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Temperature is known to be one of the most important factors affecting the design and performance of asphalt concrete pavement.
)e distresses of asphalt overlay are closely related to its temperature, particularly in Guangxi, a hot-humid-climate region in
China. )is research is to analyze the impact of meteorological factors on temperature at 2 cm depth in asphalt overlay by ReliefF
algorithm and also obtain the temperature prediction model using MATLAB. Two test sites were installed to monitor the
temperatures at different pavement depths from 2014 to 2016; meanwhile, the meteorological data (including air temperature,
solar radiation, wind speed, and relative humidity) were collected from the two meteorological stations. It has been found that the
temperature at 2 cm depth experiences greater temperature variation, and the maximum and minimum temperatures of asphalt
overlay, respectively, occur at 2 cm depth and on the surface. Besides, the results of ReliefF algorithm have also shown that the
temperature at 2 cm depth is affected significantly by solar radiation, air temperature, wind speed, and the relative humidity. Based
on these analyses, the prediction model of maximum temperature at 2 cm depth is developed using statistical regression.
Moreover, the data collected in 2017 are used to validate the accuracy of the model. Compared with the existing models, the
developed model was confirmed to be more effective for temperature prediction in hot-humid region. In addition, the analysis of
rutting depth and overlay deformation for the two test sections with different materials is done, and the results have shown that
reasonable structure and materials of asphalt overlay are vital to promote the high-temperature antideforming capability
of pavement.

1. Introduction

It is well known that the strength and deformation prop-
erties of asphalt pavement strongly depend on temperature.
Studies on pavement temperature, from a growing number
of literatures, have been concentrated on predicting the
pavement temperature profile [1–5].

In recent years, the asphalt overlays have been widely
used in reconstructing old cement concrete pavement [6–8].
However, the damage in asphalt overlay, such as cracking
and rutting, could be vastly induced due to the

incompatibility of the physical characteristics between as-
phalt concrete and cement concrete, load, and temperature.
Heat transfer influences not only the deformation of old
cement concrete slab but also the performance of asphalt
overlay [9, 10]. Higher or lower temperature can aggravate
the damage of asphalt overlays [11–13]. Especially in the hot-
humid-climate regions, the rutting of asphalt overlay be-
comes the main distress. )erefore, an investigation on
temperature distribution in asphalt overlay can contribute to
selecting asphalt overlay materials and designing its struc-
ture. )e relevant findings could also be helpful for the
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recommendation of suitable asphalt binder performance
grade.

Generally speaking, there are two main methods to
determine the temperature profile of pavement, namely,
analytical approach and statistical method.

Analytical approach is usually developed on the basic
theory of heat transfer and meteorology method to explain
thermodynamic behavior between the pavement and envi-
ronment. Normally, a model or algorithm is established to
predict the pavement temperature. Minhoto et al. [14] an-
alyzed the thermal behavior of pavement using the 3D Finite
Element Method (FEM) and calculated the temperature
distribution of rubber asphalt pavement. Wang [15] pre-
sented an algorithm to predict one-dimensional (1D) tem-
perature profiles in a multilayered pavement system on the
basis of measured surface temperature data. Wang and
Roesler [16] proposed an analytical solution to predict the
one-dimensional (1D) time-dependent temperature profile
in a multilayered rigid pavement system, which is modeled
as a boundary value problem governed by the classic heat
conduction equations and then coded by FORTRAN
computer program. Aitbayev [17] analyzed the temperature
distribution in asphalt concrete layers using the FEM and
believed that changes of stresses and deformations in
pavement and subgrade caused by temperature variation
were vital to the design of pavement structure. Although all
the models mentioned above can rapidly demonstrate the
pavement temperature profile with less data measured in
site, a large number of inputs make the approach complex
and also the solution is difficult to find. )e prediction of
temperature profile may not be accurate enough for the
continuously changing environment factors, and some pa-
rameters, such as thermal conductivity and diffusivity values
of road construction materials, are uncertain because of
heterogeneous characteristics, and they are also hard to be
obtained.

