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Abstract Temperature is one of the important loads for
designing slab track. The characteristic of slab track tem-
perature varies greatly with different regional climates. In
this work, a bi-block slab track model was built under out-
door conditions in Chengdu area; the statistical character-
istic of temperature gradient in track slab and the
relationship between temperature gradient and surface air
temperature were tested and analyzed. The results show that
the track slab temperature gradient will vary periodically
according to the surface air temperature, and show a clear
nonlinearity along the height direction. The temperature
gradient distribution is extremely uneven: the temperature
gradient in the top part of the track slab is larger than that in
the bottom part; the most frequently occurring temperature
gradient of the track slab is around —3.5 °C/m and more than
75 % locates in the level —10 to 10 °C/m; concrete with a
relatively good heat exchange condition with the surround-
ing air has a narrower band distribution. In addition, the
frequency distribution histogram should exclude the time
zone from 00:00 to 06:00 because there is almost no traffic in
this period. The amplitude of track slab temperature varia-
tion is obviously lower than that of the air temperature var-
iation, and the former is approximately linear with the latter.
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With the rapid development of high-speed railway, as a
new type of track structure, slab track was widely used in
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China, especially for the lines for which the maximum
operation speed exceeds 300 km/h. Compared to the tra-
ditional ballasted track, concrete or asphalt material was
used in slab track instead of discrete ballast which will
deform easily due to the flow and wear under high-speed
train-induced vibration. This can give the slab track a
guaranteed ability to maintain long-term and high-preci-
sion track geometry. At present, most of slab tracks in
China’s high-speed railway are reinforced concrete struc-
ture—including CRTS I, CRTS II, and CRTS III slab track;
and CRTS I and CRTS II bi-block slab track [1].

Temperature in slab track will change with the envi-
ronmental temperature, especially for the top layer of the
slab track system—track slab. Due to the thermal expan-
sion and contraction of the concrete, the temperature var-
iation will lead to thermal stress in slab track. Therefore,
thermal stress is a very important factor to design the slab
track. Normally, the thermal load can be divided into three
parts (Fig. 1): the overall sectional temperature change,
temperature gradient, and self-constrained temperature,
which will cause expansion stress, warping stress, and
inner stress, respectively [2]. For the continuous slab track,
the expansion stress will control the design; while for the
unit slab track, the warping stress can be the control factor
of the design [3].

It is convenient to measure and make statistics of the
environmental temperature. If there is a relationship
between the temperature in slab track and the ambient air
temperature, the statistical characteristic of the slab track
temperature can be extracted from the statistical charac-
teristic of the air temperature. In China slab track design,
the maximum temperature gradient for design is set from
pavement design [4]. Many researchers have conducted
tests to measure the temperature field in concrete pavement
[5, 6]. However, because of the large dimension of the
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Fig. 1 Typical temperature distribution in track slab

pavement and different heat exchange conditions of pave-
ments, the data measured from concrete pavement cannot
be used directly for design of slab track. Slab track is a
structure that bears long-term temperature load and repe-
ated train load [7]. In order to study the fatigue perfor-
mance of the slab track, we must take into account the
coupling action of the train load and temperature load [8,
9]. The maximum temperature value cannot reflect the
fatigue performance of the slab track completely. This
paper will focus on the test of temperature field in slab
track to establish the connection between slab track tem-
perature gradient and air temperature.

1 Test plan

The temperature change in track slab is related to the sun
heat radiation and cooling condition [10]. According to the
structural dimension and characteristic of the CRTS I bi-
block slab track, the slab was selected. A test was con-
ducted from the end of May to the end of July, covering a
period of two months. In the experiment, platinum resis-
tance temperature sensors were used to capture the tem-
perature of various kinds of track structure outdoors. The

Fig. 2 The temperature sensors and the track slab for this test
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temperature sensors and the track slab for this test are
shown in Fig. 2.

Ignoring the local influence of the bi-block sleeper, a
track slab model with a dimension of 1 m x 1 m x 0.3 m
was designed and constructed. At the middle, edge, and
corner parts of the track slab (see Fig. 3a), there is one test
section. At each of the test section three temperature sen-
sors with a 100 mm distance were set (Fig. 3b). Above the
track slab (2 cm above the surface) there is one sensor to
measure the surface air temperature. Totally 10 tempera-
ture sensors are placed.

Because of the poor heat conductivity of the concrete
[11], there will be differences between each sensor’s data
at the same section. We define the average of the data from
the three sensors in the same section as the overall sectional
temperature, and use the temperature difference between
sensors at two different sections to calculate the tempera-
ture gradient.

