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In order to use the carbon ﬁber heating wire more eﬃciently and safely, the inﬂuence of the built-in carbon ﬁber heating wires
(CFHWs) on the temperature changes of the bridge deck is studied in this paper. The model experiments of the temperature rise
and ice melting are carried out in a room with low temperature cold storage environment, and the temperature variation of the
specimens under diﬀerent ambient temperatures, namely, −2, −4, and −8°C, was measured. The results show that, in the
temperature rise experiment, the temperature change rate of the measuring points of the surface layer in the central part above
CFHW is the most obvious, with the temperature change rate of 2.123°C/h; owing to the limited radiation range of CFHW, the
temperature change rate of the measuring points between the CFHW and the CFHW of the surface layer decreases signiﬁcantly,
with a value of 0.703°C/h, and the temperature of the measuring points of the heating layer where CFHW is located shows a nearly
linear increase, with a temperature change rate of 1.313°C/h. The temperature of the bridge deck is basically above 0°C as most of
the heat generated by CFHW is transferred to the bridge deck after heating, which can eﬀectively prevent the bridge deck from
freezing. In the ice melting experiment, the temperature change rate of the measuring points of the surface layer in the central part
above the CFHW is 1.406°C/h, and the maximum temperature change rate of the measuring points between the CFHW and
CFHW of the surface layer is 0.408°C/h. The overall ice melting condition on the specimen surface is appreciable. When the
heating power is set to 190 W/m2, the inﬂuence of the ambient temperature on the measuring points of the surface layer is
negligible, but the inﬂuence of the ice melting rate at diﬀerent positions from the heating wire is obvious. Therefore, it can be seen
that optimizing the layout of the CFHW can eﬀectively improve the whole uniformity and eﬃciency of ice melting of the bridge
deck. The results from relevant research can provide a reference for the design and operation of deicing and snow melting
applications on a bridge deck.

1. Introduction
The snow easily forms thin ice under the eﬀect of temperature change and vehicle load, which causes traﬃc accidents, especially in the special areas such as the entrance
and exit of highways, bridges, and tunnels [1]. In some areas,
there are often severe weather conditions such as freezing
rain and sleet in winter. Furthermore, with the large height
diﬀerence of the bridge and road, the bridge deck is not
supported by geothermal energy that makes the pavement
easy to freeze. Hence the bridge pavement should be the key
part of the deicing.
Currently, the road snow melting and ice deicing mainly
include the methods of clearing, self-stressing road snow

