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ZAA9 Alm 29lo 2 J-584 QXK Thermophysical properties)¥ ZFA EH] AXKSurface property)2
2 Udth £ AFolMs 28A AvEQl o 2go] 7]Eo] H ofATES] d-E84 QIR it Ad-E W5}
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Abstract In general, the factors affecting the heat transfer of asphalt pavement are divided into weather
factors and pavement materials. Among them, material factors include the thermophysical and surface
properties. An experiment was conducted on the thermal-physical factors of asphalt, which are the basis
for the pavement failure model. The thermal conductivity, specific heat capacity, thermal diffusivity, and
thermal emissivity were evaluated as the thermo-physical properties of asphalt. The specimens (WC-2
& PA-13) used in the experiment were compacted with a Gyratory Compactor. The experimental results
of WC-2 and PA-13 showed a thermal conductivity of 1.18W/m'K and 0.9W/m'K, specific heat capacity
of 970.8]/kg-K and 960.1J/kgK, thermal emissivity of 0.9 and 0.91, and thermal diffusivity of 5.15m*/s and
4.66n/s, respectively. Experiments on the heat transfer characteristics (thermo-physical properties) of

asphalt pavement that can be used for thermal failure modeling of asphalt were conducted.
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Fig. 1. Radiation, Conduction and Convection
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Fig. 2. Heat conduction through a section of
asphalt pavement
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Fig. 22 Fourier's theoryE &

o GRgolr], ofABE BAY| D (Heat flux)s
Eq. (D)3 Zo] EAH.
o AT ( - T1)
Qb Xy = MR @

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 (m), AT/AX temperature gradient
in the direction of heat flow for one-dimension
(K/m), Tstemperature at depth (K), Tisurface

temperature (K).

Radiation Heat Transfer

Thermal (or Emitted)
Radiation

| Solar (or Absorbed) |

Radiation

A

Emissivity of asphalt
pavement surface, &

Absorptivity of asphalt 1

pavement surface, «
Fig. 3. Heat transfer by radiation of asphalt
pavement
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mitted ~
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surface temperature (K)
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Where, @, rate of convection heat transfer(W),
h, heat transfer coefficient (W/m2 K), A surface

area (nf), 7, surface temperature (K), 7} fluid

temperature (K).

2.2 OJATE I AN
OIATE ZAA|9] &
Al G2} ZFA Y] fEE
A9 A= gRlo2= F-E714 IR Thermophysical
properties)d EAA] EHC] Q1AKSurface property)
o= udrh
OIATE A

L

QAo YIS vlAE EA A

S8 (Absorptivity)  HARX(Emissivity), YA
(Reflectivity or Albedo)Z FAEL. 582 HHO|

Ak oA YAFS LehRl vgE Qo
0~19] W9l Gk, ofea Sk R HhAL 1 0,
% F49l 12 oJulaiet. o] fUEE WAk,
WY, 58 AR, 2| W LE U wY BAY b
© o] uet ee, Qubhoz oprawE Y
£ 082~0.93 Uik, oljd S| of
ABE EHY w522 U] Wobt Ay F=o] ut
o AA3] hshe AP Bl
Aogst WY eio 2] WY, W 250 AL

Q]
=

Jot 2

=0
%
S

o] g

o

2t



SHEARSH 1 &38| =5 2] #2138 A%, 2020

£ 1 249 F5& Yot AR oF9] o
HUAE §5 T 45 = APAEAY E9 BRAL A A
Aol oluA] vl&-E Uiith o|2H o0& 9 YR E
100% EAbStaL EH RS e 222 B4
(Blackbody)2tstd, ojuo] A2 12 €. A
SHARl EAl= Y| Aefof et o2y tiRE 15
22 32 2 "ok AR Ee dHEE BHOE ¢
AtEl= olHA Y WiAlE= o HER 4T SY
2% 1(EAY A2 vehde}. dEtHoz olfL 1
A wf 2 B2 HHY o) 01, ofARE SHHEY
7% 0.05~0.1, =93} & ¢ 0.1~0.159] ¥hAREE 1
EfWliTt,