Regression models are adopted to obtain the rela-
tionship between pavement temperature profile and
environmental factors, and the statistics-based temper-
ature profile models are built on large databases involving
climatic, meteorological, geographical, and pavement
geometric data. )e models for analyzing the temperature
field in the strategic highway research program (SHRP)
and long-term pavement performance program (LTPP)
are also based on the statistical method [18]. Diefenderfer
et al. [19] used linear regression model to calculate the
maximum and minimum pavement temperature, relying
on measured data of daily ambient temperature, daily
solar radiation, and depth within the pavement. Taamneh
[20] developed the regression model to predict the daily
maximum and minimum pavement temperature profiles
from the collected data, including flexible pavement
temperature and climatic data during the two years. Li
et al. [21] adopted statistical regression to determine the
temperature prediction model as a function of depth,
average air temperature, and total solar radiation cal-
culated in the cumulative time. Jing and Zhang [22]
determined the quantitative relationships between en-
vironmental factors and pavement temperature and

established a statistical model to predict the asphalt
pavement temperature in high-temperature season in
Beijing. )e main advantage of these statistical methods is
that it gives reasonable prediction for the input data
within the original sample database, but it cannot
guarantee the accuracy of prediction for the other input
data which may not be in the original sample database
[18].

So far, considerable researches have been carried out
to predict, respectively temperature profile of flexible or
rigid pavement [23–26], most of which emphasized the
thermodynamic behavior of pavement during the char-
acterizing pavement temperature profile. But investiga-
tions on the temperature distribution of asphalt overlay
on existing cement pavement are few [27, 28]. )is
pavement structure possesses the advantages of asphalt
and concrete pavement, but there are still several dam-
ages for asphalt overlay, such as reflection cracking,
rutting, and pothole in service. Usually, the generation of
these distresses is closely related to pavement tempera-
ture. Temperature variation will play an important role in
the mechanical property of asphalt overlay under special
weather condition [29, 30].

Most of the models mentioned above are related to the
prediction of pavement temperature in ordinary climate.
)e models need to be adjusted if applied for some regions
with specific climate characteristics, for instance, Guangxi,
in China, which is a hot-humid-climate region. Guangxi
(20°54′ to 26°26′N, 104°29′ to 112°04′E), located in southern
China and connected to the South China Sea, has a humid
subtropical climate. Due to the impact of marine climate,
Guangxi region has lots of sunlight, rainfalls, and high
humidity throughout the year. )e average annual tem-
perature is 18 to 23°C, while average annual precipitation is
1060 to 2658mm and relative humidity is about 80%.
Guangxi has a long and hot summer and a mild winter.
)erefore, the environmental factors, such as solar radiation,
air temperature, and humidity, will have a great impact on
pavement temperature.

)is research investigates the impact of hot-humid cli-
mate on the temperature distribution in asphalt overlay on
existing cement concrete pavement by statistical regression
methods. Firstly, the temperatures of asphalt overlay,
existing cement concrete pavement, and existing base course
were measured in the selected field test sites. Some related
meteorological data, such as air temperature, solar radiation,
wind speed, and relative humidity, were recorded, too.
Secondly, this paper analyzed the degree of the different
environmental factors influencing maximum temperature at
2 cm depth in asphalt overlay by ReliefF. Based on the
measured temperature data, the multiple regression equa-
tions of maximum temperature at 2 cm depth were obtained
by MATLAB software, also compared with the existing
models of pavement temperature. Finally, the rutting depth
and deformation of asphalt overlay for two test sections with
different materials were compared.

)e primary objective of this paper is to present the
characteristics of the temperature distribution of asphalt
overlay for hot-humid climate in Guangxi region of China
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and to particularly show variation of maximum pavement
temperature in hot-humid climate. )is paper will con-
tribute to material selection and structural design of asphalt
overlay, which is vital for improving the high temperature
stability of pavement.

2. Field Instrumentation and Data Collection

2.1. Pavement Temperature Monitoring at Project Sites

2.1.1. Field Test Sections. From over tens of locations, some
parts of Guangxi region are of the most representative of
hot-humid climate. )is research was conducted in Nan-
ning, Guangxi, which has an average annual precipitation of
1304.2mm, temperature of 21.6°C, and relative humidity of
80%. Two connected pavement sections (Section I and
Section II) were selected on Liunan Expressway in Guangxi
(National Highway System G72), located at latitude 22°48′N
and longitude 108°32′E. Meanwhile, two test sites (Site 1 and
Site 2) were set up to collect the pavement temperature.

2.1.2. Pavement Structure and Testing Instrumentation.
Figure 1 and Table 1 show the pavement structure and layout
of temperature sensors. )e asphalt overlay is 14 cm in
thickness, consisting of 3.5 cm stone mastic asphalt mix-
tures, 8 cm dense graded asphalt mixtures, and 2.5 cm fine
sand asphalt mixtures (level layer). )e existing Portland
cement concrete pavement is composed of 24 cm concrete
pavement and 30 cm semirigid base. Between the asphalt
overlay and existing Portland cement concrete pavement,
there was a geotextile fabric to prevent reflective cracking
from occurring in asphalt overlay.