melting, chemical melting, and thermal melting. There are
two types of cleaning methods, namely, manual cleaning and
mechanical cleaning. Manual removal method can only be
used in light snow or small area [2], whereas mechanical
removal method has low removal rate, high equipment
prices, high use costs, and later repair costs, besides the
possibility of irreparable damage to the pavement [3, 4].
Zhang [5], Zhang [6], and Luo [7] have studied the selfstressing road snow melting method and inspected the snow
and ice melting eﬀect of asphalt concrete with high elastic
rubber particles and believed that it has a better eﬀect on the
snow and ice melting. The chemical melting method can be
categorized with respect to the types of chemical agents
employed, i.e., chloride snow melting and organic snow
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melting. The chemical composition of the chloride snow
melting agent will alter with snow melting and air [8–10],
inﬁltrate into the soil, pollute the groundwater resources,
and destroy the ecological balance [11–13]. Organic snow
melting agent has little impact on the environment and little
damage to plants and roads, but it is expensive and not
suitable for large-scale use. It is generally used in special
areas such as airport runways [14–16]. Geothermal energy is
used as the main heat source in the early snow melting and
ice melting experiment. Ünalf et al. [17] have utilized the
geothermal pipe method to melt snow and ice on the road.
The liquid in the condensation pipe is heated to vaporize,
and the road absorbs the heat from the gas in the pipe and
liqueﬁes it to form a cycle, i.e., to melt snow and ice in the
way of latent heat transfer. Xie et al. [18] have studied the
heat transfer mechanism, the melting rate, and the change of
ice temperature of the infrared deicing process and
henceforth measured and analyzed the temperature of the
melting water and the energy consumption of deicing under
diﬀerent conditions. Tan et al. [19] have established the heat
and moisture coupled snow melting model of the road snow
melting system that is heated by the solar energy soil source
and thermal energy composite ﬂuid, and further the model
program was compiled to realize the snow melting system
simulation. Daniels [20] has combined the solar energy and
heating wire to determine the use of embedded surface
heating wire with photovoltaic system to develop anti-ice
pavement system. Zhang et al. [21] have studied the heating
law of snow and ice melting on the road surface of highway
and bridge in terms of the cable heating method. Won et al.
[22, 23] have studied the cement-based conductive concrete
through energizing it to generate heat to achieve the eﬀect of
self-heating and then performed snow melting and ice
melting on the road surface. Hao et al. [24] have studied the
arrangement of the built-in carbon ﬁber heating wire in the
pervious concrete, as a snow and ice melting device, and
analyzed its snow melting eﬀect and economic cost.
Mohammed [25] has studied the inﬂuence of installation
depth of carbon ﬁber heating plate, concrete humidity, and
carbon ﬁber shape on the temperature. The results show that
carbon ﬁber electric heating can provide a feasible solution
for ice formation. Zhao et al. [26] proposed a method of
deicing with carbon ﬁber electric heating wires (CFHWs)
embedded inside concrete slabs. In order to meet the uniform temperature requirements on the road surface for
deicing, the maximum allowable CFHW interval is determined by the ﬁnite element method and laboratory experiments. CFHWs were used to heat the concrete slabs and
then further veriﬁed the eﬀectiveness of the proposed
method of deicing with CFHWs in a refrigerator at −25°C.
Zhang et al. [27] used a ﬁnite element method to analyze the
deicing performance of the carbon ﬁber electric heating wire
embedded in the concrete pavement. Using ANSYS thermal
analysis module, a ﬁnite element analysis model of CFHW
concrete pavement is established, and the melting time of ice
with diﬀerent thicknesses is summarized.
Deicing and snow melting have been studied to some
extent at home and abroad. The methods of geothermal pipe
and solar heating are more dependent on the environment

Advances in Civil Engineering
and terrain, with a high initial investment cost. Moreover,
the infrared heating method is signiﬁcantly aﬀected by the
wind, besides a slow heating rate. The electric energy conversion rate of cable heating is low with a large energy
consumption, which can be easily damaged in long-term
use. It is diﬃcult to control the content of conductive
materials using conductive concrete, which heavily risks the
strength and stability of concrete under long-term use.
Compared to other ways of deicing and snow melting, the
carbon ﬁber heating wire, as a novel heating material, has
good conductivity, high strength, good thermal stability, and
higher conversion eﬃciency of electric energy, and it is
relatively easier for laying in actual construction. Researches
revealed that the carbon ﬁber heating wire is better than
other deicing methods in the application of snow and ice
melting on the bridge deck [28, 29]. However, there is a
paucity of investigations over certain ﬁelds, for the inﬂuence
of the built-in carbon ﬁber heating wire on the ice melting
rate and the uniformity of melting ice of the bridge deck.
Speciﬁcally, under diﬀerent ambient temperatures, the
temperature changes of the bridge deck are diﬃcult to
obtain.
Therefore, a bridge model specimen, based on the 16 m
simply supported bridge asphalt concrete, has been made.
The whole model experiment is carried out in a large-scale
constant temperature laboratory; in the specimen, a carbon
ﬁber heating wire is arranged and the temperature probes
are embedded in each structural layer to study the temperature rise and ice melting law of the carbon ﬁber heating
wire in the specimen under diﬀerent ambient temperatures.
The rule of temperature change in the process of bridge
pavement snow melting and ice melting is obtained, which
provides a reference for the design of the actual bridge road
snow and ice melting.

