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In the paper, the method of deicing and melting snow by the carbon ﬁber heating wire (CFHW) embedded in the airport asphalt
pavement is proposed to improve the security of airport operation. The ﬁeld experiment of deicing and melting snow on the
airport asphalt pavement is conducted. Deicing and melting snow, asphalt pavement temperature, ice-free area ratio, and snowfree area ratio are analyzed. Electrical power with 350 W/m2 is input to the airport asphalt pavement for deicing and melting snow
by the CFHW. In the experiment, 3 mm ice can be melted, and the average infrared ray temperature (IRT) of the airport asphalt
pavement surface can achieve an increment of 13.0°C in 2.5 hours when the air temperature is from −7.5°C to −2.2°C. Snow with
3.2 mm precipitation can be melted in 2 hours when the air temperature is from −4.8°C to −3.5°C, and the asphalt pavement
temperature can achieve an increment of 5.9°C at the depth of 0.5 cm. The results show that the method of deicing and melting
snow on the airport asphalt pavement by the CFHW is practicable in the cold zone.

1. Introduction
Ice and snow on the airport asphalt pavement aﬀect
aircraft takeoﬀ, landing, and taxiing in winter because ice
and snow increase the braking distance of the aircraft.
The conventional methods of removing ice and snow by
using airport pavement deicing ﬂuid and deicing
equipment induce ﬂight delay and need a lot of manpower, deicing ﬂuid, and machinery. It is necessary to
conduct timely and high-eﬃcient removal of ice and
snow to avoid the adverse eﬀect of deicing ﬂuid and
machinery on the airport asphalt pavement [1]. Some
scholars study how to improve the performance of bitumen and asphalt mixture to avoid negative eﬀect [2–4].
At the same time, some methods of deicing and melting
snow on the pavement have been researched, such as
asphalt mixture containing the snow-melting agent [5],
hydraulic heating system [6–10], electrically conductive
concrete [11–13], carbon ﬁber grille [14], and CFHW
[15–19]. The recent research of deicing and melting snow
on the pavement mainly focuses on the CFHW [1]. Zhao

et al. studied deicing on the bridge deck and concrete
pavement by the CFHW [15, 16]. In frozen and snowy
weather, the results of laboratory and ﬁeld experiments
veriﬁed the validity of the electrothermal method of
deicing and melting snow on the pavement and bridge
deck under an appropriate input power. The authors
studied the eﬀects of heat ﬂux, wire spacing, wind speed
on the concrete pavement temperature, and deicing on
the cement concrete pavement by the CFHW [1, 17, 18].
The authors also studied the snow-melting eﬀect, temperature, and energy distribution along the depth of the
airport cement concrete pavement [19]. Due to diﬀerent
materials of airport cement concrete and asphalt pavement, the physical properties, construction methods, and
dimensions of two kinds of pavement are also diﬀerent.
These determine the diﬀerence of deicing and melting
snow between airport cement concrete and asphalt
pavement. Therefore, the method of deicing and melting
snow by the CFHW requires a study on the application of
the airport asphalt pavement. In order to prevent ice and
snow accumulation, the temperature of the airport
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Figure 1: Airport asphalt pavement construction. (a) Lower layer. (b) Heating system layout. (c) Upper layer.

2. Materials and Methods
2.1. Raw Materials. The airport asphalt pavement includes
the lower layer and the upper layer, and their thickness is
8 cm and 7 cm, respectively. The asphalt mixture of the lower
layer is AC-25. The asphalt mixture of the upper layer is
SMA-13.
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asphalt pavement surface must maintain above 0°C. Finally, the full-scale experiments of deicing and melting
snow are performed in the real environment of ice and
snow.
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Figure 2: Air temperature variation.
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2.2. Airport Asphalt Pavement. According to speciﬁcations
for asphalt pavement design of civil airports, the design and
construction of the airport asphalt pavement were implemented. Airport asphalt pavement construction is shown in
Figure 1. The airport asphalt pavement is made of 1# and 2#
asphalt pavement. The sizes of 1# and 2# asphalt pavement
are 5 m × 10 m. The thickness of the lower layer and the
upper layer is 8 cm and 7 cm, respectively. The CFHW was
tied to steel wire gauze, which was buried in the middle of
the lower layer and the upper layer. The depth of the CFHW
is 7 cm. The spacing of the CFHW is 10 cm. At the depth of
0.5 cm and 15 cm, six sensors for testing temperature were
evenly and vertically buried in the asphalt pavement. The
vertical distance between the sensor and the CFHW is 5 cm.
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Figure 3: Solar radiation intensity variation.