Table 2 presents asphalt overlay structure and paving
asphalt materials of the two sections. For Section II, antirut
agent PR PLASTS was used in AC-25 SBS modified asphalt
mixture.

Site 1 and Site 2 were instrumented with five Cu50
temperature sensors, respectively, and two data loggers to
print pavement temperatures. )e test range of the sensor is
from −50°C to 300°C, and the accuracy is 0.1°C. )en, these
sensors were placed at different depths to record the tem-
perature profile throughout the pavement, as shown in
Figure 1 and Table 1. )e sensors in asphalt overlay were
embedded when paving the overlay. For the existing Port-
land cement concrete pavements and semirigid bases, the
sensors were fixed in drilled holes by using fresh cement
concrete. Finally, the wires of all sensors were connected
with WST-XSL Temperature Scanning Monitoring System.
)is system can record and print temperature data auto-
matically with random intervals, as shown in Figure 2.

It took four years (or 1461 days) to monitor the tem-
perature of different depth pavement from 2014 to 2017. )e
data collected from 2014 to 2016 at Site 1 and Site 2 were
used to develop the regression models, while the data col-
lected from 2017 at Site 2 were used to validate themodels. In
addition, the rutting depth of the two overlay sections was
tested in 2016.

2.2. Meteorological Data Collection. In addition to the
pavement temperature monitoring system, the meteoro-
logical data (including air temperature, solar radiation, wind
speed, and relative humidity) were collected from the two
meteorological stations at the nearby test sites, and the
observation station for recording solar radiation value is
shown in Figure 3. Specifically, instruments for recording air
temperature and relative humidity were housed in a radi-
ation shield to minimize the effects of solar radiation.

SMA-13 (3.5cm)

AC-25 (8cm)
Level layer (2.5cm)

Geotextile fabrics (5mm)

PCC (24cm)

Semirigid base (30cm)

Sensor 1
Sensor 2

Sensor 3

Sensor 4

Sensor 5

Figure 1: Pavement structure and layout of temperature sensors.

Table 1: Depths of temperature sensors in pavement.

Sensors Sensor 1 Sensor 2 Sensor 3 Sensor 4 Sensor 5
Depth (cm) 0 (surface) 2 11.5 38.5 65

Table 2: Asphalt overlay structure and paving asphalt materials.

Test sections Asphalt overlay structure Paving asphalt materials

Section I
3.5 cm SMA-13 SBS modified asphalt
8 cm AC-25 70# basis bitumen
Level layer 70# basis bitumen

Section II
3.5 cm SMA-13 SBS modified asphalt
8 cm AC-25 SBS modified asphalt
Level layer SBS modified asphalt

Figure 2: )e instrument for recording and printing temperature
data.
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3. Numerical and Regression Analysis Method

3.1.ReliefFAlgorithm. )eRelief algorithm is one of themost
popular algorithms to feature estimation, including the first-
emerging Relief algorithm for binary classification problems
and the later extended ReliefF algorithm for multiple classes
[31–34]. ReliefF is a feature weighting algorithm that assigns
different weights to features according to the correlation of
each feature and category. If the feature has different values
for neighbouring instances that are of different class (termed
as nearest miss), then it is awarded a higher relevance value.
However, if the values of the class for the neighbouring in-
stances are the same (termed as nearest hit), then the rele-
vance value is decreased [35]. )erefore, the relevant features
should make the samples of the same kind close and keep the
samples of the heterogeneous away from each other. Due to its
simple algorithm and high efficiency, ReliefF has been proved
to be useful in several domains.

In this paper, the original ReliefF algorithm was used to
analyze the influence of environmental factors on maximum
temperature at 2 cm depth in asphalt overlay based on the
collected meteorological data. )e pseudocode for the
ReliefF algorithm and the improved calculating flowchart
are shown in the supplemental files.

3.2. Regression Analysis. Regression analysis is a set of sta-
tistical processes for estimating the relationships among var-
iables. It involves many techniques for modeling and analyzing
several variables.)e nlinfit function is a way to implement the
nonlinear regression model in MATLAB software. In this
paper, the regression model was developed to relate maximum
temperature at 2 cm depth in asphalt overlay to several me-
teorological factors, including maximum air temperature, solar
radiation, wind speed, and relative humidity. To get the re-
gression equation, the curve function was customized at first,
and the format of the regression models, that is, the formula,
was given. )en, the coefficients of the corresponding features
were obtained by using the nlinfit function.