2. Materials and Methods
2.1. Model Making. The specimen model is made according
to the actual structure of the 16 m simply supported beam
asphalt concrete bridge deck. The upper layer is 100 mm
asphalt pavement (40 mmSMA-13 ﬁne-grained modiﬁed
asphalt + 50 mmAC-20 Chinese asphalt concrete), the lower
part is 250 mm C40 concrete bridge deck, and the size of the
bridge specimen is 1600 mm × 1000 mm × 380 mm. Subsequent to the formation of the specimen, the plastic polystyrene board, which is 50 mm higher than the surface, is
wrapped around the specimen; in such way an excellent heat
insulation performance is achieved, for the maximum reduction of the heat loss and the improvement of the eﬀect of
snow melting and ice melting. Concurrently, a hole is made
in the water retaining wall around the specimen to discharge
the water layer gathered on the surface after each experiment. When the heating device is energized, most of the heat
generated is transferred upwards and is absorbed by the ice
and snow on the road, thereby ensuring the eﬃcient melting
of snow and ice with low energy consumption; the bridge
model is shown in Figure 1. There are three temperature
measuring layers for the specimen, where the ﬁrst one is the
surface layer, with 21 temperature measuring points Nos.
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Figure 1: Specimen model.

1–21 in total. The second one is the heating layer, with 12
temperature measuring points Nos. 22–32 embedded inside
the specimen, and the third one is the bottom layer, with 21
temperature measuring points Nos. 33–54 in total. Both the
surface and the bottom layers are applied with external
temperature measuring points. The layout of measuring
points is shown in Figure 2 (only the measuring points used
in this experiment are shown in the ﬁgure).
2.2. Experiment Materials and Devices. Carbon ﬁber is
mainly divided into two categories; namely, one is PANbased carbon ﬁber made from polyacrylonitrile, and the
other is asphalt-based carbon ﬁber (P-CF) made from asphalt. As shown in Figure 3, 12 K silica gel sheath carbon
ﬁber heating wire made of PAN-based carbon ﬁber is used in
this experiment. Two 12 K silica gel sheath carbon ﬁber
heating wires are selected, whereas the heating power per
unit length is 30 W/m, the maximum heating power 195 W/
m2, and the main performance is shown in Table 1. The
spacing between the two carbon ﬁber heating wires is 30 cm,
which is arranged in a U-shape with a buried depth of 5 cm.
The arrangement of the carbon ﬁber heating wire is shown in
Figure 4.
The experiment device of the ice melting system of the
heating cable of the bridge specimen is shown in Figure 5,
where the voltage regulator is used to adjust the voltage of
the heating cable. The multifunctional data acquisition
control module, LTM8662, processes the temperature data
from all measuring points and then transmits it to the
personal computer through RS485 communication line to
output the data. The environment room terminal controls
the PC, which in turn controls the temperature and humidity
of the climatic chamber.
2.3. Experiment Introduction. In order to satisfy the authenticity of the simulation experiment, the cold storage was
cooled before the experiment. According to the data collected from the temperature measurement points arranged
around the cold storage during the process of reducing the
ambient temperature of the cold storage from 2°C to the test
set temperature, as shown in Figure 6, after the ambient
temperature has fallen to the set temperature, the ambient
temperature is stable with no obvious change. This owes to
the adoption of the intermittent refrigeration to keep the
ambient temperature constant after the refrigeration
equipment reaches the set temperature. Therefore, the

