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Abstract:
pavement temperature of the whole expressway, continuous

In order to realize real-time monitoring of

pavement temperature data were collected using a mobile
traffic meteorological monitoring system where was fixed a
traffic meteorological station, and a temporal and spatial
pavement temperature data processing method was studied
under different weather conditions, and a relative pavement
temperature distribution map was drawn, and the relative
pavement temperature difference between different positions
and the fixed traffic meteorological monitoring station were
obtained, and the pavement temperature at other locations

WeRs B 2017-10-30

were calculated. This paper shows a set of processes and
methods for data collection, fusion processing, and descriptive
presentation of pavement temperature, and the accuracy
reaches 92. 31% within allowable error range of =1°C. All
these results are in order to monitor effectively pavement
temperature of long distance, identify low temperature and
easy icing sections, which will provide a strong technical
support for enhancing levels of operation management,
maintenance decision and emergency service of icing risk
sections in winter.
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Fig.1 Mobile traffic meteorological monitoring system
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Tab.1 Road section classification
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Fig.2 Road surface data processing flow
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Tab.2 Original pavement temperature data

> =
H AR &ff@» %ﬁ? Lixs
2014.12.29 23:27:58. 6 66. 3 —8.3 58
2014.12. 29 23:27:58. 8 66. 3 —8.4
2014, 12. 29 23:27:59.0 66. 5 —8.1
2014.12. 29 23:27:59. 2 66. 2 —8.0
2014.12.29 23:27:59. 4 66. 4 —8.0
2014, 12, 29 23:27:59. 6 66, 4 —8.1
2014, 12, 29 23:27:59. 8 66, 4 —8.4
2014.12. 29 23:28.00. 0 66. 3 —8.3
2014.12. 29 23:28.00. 2 66. 3 —8.4
2014, 12. 29 23:28:00, 4 66, 3 —8.5
2014, 12. 29 23:28:00, 6 66, 4 —8.7
2014.12. 29 23:28.00. 8 66. 3 —8.0
2014.12. 29 23:28:01. 0 66. 3 —8.3
2014, 12. 29 23:28:01., 2 66, 4 —8.3
2014.12. 29 23:48:47.0 72.5 —7.4
2014, 12. 29 23:48:47, 2 72,5 —7.3
2014, 12. 29 23:48:47, 4 72.5 —7.0 81. 9
2.2.1 FEEmEEIE

TERS SRS B P A B R B B O LR ]
R ABREE S R AR, R 458 BSRE K

e — P E I R BT S, 8 R B BT R
R IEM ST A B B Rt BE B R OE
& ST

—vyy =Y _Vv
Si—Vit—3.6><O.2 18 O
’ Si ’
S = >8] 3
=1

RS HEARBIERT N R, m; VS F R,
km « h™' 5z FRENF, s, HGRRE 5 K, Bk ¢
REEO. 2; St HRAEEIE N IE A BB IEE, m; S
S R B I W B B B, my ST LR AR S R
RIBRBKE m; S" AEABIEN R R %
IE{E,m.

DI BRBRIT 1 H 23:27.59. 0 B Z R &8 1 52 10
BT, F R EIL TR R IR 3.
S’ =81.9—58.0 = 23. 9(km) = 23 900(m)

_Vi_66.5 _

S= 38 = 03683 69+ +4 03~
2?815(m)

S! =S+ 2(S —$) = 3.69+3.60 %
(23 900 — 23 815)/23 815 & 3. 71(m)

Sl =318 =04+3.704+3.71 = 7. 41(m)

i=1
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Tab.3 Modified distance increment

F®/ B , ,
H# (km = h=1) B/C Si Si S

2014.12.29 23:27:58.6  66.3 —8.3 0 0 0
2014.12.29 23:27.58.8  66.3 —8.4 3.68 3.70 3.70
2014.12. 29 23:27:59.0  66.5 —8.1 3.69 3.71 7.41
2014.12.29 23:27:59.2  66.2 —8.0 3.68 3.69 11.10
2014.12.29 23:27:59.4  66.4 —8.0 3.69 3.70 14.80
2014.12. 29 23:27.:59.6  66.4 —8.1 3.69 3.70 18.50
2014.12. 29 23:27.:59.8 66.4 —8.4 3.69 3.70 22.20
2014.12.29 23:28:00.0  66.3 —8.3 3.68 3.70  25.90
2014.12.29 23:28:00.2  66.3 —8.4 3.68 3.70  29.59
2014.12.29 23:28:00.4  66.3 —8.5 3.68 3.70 33.29
2014.12. 29 23:28:00.6  66.4 —8.7 3.69 3.70  36.99
2014.12.29 23:28:00.8  66.3 —8.0 3.68 3.70  40.69
2014.12.29 23:28:01.0  66.3 —8.3 3.68 3.70  44.39
2014.12.29 23:28:01.2  66.4 —8.3 3.69 3.70 48.09
2014.12.29 23:48:47.0  72.5 —7.4 4.03 4.04 23891.92
2014.12.29 23:48.:47.2  72.5 —7.3 4.03 4.04 23 895.96
2014.12.29 23:48:47. 4 72,5 —7.0 4.03 4.04 23 900.00
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Tab.4 Matching pavement temperature with