4. Characteristics of Pavement
Temperature Distribution

4.1. Pavement Temperature Distribution in the Different
Months. Two graphs of average monthly pavement tem-
perature at all depths are shown in Figure 4. It is obvious that

the distribution of the pavement temperature has seasonal
differences and pavement temperatures in every month
show similar varying tendency.)e temperature at all depths
is higher in summer, especially the temperature at 2 cm
depth, sometimes up to 63°C. In addition, the temperature at
all depths is not too low in winter due to the mild winter in
hot-humid area. Figure 4 also presents that temperature at
2 cm depth experiences the largest temperature variation all
year round.

)e maximum pavement temperature for several
months occurs at 2 cm depth, and this results from the fact
that the solar radiation at this depth is more than the heat
loss caused by heat exchange. )e pavement surface tem-
perature, affected by air convection and heat reflection, is
slightly lower than temperature at 2 cm depth. Besides, with
the increase of pavement depth, the temperature ranges
gradually decreased. In summary, the temperature at 2 cm
depth, varying greatly with the season, is closely related to
the distresses of asphalt overlay, such as rutting and low-
temperature cracking.

4.2. Pavement Temperature Distribution in Summer.
Weather Database for the Superpave Mix Design System
SHRP-A-648A (Strategic Highway Research Program,
1994) has confirmed that the statistical distribution of the
yearly 7-day average maximum air temperature and the
yearly 1-day minimum air temperature could be used to
select any particular pavement design temperature [36]. In
this paper, the temperatures at all depths were measured
hourly in the hottest and successive 7 days from the two test
sites for three years. )e typical variation of recorded
pavement temperatures and air temperatures is shown in
Figure 5. )e data points in the graphs represent the av-
erage temperature at N h for 7 continuous days per year
(N � 0, 1, 2, . . ., 23), and then the line of the tendency was
plotted according to calculating the average temperature of
every three data points.

As shown in Figure 5, the temperature of asphalt overlay
changes synchronously with air temperature, and the time to
reach the peak temperature gradually delays with the depth.
Moreover, the temperature difference between day and night
at the surface is as high as 24.1°C, but the maximum tem-
perature difference of the subgrade at 65 cm depth is only
2.4°C. It can be concluded that temperature variation is
much less with the increasing depth. So the thermal stress of
overlay structure mainly derives from the overlay asphalt
and the existing cement concrete pavement. Besides, the
maximum temperature of the pavement occurred at about
14:00 at 2 cm depth, located at the SMA layer. It is caused by
high air temperatures and intense solar radiation to result in
significant heat absorption of the pavement structure during
the day. Due to the low thermal conductivity of asphalt
mixtures, overlay prevents the heat from transferring within
the pavement structure and the pavement temperature
variation becomes small at night. )e rising and dropping of
temperature at 2 cm depth are faster than those in the other
depths. )e fastest increasing rate of temperature is around
10:00 and the fastest dropping rate is around 18:00 at sunset.

Figure 3: Observation station for recording solar radiation value.
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4.3. Pavement Temperature Distribution in Winter. )e
temperatures at all depths in winter were also measured with
reference to the SHRP-A-648A. Pavement and air tem-
peratures were measured hourly on the coldest days of every
year from 2014 to 2016, and the typical variation of recorded
temperatures is shown in Figure 6.)ere is a similar trend of
temperature variation at all depths, and the asphalt layers
commonly experience greater temperature variation. Gen-
erally, asphalt overlay structure temperature profile follows
with the air temperature changing. Because the energy,
absorbed from the solar during the day, transfers in asphalt
overlay, the pavement temperatures at all depths are com-
monly higher than the air temperatures for the most of the
time, particularly during the night. For all depths, the
temperature on the surface is lower than those on other
depths, affected by surface energy transmitting and air

convection in hot-humid climate. )e surface layer always
experiences the greatest variation in temperature for a
typical day, which is about 5.6°C. In addition, the temper-
ature gradient gradually decreases with the depth increase,
and particularly the temperature is almost constant at the
subgrade.