rationality of the experiment method of snow and ice
melting of the simulated asphalt concrete bridge pavement
in the cold storage can be proved.
Three groups of measuring points have been selected for
the research. Each measuring point is along the longitudinal
direction of the specimen, and every three measuring points
are aligned on a straight line. The ﬁrst group includes the
measuring points Nos. 4, 5, and 6. They are all on the surface
layer and in the corresponding positions directly above the
heating wire. The second group contains the measuring
points Nos. 7, 8, and 9, which are all on the surface layer and
in the corresponding position between the heating wires.
The third group contains the measuring points Nos. 25, 26,
and 27, which are in the heating layer and in the position
between the heating wires. The experiment monitoring point
arrangement is shown in Figure 7.
2.4. Temperature Rise Experiment. The ambient temperature is set to the values of −2, −4, and −8°C, respectively.
Ensure that the surface of the specimen is dry and
conduct the temperature rise experiment for the specimen. First operate the refrigerator to cool the cold storage
under three diﬀerent ambient temperatures. First operate
the refrigerator to cool the cold storage, respectively, for 3
hours under three diﬀerent ambient temperatures to the
set temperature and keep them unchanged; then heat the
carbon ﬁber heating wire; the heating power is set to
190 W/m2 for three hours. Record the start time and the
temperature values of each temperature measuring point,
and select the temperature data of the heating stage to
generate a temperature proﬁle. The mechanism that
governs the interaction between the temperature rise of
the specimen and the ambient temperature and the energization time of the carbon ﬁber heating wire has been
studied. The experiment group is shown in Table 2.
2.5. Ice Melting Experiment. The ambient temperature of
the ice melting experiments is set to −2, −4, and −8°C. For
simulating ice melting experiment, a water ﬁlm with a
thickness of 2 mm has been applied on the surface of the
specimen, and the temperature is lowered until the water
layer is all frozen. The icing situation is shown in
Figure 8(a). Thereafter, the carbon ﬁber heating wire is
started, and the heating power is set to 190 W/m2, followed by the heating of the specimen and the ice melting
experiment. The melting ice situation is shown in
Figure 8(b). When the heating of the wire reaches the
predetermined working time, the ice layer is basically
melted. Simultaneously, the heating cable is closed and
the ice melting experiment is completed. The start time
and the temperature values of the respective temperature
measurement points are recorded until the predetermined heating time is reached. Henceforth we study
the mechanism of the melting of the specimen and
coupled with the ambient temperature and the working
time of the carbon ﬁber heating wire. The experiment
group is shown in Table 3.
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Figure 2: Measuring point layout. (a) The location of the measuring points. (b) Lay the temperature probe.

Figure 3: 12 K carbon ﬁber heating wire.

Table 1: Performance of 12 K carbon ﬁber heating wire.
Mass density
(g/m3)
1.76∼1.78

Heatresistance
(°C)
200

Carbon content
(%)
>93

Resistance value
(Ω/m)
34∼36

Carbon ﬁber
heating wire

Figure 4: Arrangement of the carbon ﬁber heating wire.

3. Results
3.1. Temperature Rise Experiment Results and Discussion
3.1.1. Temperature Change Rule of the First Layer Measuring
Points (Nos. 4, 5, and 6). The temperature change curves of

Filament diameter
(μm)
7 ± 0.2

Tensile strength
(MPa)
>3300

Tensile modulus
(GPa)
>220

measuring points Nos. 4, 5, and 6 of the ﬁrst layer at −2, −4,
and −8°C, respectively, are shown in Figure 9. The corresponding temperature change rates of the aforementioned
three measuring points are shown in Table 4. It can be seen
from Figure 9 that when the temperature is lowered for 3
hours, the average temperatures of the measuring points are
1.31°C and 1.52°C under the conditions of −2°C and −4°C,
respectively. The average temperature values of the measuring points are proximate under the two working conditions. The average temperature of the measuring point at
−8°C is −1.58°C, and the internal temperature of the specimen is already below 0°C. After heating for 3 hours, it can be
seen from Figure 9(a) that the average temperature of the
three measuring points has increased from 1.52°C to 7.89°C
at a temperature of −2°C, and the temperature change rate is
2.123°C/h. According to Figure 9(b), the average temperature of the three measuring points has increased from 1.31°C
to 6.96°C, at −4°C, and the temperature change rate is
1.883°C/h. It can be seen from Figure 9(c) that, at −8°C, for
three measuring points, the average temperature has
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Figure 5: Experimental device for heating cable melting system.
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increased from −1.58°C to 3.96°C, and the temperature
change rate is 1.846°C/h.
It can be seen from Table 4 that the temperature change
rates of the three measuring points Nos. 4, 5, and 6 are very
close, the temperature change eﬀects are the same, at −4°C
and −8°C, the temperature change rate is highest, and the
temperature change eﬀect is the best, at −2°C. It can be seen
from the comparison that the change of the ambient temperature has little eﬀect on the ice melting eﬃciency of the
heating wire. Under the three conditions, the temperature
change of the No. 4 measuring point is signiﬁcantly higher
than that of the No. 5 and No. 6 measuring points, which is
related to the position of the measuring point. It shows that,
due to diﬀerent layouts of heating wire, the temperature
change at the corner is the most obvious, and the temperature rise is the fastest.

