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Heat Transfer Characteristics of the Asphalt pavement
by Solar Energy accumulation
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2 o FU ofATE 2 LR AA A9 oF 90%°1dS ARSI Jlon, AHFEE FolAe M B SISH
AFE AL Utk ofATE 20| IAE EAL =AA EHATH(Heat island effect)o] €Qlo] HIL glow, E&
OIATE W 25k F7HE Qlsf dhkol €glo] Hal itk o] A Y & AFolNe @ Wt vt XY el oA
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WC-29F vi=4d AEQl PA-13, £EBAE 283 WC-2 Y=o A S EHAAHIALE, vdeF, et
£)% oA Ao wg AHEEHIE Frletglth dig AtolA Ay FirAo] wE dMEE AT} HFMA
3 Wl A3, 1.2~2.0819 ZpolE HERHT ol ofATEEREC] FouA] FHo mEt dHEET} Mokt A
ojulgith. APAHRE o|§5to] ofATE EFES] HHRES Yo wE FAEEY] JUPAE EAstgeH, WC-2
A=l A¢ ZIAFEHQ JuuAE PA-139] A9 A¢ AFSHIAES Ut Aok FF ol g &4 A
© FolldAlel o3t okATE SRbEC] wgrt 9 B AT Ao &8 7 AYATU E Aol wetdh

Abstract Asphalt pavement accounts for more than 90% of the total pavement in Korea. Pavement is
most widely constructed among construction structures. The heat transfer characteristics
(Thermophysical Properties) of the asphalt pavement cause the heat island effect in downtown areas. An
increasing asphalt surface temperature is one of the major causes of damage to asphalt pavement. This
study examined the heat transfer characteristic factors according to solar energy accumulation in an
asphalt mixture. The specimens (WC-2 & PA-13, Recycled aggregate used WC-2) used in the experiment
were compacted with a Gyratory Compactor. The thermo-physical properties (thermal conductivity,
specific heat capacity, thermal diffusivity, and thermal emissivity) and solar energy accumulation were
evaluated. The thermal accumulation and HEM tests revealed a 1.2- to 2.0-fold difference. This indicates
that the thermal conductivity of the asphalt mixture pavement changes with the accumulation of solar
energy. An analysis of the correlation of thermal conductivity according to the surface temperature of
the asphalt mixture showed that WC-2 was logarithmic, and PA-13 was linear. Experiments on the heat
transfer characteristics of asphalt pavement that can be used for thermal failure modeling of asphalt
were conducted.

Keywords : Asphalt Mixture, Thermal Conductivity, Thermo-Physical Properties, Porous Asphalt, Dense
Graded Asphalt
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Fig. 1. Heat Conduction Through a Section
of Asphalt Pavement

Fig. 12 Fourier's theoryS &%t ofALE &3}
9| gdrdol, ofATE ZAA| 9] df-S(Heat flux)
2 Eq. (¥} Zo] @A
AT

AX

ot

(TQ_Tl)

—k4 AX

Qy=—kA )

Where, @)y rate of conductive heat transfer in
the x direction (W), k transport property known
as thermal conductivity of the medium (W/mK),

A surface area (nf), AT/AX temperature gradient
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in the direction of heat flow for one-dimension
(K/m), Tstemperature at depth (K), Tisurface
temperature (K).
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Factors affecting Pavement
Heat Transfer Properties
{
Weather Condition Pavement Material
Solar Irradiation

Air Temperature
Absorptivity
Emissivity
Reflectivity or (Albedo)

Wind Speed
Humidity

Thermal Conductivity
Rain Specific Heat Capacity
Density

Thermal Diffusivity

Thermal Effusivity

Fig. 2. Factors affecting Heat Transfer Properties
of Asphalt Mixture
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Aot g A= F oleFE BHEHoRE 4% =
Eq. Q< o]8sto] A= E A3
_ 1, [(ky + (ky 1)) + (ky + (ky, TVHFM) + (k5 + (kg T) HEM?)] (2)
a7
Where, ki~ kecalibration constants of the
apparatus determined, separately (from testing a
sample of known thermal conductivity), 7

average temperature of the hot and cold plates
(K), dT Hot plates temperature - cold plates
temperature (K), HFM heat flow meter output, I,
thickness of the slab.