expressway stake

y Iy
i BB om BS T,
Lise
2014.12. 29 23:27:58.6 —8.3 0 0  58.00
2014.12. 29 23:27:58.8 —8.4 3.70 0 58.00 —8. 27
2014.12.29 23:27:59.0 —8.1 7.41 0 58.00
2014. 12,29 23:27:59.2 —8.0 11. 10 20 58.02
2014.12. 29 23:27:59.4 —8.0 14. 80 20 58.02
2014.12.29 23:27:59.6 —8.1 18. 50 20 58.02 8 90
2014.12.29 23:27:59.8 —8.4  22.20 20 58.02
2014.12.29 23:28:00.0 —8.3  25.90 20 58.02
2014.12.29 23:28:00.2 —8.4  29.59 20 58.02
2014.12. 29 23:28:00.4 —8.5 33.29 40 58.04
2014.12.29 23:28:00.6 —8.7  36.99 40 58.04
2014.12.29 23:28:00.8 —38 40. 69 40 58.04 —8.36
2014.12. 29 23:28:01.0 —8.3 44. 39 40 58.04

2014.12, 29 23:28:01.2 —8.3 48. 09 40 58.04

2014, 12, 29.23:48;47. 0 —%. 4 23 85;1. 92 23 .900 81..90
2014. 12,29 23:48:47.2 —7.3 23 895.96 23 900 81.90 —7.23
2014. 12,29 23:48:47.4 —7.0 23 900.00 23 900 81. 90
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Fig.3 Daily variation of pavement temperature
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Fig.4 Pavement temperature variation with time
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Tab.5 Pavement temperature at any position

ATk s =

e T, AT, T, T
58. 00 —8.27 —2.49 —10.76 —1.07
58. 02 —8.20 —2.49 —10. 69 —1.00
58. 04 —8. 36 —2.49 —10. 85 —1.16
58. 06 —8.22 —2.49 —10.71 —1.02
58. 08 —8.47 —2.49 —10. 96 —1.27
81. 90 —7.23 —1.76 —8&.99 0.70
39. 60 —9.10 —0.59 —9.69 0
57. 98 —8.43 —2.49 —10. 92 —1.23
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Thss = Thss — To = (—10.76) — (—9. 69) =—1. 07
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TR SD R KRS/, BRI AR .

XF 6 YRS B SR B 1 I U B B AT I s AR OF
Ja s FRGETH o B sR H B TR B AR v 2, S0 R B HE SR 4

i BN RE O R SRR BTG LR IR 0L R 6 %
R B T 158 SR S RO ) £

FOTIL,HE L WHE 6 RRIKMETREN
BARARHERZ B/ B 4 RIS 5 IRRAAM T RE
AR A 22 R R » T U 8 v L E A 7R A B (R 35
55 2 YORIER 3 IRRAARM T RERBITARHEREN T
EATZ 8] B, R 45 R S S PR R AR RIARAT
511 EERAER 3 P B RSB RI 53K U5

xR6 KELBPRE
Tab.6 Weather types adjustment

- B ‘, B e
1 2014-12-29 Ei1N| 0.75 il
2 2015-01-06 Hfr ] 0.92 ]
3 2015-01-07 1 [a] 0.99 tha]
4 2015-01-09 i 1. 29 B
5 2015-01-13 Lirar 1.20 b
6 2015-01-14 Ei1N| 0. 82 ]
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TR BEAEAS SARXT TR E S MNRE 2 R 1
I3,

R B AN s BB R X R e B B TR
AL KO FBEARBUAER R RS T XA
T R R Ak i B R AN D 1 G Sl i B 1 /N S
Ui« HH A A 55 R B R SRR K.