FHY 9 Ao TS A= E-EYE dAE=
GO oo &9 dold, A 1=5E A& skt
a3t ¥ Yehe @A% T (thermal conductivity),
@9l A &Y 2ovE S Al7led 28 g
ol v]¥-&FK(specific heat capacity), Eo] A= 3t
AEle £5g Uehd @84ke(thermal diffusivity),

2 2ol AA EHOIA AR EARE SAof B
AHE AR H]E(Thermal Emissivity), D% (Density)

£ Q7o) QU O AASElIAE AYE ofam
E B8 i BY2L ol8sle] ofamE XA
o FolulA A B4 QA4S AESHET DofuA
o] e GEHQIA ghe] WotE A¥S Botol Wt

soiet.

3. &Mz 7|2Ed

Ao AREEo]H ofATE TFEY 7
Table 13} 2t}h A Y= GRHH 0 R ARE0IX]
YL ofATE HEQ WC-2(KS F 2349)2F 3=&
£ Hi5A ofAZE HSRI PA-13E o853t 2
B AES AA AMEEA = F olAZE ZE 9
T2 FFE Aolo] g5t EHY XolE Yothr] ¢
oot AREEO(R HRRITE WC-29] H-9 AP-3,
PA-139] 79 18R 7J4 ofAZE (SBS PMAYE AR
Sttt Al EAIRS @ T FARE A3 HR71E
ol&ste] thxlZt 1.25°.53] &8 600kPa, THIEE 30
3l/mim& A& 150mol o] 50me] AJHE A2kl
=g

r

e
e
ox

I* rlo

M O r

Table 1. Property of hot mix asphalts

: i Type of HMA We-2 PA-13
Sieve size(mm)
20 100 100
13 99.4 99.1
5.0 63.2 26.1
passing 2.5 44.8 17.6
%) 0.6 22.2 8.2
0.3 13.7 6.3
0.15 9.9 5.1
0.08 5.1 3.5
Optimum Asphalt
Content(%) 56 40
Density (g/m) 2.450 2.468
Air void (%) 4.8 20

WC-2 Sampling

PA-13 Sampling

Fig. 4. Asphalt specimens
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Table 2. Thermal conductivity of pavement
constituents[7-9]

Range of Thermal
Aggregates/Pavement -
Constituents Conductivity
(W/m K)
Quartzite 5.5-7.5
Granite 3.0~4.0
Limestone 1.5~3.0
Basalt 1.3~23
Bitumen 0.15~0.17
Air 0.024
Water 0.6
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Where, of the
apparatus determined, separately (from testing a
T

ki~kscalibration  constants

sample of known thermal conductivity),
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.

3g AlHe] FAEEE WC-2 4% 1.18W/mK=

EREI PA-139] A% 0.90W/m' K2 YeRHTt

I

2

H]

H|ZEL22F (Specific heat capacity)

FEF2 O] A T 2a0E A5 A7l
gt I uigith IFste} 2419 2 skt
Ae o Eq. )3 Zth

AQ=mc,AT ©)
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Where, AQ heat gain or loss(J), m mass (kg), «,
specific heat capacity (J/kg K), AT temperature
change (K).

OIAZE Z3E9| HY

Zzke] A8 T4 BYUES

L8F0 ofATE LA A7 O]
& ©l83t] Eq. (602 2

O] /‘R_]_—Zéﬂoﬁ:}- o}/\.u]-E _‘9‘_0 _,] H]Oﬂ _Q_E]:O ._. /\1
3} o] A% k. 4, Table 3 ¥4 A2 v
ZolH, Table 4= 2t £k W& ZFA =R g %
FE UEd Holo
_ 1
¢, = mT[mA*cA—O—mB*cB] ©)

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

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

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

(/kg'K)).