The DH5975 temperature measuring system was used to
collect and record the slab track temperature and surface
air temperature automatically. The collection interval was
30 min. But for the first 7 days, the interval was set to
15 min to reflect the influence of the cement hydration
[12].
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2 Time history of overall sectional temperature change

in track slab

Taking the average of measurements from the three sensors
in each section as the overall sectional temperature in track

slab, the relationship between the sectional temperature

and the surface air temperature is shown in Fig. 4.
The varying tendency of the temperature at different

parts of the track slab is similar, and the moment of
reaching their extreme value is almost the same. At
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Fig. 5 Time history of track slab temperature gradient and surface air temperature (middle part)

different parts of the concrete, the heat exchange condi-
tions are different because of the different contact areas
with the surrounding air, causing a difference in tempera-
ture measurements. When the temperature rises during the
daytime, the temperature increment at the corner and edge
parts is a bit larger than the one at the middle part, and vice
versa. The amplitude of temperature changes is in a
descending order from the corner, edge to middle.

The track slab temperature varies periodically with the
air temperature—rising during the daytime and dropping at
nighttime. The higher the air temperature, the higher the
track slab temperature. The time for track slab temperature
to reach its extreme value is 2 h later than that for the air
temperature for a 30-cm-thick track slab in Chengdu area.

3 The time history of temperature gradient in track
slab

Using the acquired data from the three temperature sensors
in the same test section of the track slab, we can calculate
the temperature gradient of the track slab through the fol-
lowing formula:

Ty = (Ti = T)) / (Hi — H)), (1)
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where T, is temperature gradient (°C/m); T; and T; are
temperatures measured by two sensors at the top, middle,
or bottom layer of the track slab (°C); and H; and H; are the
heights of the two sensors (m).

The time history of temperature gradient at the middle
part of the track slab is shown in Fig. 5. In order to facilitate
comparison, the air temperature time history is also shown in
the figure (the purple line). The top—middle, middle—bottom,
and top—bottom represent the temperature gradients between
top and middle layers, middle and bottom layers, and top and
bottom layers of the concrete, respectively.

As can be seen in Fig. 5, the temperature gradient in
track slab changes almost simultaneously with the surface
air temperature. The temperature gradient amplitude goes
high when the surface air temperature rises. The tempera-
ture gradient calculated using the top and middle sensors is
clearly larger than that calculated using the middle and
bottom sensors, which shows a nonlinear distribution along
the height direction. The temperature gradient calculated
using the top and bottom sensors is located between the
above two. In designing the slab track, the nonlinear part is
generally ignored and it is assumed that there is a linear
distribution along the whole section. The nonlinear part
will cause inner stress within the section.
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Fig. 6 Time history of track slab temperature gradient and surface air temperature (different part)

During the cement hydration phase, due to the hydration
heat, the temperature at the bottom and middle layer of
track slab is higher than that at the top, where heat can
radiate to the outside easily, causing a large negative
temperature gradient of several days.

Figure 6 shows the time history of the temperature
gradients at different parts of the track slab, where the
temperature gradients are calculated from the top and
bottom sensors. The total trend of the temperature gradient
at different locations of the track slab is the same as the
surface air temperature simultaneously. Because of the
different heat exchange condition with surface air, the
temperature gradient at the middle part is larger than that at
the edge, and both larger than that at the corner. During the
hydration phase, a verse discipline can be found. During
the design of slab track, the temperature gradient from the
middle part should be selected as the design parameter,
which can guarantee a safety design of slab track.

4 The distribution of temperature gradient in track
slab

Excluding the first 7 days affected by hydration heat, a
frequency account analysis was carried out using the time

@ Springer

history of the track slab temperature gradient, and the
frequency distribution histogram is obtained as shown in
Fig. 7 (top row, from left to right is for the middle part,
edge part, and corner part, respectively), where the ordinate
p denotes the proportion of the temperature distribution in
these tested days. The temperature gradient ranges from
—20 to 50 °C/m, but the distribution is extremely uneven.
The most frequently occurring temperature gradient of the
track slab is around —3.5 °C/m. Compared with the middle
part, the corner part of the track slab has a narrower band
distribution. This phenomenon should be attributed to the
three directions of heat exchange with the surrounding air,
while at the edge only two directions, and at the middle just
one direction.

In top row of Fig. 7, all the data throughout the whole
day are used, but in real operation, the period from mid-
night till 4 o’clock is the so-called vertical “window” time,
when all the high-speed trains will stop for the daily
maintenance of engineering structures. Therefore, when we
do the statistical analysis for the fatigue analysis under the
coupling action of train load and temperature load, the
“window” time should be excluded. Also in the present
operation, after the “window” time till 6 o’clock, only a
few track inspection vehicles will run, so the statistics
should exclude the data from 00:00 to 06:00. The statistical
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Fig. 7 Track slab temperature gradient distribution

distribution of temperature gradient in track slab using
different time zone data is shown in Fig. 7 (middle row is
for time zone [4,24], and bottom row is for time zone
[6,24]). 00:00 to 06:00 is the coldest time zone of a day,
when concrete track slab is in a cooling stage that shows
negative temperature gradients. It will decrease the prob-
ability of the most frequently occurring negative temper-
ature gradient if data are excluded in this time zone. The
frequency distribution histogram using the data excluding
the time zone from 00:00 to 06:00 should be used, or
adjusted according to the real “window” time when we do
the coupling fatigue analysis of track slab under train load
and temperature gradient.