3.1.2. Temperature Change Rule of the First Layer’s Measuring Points (Nos. 7, 8, and 9). The temperature change
curves of measuring points Nos. 7, 8, and 9 of the ﬁrst layer,
at −2, −4, and −8°C, respectively, are shown in Figure 10, and
the temperature change rates of the three measuring points
are shown in Table 5. It can be seen from Figure 10(a) that
the average temperature of the three measuring points has
increased from 1.1°C to 3.21°C at a temperature of −2°C, and
the temperature change rate is 0.703°C/h. According to
Figure 10(b), the average temperature of the three measuring
points has increased from 0.75°C to 2.16°C at a temperature
of −4°C, and the temperature change rate was 0.471°C/h. It
can be seen from Figure 10(c) that the average temperature
of the three measuring points at a temperature of −8°C has
increased from −2.13°C to −0.67°C, and the temperature
change rate is 0.486°C/h. The trend of the temperature rise
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Figure 7: Arrangement of temperature measuring points.
Table 2: Temperature rise experiment group.
Experiment group
First layer (surface layer) (Nos. 4, 5, and 6)
First layer (surface layer) (Nos. 7, 8, and 9)
Second layer (heating layer) (Nos. 25, 26, and 27)

Working conditions (°C)
−2, −4, −8
−2, −4, −8
−2, −4, −8

Melting ice

Ice

Temperature
measuring points

Heating time (min)
180
180
180

(a)

(b)

Figure 8: Icing and melting ice under the −2°C working condition: (a) icing and (b) melting ice.

Table 3: Ice melting experiment group.
Experiment group
First layer (surface layer) (Nos. 4, 5, and 6)
First layer (surface layer) (Nos. 7, 8, and 9)
Second layer (heating layer) (Nos. 25, 26, and 27)

curve of the measuring point can be obtained under three
working conditions, the rise of the condition at −2°C is more
obvious, the curve corresponding to condition at −4°C is
relatively ﬂat, and the rising range is not obvious. The curve
corresponding to the condition at −8°C shows that the rise in
the ﬁrst 20 min is more obvious, and the temperature is
basically unchanged after heating for 20–100 min, and then
the temperature increases slowly.

Working condition (°C)
−2, −4, −8
−2, −4, −8
−2, −4, −8

Heating time (min)
250
250
250

It can be seen from Table 5 that, during the 3 hours of
heating, the average temperature change corresponding to
the measuring points Nos. 7, 8, and 9 in the three working
conditions is in the range of 1.4°C to 2.2°C, and the average
temperature change of the measuring points Nos. 4, 5, and 6
is in the range of 5.5°C to 6.5°C. Furthermore, most of the
heat generated by the heating wire is transferred upward,
and the range of heat radiation is limited. Therefore, the
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Figure 9: Temperature change curves of measuring points Nos. 4, 5, and 6 under various working conditions of temperature rise experiment: (a) −2°C; (b) −4°C; (c) −8°C.

Table 4: Temperature change rate of the ﬁrst layer’s measuring points Nos. 4, 5, and 6 of the temperature rise experiment.
Environmental conditions Average temperature when cooling
(°C)
for 3 h (°C)
−2
1.52
−4
1.31
−8
−1.58

temperature change of the measuring point directly above
the heating wire is more obvious than the adjacent measuring point.

Average temperature when heating
Temperature change rate (°C/h)
for 3 h (°C)
7.89
2.123
6.96
1.883
3.96
1.846

3.1.3. Temperature Change Rule of the Second Layer’s
Measuring Points (Nos. 25, 26, and 27). The temperature
curves of measuring points Nos. 25, 26, and 27 of the second
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Figure 10: Temperature change curves of measuring points Nos. 7, 8, and 9 under various working conditions of temperature rise
experiment: (a) −2°C; (b) −4°C; (c) −8°C.
Table 5: Temperature change rate of the ﬁrst layer’s measuring points Nos. 7, 8, and 9 of the temperature rise experiment.
Environmental conditions Average temperature when cooling
(°C)
for 3 h (°C)
−2
1.10
−4
0.75
−8
−2.13

layer, at −2, −4, and −8°C, respectively, are shown in Figure 11, and the temperature change rates of the three
measuring points are shown in Table 6. It can be seen from
Figure 11(a) that the average temperature of the three

Average temperature when heating
Temperature change rate (°C/h)
for 3 h (°C)
3.21
0.703
2.16
0.471
−0.67
0.486

measuring points has increased from 5.5°C to 9.44°C at −2°C,
and the temperature change rate is 1.313°C/h. According to
Figure 11(b), the average temperature of the three measuring
points has increased from 5.0°C to 8.58°C, and the
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Figure 11: Temperature change curves of measuring points Nos. 25, 26, and 27 under various working conditions of temperature rise
experiment: (a) −2°C; (b) −4°C; (c) −8°C.