Table 3. Specific Heat Capacity of Pavement
Constituents [7-9,11]

Aggregates/Pavement Specific Heat Capacity
Constituents (J/kg K)
Quartzite 701~800
Granite 790
Limestone 908
Basalt 804
Bitumen 2093

Table 4. Mean values of dry-state specific heat
capacity of pavement components (Max
variation of +7%) (Dehdezi, 2012)

¢,(/kg K)
Components
-10T| 0t | 7C | 17C | 27T | 37C | 47T | 57C
Limestone | 793 | 838 | 859 | 878 | 892 | 904 | 917 | 931
Quartzite 609 | 629 | 642 | 659 | 675 | 693 | 709 | 724
Copper slag | 628 | 670 | 679 | 691 | 701 | 712 | 723 | 734
natural sand | 610 | 637 | 655 | 679 | 698 | 711 | 721 | 734
Lytag 620 | 712 | 741 | 767 | 778 | 787 | 799 | 812
Rubber 1194|1292 (1326 | 1369 | 1406 | 1444 | 1485 | 1523
Handened | g7 11021 | 1004 | 1241| 1458 | 1714 | 1978] 2300
Cement Paste
Ferag 521 | 552 | 562 | 575 | 586 | 589 | 609 | 618

AAT WC-2 A$ 970.8)/kg KR Uehtx
PA-139] 7% 960 1]/kg K2 Uehdth 7|28o8 2
0] o W2 TFEQ WC-27F T A= Fol
o} H|gdeeo| ¢ =& AL & £ 9t}

T AE
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Data logger

Asphalt Sample
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S
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Fig. 7. Emissivity Experimental setup
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Fig. 8. Infrared camera photo
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0.95 [} : 1
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w 0.80
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5075
#WC-2Emissivity (X
0.7 v (6

0.65 ®Pi-13 Emissivity (1)

0.60
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Bottom Temperature ()

Fig. 9. Emissivity results of the test samples
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Where, @ Thermal diffusivity (m?¥/s), p Density (kg/m)

Table 63} o] si3 A HE9] F&teE= WC-2 3
- 5.25nf/s, PA-139] - 4.66m/s= ERRT AT
= AlgZ7oly WC-27F PA-13 tiu] oF 10% o whE
g FAS Hol: g & & itk
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o] 7% 4.66m/s2 UEFSTE
(4) & A7o] Ao} Zo] ofARE 3 3ol LAY

Table 6. Thermal Diffusivity results

h 1 Specific hermal _ _ _ o
Therma Heat Density Therm, 6]"’]5 %ﬁ‘é’ —E—*éoﬂ EHT?} Ae]b_’% ;x(lb‘ga]'—éﬂ ”‘1 o]—
conductivity capacit (kg/) Diffusivity B ~ o B
WK ;f;g,lg (x10-7) (x/s) ATES] g4 AF 9 o HPS Wrltle 7%
Az g 38 = Aol Tty
WC-2 118 970.8 2361 5.25 ¥ 28 2B o] At
PA-13 0.9 960.1 2013 4.66

References
Table 7. Thermo-physical Properties of the
asphalt mixtures results

o] Eol H|FEFo] ¢ w2 ZAoE wetHErh
IIAE AHS 53 45 ~ 85C =0 Hie
PRS2 WC-2+ 0.90, PA-13& 091 UE
Wk gsEE WC-2 49 5.15m/s, PA-13