In summary, the pavement temperature roughly varies
with air temperature. But the temperature ranges of all
depths in summer are significantly wider than those in
winter because of the hot-humid climate. )e highest
temperature of the pavement in summer is at 2 cm depth and
the lowest temperature of the pavement in winter is on the
surface. With the increase of pavement depth, the tem-
perature tends to be stable gradually, so the temperature of
subgrade is less affected by air temperature and solar ra-
diation. Conversely, the temperature of asphalt overlay and
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Figure 5: Air and pavement temperature profile over time in summer: (a) Site 1. (b) Site 2.
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Figure 4: Average monthly temperature distribution of pavement: (a) Site 1. (b) Site 2.
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existing cement concrete slab are greatly affected by air
temperature and solar radiation, especially the temperature
at 2 cm depth [37, 38]. According to the statistical distri-
bution of the daily maximum temperatures at 2 cm depth for
three years, 4.74% of them exceeded 60°C, 22.99% of them
exceeded 50°C, and 42.15% of them exceeded 40°C. )ere-
fore, the major distresses of asphalt overlay, such as the high
temperature rutting, reflective cracking, and other diseases,
are closely related to temperature changes of asphalt overlay
and the existing cement concrete slab.

5. Analysis of Influencing Factors and
Development of Temperature Model

5.1.>eAnalysis of InfluencingFactors onTemperature at 2 cm
Depth. According to pavement temperature profile models
by many researches [19, 39, 40], air temperature and solar
radiation have the most significant impact on pavement
temperature. A few pavement temperature profile models
consider wind speed, rainfall, and relative humidity [14, 21].
According to the above pavement temperature distribution,
the temperature at 2 cm depth experiences greater changes,
and the maximum temperature of asphalt overlay occurs at
2 cm depth. )erefore, daily maximum air temperature,
daily cumulative solar radiation, daily average wind speed,
and daily average relative humidity were selected as the
features of ReliefF algorithm, and then the extent of their
influence on maximum temperature at 2 cm depth could be
calculated. In addition, the results of ReliefF will contribute
to the solution of the regression models.

)e data of maximum temperature at 2 cm depth and
four meteorological factors (2192 samples) were measured
from the two test sites and two meteorological stations for
three years. In order to facilitate the calculation, the four
features were normalized, and the maximum temperature at
2 cm depth was classified into one class every 6°C at first.
)en, the ReliefF algorithm was used to calculate the
intraclass distance and interclass distance of each feature.

Finally, the weight of each feature and the weight consid-
ering multifactor interaction influence were obtained, and
the results are shown in Tables 3 and 4.

W1 is the weight of daily maximum air temperature, W2
is the weight of daily cumulative solar radiation, W3 is the
weight of daily average wind speed, and W4 is the weight of
daily average relative humidity. W1∗2,
W1∗3, W1∗4, W2∗3, W2∗4, W3∗4 are weights considering the
interactive effect between one feature and another.

As shown in Table 3, W2 has the greatest weight, which
indicates that the daily radiation has the greatest impact on
the temperature at 2 cm depth, followed by W1, which
occupies a weight of 0.3135. So the influence of the daily
maximum air temperature is also great, which is only lower
than the daily radiation. On the contrary, the daily average
wind speed and the daily average relative humidity have a
little effect on temperature at 2 cm depth. In order to further
understand the interactive effect between meteorological
factors, ReliefF also gives the weights considering interactive
effect between features. In Table 4, the values of
W1∗2, W2∗3 andW2∗4 are relatively large, while W1∗2 has the
maximum value. It proves that the other three meteoro-
logical factors depend heavily on the daily cumulative solar
radiation. )e interactive effect between daily maximum air
temperature and daily cumulative radiation is the strongest
for temperature at 2 cm depth.

)erefore, it can be concluded that the temperature at
2 cm depth is greatly influenced by daily cumulative solar
radiation and daily maximum air temperature, and the ef-
fects of daily average wind speed and daily average relative
humidity were small. )e temperature at 2 cm depth may
strongly depend on W1, W2, W1∗2, W2∗3 andW2∗4 from the
above analysis results.

5.2. Regression Analysis of Maximum Temperature at 2 cm
Depth. Based on the results of ReliefF, maximum temper-
ature at 2 cm depth can be defined as a function of daily
maximum air temperature, daily cumulative solar radiation,
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Figure 6: Air and pavement temperature profile over time in winter: (a) Site 1. (b) Site 2.
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daily average wind speed, and daily average relative hu-
midity. )e temperature prediction model in form of linear
regression model is expressed as follows:

T2.0max � a1 + a2 · Tmax + a3 · Ltotal + a4 · Vave + a5 · Rave,

(1)

where T2.0max �maximum temperature at 2 cm depth (°C);
Tmax � daily maximum air temperature (°C); Ltotal � daily
cumulative solar radiation (MJ/m2); Vave � daily average
wind speed (m/s); Rave � daily average relative humidity (%);
and ai (i� 1, 2, . . ., 5) are regression coefficients.