2.3. Experimental Instrument. The experimental instrument
contains a power distribution control box, infrared thermal
image instrument, temperature sensor, temperature data
receiver, and adapter. The power distribution control box
provides electric energy for the asphalt pavement. The infrared thermal image instrument can measure the temperature of the asphalt pavement surface. The temperature
sensor can measure −50∼150°C, and its accuracy is 0.1°C. The
temperature data receiver is used to receive temperature
information. The temperature data receiver and data adapter
are connected. The asphalt pavement temperature is measured by using six temperature sensors at 0.5 cm and 15 cm
depth, respectively. The airport asphalt pavement temperature is the average temperature of the asphalt pavement at
the same depth.

3. Results and Discussion
In the test, each circuit voltage is 220V, and the electrical
power is 350 W/m2. The airport asphalt pavement is exposed
in the outdoor environment, which is near Beijing Capital
International Airport.
3.1. Deicing and Asphalt Pavement Temperature. On January
22, 2014, 0°C water was evenly sprayed on the 1# airport
asphalt pavement in the experiment, the amount of which
was 3 mm/m2. When the time was from 0:00 to 7:30, water
was frozen into ice because the air temperature was always
below 0°C, and then the asphalt pavement began to be
energized and heated. No ice was on the 2# airport asphalt
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Figure 4: Melting ice on the 1# airport asphalt pavement. (a) 90 minutes. (b) 110 minutes. (c) 130 minutes. (d) 150 minutes.
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Figure 5: The IRT of the asphalt pavement surface. (a) Initial time (1# asphalt pavement). (b) Initial time (2# asphalt pavement). (c) 150
minutes (1# asphalt pavement). (d) 150 minutes (2# asphalt pavement).

pavement. The wind speed and relative humidity were
1.0–2.4 m/s and 30%–45%, respectively. Figure 2 shows that
the air temperature raises from −7.5°C to −2.2°C in 150
minutes. The solar radiation intensity is 0–60 W/m2 in
Figure 3.
Figure 4 shows the process of deicing on the 1# airport
asphalt pavement. Ice begins to melt at 90 minutes. In the
paper, the evaluation criterion for the performance of
deicing is ice-free area ratio, which is the ratio of the ice-free
area to the total area. At 90 minutes, 110 minutes, 130
minutes, and 150 minutes, the ice-free area ratio is 0, 0.25,
0.78, and 1, respectively. Ice on the 1# airport asphalt
pavement is completely melted in 150 minutes. It can be seen
that the ice melts faster in the later stage.

The asphalt pavement surface temperature is accurately
measured by using the infrared thermal image instrument.
Figure 5 shows the IRT of the airport asphalt pavement
surface at the beginning and end of heating. At the beginning
of heating, the IRTof the 1# asphalt pavement surface is from
−12.7°C to −10.1°C, and the average IRT is −11.5°C. The IRT
of the 2# asphalt pavement surface is from −12.4°C to −9.9°C,
and the average IRT is −11.1°C. At the end of heating, the
asphalt pavement is heated for 2.5 hours. The IRT of the 1#
asphalt pavement surface is from 0.1°C to 2.8°C, and the
average IRT is 1.5°C. The IRT of the 2# asphalt pavement
surface is from 4.1°C to 8.4°C, and the average IRT is 6.3°C.
Figure 6 shows the asphalt pavement temperature variation with heating time at diﬀerent depths of the pavement.
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Figure 6: The asphalt pavement temperature variation with heating time. (a) 0.5 cm depth. (b) 15 cm depth.
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Figure 7: Melting snow on 1# asphalt pavement. (a) 60 minutes. (b) 80 minutes. (c) 90 minutes. (d) 100 minutes. (e) 110 minutes. (f ) 120
minutes.

