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Temperature Field Prediction Model for
Thick Asphalt Layer

LI Yi, LIU Liping, SUN Lijun

(Key Laboratory of Road and Traffic Engineering of the Ministry
of Education, Tongji University, Shanghai 201804, China)

Abstract: The temperature field of asphalt pavement
with thick asphalt layer (>30 cm) was analyzed. Based on
the cumulative effect of air temperature and solar
radiation on pavement temperature, a regression analysis
was conducted on the measured pavement temperature
from four selected test sites and the obtained
meteorological data. The prediction models for different
sites were determined as a function of depth, average air
temperature and total solar radiation. Then, the cause for
the difference between the models at each site was
analyzed, and the historical mean monthly air
temperatures were incorporated into the model. The
model can be applied to the pavement temperature
prediction in different areas. The results show that the

model has high applicability and high accuracy.
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Fig.1 Air temperature, solar radiation and

pavement temperature over time
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Fig.2 Analysis results for optimized cumulative

hour of air temperature and solar radiation
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Fig. 4 Mean monthly ground temperature and mean
monthly air temperature from 1981 to 2010
in Shanghai
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4 HEEIRIEIE

R T I A S R TR 4 e X v ol R R
Z 5B IR 2003 A7 SZIECE QUL 55, 5) K 5
WEo T B 1, B LI et S AN ELWE
DN TR) A At X 4 JEE 200 i 6 T 1% 3k B 7 U] T
VEATSFEAS R i DX 1 T, AF SE R M A 52 4, TR e b X
A PERE R T WA 2R R 15 em AL A5 5 1Y
Bl 0 FH IO B R X 32 W s A [ % ) B
TR R AT TN, R? SR 0. 880 O, bk fE TLAl 12 22 Hy
3.030 0 °C, WL 55 118 8 911 A S 1 FHFHA A At %of
Feas BN 6 s . MR 6 0] L Y e T3 iy %k
P I A A A A Y =X S (2R B R 15 0% T
AABEIR BT I A [+ Ml X B3R B AR
40
30
20 + . i ~‘~.~,,._. .

10 } o

BTN E / C

0_

-10 0 0 20 30 40
% THI VL BE SR / °C
E6 MERESZMNESTHMHELL (BEEGIE)
Fig. 6 Comparison of with
predicted value of pavement temperature

measured value

(model validation)

5 #itE5RE

(1) #3245 B 4 # 1J2 (<30 cm) B3R E

B2 L RS K BH B A S R H AR



382 RGN S o (= e )

A8k

F L EHE KT 6 °C, i ELAE T A A e i 7 32 B
TN A o g [ 222 4k

(2) FEIHE5H )2 (=30 em) BYIRE F2 2 —
B[] PSR A BH B4 e 1) SRR W) G H A
P22 555008 il /INT 3 °C, T AR AR e T
MK BH B R A A2 1

(3) M BH B 1 g SRBE m ml P SR B/
S PN BRSP4 SRR PR B B R RAE . BV
BB TR L 3 Tnng s, al FH ARy A 22 6 Y
O BERPERE BRI o RN A FH BE 4 12X Rz g 2R
BRI B B 22 ), et SRR/ N R 3%
R T f AR BH B A 2R/ N, O EL i 82 10
cm DL PA AR FH B e RPN RO o % BV FH g
i O DAt 5 AN T R Ak L EE b T, o
AL JBE PRS2 MR A

(4) Tl AN 2 205 HRIIE A 0 Ul
K PR 5 A 5 i 52 2 I )2 o 7EASE Y
HG A AF 9 H P2 SRR R A MR A2 0, )
PR RASE TR ) M [X 22 S 1, B e A TR ) i P

P T 50 L0 55 S A 8 LI P ), 4
JEE I S T ) 37 W T AEATS 7 4 R AN Ta] s X
PEAT , DG B SR FH ) e i 4 #0424 SR S
AR o B AR SRR RO B R, SRR Al X i 1
ARy M D PG UE S5 07 TE— 2P eI A

Sk

(1] ZRfd, PhSr25 . U075 BETET R L 37 43 A LA T ] 24 e A TRt
+7, 2006, 23(8): 18.

