PQN,max > x � 1 −1 − Fτi ,min(x) .
(6)
Based on the time period probability distribution
(Fτi (x)) and its statistical parameters, the distribution (Fτi ,max(min)(x)) of the maximum (minimum) load (Qτi ,max(min)) and its statistical
parameters in the design reference period can be
obtained according to the above formula.

FT,max (x) � ω1 Fτ−m,1 (x) + ω2 Fτ−m,2 (x) + · · ·
N

+ ω12 Fτ−m,12 (x) ,
FT,min (x) � 1 − 1 − ω1 Fτ−m,1 (x) + ω2 Fτ−m,2 (x) + · · ·
N

+ ω12 Fτ−m,12 (x) .
3.2. Statistical Analysis of Axial Uniform Temperature.
Since the CRTS III slab ballastless track structure used in this
research relies on the Zhengzhou-Xuzhou passenger dedicated line, in order to be more representative, the meteorological data (maximum and minimum temperatures and
solar radiation intensity) of every day in Zhengzhou from
2008 to 2017 were counted, and then the daily value of axial
uniform temperature of ballastless track structure was calculated. However, it is diﬃcult to obtain the distribution law
of the diurnal extreme value of the axial uniform temperature in the past ten years. Considering that the temperature
of the same month is basically similar in diﬀerent years, the
frequency histogram of the days with diﬀerent extreme
temperature values was obtained by taking the months of
diﬀerent years as the statistical period, which for some
months are shown in Figures 2–5.
It can be seen from Figures 2–5 that the daily extreme
values of monthly axial uniform temperature of CRTS III
slab ballastless track structure in Zhengzhou show a trend of
normal distribution, which can be ﬁtted by using the normal
distribution function. Furthermore, by using the Jarque–
Bera test function in Matlab, the goodness of ﬁt test of
normal distribution was carried out which the signiﬁcance

(9)
The base design period of high-speed railway is 60 years
in China. Therefore, the corresponding axial uniform
temperature can be obtained by diﬀerent safety probability
percentages such as 50%, 90%, and 95%, as shown in Table 2.
3.3. Statistical Analysis of Temperature Gradients. The daily
maximum temperature gradient of CRTS III slab ballastless
track structure was calculated and analyzed to obtain the
histograms which are shown in Figure 10. As can be seen
from Figure 10, the daily maximum temperature gradient of
ballastless track structure presents an obvious skewed distribution and tends to the extreme value I-type distribution:
Fτ (x) � exp−exp−
σ
⎪
⎧
⎪
,
α�
⎪
⎨
1.2826
⎪
⎪
⎪
⎩
β � μ − 0.5772α.

x−β
,
α
(10)
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Figure 2: The histogram of the daily extreme value of axial uniform temperature in February. (a) The maximum. (b) The minimum.
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Figure 3: The histogram of the daily extreme value of axial uniform temperature in May. (a) The maximum. (b) The minimum.

Therefore, the statistical parameters of the daily maximum annual distribution of temperature gradient of CRTS
III plate-type ballastless track structure in Zhengzhou can be
ﬁtted, as shown in Table 3.
The base design period of high-speed railway is 60 years
in China. Therefore, the corresponding temperature gradients can be obtained by calculating the safety probability
percentages such as 50%, 90%, and 95%, as shown in Table 4.

4. Finite Element Model of Ballastless
Track Structure
4.1. The Selection of Parameters. In the ﬁnite element (FE)
model, the main structure components of CRTS III slab
ballastless track system consist of rail, track board, selfcompacting concrete (SCC) layer, isolation layer, bed pate,

and other parts. Geometric parameters and material parameters of components are selected according to the relevant literature [19], which are listed in Table 5.
4.2. The Selection of Constitutive Models. In this work, the
constitutive models selection of concrete and steel bars is the
same as the literature [20]. The constitutive models of
concrete can be shown as follows:
σ n � [I − D(n)]E0 εn ,

(11)

where σ n denotes the eﬀective stress. εn denotes the total
strain, and E0 represents initial Young’s modulus. D(n)
denotes the damage variable.
The constitutive models of steel bars can be shown as
follows:
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Figure 4: The histogram of the daily extreme value of axial uniform temperature in October. (a) The maximum. (b) The minimum.
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Figure 5: The histogram of the daily extreme value of axial uniform temperature in November. (a) The maximum. (b) The minimum.
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Figure 6: The distribution probability diagram of the daily extreme value of axial uniform temperature in February. (a) The maximum.
(b) The minimum.