As shown in Figure 6(a), the temperature of the 1# asphalt
pavement is always lower than that of the 2# asphalt
pavement at the depth of 0.5 cm because of the ice on the 1#
asphalt pavement. Their temperature diﬀerence increases
from 0.2°C to 4.7°C in 150 minutes. At the depth of 0.5 cm,
the heating process of the 1# asphalt pavement includes three
stages: rising stage, stable stage, and rapid rising stage. The
asphalt pavement temperature of the rising stage is less than
0°C. The asphalt pavement temperature of the stable stage is
from 0.5°C to 2°C. The asphalt pavement temperature of the
rapid rising stage is more than 2°C. In the process of 150
minutes of heating, it can be seen in Figure 6(b) that 1# and
2# asphalt pavement temperature diﬀerence at the depth of
15 cm is less than 0.3°C at the same time. At the end of

heating, 1# and 2# asphalt pavement temperature increases
by 4.3°C and 3.9°C, respectively.
3.2. Melting Snow and Asphalt Pavement Temperature.
Snowfall stopped when the time was 9:00 on January 21,
2016. The accumulated snow thickness is 3 cm. The total
precipitation is 3.2 mm. The heating time was from 9:00 to
11:00. The experiment was tested from 9:00 to 11:00. The
wind speed and relative humidity were 0.3–1.8 m/s and
80%–88%, respectively. The air temperature rose from
−4.8°C to −3.5°C in 2 hours. The solar radiation intensity was
37–79 W/m2.
Figure 7 shows the process of melting snow on the 1#
asphalt pavement. The initial time of melting snow is 60
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Figure 8: The asphalt pavement temperature variation with time. (a) 0.5 cm depth. (b) 15 cm depth.

minutes. The snow-free area ratio is 0, 0.02, 0.21, 0.72, 0.94,
and 1 at 60 minutes, 80 minutes, 90 minutes, 100 minutes,
110 minutes, and 120 minutes, respectively. Most of the
snow is melted from 60 minutes to 100 minutes. Snow on the
1# asphalt pavement is completely melted in 120 minutes.
The control group is the 2# asphalt pavement that is not
heated. At the depth of 0.5 cm, it can be seen in Figure 8(a)
that 1# asphalt pavement temperature increases from −3.6°C
to 2.3°C in 120 minutes because of heating; 2# asphalt
pavement temperature increases from −3.4°C to −2.2°C in
120 minutes because of weather condition. 1# asphalt
pavement temperature curves of melting snow and ice are
similar. 1# asphalt pavement temperature for melting snow
includes three stages that are the rising stage, stable stage,
and rapid rising stage. At the depth of 15 cm, it can be seen in
Figure 8(b) that 1# asphalt pavement temperature increases
from −3.0°C to −0.8°C in 120 minutes, and 2# asphalt
pavement temperature is between −2.7°C and −2.2°C in 120
minutes.

4. Conclusions
Deicing and melting snow by the CFHW buried in the
airport asphalt pavement is studied in the paper. It is
practicable for deicing and melting snow that the depth of
the CFHW is 7 cm, and the CFHW spacing is 10 cm in the
airport asphalt pavement. According to frozen and snowy
weather in Beijing, the electrical power with 350 W/m2 is
input to the airport asphalt pavement for deicing and
melting snow in these experiments. The results of the fullscale ﬁeld experiment show that it is eﬀective for deicing and
melting snow on the airport asphalt pavement by the
CFHW. When the air temperature is from −7.5°C to −2.2°C,
3 mm ice can be melted in 2.5 hours; the average IRT of the
asphalt pavement surface increases by 13.0°C. When the air
temperature is from −4.8°C to −3.5°C, snow with 3.2 mm
precipitation can be melted in 2 hours; and the asphalt
pavement temperature can achieve an increment of 5.9°C at
the depth of 0.5 cm. It is an hour when the ice-free area ratio
is from 0 to 1 for deicing. It is also an hour when the snowfree area ratio is from 0 to 1 for melting snow. The ﬁndings
indicate that the technique of deicing and melting snow on

the airport asphalt pavement by the CFHW is practicable in
actual engineering of the cold zone.
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