QIN Jian, SUN Lijun. Study on asphalt pavement temperature
field distribution pattern [J]. Journal of Highway and
Transportation Research and Development, 2006, 23(8): 18.

(2] INSE7E, ZRfid . U7 BRI A I B RERLT ], [ 5F s
i ASRRIERRT, 2006, 34(4): 480.

SUN Lijun, QIN Jian. Prediction model on temperature field in
asphalt pavement [J]. Journal of Tongji University: Natural
Science, 2006, 34(4): 480.

[3] BARBER E S.
temperatures from weather reports [C]//Highway Research
Board. Washington DC: National Research Council, 1957: 1-8.

[4] DEMPSEY B J. A heat transfer model for evaluating frost
action and temperature related effects in multilayered pavement
systems [C]//Highway Research Board. Washington DC:
National Research Council, 1970: 39-56.

[5] THOMPSON M R, DEMPSEY B J, HILL H, et al

Characterizing temperature effects for pavement analysis and

Calculation of maximum pavement

design [J]. Transportation Research Record: Journal of the

(6]

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Transportation Research Board, 1987(1121): 14.
SOLAIMANIAN M, KENNEDY T W. Predicting maximum
pavement surface temperature using maximum air temperature
and hourly solar radiation[J]. Transportation Research Record:
Journal of the Transportation Research Board, 1993(1417): 1.
HERMANSSON A. Simulation

pavement temperatures including maximum temperature [J].

model for calculating
Transportation Research Record: Journal of the Transportation
Research Board, 2000(1699): 134.

SOUTHGATE H F, DEEN R C. Temperature distribution
within asphalt pavements and its relationship to pavement
deflection[ R]. Lexington: Kentucky Department of Highways,
1968.

RUMNEY T N, JIMENEZ R A. Pavement temperatures in
the southwest [C]//Highway Research Board. Washington
DC: National Research Council, 1970: 1-13.

BOSSCHER P J, BAHIA H U, THOMAS S, et al
Relationship between pavement temperature and weather data:
Wisconsin field study to verily Superpave algorithm [J].
Transportation Research Record: Journal of the Transportation
Research Board, 1998(1609): 1.

MARSHALL C, MEIER R, WELCH M. Seasonal
temperature effects on flexible pavements in Tennessee [J].
Transportation Research Record: Journal of the Transportation
Research Board, 2001(1764): 89.

DIEFENDERFER B K, AL-QADI I L., DIEFENDERFER S
D. Model to
development and validation [J].
Engineering, 2006, 132(2): 162.
BALZER S, ERTMAN-LARSON H J, LUKANEN E O, et

al. Prediction of AC mat temperature for routine load/deflection

predict pavement temperature profile:

Journal of Transportation

measurements [ C]// Fourth International Conference on the
Bearing Capacity of Roads and Airfields. St Paul: Minnesota
Department of Transportation, 1994: 401-412.

LUKANEN E O, STUBSTAD R, BRIGGS R C.
Temperature predictions and adjustment factors for asphalt
pavements[ R]. McLean: U.S. Department of Transportation,
2000.

PARK D Y, BUCH N, CHATTI K. Effective layer
temperature prediction model and temperature correction via
falling weight deflectometer deflections [J]. Transportation
Research Record: Journal of the Transportation Research
Board, 2001(1764): 97.

JA L, SUN L,

temperature prediction models developed from measured data in

YU Y. Asphalt pavement statistical

China [C]// Seventh International Conference of Chinese
Transportation Professionals Congress (ICCTP). Shanghai:
Tongji University, 2007: 723-732.

TOY T J, KUHAIDA A J, MUNSON B E. The prediction of
mean monthly soil temperature from mean monthly air
temperature[J]. Soil Science, 1978, 126(3): 181.



