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Experimental characteristics of heat conduction of

semi-rigid base asphalt pavement
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(1. School of Highway, Chang’an University, Xi’an 710064, Shaanxi, China; 2. School of Materials
Science and Engineering, Chang’an University, Xi’an 710061, Shaanxi, China)

Abstract: In order to deepen the understanding of the temperature field of semi-rigid base asphalt
pavement and its thermo-mechanic characteristics, by using an experimental device in type of
double plane samples for heat conduction developed in laboratory applying the Fourier’s law, and
by considering the structural characteristics of an accumulational material in great volume,
6 kinds of cement treated aggregates mixture and 4 kinds of bituminous mixtures were studied to
measure the thermal conductivity in different temperatures, and to analyze the heat conductive
behavior of asphalt pavement. The results show that the thermal conductivity of cement treated
aggregates mixture and bituminous mixtures increases linearly with the augment of temperature;
the thermal conductivity of dense-graded asphalt layers is 1. 03~2. 10 W/(m « K), while the
thermal conductivity of dense-graded cement treated aggregates layers is 1. 03~1. 60 W/(m * K),

thus bituminous mixture has a better thermal conductive property than cement treated
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aggregates. Dense-graded mixture is better about 0. 33~ 1. 84 W/(m -

K) than open-graded

under the same temperature condition, which indicates that void ratio of materials is a key impact

factor; the thermal conductivity of coarse-grained is larger than that of small-grained in the same

base type, demonstrating that the aggregates contribute a lot to heat conduction; the material

type is crucial for the thermal conductivity of semi-rigid base asphalt pavement, and the first

factor influencing the conductivity for the same material is the void ratio and the second is the

grain size, and that the pavement heat conduction is usually in transient state but not in steady

state. 6 tabs, 5 figs, 20 refs.

Key words: road engineering; semi-rigid base asphalt pavement; heat conduction; thermal con-

ductivity; experimental characteristic
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Fig. 1 Pavement structure of entity engineering and

temperature range at interlayers
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Tab.1 Kinds of pavement materials used in

heat conduction experiment
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Fig. 2 Control mode of temperature for heat conduction experiment
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Tab.2 Control conditions of temperature for heat conduction experiment
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Tab.4 Heat conduction quantity and thermal conductivity of bases treated by cement at different control temperatures
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Fig. 3 Variation of thermal conductivity with control

temperatures for bases treated by cement
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Tab.5 Bitumen content and void ratio of asphalt mixtures
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Fig. 4 Variation of thermal conductivity with control

temperature for asphalt layers
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Tab. 6 Heat conduction quantity and thermal conductivity of asphalt layers at different control temperatures
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Fig. 5 Heat conduction analysis schematic of pavement

temperature field of entity engineering

AT E 43 AT ik B2 3 B 5 | A 30 A% 3 1 B i T
QAL TR BB Y L A8 SR 00) L B T R R ) AR R K
L B T P85 1 T v T 4G K U T B A% S I TR AR Y
Tk B B A R B EE S

PR 5E T H AR ER T AR (O 58
BeAR AL L % R IR (ol ) AR U B R L A 1 R
] Bl —4EBE S AL T anIE S TR U B
AT 5 5 it 9 o P B 1 R 37 93 A i ABC i £&
Wi J2 00U BE 3 vy T S 1k B SRR TR L IR T
W R A5 T )2 LK R 2 2 LA T A IR R
R F BRSPS ML EE AR Z G WA
PR AL 3 U /0N o W BB A /L 5 1 R A
W TR EE S A B R N T B R 53— Rl
Uiy 15 B0 BN W] RE H 30 B 1 00 A o B T AL T el B S
AR AR RIS iy ABC &k B ta ik T AC
B2, DL IS 6 T 5 24K R ] ) R W A A % 1 R
) 5 AN ] P R i o TR S

FEAR I 390 Foe ¥ BB I8 TR L B 3 1) 43 A AE PR G
5 R A — 3 R A & O 1 A R O
DL S iy T, Ty SRR FR . H 0% I 0 2% 2
JE AR B I B2 ASTR] S BIAR Ak e BE 45 /N CIE R T 7%
BB EL 0 C~10 C) AR R 5 3R $
3N R R R 5 B B B TR IR
Y op A i 4 iy il 228/ gl 5 o OD i 4k