Table 6: Temperature change rate of the second layer’s measuring points Nos. 25, 26, and 27 of the temperature rise experiment.
Environmental conditions Average temperature when cooling
(°C)
for 3 h (°C)
−2
5.5
−4
5.0
−8
5.96

temperature change rate is 1.193°C/h in the working condition at −4°C. It can be seen from Figure 11(c) that the
average temperature of the three measuring points increases
from 5.96°C to 8.92°C in the working condition of −8°C, and
the temperature change rate is 0.987°C/h. The temperature

Average temperature when heating
Temperature change rate (°C/h)
for 3 h (°C)
9.44
1.313
8.58
1.193
8.92
0.987

rise curves under all the three conditions have shown a
nearly linear increase, but the growth rate is not signiﬁcant.
It can be seen from Table 6 that the average temperatures
of measuring points Nos. 25, 26, and 27, before and after
heating for 3 hours, are very close. Furthermore, the
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temperature change rate is also the same, whereas the difference with the ambient temperature is large, indicating
that the measuring point in the heat generating layer located
inside the concrete specimen is less aﬀected by the ambient
temperature during the experiment, and the residual temperature of the concrete itself has a certain heat preservation
eﬀect. The temperature change rate is lower than the
measuring points Nos. 4, 5 and 6, further indicating that the
heat is transferred upward inside the specimen.
3.2. Results and Discussion of Ice Melting Experiment under
Four-Side Insulation
3.2.1. Temperature Change Rule of the First Layer’s Measuring Points (Nos. 4, 5, and 6). The temperature proﬁles of
measuring points Nos. 4, 5, and 6 of the ﬁrst layer, at −2, −4,
and −8°C, respectively, are shown in Figure 12, and the
corresponding temperature change rates of the three measuring points are shown in Table 7. It can be seen from
Figure 12(a) that the average temperature of the measuring
points Nos. 4, 5, and 6 at −2°C is −0.46°C before the heating.
After the heating, the average temperature of the measuring
points is found to be 5.4°C, and the temperature rise rate is
1.406°C/h. It can be seen from Figure 12(b) that the average
temperature of the measuring points at −4°C is −0.81°C
before the heating. After the heating, the average temperature of the measuring point is 4.77°C, and the temperature
rising rate is 1.339°C/h. According to Figure 12(c), the average temperature of the measuring point at −8°C is −1.12°C
before the heating. After the heating, the average temperature of the measuring points is 4.317°C, and the temperature rise rate is 1.305°C/h. It can be seen from Table 7 that
the temperature change rates, respectively, are in proximity
corresponding to the three temperature conditions, indicating that a certain range of ambient temperature has little
eﬀect on the melting ice eﬃciency directly above the heating
wire. The surface layer directly above the heating wire is
thoroughly melted under the conditions of −2, −4, and −8°C.
It can be seen from Figure 12 that the temperature rise
curves of the three working conditions are similar, and the
temperature of the measuring point basically rises linearly.
After the heating, the temperature of the measuring points
slowly rises to about 0°C and then forms a plateau period.
The plateau periods corresponding to diﬀerent working
conditions are diﬀerent. During this period, the temperature
change of the measuring point is not obvious, and the
temperature ﬂuctuates slightly around 0°C. It can be seen
from the experimental observation that the ice layer over the
surface layer is of a mixed state of ice water. The ice layer on
the surface of the specimen has begun to melt in the direction of thickness, especially the portion directly above the
heating wire. Since the climatic chamber has been kept in a
low temperature environment, the ice layer that just melted
to water has been partially refrozen, and hence the temperature curve at this stage ﬂuctuates around 0°C. After the
heating for a period of time, the heat generated by the carbon
ﬁber heating wire is more uniformly transferred to the
surface of the specimen, the ice layer on the surface of the
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specimen melts over a large area, and the temperature of
measuring points of the surface layer begins to rise sharply
till the end of the heating process.