Advances in Civil Engineering
1.0

1.0

0.8

0.8
Probability

Probability

6

0.6
0.4
0.2

0.6
0.4
0.2

0.0

0.0
34

36

38

40

42

44

46

48

18

20

22

24

Data

26

28

30

32

Data

Normal probability plot

Normal probability plot

(a)

(b)

1.0

1.0

0.8

0.8
Probability

Probability

Figure 7: The distribution probability diagram of the daily extreme value of axial uniform temperature in May. (a) The maximum.
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Figure 8: The distribution probability diagram of the daily extreme value of axial uniform temperature in October. (a) The maximum.
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Figure 9: The distribution probability diagram of the daily extreme value of axial uniform temperature in November. (a) The maximum.
(b) The minimum.
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Table 1: The estimated values of the normal distribution parameters of the daily extreme values of the axial uniform temperature in diﬀerent
months.

The maximum
The minimum

Months
μ
σ
μ
σ

1
12
2.5
3.6
2.4

2
17
3.0
6.8
2.7

3
25
3.3
12
2.7

4
33
3.0
19
2.6

5
40
2.1
25
1.9

6
44
1.8
29
1.6

7
48
2.1
33
2.0

8
47
2.3
33
1.9

9
40
2.4
28
2.0

10
32
2.7
21
2.2

11
23
3.3
14
3.1

12
15
2.5
6.7
2.5

Table 2: Axial uniform temperature based on diﬀerent safety probability percentages.
Safety probability (%)
The maximum (°C)
The minimum (°C)

T � 60 years
P � 90
52.4781
−1.3437

P � 50
50.6544
0.7437

P � 95
53.0506
−1.9973
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Figure 10: Histogram of daily maximum frequency of temperature gradient. (a) Positive temperature gradient. (b) Negative temperature
gradient.

Table 3: The statistical parameters of the daily maximum annual distribution of temperature gradient.
A
11.8
7.3

Positive temperature gradient
Negative temperature gradient

β
70.5
35.8

Table 4: Temperature gradient daily maximum load based on diﬀerent safety probability percentages.
Safety probability (%)
Positive temperature gradient (°C/m)
Negative temperature gradient (°C/m)

P � 50
88.2
46.7

T � 60 years
P � 90
92.3
49.3

P � 95
93.6
50.1
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Table 5: The basic speciﬁcations of main members.

Length (mm)
Width (mm)
Height (mm)
Concrete strength
Elasticity modulus
Poisson’s ration
Thermal expansion coeﬃcient (°C−1)
Stiﬀness
Density

fy (N) � σ min + Δσ 1 −

Bed plate

Isolation layer

5600
2900
200
C30
32000 MPa
0.2
1 × 10−5

5600
2600
4

210 GPa
0.3
1.18 × 10−5

5600
2500
200
C60
36000 MPa
0.2
1 ×10−5

Self-compacting
concrete layer
5600
2500
90
C40
34000 MPa
0.2
1 × 10−5

7800 kg/m3

2500 kg/m3

2500 kg/m3

2500 kg/m3

Rail

Track slab

lg N
σ + Δσ
1 − min
,
lg Nf
fy

⎪
⎧
⎨ Es ε(N), Δεr (N − 1) < ε(N) ≤ εy (N),
σ(N) � ⎪
⎩ f (N), ε(N) > ε (N),
y
y
εr (N) � Δεr (N − 1) +

Δεr (N − 1) �

fy
,
Es

fy (N) − fy (N − 1)
,
Es
(12)

where Es denotes the initial Young’s modulus of rebar. fy and
fy(N) denote the initial yield strength and yield strength after
N times fatigue load. εr(N) and Δεr(N) denote the yield strain
and residual strain after N times fatigue load.
4.3. Development of FE Model of CRTS III Slab Ballastless
Track Structure. The FE model of the CRTS III slab ballastless track system is developed on the commercial
software ANSYS, as shown in Figure 11. The FE units of
main structural layers are determined as shown in Table 6.
In addition, the interfaces between slabs should be considered. The interfaces between track slab and self-compacting concrete layer can be modelled by cohesive
elements. And the interfaces between self-compacting
concrete layer and isolation layer and the interfaces between isolation layer and bed plate can be modelled by
contact interface element with detailed parameters determined based on the internal frictional force of these two
interfaces [21].
Additionally, the slab ballastless track structure was
consolidated with the support layer simulated by using the
spring element in which all degrees of freedom of the lower
node are constrained. The degrees of freedom in two horizontal directions of the bed plate are constrained, and all
degrees of freedom of the rail are constrained. Furthermore,
all degrees of freedom at both ends of the rail are constrained.
4.4. Model Veriﬁcation. He [22] studied the deformation
behavior of the CRTS III slab ballastless track system under
the temperature eﬀect on the rigid support. Research shows

