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ABSTRACT.

Temperature distribution through asphalt and the underlying layer have been obtained
numerically using finite element method where a varying induced heat from sun and
environment cause fluctuating temperature distribution throughout .The maximum effect of
these parameters on the temperature of the asphalt is expected in summer, so the
temperature distribution was studied in the summer only. Some interesting results were

found ; at tropical zone such as in Baghdad the asphalt surface temperature may reach (70 C
) and it is reduced with depth .Due to fluctuating environment heat effect, the subsequent
temperature of the asphalt and the underlying layer may fluctuating with some delay and
damping  depending on the layers thermal properties , these result may be used later to
predict both the erosion rate of car tiers and asphalt thickness, also the preserved energy
using asphalt layer may be used to confined heat for further usage as in electrical generation.

Keyword: asphalt temperature, finite element method, tropical zone environmental,
Solar heat gain and temperature measurements.

1. INTRODUCTION.

The temperature distribution through asphalt pavement had special importance due to its
effect on the efficiency of braking in vehicles .The rate of erosion in the rubber of the tires is
affected mainly by its temperature; also the temperature in asphalt is importance due to its
effect on the temperature of its environment such as building. The emission of heat from
asphalt to the environmental is deeply effect on the amount of heat received by the building
and the subsequent increase in its temperature which highly affect the building thermal load.

So special attention has to be concentrate on this field .In this work the temperature
distribution through a layer of asphalt was studied taking into account the influence of the
environment and the heat flow through the layer of the asphalt. The benefit of determining
temperature distribution through the asphalt can be extended to study the rate of erosion of
the asphalt itself so the expected life of the asphalt road with good characteristic can be
determined.

2. LITERATURE SURVEY.

A literature review was conducted to locate previous work done in the field of modeling
temperature distributions in asphalt layers as a function of thermal environmental
conditions. The more significant studies that deals with the same state are:

Pioneering research in the field of asphalt pavement temperatures was done by Barber
[1]. Barber attempted to correlate pavement surface temperatures and temperatures at 3.5
inch depths with standard weather report information. The weather parameters used were
wind speed, precipitation, air temperature, and solar radiation.

The research and analyses showed that when solar radiation was included in the analyses
with air temperature, the sine curve approximation provided reasonable estimates of
asphalt surface temperatures.

188 AJES-2012, Vol.5, No.2



Anbar Journal for Engineering Sciences

Straub, et al [2] studied asphalt pavements in the northern climate of New York. The
study considered both 6- and 12-inch thick dense graded pavements at various depths. The
study showed that surface temperature measurements must be made at the surface to
achieve a good correlation with solar radiation received at the site. Straub stated that
temperatures at various depths of an asphalt pavement are independent of the thickness of
the asphalt pavement.

Demsey and Thompson [3] used an approach similar to that of Straub et al., to create a
model to evaluate frost action in multilayered pavements. The inputs required for the
model included the climatic properties of short-wave and long-wave back radiation,
convection, and air temperature. Inputs of thermal and material properties were unit
weight, moisture content, material classification, thermal conductivity, and heat capacity of
the pavement material.

Williamson [4] developed a model by adapting a FORTRAN IV model developed by
Schenk, Jr. (1963). This model used finite-difference techniques to predict temperatures at
various depths over a short period of time, usually a day. Inputs for the model included
climatic parameters as well as the thermal properties of the pavement. Results of the
analyses indicated that while variations in the surface absorption coefficient had large
effects on temperatures, variations in other items, such as, emissive power, convection
coefficient, and thermal conductivity had more marginal effects on temperature.

3. MATHEMATICAL FORMULATION AND BOUNDARY CONDITIONS.

Usually the depth of asphalt layer in the roads is much smaller than its width then the one
dimension modeling of the heat transfer equation is reasonable. So the governing partial
differential equation that covers this case is the one dimensional heat flow known as Fourier
equation for heat flow [5]

or_,or (1)
"ot ox’

And the possible boundary conditions are

a) Solar heat gain

Solar radiant heat gain is the net solar radiation absorbed by the asphalt .It is assumed that
all solar radiation incident on the asphalt surface becomes heat gain except for the portion
reflected at the surface .The absorptivity of the asphalt is taken 0.9 [6]. To determine the
reflected and absorbed portion of solar energy