6 #& &

(DR BFFE A BN B 8T & # < B0LFF H L
Pl I 4 B ST KRR R 2 R T D Z 1Y B
e RIS O R M B AR Y S R B0 2
R THZEZEAS S,

(2) 2 W2 T2 0 75 s 100 AR 1) 5 R R B0 —

AN SR L B A TR B T R R B R R KA A
[ 70 1 0 75 160 J2 A REFE A b EL A A R) 9 3 K
B KTRIEZ AR IR R 5 W55 T2 AR S A R BUE
W R K A ik 2 A1 L

(3) i 5 T A RL S A 2R B0 0 BT SBUMEL S B 2 s
Z X 2 ol G e 28 B —— 85 G T T LI %% G D
R R SR BE I B R FIFREL R R 5 A
2 (7] 248 B % TC ) e A8 T AE LA TR B BB S R
B K F ki,

(4) 52 5 7 36 T MR S A R B G BT R L Y
PR P 2 R 28 R, L OO R AR T ME — 1 A0 TR R
JE 5 5 P KU 700 S8 F0 0 P o 1095 1 UL AR /N

5 BAT KRR HL 2 1 3 R BB LL 3RS K
HAE1.03~1.60 W/(m « K)Z[a ;M5 mzEH T
S AL SR AR, T A FR B BBUELAF AR BT
BUEAE 0. 70~2.10 W/(m « K)Z [,

(6) U 7 o ThD 1 AL 0 w2 RS AR RR A
e e AT UL o 2 T IR BE 3 AR Fe b H A A [ Y 43
A KL S FE BUE R /N 53] 43 A il e A s BT R
LR U N I A i A I TR I B A AR A

(7) J& W58 5 B 5O 43 A 0 7 3 10 1 UL B8
AL 0 R g o7 Ik T G S R Y I R 3 8K
TEAETY TR AR 7 I8 18 A 3R ) 2 Rk

CEPdE

References:

LD #A/NERL 9695 M R % 7 1 DK 5 2 i (DL 9% . K
LKL, 2011,

HU Xiao-yuan. Measure and analyse on thermal field
of asphalt pavement[ D]. Xi’an; Chang’an University,
2011. (in Chinese)

L2 2 B8/ GBI, 55 0% a0 $Gi A ok 2200

JE AR i B R 7 SCLT L 5 8% ML S T WL AL
2015,32(10) :63-66.
LI Jin, GUO Xiao-hong, HU Bing-hua. Resolving of
heat transfer model for temperature field of hot-in-
place recycling material stack of asphalt pavement
[J]. Road Machinery &. Construction Mechanization,
2015,32(10) :63-66. (in Chinese)

(31 RS 000, 200 4 , 45, S 00 5 % T 1L B 3% 43
A BLEEAY [T 9 23 A7 LT 1. o [ 22 #2441, 2007, 20 (6)
13-18.

KANG Hai-gui, ZHENG Yuan-xun, CAI Ying-chun,
et al. Regression analysis of actual measurement of
temperature field distribution rules of asphalt pave-

ment[ J]. China Journal of Highway and Transport,



%5

G A LRI R T R 8 A R IR A 7

[4]

[5]

[6]

L7]

L9]

(10]

[11]

2007,20(6) :13-18. (in Chinese)

LUCA ], MRAWIRA D. New measurement of ther-
mal properties of superpave asphalt concrete[ J]. Jour-
nal of Materials in Civil Engineering, 2005, 17 (1)
72-79.

ZE L IMLEL P MR S LT ] &
6 52 8 R4, 2006,23(8) : 18-21.

QIN Jian, SUN Li-jun. Study on asphalt pavement
temperature field distribution pattern[]J]. Journal of
Highway and Transportation Research and Dverlop-
ment,2006,23(8) :18-21. (in Chinese)

Crp 2 A O AR BT b I B AR 2 ARATSELR A -
2018[J . o [ 23 % 24 41 . 201326 (3) : 1-36.