)e input data (2192 samples) were derived from the two
test sites and two weather stations for three years. )e nlinfit
function in MATLAB was used to calculate all coefficients in
equation (1), so the model can be determined as follows:

T2.0max � −1.2251 + 0.4098Tmax + 2.4909Ltotal

− 1.4286Vave − 1.7946Rave.
(2)

In addition, the pavement temperature prediction
(equation (2)) was plotted against measured temperatures,
as shown in Figure 7. R2 and standard deviation are 0.9814
and 1.44, respectively.

Furthermore, considering that the interaction between
features also has a relatively high effect on the temperature at
2 cm depth, the new temperature prediction model was
developed in the form of nonlinear regression model; and
the improved model can be described as follows:

T2.0max � b1T
2
max + b2L

2
total + b3V

2
ave + b4R

2
ave + b5TmaxLtotal + b6TmaxVave + b7TmaxRave + b8LtotalVave

+ b9LtotalRave + b10VaveRave + b11Tmax + b12Ltotal + b13Vave + b14Rave + b15,
(3)

where bi (i� 1, 2, . . ., 15) are regression coefficients.
Similarly, all coefficients for equation (3) were obtained

by MATLAB on the basis of maximum temperature at 2 cm

depth and meteorological data, and the improved model is
given:

T2.0max � 0.0304T
2
max − 0.0700L

2
total − 0.2617V

2
ave + 12.9800R

2
ave

+ 0.0183TmaxLtotal − 0.2504TmaxVave + 4.3458TmaxRave

+ 0.6838LtotalVave − 4.9264LtotalRave + 11.5512VaveRave − 4.1823Tmax

+ 5.6518Ltotal − 11.6655Vave − 121.5986Rave + 104.4172.

(4)

)e evaluation of the temperature model (equation (4))
versus the measured maximum temperature at 2 cm depth is
presented in Figure 8. Results from themodel overlap the 45-
degree line, indicating a very good fit. It can be seen that the
improved model is more effective than linear regression
model, especially when pavement temperature exceeds 35°C.
R2 is 0.9842 and the standard deviation is 1.32. It is clear that
the standard deviation of equation (4) decreased by 8.33%
compared to equation (3), so equation (4) shows higher
accuracy.

5.3. Validation and Application of the Improved Pavement
TemperatureModel. )e improved model (equation (4)) for
predicting maximum temperature at 2 cm depth was vali-
dated by themeasured data collected in 2017 at Site 2. Firstly,
based on the collected meteorological data in 2017, the

maximum temperature at 2 cm depth was predicted by the
improved model. )en, the model validation was performed
by comparing the measured and predicted maximum
temperatures at 2 cm depth in Figure 9. It is obvious that
results from the improved model overlap the 45-degree line,
indicating a very good fit. R2 is 0.9693 and the standard
deviation is 1.28. Meanwhile, the effectiveness of the im-
proved model for maximum temperature at 2 cm depth in
Guangxi region has been validated.

For other regions with hot-humid climate, the im-
proved model (equation (4)) still has some applicability.
)rough the collection of meteorological data, the
maximum pavement temperature at 2 cm depth can be
calculated every day by equation (4). )e range and
distribution of the maximum pavement temperature at
2 cm depth are very important for the material selection
and structure design of asphalt pavement or overlay. )e

Table 3: )e weight of single feature.

Feature W1 W2 W3 W4

Weight 0.3151 0.3536 0.0409 0.0804

Table 4: )e weight considering multifactor interaction influence.

Feature W1∗2 W1∗3 W1∗4 W2∗3 W2∗4 W3∗4

Weight 0.3089 0.0711 0.1921 0.2342 0.2720 0.0001
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longer high temperature lasts, the more stable pavement
materials or structure will be chosen as far as possible.

5.4. Comparison with Other Existing Models. )e prediction
models developed by Taamneh [20] (termed as Model 1) and
Ariawan et al. [41] (termed as Model 2) are compared with
the improved model in this work in Figure 10. )e former
two models are regression models developed frommeasured
pavement temperature and meteorological data. )e two
models are discussed as follows.