Using 10 °C/m as step, the percentage of different levels
of temperature gradient is calculated and shown in Table 1.
The most frequently occurring temperature gradient appears
in —10to 0 °C/m, 57.9 % for the middle part, 59.6 % for the
edge part, and 63.1 % for the corner. The second frequently
occurring temperature gradient is in level 0—10 °C/m, with
the percentage of 22.7 %, 25.4 %, and 27.4 % for the middle,

J. Mod. Transport. (2014) 22(3):148-155

edge, and corner, respectively. Little differences exist among
the different parts. When checking the fatigue of the track
slab, the data acquired from the middle part of the track slab
from the safety viewpoint are available. Taking account of
the “window” time and the low traffic operation after
maintenance work, the percentage of level —10 to 0 °C/m
drops to 50.6 % and 45.9 %, and the percentage of level
0-10 °C/m rises to 27.3 % and 30.5 % accordingly. More
than 80 % of the temperature gradient is between —10 and
10 °C/m throughout the whole day. When the coupling
action with train load is considered as an effect factor, there is
still more than 75 % period located in the level from —10 to
10 °C/m.

5 Relationship between track slab temperature
amplitude and air temperature

Figure 8 shows the amplitude of daily temperature varia-
tion. The highest amplitude of the surface air temperature
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Table 1 Percentage of different levels of temperature gradient (%)

Time zone Level of temperature gradient (°C/m) —20to —10 —10to 0 0-10 10-20 20-30 30-40 40-50

00:00-24:00 Middle 53 57.9 22.7 7.8 4.3 1.2 0.7
Edge 2.7 59.6 254 8.3 2.8 0.9 0.5
Corner 0.0 63.1 274 7.8 0.9 0.9 0.0

04:00-24:00 Middle 5.1 50.6 27.3 9.4 52 1.5 0.8
Edge 22 52.9 29.9 10.0 34 1.0 0.6
Corner 0.0 55.7 32.8 9.4 1.0 1.0 0.0

06:00-24:00 Middle 4.6 45.9 30.5 10.5 59 1.6 0.9
Edge 1.9 48.0 334 11.2 3.7 1.2 0.6
Corner 0.0 50.6 36.6 10.5 1.2 1.2 0.0

variation is close to 20 °C and the amplitude of track slab 24

temperature variation is close to 10 °C. The amplitude of v Middle O Edge A Corner M Surface air

track slab temperature variation rises with that of the sur- 207 - .

face air, which indicates that the track slab temperature 6 o A"

variation has a great correlation with the change of the S .,

surface air temperature, as shown in Fig. 9. The amplitudes o tep " . . .
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where AT ab daity a0 ATgurface airdaily are track slab and
surface air temperature variations, respectively (°C), and
K is the scale factor. For this test, which was taken in an
outdoor environment in Chengdu, the scale factor K for the
middle, edge, and corner areas are 0.275, 0.307, and 0.419,
respectively; and the goodness of fit of the formula for the
above three areas are 0.859, 0.877, and 0.862, respectively.

6 Conclusion and recommendation

This test was taken in Chengdu outdoor environment and
has a significant meaning of pinpointing the correlation
between the environmental temperature and providing a
statistical method for analysis of track slab’s temperature
load.

A bi-block track slab model was constructed, and the
temperature field of the track slab together with the surface
air temperature was recorded and analyzed. Some conclu-
sions can be made as follows, which can provide a refer-
ence for slab track design and its long-term service
performance study.

(1) Track slab temperature and surface air temperature
reveal a periodical phenomenon with a day period,
which shows a strong connection between them. The
temperature gradient in track slab changes almost
simultaneously with the surface air temperature, and
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Fig. 9 Relationship between temperature variation of track slab and
surface air

shows a clear nonlinearity along the height direction.
The temperature gradient in top part is larger than that
in the bottom part.

(2) The frequency account analysis shows that the
temperature gradient distribution is extremely
uneven. The most frequently occurring temperature

J. Mod. Transport. (2014) 22(3):148-155
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gradient of the track slab is around —3.5 °C/m. In
more than 75 % period of a day, the temperature
gradient is located in the level —10 to 10 °C/m. The
concrete part with a better heat exchange condition
with the surrounding air (e.g., the corner part of the
slab track) has a narrower band distribution.

(3) At present, due to the fact that there is no traffic or
low traffic during the “window” period, the data for
frequency distribution histogram should exclude the
time zone from 00:00 to 06:00, or should be adjusted
according to the real “window” time when we do the
coupling fatigue analysis of track slab under train
load and temperature gradient.

(4) The amplitude of track slab temperature variation is
obviously lower than that of the air temperature
variation, and there is a proportionality between them.
Because of the differences of heat transfer conditions,
the results of the test are different: The amplitudes of
temperature variation from more to less are in the
order of the edge, the corner, and the middle area.

(5) Limited by the test conditions, only a 2-month-long
test was carried out. More tests should be done using
this method to get more precise coefficient and
convincing conclusion.
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