I, ,=a(l,cosO+1,) )
Where

-B
I, =A4e™’ (2a)
cos@ =cos  for horizontal surface (2b)
1,=1,,C (2¢)
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A, B, C can be found in many references such as is ASHRAE hand book see [7],there a
well establish criteria of calculating angle of sun [ is established .A computer program
was developed to calculate this angles at each hours of a day for June ,July and August in
order to obtained the part of solar energy induced to asphalt surface at each hour of a day
,the calculation will determined the solar energy that strike the asphalt surface for the three
month at latitudes of 32.2° (i.e. at Baghdad)

b) Thermal radiant heat transfer
A well defined linearzed radiation coefficient is[4]

T +T,
hr = 48/01410( S 2 - )3 (3)
HereT,,,T, arein “K, and¢g,,, =0 .9

The value of T, can be obtained from many references [1] where the average weather condition is

shown in tab.1.

T, =T[0.71+.00567, +7.3x10°T: +0.013cos(27 ¢/ 24)]"* (3a)

A dew point temperature can easily be obtained depending on weather condition [7]
Then

Qe =1, (T, = T) (4)

¢) Convective heat transfer
Heat transfer coefficient is defined by many references [5] and heat transfer by
convection to or from the Asphalt can be defined as

q., = hco (T;M _TZ) )

Nussult number is used here to determine the turbulent heat transfer coefficient.
Nu_=0.0296Re " Pr'” (6)
And by integration through the width of the asphalt one can obtain the average value:

Nu, =0.037Re!” Pr'” (7)
Where air properties are found at film temperature and L is the width of asphalt =5m
d) Daily temperature variation

Daily temperature variation program is published by Parton [9] and is used in this work,

it need some local assumption depend on the location, the hour after noon of the sun to
reach the maximum temperature which is measured in Baghdad to be 3 hours after the noon

of the sun and the time in hours after sunrise to reach the minimum temperature which is
chosen to be zero.
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3.1. Surface Boundary Condition.
The surface equation of heat transfer can be summarized as

q.s‘ = Iind $ qco - qrerad

3.2. Asphalt Properties.
The thermal properties of asphalt and the ground are [6]

Asphalt

Ground

Thickness=20cm Thickness=2.8m

k=043W.m K~
p =1200kg.m p =1885kg.m
Cp=1080 J.kg K

1

3

-1

Cp=796J.kg K

k=865W.m .K

(8)

1

-1

The unaffected depth is tested to be 3 m ,there an adiabatic boundary condition can be

assumed

3.3. Finite Element Formulation.
The space wise discretiza tion of Fourier equation subject to the above boundary
condition can be accomplished using Galerkin method .The region of interest Qis divided

into a number of elements, Q°,with usual shape function N, associated with each node, the
unknown function T is approximated through the solution domain at any time by:

T=3N,(0T(0)

)

Where T,(¢) represent the nodal parameters. Substitution of the above equation into
Fourier equation (i.e. equation 1) and the application of Galerkin method results in a system

of ordinary differential equations of the form [10]

[C1T +[K]T +[F]=0

o,
ot I F
o7, T, P
WhereT: ot T and [F]= 2
. \FP J
an \Tl’ J
L at J
And the typical matrix elements are
ON .
K =3 jk(@—’)dfl
! > Ox Ox

C,=3 [pC NNdQ
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(10)

where p is the total no. of node

(1D

(12)
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F ==Y [qdl (13)

In the above, the summation are taken over the contribution of each element,Q°,in the
element region and ' refers only to the element with external boundary on which surface
condition is applied, using linear shape function which normalize to time interval Az, the
result is in standard linear shape function , then the application of weighted residual theory
to equation 9 with linear shape function than the result in matrix form will be:

([CLr @[K]) T, +(_[C]+ a —G))[K]an +F=0 (14)
At At

Where

F=F, 0+F (1-0) (14a)

And O can have different value. In this solution a forward difference has been chosen due
to its simplicity (i.e. ® =0) an iteration solution has been used at each time step to insure an
accurate results.A time step of 1/4 hour is chosen and a starting time at 1% of April with
initial condition asphalt temperature of 22° C and the calculation will be stopped at 22
August .Assume 20 cm thickness of asphalt and the temperature variation is vanished at 3m