Based on the meteorological data from the meteoro-
logical station in this work, the maximum temperature at
2 cm depth was calculated by applying these models. )en,
the predicted temperatures were subtracted from the
measured temperatures to produce a set of residuals, and
the cumulative frequencies of the absolute residuals are
shown in Figure 10. It can be seen that 90% of the absolute
residuals of the improved model are within 3.5, which
proves higher accuracy of the improved model in this
research. On the contrary, for Model 1 and Model 2, the
cumulative frequencies of residual values within 8 are 56%
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Figure 9: Measured versus predicted maximum temperature at 2 cm depth in 2017.
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Figure 7: Measured versus predicted maximum temperature at 2 cm depth [equation (2)] during 2014–2016.
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and 37%, respectively. It is not so effective for Model 1 and
Model 2 to predict the maximum temperature at 2 cm
depth in hot-humid areas. But, in general, Model 1 is better
than Model 2.

Possible reasons for this result were discussed. )e
meteorological data and pavement temperature used to
develop Model 1 were collected from a continental climate
zone, Ohio, USA. It will be hot in summer and cold with less
rain in winter. )e meteorological data used to establish the
regression model do not present the characteristics of a hot-
humid climate. Although Model 1 took into account en-
vironmental factors including humidity and solar radiation,
it was still not suitable for typical hot-humid regions. On the
contrary, the data used to develop Model 2 were collected
from a tropical and humid region, Indonesia, but it
neglected the important influence of solar radiation on
pavement temperature. According to the analysis of factors
that influences pavement temperature in this research, the
daily cumulative radiation has the most significant impact
on the temperature at 2 cm depth. Meanwhile, these two
models were linear regression models, and the interaction of
influencing factors was not considered when the models
were established.

6. Analysis of Rutting Depth and Damage

6.1. RuttingDepth. For Section I and Section II, the mixtures
of the following layer and level layer in Section I were
produced with 70# basis bitumen, while the mixtures of the
following layer mixed with antirut agent PR PLASTS and
level layer in Section II were produced with SBS modified
asphalt. Paved after three years, the rutting depths of two
sections were measured, as shown in Figure 11.

Figure 11(a) presents the distribution of rutting depth in
Section I, the majority of which is between 10mm and
20mm. However, the depth over 20mm accounted for about
16.9%, and the maximum depth was up to about 50mm,
occurring near its top of large longitudinal slope. So rutting
had become a primary disease in Section I and maintenance

for rutting had been carried out. For general rutting, high
viscoelastic emulsified asphalt microsurfacing was used for
maintenance, while for severe rutting on uphill section
(rutting depth is close to 50mm), it was usually milled and
then repaved according to structure of Section 2.

In contrast, Figure 11(b) displays the distribution of
rutting depth in Section II, the most part of which is between
5mm and 15mm. Although there was a fraction of rutting
depth over 20mm, it accounts for small percentage of the
total, only 3.8%. At present, the large-scale maintenance for
Section II is not required. )erefore, the bonding material
has an important effect on the rutting resistance of asphalt
overlay. Particularly, in hot-humid climate, priority should
be given to modified asphalt and antirut agent for overlay in
order to improve high temperature stability of asphalt
mixture.

6.2. Damage Analysis. For the most serious rutting damage
from Section I, at one month and the third year since it was
paved, core sample of asphalt overlay was drilled out, as
shown in Figure 12. )e thickness of the following layer
changed from 8 cm to 4.5 cm. Aggregate in it could bemoved
and the skeletons of mixture could be transformed. Besides,
the slippage of level layer occurred entirely because its in-
terlaminar shear strength is too weak. So, the deficiency of
high temperature stability for the following layer and level
layer is the dominant factor that aggravates the rutting
formation and development.

On the basis of the former statistical analysis of the daily
maximum temperature at 2 cm depth for three years, the
proportion over 40°C accounts for 42.15%. In hot-humid
climate, the higher temperature remains longer to aggravate
rutting damage.

Although the temperature of asphalt overlay at 2 cm
depth reached the highest value, heat in asphalt overlay
transferred from 2 cm depth to leveling layer, the section of
which was affected by high temperature, and led to rutting
deformation.

100

80

60

40

20

0
0 1 2 3 4 5 6 7 8 9

Absolute residual (°C)

Pe
rc

en
t l

es
s t

ha
n 

(%
)

Improved model
Model 1
Model 2

Figure 10: Comparisons of prediction errors between Model 1, Model 2, and the improved model.