3.32 MPa
0.35
700 g/m2

Support layer

1 × 10−5
1000 MPa/m

that under the action of 100°C/m temperature gradient, the
maximum displacement of track plate relative to the base
plate is 0.951 mm which located at the angle of plate. Furthermore, under the action of −20°C/m temperature gradient,
the maximum displacement of the track plate relative to the
base plate is 0.180 mm which also located at the angle of plate.
Based on the FE model, calculate the deformation of
CRTS III slab ballastless track under the same condition as
that in literature [22], as shown in Figures 12 and 13. The
maximum displacement of the track plate relative to the base
plate is 0.861 mm under the action of 100°C/m temperature
gradient, which is 9.5% smaller than the measured value in
reference literature [22]. In addition, the maximum displacement of the track plate relative to the base plate is
0.192 mm under the action of −20°C/m temperature gradient, which is 3.2% smaller than the measured value in
reference literature [22]. Therefore, the FE model proved to
be reasonable and reliable.

5. Mechanical Performance of Key Structural
Layers of Ballastless Track Structure
Generally, in the track system, due to the high strength of the
concrete material and the two-dimensional prestressing
structure used in the track board, the self-compacting concrete layer and bed plate are required to be carefully examined
on the performance under the temperature loading. There are
two conditions that apply to the FE model: condition 1 (the
daily maximum value of axial uniform temperature is
combined with the daily maximum value of the positive
temperature gradient) and condition 2 (the daily minimum
value of axial uniform temperature is combined with the daily
maximum value of the negative temperature gradient).
5.1. Stress Condition of Self-Compacting Concrete Layer.
Under condition 1, the stress of the self-compacting concrete
layer is shown in Figures 14 and 15. The maximum longitudinal tensile stress of the self-compacting concrete layer is
located in the middle of the bottom surface and the side of
this layer. The maximum transverse tensile stress is located at
the bottom edge of the layer and the side of the layer.
Furthermore, the maximum stress increases with the increase of the fractal value.
Under condition 2, the stress of the self-compacting
concrete layer is shown in Figures 16 and 17. The maximum
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Figure 11: The finite element model of the CRTS III slab ballastless track system.
Table 6: The finite element units of main structural layers.
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Combin 14
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Solid 45
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Structural layers
Concrete
Rail
Support layer
Fastening system
Isolation layer
Interface between track slab and SCC layer
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(b)

Figure 12: The deformation under 100°C/m temperature gradient. (a) Track slab. (b) Bed plate.

longitudinal tensile stress of the self-compacting concrete
layer is located at the side of the layer and the maximum
transverse tensile stress is located at the bottom edge of the
layer. In addition, the maximum longitudinal tensile stress
increases with the increase of the fractal value, but the
maximum transverse tensile stress remained basically stable.
Furthermore, both longitudinal and transverse maximum
compressive stress decreases slightly with the increase of the
fractal value, as shown in Table 7.

the inner edge of the limiting groove. The maximum
transverse tensile stress is located at the side of the layer
and the inner edge of the limiting groove. Under condition 2, the stress of the bed plate is shown in Figures 20
and 21. Both longitudinal and transverse maximum
tensile stresses are located at the edge of the upper surface
of the base plate. Furthermore, the maximum stress increases with the increase of the fractal value, as shown in
Table 8.

5.2. Stress Condition of Bed Plate. Under condition 1, the
stress of the bed plate is shown in Figures 18 and 19. The
maximum longitudinal tensile stress of the bed plate is
located at both ends of the bottom surface of the layer and

5.3. Stress Condition of Interface between Track Slab and SelfCompacting Concrete Layer. Under condition 1, the stress of
interface between track slab and self-compacting concrete
layer is shown in Figures 22 and 23. The maximum normal

(a)

(b)

(c)

Figure 15: Transverse stress of the self-compacting concrete layer under condition 1. (a) P  50%. (b) P  90%. (c) P  95%.
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(b)

Figure 13: The deformation under −20°C/m temperature gradient. (a) Track slab. (b) Bed plate.