2.2.2 HIEL%F (Specific heat capacity)

99 U By LEUE 45 AVl Bad o
8 ST OB 74 AR 2219 A8
T4 EFHEE ol85to] Eq. (3)7 Zo] AAsi. o]
9 2ore] 54 Ase] VASFE Table 18 A%
o

cp:—[mA*cA-O-mB*cB] 3)

Where, ¢, total specific heat capacity (J/kg'K.), m,

Total mass (kg), m,aggregate mass (kg),

€4
aggregate specific heat capacity (J/kg'K.), my
Binder mass (kg), ¢;Binder specific heat capacity

(J/kg'K).

Table 1. Specific Heat Capacity of Pavement
Constituents [6-9]

Aggregates/Pavement Specific Heat Capacity
Constituents (J/kg K)
Quartzite 701~800
Granite 790
Limestone 908
Basalt 804
Bitumen 2093
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Where, E,,.,ma Thermal Emissivity, 7; Infrared

camera temperature (C), 7, Surface Temperature (C)
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Fig. 6. Emissivity Results of the Test Samples

224 FtE

Fo] ot AlHof| A== £ E ou|sh, JgH4t
0] £Z A% 99 At w2y Eg HS fud @
2 FY €& AL 479 A9t &S =
o} AP 412 Eq. (5)3 At

oz=k:/(cp*p) )
Where, @ Thermal diffusivity (m¥/s), p Density (kg/m)

2.3 SOILX| X0 2 BT HSAR

FolulA] o] W2 opAwE EAge] FHE B4
A e MAZLOR BASIA Fig. 73k 22 4B 3
At Alge] 288 HMARE BordeluiAE A
gon], 44 Seutet o158 71 13 LARK1000
W/mel A $Ixlo] AX/sgct,

AU f j' &
o e — -'—'J TN
Steel Frae Data Loger I

= = _,‘ 7“-&7 r g R
. oW S5

| Inferred Lamps

- =\

K Aconatt sample |

Fig. 7. Thermal Accumulation Test Setup

| Sample Side

Asphalt Sample

Fig. 8. Test Setup for Asphalt Sample



SHARSH 1 &38| =5 2] #2138 A6ZE, 2020

Fig. 79] ofAZE AE9| A" ©HL Fig. 87} Zth
OFATE AW 1o PZIZE(Lean concrete) BIS
&HEE AX|slo] YHHF O R ARSE|E ofAWE IR
A GHE BYP3slordet. E3F Fig. 87 o] A|H %
Fol AREAY 2EAAE FE6lo] AAIZFO R ofA
ZE AHY GAEEE A5 5= A stk X
T AR 42 Eq. (6T 2t

Hf(t) X H,
TTO-5,0)

s

©

Where, Hf(t) heat flux through the asphalt sample
at time (W/m), H, Height of asphalt sample (cm),
T.(t) Surface Temperature (C), Z;(t) bottom

Temperature (C)
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Table 2. Property of Hot Mix Asphalts

Type of HMA WC-2 re_WC-2 PA-13
Sieve size(mm) -
20 100 100
13 99.4 99.1
50 63.2 26.1
passing 2.5 44.8 17.6
%) 06 22.2 8.2
03 13.7 63
0.15 99 5.1
0.08 5.1 35
Op“crgﬁinﬁi/gha“ 56 57 46
Density (g/m) 2361 2364 2.013
Air void (%) 4.4 4.4 20.2

WC-2 Sampling PA-I Sampling

Re_WC-2 Sampling

Fig. 10. Asphalt Specimens
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Table 3. Thermo-physical Properties of the Asphalt
Mixtures Results

Type of HMA WC-2 PA-13 reWC-2
Total weight (kg) 1.968 1.745 1.959
Percentage of
bitumen by mass (kg) 0.104 0.077 0.106
Percentage of
limestone by mass (kg) 1.807 1.668 1.853
Density (kg/m’) 2361 2013 2364
Thermal conductivity
W/mK) 1.18 09 1.17
Specific Heat capacity
(/ke'K) 970.8 960.1 971.9
Thermal Diffusivity
10-7) (ai/s) 5.25 4.66 5.09
Average thermal 0.90 091 090

Emissivity
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