3.2.2. Temperature Change Rule of the First Layer’s Measuring Points( Nos. 7, 8, and 9). The temperature curves of
measuring points Nos. 7, 8, and 9 of the ﬁrst layer, at −2, −4,
and −8°C, respectively, are shown in Figure 13. Moreover,
the temperature change rates of the aforementioned three
measuring points are shown in Table 8. According to
Figure 13(a), before the heating, the average temperature of
the measuring points Nos. 7, 8, and 9 at −2°C is −0.78°C.
After the heating, the average temperature of the measuring
points is 0.41°C, and the temperature rise rate is 0.286°C/h.
According to Figure 13(b), before the heating, the average
temperature of the measuring points at −4°C is −1.23°C.
After the heating, the average temperature of the measuring
points is 0.36°C, and the temperature rise rate is 0.382°C/h.
According to Figure 13(c), before the heating, the average
temperature of the measuring points at −8°C is −1.37°C.
After the heating, the average temperature of the measuring
points is 0.33°C, and the increment rate of temperature is
0.408°C/h. Compared with the measuring points Nos. 4, 5,
and 6, the measuring points Nos. 7, 8, and 9 take a longer
time of heating to reach the temperatures near 0°C. After an
increase up to 0°C, the temperature of each measuring point
has been maintained at around 0°C in the second half of the
heating process, with almost no signiﬁcant increase.
According to Table 8, the measuring points Nos. 7, 8, and
9 are directly above the position between the heating wires,
which is 15 cm away from the heating wires on the left and
right sides. Nevertheless the radiation range of the heating
wire is limited; hence it is diﬃcult for the radiation to aﬀect
the positions beyond 15 cm. This results in the average
temperature of the measuring points being maintained in
the range of 0.3°C–0.4°C in the second half of heating despite
suﬃcient heating time, with practically no upward trend.
3.2.3. Temperature Change Rule of the Second Layer’s
Measuring Points (Nos. 25, 26, and 27). The temperature
curves of measuring points Nos. 25, 26, and 27 of the
second layer, at −2, −4, and −8°C, respectively, are shown in
Figure 14. The temperature change rates of the three points
are shown in Table 9. It can be seen from Figure 14(a) that,
before the heating, the average temperature of the measuring
points Nos. 25, 26, and 27 at −2°C is −0.12°C, and, after the
heating, the average temperature of the measuring points is
4.83°C, with the rate of temperature rise at 1.189°C/h.
According to Figure 14(b), the average temperature of the
measuring points at −4°C is −0.63°C before the start of
heating. After the heating, the average temperature of the
measuring points is 3.08°C, and the temperature rise rate is
0.891°C/h. According to Figure 14(c), the average temperature of the measuring points under the conditions of −8°C
before the heating is −0.67°C. After the heating, the average
temperature of the measuring points is 1.58°C, and the
temperature rise rate is 0.541°C/h. According to Figure 14,
the temperature rise curves of measuring points Nos. 25, 26,
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Figure 12: Temperature change curves of measuring points Nos. 4, 5, and 6 under various working conditions of ice melting experiment: (a)
−2°C; (b) −4°C; (c) −8°C.

Table 7: Temperature change rate of the ﬁrst layer’s measurement points Nos. 4, 5, and 6 of the ice melting experiment.
Environmental conditions (°C) Initial average temperature (°C) Average temperature at 250 min (°C) Temperature change rate (°C/h)
−2
−0.46
5.4
1.406
−4
−0.81
4.77
1.339
−8
−1.12
4.317
1.305

and 27 of the heating layers are more consistent under
diﬀerent temperature conditions, and it can be approximated as a linear increase. Speciﬁcally, the temperature of
the measuring points and the heating time are approximately proportional during the heating process.

It can be seen from Table 9 that the temperature rise of
the measuring points decreases with the decrease of the
ambient temperature. When the temperature of working
condition becomes lower, the slope of the corresponding
temperature curve becomes smaller. When the temperature
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Figure 13: Temperature change curves of measuring points Nos. 7, 8, and 9 under various working conditions of ice melting experiment: (a)
−2°C; (b) −4°C; (c) −8°C.