AR % TV BE B s B IE AR B VR JE R T 3
AN RS T Tk =35 2 320 B A4 A X B TR
437 B 5 BT LA TR B0 4 [ B A o i 1 L B v I 1 AR
IR, 2 T HF R B B v B T RIR 3 5 T 45 vk i
X 35K

B 5 43R ol o RS R R SR R
R 3 PR T RE A AU 0K R 5 R BR B E
ARG (K39, 6) A X B T IRE /0. B, B
A BRRR B BN S s DA AR 3R [ B 45 I8 1AL B
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iEl 6 Tab.7 Comparison of pavement temperature results
il BT/ C
E 9 Sl o s y
*en 21 ZR e
AEETRREREITZI[IRAIS REZESEWWEE K39+600 0 —4.5 0
E AEENBERIR  K5+500 —4.42 0,08 —5.8  1.38
JETERH K8+700 —1.57 2.93 —1.7 0.13
O 10 (iR K9+800 —5.03 —0.53 —5.2  0.17
;@ 8 BILEHBERTAL  KI5+700 —2.24 2,26 —1.5 —0.74
g 6 RIREAMSIZE K244900 —2,97 1.53 —2.8 —0.17
%{ ‘2‘ FRENBRTL  K30+500 —3.01 1.49 —3.4  0.39
B o EBEBAKSTZ  K34+800 —5.18 —0.68 —5.2  0.02
= v BRI K39+000 —4.50 0  —5.2  0.70
MDY FRFABERTA  K41+300 —3.89 0.61 —4.1 021
BT B K59+300 —3.10 1.40 —2.3 —0.80
b RS ‘ & ‘é‘?ﬁﬁfﬁ‘ K70+500 —2.60 1.90 —2.1 —0.50
R EALAS R WM K73+740 —4.71 —0.21 —4.3 —0.41
8 46; FRXH K78+400 —3.98 0.52 —4.1 0.12
m o
Moo 0
o o o= sy
= g 3 —— RO
= _8\0 O E:g W
vy oen I~ % :g I I I I I I I I
(,)Q X(\QQXOOQQ X,\QQ O,QQX(,)QQ oou“ @“ @“ NN ,,)QQ 5@ ,\@ Q“
FEFSFSTEESTE
5 FREXSTAREEFELESKEEMBERES T %H*ﬁ
Fig.5 Relative pavement temperature between different 6 BEELRERILL

points and Dongling traffic weather station under

different weather types
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Fig.6 Comparison of pavement temperature effects

B3RS AT, 13 NS s A B IR A
HXFREFEF0.5 °C.+1. 0 "CEE N, L iEA
BT YRS VA SR 40 AR B 69, 2396.92. 31 %, R A
LA,

(1) LAk FH = IR G355 3 8 [ (G1501) Sy SE TG
B ETRINACER LR LN RS, X B E 450k
HIRBESH— ISR HT TR RE.

R T A B BB 20 mo g A 3 Bl N BT
BB AT 2 B IE AL 35 , (3 i BEOR SR G
AT R i R g — B Il — I 20, 9 548 B —— X .

(OE AR R R T 7 — B 20 6 AH X %
T YR 0 A ], R BB B LR IRl B 5 e SR
G2 W00 S (4 R Ko J v IR 22 . S L R BR AR AL IR
22 70 [ PN I8 T YR A R P T O, R R O A5 3
B TR MR SRR S AR ZEAE L CHEENA,
HEFRIAF] 92. 31 %. BUARA B F 8 dA B A0l S #
TR 7E 4 Zo ek A A S50, V00 5 TR BE L B TR



EioM

G, 5 BT RS M YA 2 K THT IR B R A 3

1409

TR IR B 5 T 45 DK X33, 3 74 2 % T 45 DACIR 2 1Y)
o I R 22 AR IR K

S E 30k

[1]

[2]

[3]

[4]

[5]

L6]

TORBJORN Gustavsson. Thermal mapping—a technique for
road climatological studies[J]. Meteorological Applications,
1999,6(4) . 385.

JORGEN Bogren, TORBJORN Gustavsson. Nocturnal air and
road surface temperature variations in complex terrain[]].
International Journal of Climatology,1991,11(4).443.
JORGEN Bogren, TORBJORN Gustavsson, MARIA Karlsson,
et al. The impact of screening on road surface temperature
[J]. Meteorological Applications,2000,7(2),97.

BLZE B, AT S T IR BRI g it AT LT .
R4 TR, 2005,30(3) 8.

HUANG Likui, JIA Lu, WAN Jianping, et al. Statistical
analysis of asphalt pavement temperature profile[J]. Central
South Highway Engineering, 2005,30(3) 8.

IS, B E B IRES N AR FEFREEm
CHSABERR) »2006,34(4) ¢ 480.

SUN Lijun, QIN Jian. Prediction model on temperature field in
asphalt pavement [ J 7. Journal of Tongji University ( Natural
Science) , 2006,34(4) ; 480.

RN RRBEEZRRES L] R REERH

[7]

L8]

[9]

[10]

[11]

SRBHERRD ,1984(3):79.

YAN Zuoren. The analysis of pavement temperature field of
multilayer system[ J]. Journal of Tongji University (Natural
Science) , 1984(3):79.