Editorial Department of China Journal of Highway
and Transport. Review on China’s road engineering
research; 2013 [ J ]. China Journal of Highway and
Transport,2013,26(3) :1-36. (in Chinese)

SEVG A GRS B 6L U0 E B IR G 0 #
g (0], AR A ERHE ,2014,31(8) : 7-12.

YAN Xi-li,ZHANG Shi-ping. BAI Wei, et al. Analy-
sis on heat of temperature field of asphalt pavement
[J]. Journal of Highway and Transportation Research
and Development,2014,31(8):7-12. (in Chinese)

F . T B AL PO RE R e T F SR LD W
& K KA,2012,

BAI Wei. Experimental analysis on the characteristic
of heat transfer for asphalt pavement [ D]. Xi'an:
Chang’an University,2012. (in Chinese)

Ik UIEIRE R R IR AT R LD T K
LK ,2012.

XU Da. Experimental study on the heat conduction of
asphalt mixtures [ D]. Xi’an: Chang’an University,
2012. (in Chinese)

SEPGH) AL P B SR BT L S PSR
PR AR Tl g ()] 3208 08 i LR R
2013,13(6):1-6.

YAN Xi-li, LI Xu-mei,SUN Yi,et al. Heat conduction
experiment of asphalt mixture based on Fourier’s heat
conduction law[ J]. Journal of Traffic and Transporta-
tion Engineering,2013,13(6) :1-6. (in Chinese)
SEPGA], SR RS W AR — R IR S R G
B2 E P L, 201410092385. 9[ P, 2014-06-25
YAN Xi-li, ZHANG Shi-ping, ZHENG Tao, et al.

(12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

[20]

Heat conduction testing apparatus for bituminous
mixture: China,201410092385. 9[ P . 2014-06-25. (in
Chinese)

YB/T 4130—2005., ffif A4 B T $4 2 B0 56 77 % K
i AR O[S ]

YB/T 4130—2005, Refractory materials: determina-
tion of thermal conductivity (calorimeter) [ S]. (in
Chinese)

GB/T 102942008 , 2 A b1 A4 52 25 P4 BH S A1 5% 45 1k
B 5 By 4 AR LS .

GB/T 10294—2008, Thermal insulation: determination
of steady-state thermal resistance and related properties.
guarded hot plate apparatus[ S]. (in Chinese)

ASTM E1530— 06, Standard test method for evalua-
ting the resistance to thermal transmission of materi-
als by the guarded heat flow meter technique[ S].
B e IML dE st o S5 30F W AL . 1998,
YANG Shi-ming. Heat transfer[ M ]. Beijing: Higher
Education Press,1998. (in Chinese)

St R ML AL TR S A IR R 3 i 4 B e 2
Bl P E A BFR .2012,25(1) :29-34.

WU Jian-liang, SUN Li-jun. Fourier series of non-pe-
riodic 1-D temperature field of pavement[ ]J]. China
Journal of Highway and Transport, 2012,25(1):29-
34. (in Chinese)

JTG D50—2006 , 23 6 i 7 % T e 3 ML LS.

JTG D50—2006, Specifications for design of highway
asphalt pavement[ S]. (in Chinese)

JTG E20—2011. 24 B TAR WG B 3 75 1 A ik 2 HL
s].

JTG E20—2011, Standard test methods of bitumen
and bituminous mixtures for highway engineering
[S]. (in Chinese)

TR KU B E 2 MR I AL T 3 B e B 5T
[D]. P44 . K% K2, 2015.

ZHANG Yi-ru. Experimental characteristic of heat
conduction of aggregates treated by cement [ D].
Xi’an:Chang’an University,2015. (in Chinese)
EAVGR. w0 T ZE AR AL T 5 0 R M B 5T
(D] 792 K%K, 2015.

WANG Li-juan. Experimental characteristics of heat
conduction of asphalt layers mixtures [ D]. Xi’an:

Chang’an University,2015. (in Chinese)