Table 8: Temperature change rate of the ﬁrst layer’s measurement points Nos. 7, 8, and 9 of the ice melting experiment.
Environmental conditions
(°C)
−2
−4
−8

Initial average temperature
(°C)
−0.78
−1.23
−1.37

Average temperature when rising for 250 min
(°C)
0.41
0.36
0.33

of the internal heating layer of the specimen is lower than
0°C, it is obviously aﬀected by the ambient temperature. As
the ambient temperature decreases, the temperature change
rate of the measuring point decreases signiﬁcantly.

Temperature change rate
(°C/h)
0.286
0.382
0.408

Simultaneously, the preheating of the bridge surface can be
utilized to keep the internal temperature of the concrete
above 0°C, and the heat generated by the heating wire is
more used to melt snow and ice on the surface layer.
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Figure 14: Temperature change curves of measuring points Nos. 25, 26, and 27 under various working conditions of ice melting experiment:
(a) −2°C; (b) −4°C; (c) −8°C.

Table 9: Temperature change rate of the ﬁrst layer’s measurement points Nos. 25, 26, and 27 of the ice melting experiment.
Environmental conditions
(°C)
−2
−4
−8

Initial average temperature
(°C)
−0.12
−0.63
−0.67

Average temperature when rising for 250 min
(°C)
4.83
3.08
1.58

Temperature change rate
(°C/h)
1.189
0.891
0.541
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4. Conclusions
The temperature variation of the specimen under diﬀerent
ambient temperatures has been studied based on the temperature rise experiment and the ice melting experiment on
the built-in carbon ﬁber heating wire bridge. The conclusions are given as follows:
(1) According to the data transferred back from the
temperature measurement points arranged around
the cold storage, the ambient temperature change in
the cold storage during the heating process is within
the allowable error range, under the set working
conditions, and all changes ﬂuctuate around the set
experimental temperature. This proves the rationality of the experiment method for snow melting
and ice-making of simulated asphalt concrete bridge
deck in cold storage.
(2) In the temperature rise experiment, the temperature
change rate, with a value of 2.123°C/h, of the measuring points on the surface layer directly above the
heating wire is the most obvious. Owing to the
limited radiation range of the heating wire, the
temperature change rate, with a value of 0.703°C/h,
of the measuring points between the heating wire on
the surface layer and the heating wire decreases
signiﬁcantly. The temperature of the measuring
points on the heating layer at the location of the
heating wire increases almost linearly, with a temperature change rate of 1.313°C/h. Bulk of the heat
generated by the heating wire is transferred to the
bridge deck. After the heating, the temperature of the
bridge deck is nearly above 0°C, which can eﬀectively
prevent the bridge deck from freezing.
(3) When the heating power is set to 190 W/m2, the
surface layer measuring points are less aﬀected by
the ambient temperature, and the melting ice rate
at diﬀerent positions from the heating wire is
obviously aﬀected. Optimizing the arrangement of
the heating wire can eﬀectively improve the
overall uniformity of the ice melting of the bridge
deck and melting eﬃciency. To shorten the time of
snow melting, it is considered that the bridge is
preheated when the outdoor temperature is low,
which can eﬀectively control the temperature of
bridge surface above 0°C to prevent road surface
from freezing, and it can also reduce the input
power to save energy.
(4) Concrete itself has a good thermal insulation effect. In practical applications, the residual temperature stored in the concrete pavement can be
utilized to melt snow and ice. When the temperature of road surface exceeds 0°C, intermittent
power supply is utilized to save energy.
(5) The research on the ice melting experiment of the
bridge deck specimen shows that when the ambient temperature values are −2, −4, and −8°C, the
buried depth of the carbon ﬁber heating wire on

the bridge deck is 5 cm, the arrangement spacing is
30 cm, and the surface temperature of the bridge
specimen can be evenly distributed, and when the
input power of the heating wire is set to 190 W/m2,
the temperature of the bridge deck can be raised to
above 0°C to meet the requirements of the snow
and ice melting.
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