BlEE. wERmREREARARD] TEARIRE,
2005,30(2):185.

ZHOU Jinhui. Test study on temperature fluctuations in asphalt
pavements[ J]. Central South Highway Engineering, 2005, 30
(2).:185.

XUERHE , Wil , B, . W AR AT IR A KR
BRENEEELT]. RIFASAHIR, 2004, 15(5):623.

LIU Ximing, YU Yingchun, LEI Guilian, et a¢l. Using radiant
balance theory to calculate concrete road surface temperature
in summer [ J]. Journal of Applied Meteorological Science,
2004, 15(5):623.

SRARTE. W B BRI IR AR R K R R AR [D]. B
R RUE B LA, 2008.

ZHU Chengying.
temperature model and forecast system[ D]. Nanjing: Nanjing

Research on expressway road surface

University of Information Science and Technology, 2008.
TORBJORN  Gustavsson, JORGEN  Bogren. Infrared
thermography in applied road climatological studies [ J ].
International Journal of Remote Sensing,1991,12(9).1811.
TORBJORN Gustavsson. A study of air and road-surface
temperature variations during clear windy nights [ J ].
International Journal of Climatology,1995,15(8):91.

TENEGERETEREREGE L GLERETEREREGERETEGEREGERE GO UL RE GO GLRE RO GG REGERE RENGE RS GO G GG R ARG

(324 1383 T7)

L7]

L8]

L9

[10]

[11]

XA, BBy RN TE R AT BUAE A T M B -
PHERELT]. TRI1%:, 1998CHETD : 544.

LIU Wenbai. Load-displacement behavior of spread foundation
embedded in sandy ground under uplift load[J]. Engineering
Mechanics, 1998(Suppl.): 544.

XI3CH, HE, HKE, & SRR
(DH—E AN REMUKEMRKRT]. 56 01%
IR, 2003, 22(7): 1161.

LIU Wenbai, ZHOU Jian, SU Yuehong, ef al. Uplift test
study on reinforced aeolian sand ( [ )—Properties and uplift
model tests on spread foundation[J]. China Journal of Rock
Mechanics and Engineering, 2003, 22(7). 1161.

X3cH, FEE XF, FomEm R PR R
AD—Hk BRI EMT]. Aa 0¥ 5ITRYR,
2004, 23(3): 430.

LIU Wenbai, ZHOU Jian, LIU Lin, et al. Uplift test study on
reinforced aeolian sand( Il )—Analysis and calculation of uplift
bearing capacity [J]. China Journal of Rock Mechanics and
Engineering, 2004, 23(3): 430.

IR, iR, Bk, F. PRERM ER L EBITRER K
WHEEHERZELI]. £B7, 2010, 39(11): 161.

CUI Qiang, ZHANG Zhenhua, LU Xianlong, et al. Study of
failure modes and slid surface characteristics of soils mass
around enlarge base foundation[ J]. Metal Mine, 2010, 39
(11). 161.

i, &%k, TLA. FRSKFIASERTMHEX
R A RERRE [T]. &+ TE2%|, 2011, 33

[12]

[13]

[14]

[15]

(3): 373.

QIAN Zengzhen, LU Xianlong, DING Shijun. Experiments on
pad and chimney foundation in reinforced aeolian sand under
uplift combined with horizontal loads[J]. China Journal of
Geotechnical Engineering, 2011, 33(3). 373.

BY, B4, B LEROKTEOAEGHEIENTIRE
Y RAEM AL RRKBT]. BrYOmRk TR, 2012, 32
(5): 573.

QIAN Zengzhen, LU Xianlong, TONG Ruiming. Experimental
study on bearing capacity of concrete spread foundation under
uplift combined with horizontal loads[J]. Journal of Disaster
Prevention and Mitigation Engineering, 2012, 32(5): 573.
e, e, THE. Brhs T s R R B R
HERRE L], A%, 2011, 32(8). 2359.

QIAN Zengzhen, LU Xianlong, DING Shijun. Experimental
study of assembly foundation for transmission line tower in
taklimakan desert [J]. Rock and Soil Mechanics, 2011, 32
(8): 2359.

BT, MY, WA, RE L TURRERY REMDR
RELT]. THEI1%,2013, 30(1): 215.

LU Xianlong, QIAN Zengzhen, TONG Ruiming. Pullout
behavior of precast concrete assembly spread foundation [J].
Engineering Mechanics, 2013, 30(1): 215.

E 2R UE R . RS Hr s 2R B I TR R MR . DL/T 5219—
2014[S]. dbx: PERIEEE, 2014

National Energy Administration. Technical code for design of
foundation of overhead transmission line: DL/T 5219—2014
[S]. Beijing: China Planning Press, 2014.