2=

3

723

[1] SHAOPENG, W., MINGYU, C. & JIZHE, Z. ‘Laboratory
investigation into thermal response of asphalt
Type of we2 PA-13 pavements as solar collector by application of
Total weight (kg) 1.968 1.745 small-scale slabs”, Applied Thermal Engineering,
Percentage of 0.104 0.077 Vol31, No.10, pp1582-1587, Jul. 2011
bitumen by mass (kg) ’ ’ DOI:http://dx.doi.org/10.1016/j.applthermaleng.2011.01.028
E:::;tr?sebdm ss (ko) 1.867 1.668 [2] Wong, N. H., Y. Chen, “Tropical urban heat islands’,
Y mass ke p.272, Taylor & Francis, Abingdon, UK, 2008, pp272
Density (kg/m) 2361 2013 DOI: http://dx.doi.org/10.4324/9780203931295
(T;)l;;:;lmg conductivity 1.18 0.9 [3] Stempihar, J. J., Pourshams-Manzouri, T., Kaloush, K.
o - E. & Rodezno, M. C., “Porous Asphalt Pavement
ép/’igll(l)c Heat capacity 970.8 960.1 Temperature Effects for Urban Heat Island Analysis’,
— Transportation Research Record, Vo0l2293, Nol,
(hermal Difusivity 525 466 pp123-130, Jan. 2012
X m/s DOL: http://dx.doi.org/10.3141/2293-15
Average thermal
Emissivity 0.90 091 [4] Bergman, T. L., Incropera, F. P., DeWitt, D. P. &
Lavine, A. S. “Fundamentals of heat and mass transter”
p.1072, John Wiley & Sons, 2011, pp1072
[5] Incropera, F. P., Lavine, A. S., Bergman, T. L. &
5. A= DeWitt, D. P. Principles of heat and mass transfer’,
' = p.1000, John Wiley & Sons, 2017, pp1000
[6] Cengel, Y. A., ‘Heat Transter: A practical Approach’,
Q. 1= = Z] o]lt-o -7 d»lo
=zl 8ol 7 7K ARl WC-2 E=et p.896, WBC McGraw Hill, 2002 pp896
_13 Hi2A ARO] QAT o)X mx AISS ZdE ‘
PA-13 Wid o] & L_‘é: W =5 S Ao [71 Sundberg, J., “Thermal properties of soils and rocks’,
of T3 #L AYE &5 p327, GEOLOGISKA INSTITUTIONEN Publ. A57, 1988.
pp38-39
(1) AHog A1eE ZFE 5t dATE A3 2 [8] Somerton, W. H., “Thermal properties and
. . = temperature-related behavior of rock/fluid systems”
I WC-2:= 1.18W/m'K, PA-13+ 0.90W/m'K p.256, Elsevier, March 1992. pp.256
A7LA o ujo S 55 HjZ=A] LR} &S5k
2 ZFH o2 U g0 Wi 2 &3 [9] Banks, D., “An introduction to thermogeology: ground
5 Hr} 9F 31% 2 32 e oy, o= &3HE source heating and cooling”, p.339 John Wiley & Sons.
- = = = = 2008, pp.339
o] ITI1& Zjo olgf A= H Sl pp
4 °*‘Oﬂ 1} 12 ‘;:H ‘BHE 7o il J;;gq DO http://dx.doi.org/10.1002/9781444302677
3719 EHERE 7= Ao| 2 Tt .
571l Eo ' E? 871 fel = [10] Hilton LTD, P. A. 1994. ‘“Experimental operating and
(2) HIEEF2 WC-2 B 970.8]/kg'K= YeL maintenance manual:Netzsch HFM363/3/1” p.16,
PA-139] 7%- 960.1]/kg' K= HeRstTt. o] Egt Netzsch. pp.7
T=E0] ¢ W2 S3MEQ1 WC-271 &3t Alz9 [11] Busby, J., Lewis, M., Reeves, H. & Lawley, R., “Initial

geological considerations before installing ground
source heat pump systems’, Quarterly Journal of
Engineering Geology and Hydrogeology, Vol42, No.3,
pp.295-306, Aug. 2019

DOL: http://dx.doi.org/10.1144/1470-9236/08-092




SHEARSH 1 &38| =5 2] #2138 A%, 2020

0] & S(Kwan-Ho Lee) EREE

+19914¢ 29 : vy EEY
8} (F3HAD

199649 12€ : "= Purdue
Univ. Civil Eng.(Z5¥Ah)
200649 99 ~ @A : FHZIFH

ohi AU 3

Z M Z(Seong-Kyum Kim) (M52

20109 249 © FHFFAHAL A
Hgr3gslat (F3HAD

20124 29 © FPBFAASL
A3 (FHEAD

20174 249 © SHFFHAL
AT (FSHAD

20174 29 ~ A4 - FASFH
stw Ae7328H} (Post. Doc.)

724