4. RESULT AND DISCUSSION.

The Environment temperature for daily variation of temperature is shown in Fig.(1).It was

assumed that the maximum temperature occurs 3 hours after the noon of the sun and the
minimum temperature occurs at sunrise. Assume the modulation used to determine the
variation of daily temperature as suggested by Parton [9].The solar radiation that strikes the
surface of the asphalt is shown in Fig.(2), as calculated by the program developed to
determine induced energy to asphalt .It is includes horizontal component of direct normal
radiation and the diffused solar radiation at 21 June, 21 July, 21 August .clearly at this
altitude the maximum solar energy occurs at 21 June.
The localized heat transfer coefficient of heat transfer between air and asphalt is obtained
using eq.(7) where the wind velocity is equals to 4 m/sec which is the common wind
velocity in Iraq. The surface temperature of asphalt for this wind velocity is shown in Fig.(3)
for 21 June, 21 July, and 21 August.

Because the combination effect of solar radiation and thermal environment load dominate
in July then the surface temperature of asphalt will be maximum at this month see Figs.(2 ,3)
The in-depth temperature distribution with asphalt thickness of 20 cm will fluctuate, this is
due to fluctuating in environment conditions (i.e solar heat flux and ambient condition) ,See
Fig.(4).The inside temperature distribution is shown in Fig.(4) for 21 June where the
transient fluctuating is damped as thickness increased this is due to influence of layers
thermal properties .

Good agreement can be observed between theoretical and experimental data which may
verifies the mathematical model.

S. CONCLUSIONS.

1. The finite element method describes well temperature distribution through asphalt
pavement and good agreement is found comparing with experimental data.
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2. In hot region at summer the maximum temperature of asphalt may reach 70 ~C with wind
speed of 4 m/sec at 21 July which is the maximum temperature that may occur since the
combination of maximum solar radiation and thermal environment load is maximum.

3.The inside temperature distribution at a depth of 20 cm of asphalt will fluctuated reaching
its max of 48C, 6 hour after the max temperature of the environment and its minimum

temperature is 42° C ,occurs three hour before the max temperature of the environment
this may vary depending on the thickness of asphalt layer.
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Nomenclature.

A- apparent solar radiation at air mass=0[ W. m_z]
B- atmospheric extinction coefficient
C-diffused coefficient

C - specific heat [J ke KT

h -coefficient of heat transfer by convection[w. m ~.K ]
I -solar flux[w. m ]

k -thermal conductivity [w. m~ .K ']

N, - shape function

q - heat flux [w. m ]

T —temperature[° C or “K]
t-time [ s or hr]
[C],[K],[F] -matrices

Greek letters.

a -absorptivity
S -solar altitude with horizontal
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£ -emissivity

y - solar surface angle (from south)
Q -region

p - density [kg .m "]

o - Stefan Boltzmann constant=5.669x10 *[w. m 2K 4]
0 - angle of incidence between the direct solar beam and the normal to surface
I - surface

Subscripts or Superscripts.
av-average

a-air

d-diffused

DN —direct normal

dp-dew point

co- convection at outside
e-element

ind-induced

low-low temperature radiation
r-radiation

s-surface

rerad- reradiation
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Table (1): Summer environment weather condition in Baghdad.

Relative
Month Max. temp. C Min. temp. C Humidity%

P.M AM
June 41 23 13 34
July 43 24 13 32
August 43 24 13 33

194

AJES-2012, Vol.5, No.2




Anbar Journal for Engineering Sciences

44.00 —

40.00 —

36.00 —

Tinf (C)
|

32.00 —

28.00 —

24.00 ‘

L L A L I R L L L
6 8 10 12 14 16 18 20 22 24
hr

o
0 2 4

Figure (1): Daily variation of environmental dry-bulb temperature at July.
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Figure(2): Solar radiation at different months, solid line for 21 June, small dashed for 21 July, long
dashed for 21 August.
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Figure (3): Daily temperature variations through different months, bold line for 21 August, dashed
line for 21 July, thin line for 21 June.
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Figure (4): Temperature distribution at different depths, the line combined with dot point indicates
experimental data(dot) and theoretical result (line) at the surface.
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