Advances in Civil Engineering 9



60
55
50
45
40
35
30
25
20
15
10

5
0

k3
74

 +
 2

60

k3
74

 +
 6

60

k3
75

 +
 0

60

k3
75

 +
 4

60

k3
75

 +
 8

60

k3
76

 +
 2

60

k3
76

 +
 6

60

k3
77

 +
 0

60

k3
77

 +
 4

60

k3
77

 +
 8

60

k3
78

 +
 2

60

k3
78

 +
 6

60

k3
78

 +
 0

60

k3
78

 +
 4

60

k3
78

 +
 8

60

k3
79

 +
 2

60

k3
79

 +
 6

60

k3
80

 +
 0

60

k3
80

 +
 4

60

k3
80

 +
 8

60

k3
81

 +
 2

60

k3
81

 +
 6

60

k3
82

 +
 0

60

k3
82

 +
 4

60

k3
82

 +
 8

60

k3
83

 +
 2

10

Stake numbers

Ru
tti

ng
 d

ep
th

 (m
m

)

5–9mm, 26.9per 10–15mm, 67.3per 16–20mm, 5.8per ≥20mm, 16.9per

(a)

30.0
27.5
25.0
22.5
20.0
17.5
15.0
12.5
10.0

7.5
5.0
2.5
0.0

k3
83

 +
 3

10

k3
83

 +
 7

10

k3
84

 +
 1

10

k3
84

 +
 5

10

k3
84

 +
 9

10

k3
85

 +
 3

10

k3
85

 +
 7

10

k3
86

 +
 1

10

k3
86

 +
 5

10

k3
86

 +
 9

10

k3
87

 +
 3

10

k3
87

 +
 7

10

k3
88

 +
 1

10

k3
88

 +
 5

10

k3
88

 +
 9

10

k3
89

 +
 3

10

k3
89

 +
 7

10

k3
90

 +
 1

10

k3
90

 +
 5

10

k3
90

 +
 9

10

k3
91

 +
 3

10

k3
91

 +
 7

10

k3
92

 +
 1

10

k3
92

 +
 5

10

k3
92

 +
 9

10

k3
93

 +
 2

60

Stake numbers

Ru
tti

ng
 d

ep
th

 (m
m

)

5–9mm, 41.8per 10–15mm, 29.1per 16–20mm, 11.4per ≥20mm, 3.8per

(b)

Figure 11: )e rutting depth of two sections after three years: (a) Section I. (b) Section II.
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Figure 12: Core sample test of asphalt overlay: (a) after one month; (b) after three years.
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7. Conclusions

A research was undertaken to characterize the temperature
distribution of asphalt overlay on the existing cement
concrete pavement in Guangxi region, which has a hot-
humid climate. It is found that the temperature at 2 cm
depth in asphalt overlay experienced greater temperature
variation. With the increase of pavement depth, the impact
of air temperature and solar radiation on pavement tem-
perature gradually weakened. )e coverage of the asphalt
layer can significantly reduce the thermal stress of the old
cement concrete slab.

An effective temperature prediction model was devel-
oped to calculate maximum temperature at 2 cm depth in
asphalt overlay. )is regression model focused on four main
factors: daily maximum air temperature, daily cumulative
solar radiation, daily average wind speed, and daily average
relative humidity. Among them, solar radiation is found to
have greatest impact on pavement temperature, followed by
air temperature. )rough data fitting, the predicted tem-
peratures at 2 cm depth are in good agreement with the
measured values. Compared with other existing models, the
developed model has better applicability for pavement
temperature prediction in hot-humid regions.

)e rutting depth of Section I is obviously greater than
that of Section II, so it can be concluded that modified
asphalt must be used as bonding material for asphalt
overlay in hot-humid regions; meanwhile, the antirut
agent must be added. )e deformation in core sample of
Section I also indicates that it is not feasible to use basis
bitumen as the bonding material in asphalt overlay. )e
strength and deformation properties of asphalt concrete
pavement are strongly influenced by its temperature, and
the analysis of environmental impact factors and tem-
perature prediction models in this research can be used
with reference to material selection and structural design
of asphalt overlay.

Data Availability

)e pavement temperature distribution data used to support
the findings of this study are included within the article, the
pseudocode for the ReliefF algorithm and calculating
flowchart are included within the supplementary informa-
tion file, and other relevant data are available from the
corresponding author upon request.

Additional Points

Highlights. (i))e characteristics of temperature distribution
of asphalt overlay in hot-humid climate in Guangxi Zhuang
Autonomous Region of China were presented. (ii) )e
temperature at 2 cm depth in asphalt overlay is affected
significantly by solar radiation, followed by air temperature.
(iii) An effective temperature prediction model for asphalt
overlay was developed using statistical method. (iv) Priority
should be given to modified asphalt and antirut agent for
asphalt overlay in hot-humid regions.
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