(c)

Figure 14: Longitudinal stress of the self-compacting concrete layer under condition 1. (a) P  50%. (b) P  90%. (c) P  95%.
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Figure 16: Longitudinal stress of the self-compacting concrete layer under condition 2. (a) P  50%. (b) P  90%. (c) P  95%.

(c)

Figure 17: Transverse stress of the self-compacting concrete layer under condition 2. (a) P  50%. (b) P  90%. (c) P  95%.
Table 7: Maximum stress of the self-compacting concrete layer.
Safety probability (%)
Maximum longitudinal tensile stress (MPa)
Maximum longitudinal compressive stress (MPa)
Maximum transverse tensile stress (MPa)
Maximum transverse compressive stress (MPa)

P  50
1.15
9.33
1.68
5.35

tensile stress is located at both ends of the interface, and the
maximum tangential stress is located at the edge of the
interface. In addition, under condition 2, the stress of interface between track slab and self-compacting concrete
layer is shown in Figures 24 and 25. The maximum normal
tensile stress is located at the corner of the interface and the
maximum tangential stress is located at the edge of the
interface Figure 25. Furthermore, both normal and tangential maximum stress increases with the increase of the
fractal value, as shown in Table 9.

Condition 1
P  50
1.31
10.4
1.76
6.38

P  90
1.35
10.9
1.81
6.89

P  50
1.89
2.56
2.10
2.37

Condition 2
P  90
2.25
2.38
2.11
2.32

P  95
2.40
2.25
2.11
2.25

6. Fatigue Performance of Key Structural
Layers of Ballastless Track Structure
A relevant study [17] shows that the positive temperature
gradient and the negative temperature gradient occur alternately, and the time of these two gradients in a day is
basically the same. Therefore, it can be assumed that working
conditions 1 and 2 all work 365 times in a year. The fatigue
life under temperature can be calculated by using the following formula [23]:

(a)

(b)

0.101E + 07

0.157E + 07

873029

–818498

–0.173E + 07

–0.265E + 07

–0.356E + 07

–0.447E + 07

–0.539E + 07

–0.630E + 07

–0.721E + 07

978713

113846

–751020

–0.162E + 07

–0.248E + 07

–0.335E + 07

–0.421E + 07

–0.508E + 07

–0.594E + 07

–0.681E + 07

842579

23406.8

–795765

–0.161E + 07

–0.243E + 07

–0.325E + 07

–0.407E + 07

–0.489E + 07

–0.571E + 07

–0.653E + 07

94851.6

Figure 19: Transverse stress of the bed plate under condition 1. (a) P  50%. (b) P  90%. (c) P  95%.
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Figure 18: Longitudinal stress of the bed plate under condition 1. (a) P  50%. (b) P  90%. (c) P  95%.
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(c)

Figure 20: Longitudinal stress of the bed plate under condition 2. (a) P  50%. (b) P  90%. (c) P  95%.
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(c)

Figure 21: Transverse stress of the bed plate under condition 2. (a) P  50%. (b) P  90%. (c) P  95%.
Table 8: Maximum stress of the bed plate.
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533598

200634

262400

324165

P  95
0.87
2.89
1.38
1.43

138868

–47639.3

–163887

–280134

(b)

68608.1

Condition 2
P  90
0.81
2.90
1.27
1.32

P  50
0.59
3.21
1.21
1.65

–396382

–512629

496549

P  95
1.01
7.21
1.57
5.38

386488
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56304.9

–53756.1

–163817

–273878

(a)
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Condition 1
P  90
0.98
6.81
1.40
5.07

P  50
0.84
6.53
1.33
5.60
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Safety probability (%)
Maximum longitudinal tensile stress (MPa)
Maximum longitudinal compressive stress (MPa)
Maximum transverse tensile stress (MPa)
Maximum transverse compressive stress (MPa)
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Figure 22: Normal stress of interface under condition 1. (a) P  50%. (b) P  90%. (c) P  95%.

(c)

Figure 23: Tangential stress of interface under condition 1. (a) P  50%. (b) P  90%. (c) P  95%.
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Figure 24: Normal stress of interface under condition 2. (a) P  50%. (b) P  90%. (c) P  95%.

(c)

Figure 25: Tangential stress of interface under condition 2. (a) P  50%. (b) P  90%. (c) P  95%.
Table 9: Maximum stress of the interface.
Safety probability (%)
Maximum normal tensile stress (MPa)
Maximum normal compressive stress (MPa)
Maximum tangential tensile stress (MPa)
Maximum tangential compressive stress (MPa)

log N±  14.7 − 13.5

σ ±max − σ ±min
,
f±cu − σ ±min

P  50
0.45
0.44
0.23
0.17

(13)

where f±cu denotes the tensile (+) and compressive (−)
strength of concrete. N denotes the fatigue life. σ max and σ min
denote the maximum and minimum stress under temperature load.
Therefore, damage of the self-compacting concrete layer
and bed plate in ballastless track structure can be calculated
according to the following formula:
n
D ,
(14)
N
where D denotes the damage variable. n denotes the fatigue
load cyclic number.
Then, damage of the self-compacting concrete layer and
bed plate under temperature load based on 95% safety
probability after different service times is calculated, as
shown in Tables 10 and 11. It can be seen that, for self-

Condition 1
P  90
0.50
0.49
0.30
0.21

P  95
0.53
0.51
0.32
0.23

P  50
0.47
0.16
0.23
0.23

Condition 2
P  90
0.50
0.16
0.24
0.24

P  95
0.51
0.16
0.25
0.25

Table 10: Damage of the self-compacting concrete layer under
temperature load after different service times.

1 year
3 years
5 years
10 years
20 years
30 years
40 years
50 years
60 years

Damage under
condition 1
1.15 × 10−4
3.45 × 10−4
5.75 × 10−4
1.15 × 10−3
2.30 × 10−3
3.45 × 10−3
4.60 × 10−3
5.75 × 10−3
6.90 × 10−3

Damage under
condition 2
9.2 × 10−3
2.76 × 10−2
4.6 × 10−2
9.2 × 10−2
0.184
0.276
0.368
0.460
0.552

Total damage
9.32 × 10−3
2.80 × 10−2
4.66 × 10−2
9.33 × 10−2
0.186
0.280
0.372
0.466
0.559

compacting concrete layer, damage under condition 2
accounts for 98.7% of the total damage which means
condition 2 is the main damage factor. In addition, for bed
plate, damage under condition 1 accounts for 88.5% of the
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Table 11: Damage of the bed plate under temperature load after
diﬀerent service times.

1 year
3 years
5 years
10 years
20 years
30 years
40 years
50 years
60 years

Damage under
condition 1
5.16 × 10−5
1.55 × 10−4
2.58 × 10−4
5.16 × 10−4
1.03 × 10−3
1.55 × 10−3
2.06 × 10−3
2.58 × 10−3
3.10 × 10−3

Damage under
condition 2
5.78 × 10−6
1.73 × 10−5
2.89 × 10−5
5.78 × 10−5
1.15 × 10−4
1.73 × 10−4
2.31 × 10−4
2.89 × 10−4
3.47 × 10−4

Total damage
5.83 × 10−5
1.72 × 10−4
2.87 × 10−4
5.74 × 10−4
1.15 × 10−3
1.72 × 10−3
2.29 × 10−3
2.87 × 10−3
3.45 × 10−3

total damage which means condition 1 is the main damage
factor.

7. Conclusion
In this work, through the statistical analysis of ten years’
meteorological data, it has been found that the daily extreme
values of monthly axial uniform temperature of CRTS III
slab ballastless track structure obey normal distribution and
the daily maximum temperature gradient obeys the extreme
value I-type distribution.
In both conditions, the maximum tensile stress of the
self-compacting concrete layer is located in the middle and
edge of the slab bottom and the side of the slab. The
maximum tensile stress of the base plate is located at the
edge of the surface of the layer and the inner edge of the
limiting groove. The interface normal tensile stress is located
at the end and corner of the interface. Furthermore, maximum stress increases with the increase of the fractal value.
The main damage factors for self-compacting concrete
layer and bed plate are the daily minimum value of axial
uniform temperature is load combination of minimum axial
temperature and maximum negative temperature gradient
and load combination of maximum axial temperature and
maximum positive temperature gradient.
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