Hi37 B4 5 R E R ¥R Vol .37 No.5
2020 4F 10 H Journal of East China Jiaotong University Oct . , 2020

X EHS:1005-0523(2020)05-0023-08
KmZEFRATEREEREN I1TAWR

AL AR TRt

(L. 3] g 7 2 MR BT BE 5 Be B0y A BR A =], 3T g AR M 45000052, 2R 2 2 i 2 e, BRVT 7522 710064)

WE AT TMEARTERRERAOARBER YT AALFRAEEDERRRELE AT H &M MR, A3 Abaqus 4k
P, LRI 748 -k R AT R @ 42 BB £ 4 20 °C,30 °C,40 CH KB ZIRBE T 0B A B ) OF 0 A1 R Bk & 5% & 2 18 L Ao 3 3,
BEMRA TS am, ERAN AEXAERBOERRRBERRE TR O AFRERT, LESERHBEBSMEATHA
ARG BEBRERAARN  AERKERHBABEGMENTHAAFZRFNE D EHBRPHIBEMATHFET L AL
IEHT

RBE AMREAE, RBE;BREYBRERE ) HE4E

hESES U416.2 X ERAR SRS A

A AENX 506, A 21 PR, KB EZFRN TRERR @GR AT HH R[] K K F 5 1R,2020,37(5):23-30.
Citation format:GUO C,ZHOU Y B,DENG Z W. Study on temperature stress behavior of pavement in cold area under large
temperature difference[J]. Journal of East China Jiaotong University ,2020,37(5) :23-30.

DOI:10.16749/j..cnki jecjtu.2020.05.004

57 B TR ) B P I 2 B L B i 2 O R A i T 4B R X 15 0 B VR TR G [ P A X ik B2 17 7 )
FEIRAT R 2 04 3 (L 04 i XA [) 5 2% g% 1T 1 3L 88 I8 3 47 O B ad PP 1 LR D o AR NI R i 1 4% 128 1
R AN ) S T TR JEE A% 3 1) — HE AR 5 B IR IR R G e IS S RAG T B I T A AR 5 AR S T
S T 3 37 TR S AR 5 X 40k 8P AR 2 AL T B AR B ST T U T2 AR AR R IS O R A
BhAT BROCTHSE P & SR IE SIS Tk 23 M 17 o ¥ $A 65 1 3 2 3 R I P8 7 ) A e DL 7K e KP4 52
M PR 28 B8 FE R LY 5 S A A5 BVM) A BIR G 7 g% 10 - T 7 A8 AR Y 398 1 A7 BROC 5 36 AR 14 5 BLA) 4 ) 44
JEAES R AR RE LA R S 25 9 00 B 17 e 98 M DX T B2 37 8 A 45 DL 4 S50 R S 5 8 s S A
TEARITIE 1A [ i 2 S A i 4 2 M Bt P A A A e, A L ety 7 ST TR 0 7 e 1o — 4 A
FROCAR Y, 73 Bir R 3 A e B 3 4 28 52 0K U 75 B vl 52 192 77 ) 552 e R AEE

LR LR AR Z2a 3 FUR TG 1 A SRS A% PR T 8% 1 il 2 17 g 7 AN [ S T 45 A T A LR i 22 e A
e S B AR A A R 58 T S T A PSR B IV 0 B AR AL PN S I M DR BE R AR Ry FE AR ME R T
JE& HARZE7E 20 °C,30 °C,40 CF AN [R) i 17 25 440 8 5 W S A2 AL BT 5T, % B Abaqus A BRIGHF 3 F 1R A0
DX 34 2 Jo] S0 8 0 2% 0 O 10 7 S O R B, SR W e R 5 7 06 AR A A AR PN I RE IV T, M A () B R
PRI RE B AR AN (7] 26 Y g% 100 45 4 1 i 22 45 TR Bl B 1 AT 0

1 ATERESWHRESERSHHE

1.1 BEZEHNHEE
T PN 5 iy FE VA Ml XA A A2 0 ) Y L AR S ) R 2 AT 45 4 (4 emAC—13+45 ¢cmAC—-20+7 ecmAC-25+
20 cm K PRFAEWEAT+32 em KIRFaEWEAT ), A T T3 A R 35 2 9% 1 A6 158 VR TR RO IR 0 7, HEBR &5

¥ 75 B #9 :2020-05-13

E SR Pis A RRFE ST H (2017JM5034)

EZ R 2800 (1993—), T, BB T AL, B+, BF 52 5 1) 0 38 % T FE . E-mail :2510845416@qq.com
BIEEE SR (1994—) , 1 B AF582E W58 07 ] b 38 i TR . E-mail : 2510845416@qq.com



A 2 L R 2 A7 b Sk 1 A R, U322 20 W ik J2 A (5 4 T ) A b 36 J2 0 1) 5 4 o 452 T 8 1 0 7
PR AT R R Ay 2 R 25 4 T R s 4 T, 3 4 g V5 B8 A TR 1 35 2 Jr FE AR REARTRD 3 Sl A 2 M e e =X
e W e TR A E L 9
1.2 BESWHNERT=Z4ER

Abaqus B 3T A ROSF 23 06 TR E 20 B 405 3R 7= A 52 i , AR B T 75 NI BIF 9% 5 B 1 RS A K R A 389
TRLEE I 13BN | S 2 ) TR o i il Y iR R BE IR B 7 m BHAERE I 1 m I BE I 900N
7 0.06%, FEF U ITFART N K 7 m, 58 7 m, BEIEIRE R 6 m, B IR 704 10 5 0%
DC3D20, FH T 16 BE 17 143 M7 ik (4 B 0% I 308 C3D20R , #6 0 (1 3 L 45 80 A7 4207 1) (2 b)) %t 2 7 il i 4%
it JIN 249 B 6 T TR 7 1) (o ) 6T oo 7 T A6 R Tl I 249 B % R EC TR OA 50 4 T
1.3 BRESWHERTSH
1.3.1 S45H5

5 PR R R A O B PR EE S 8 R R AR — TN T AT AR B R (45 DFLUX I
FILM FR2J7 ) , A48 10 XSG k) T IR B A T SR E S5 0 F

1) KRGS A ZEFER FETHH RIS S8 Q J 8.57, kA% H B4 ¢ o 7.35 h B R AFET
BUH K B4R 5 B Q o~ 22,5, 5EBRA 20 H BBAF 4 ¢ 4 9.80 h,

2) IR B AS e, HAE S KGE R E N E T 3.5 mis, &7 4.0 m/s, H AR/ BGHE 12T 6 iR 22
T H AR/ E

3) B TH A RO S o A R DG SCHRICT I BH 4 S IOCR B 0.90, 5 1 & 5 #2 0.81, 46X F FE(E-273 °C,
Stefan—Boltzmann % £0H 2.041x10%,
1.3.2 MEZS%

H A T RE I 7 R R SR A I R e 3 T o S R R R B A K

U(ﬂz):ia(T)E(T)AT (1)

KT, T 50500 ¢ Ty B 20 IR B AR 5 o (T) T EE Dy T B 75 VR B R A R 46 R G E(T) R A T Y
R AT N ¢ B o, IR 22 50 (T) H BHRIE RN T .

K, 27 PN ST L ARSI ST A T TR A AR S B A ) 0 ST ST 1) 2 A R R U 4B I AR B
AN T Y s AR i (S BEA ) (. X AP RIS )R T A (A A e an e 1,

F1 MEEESHE

Tab.1 List of material modulus parameters

MPa
R E/C
2
=30 =20 -10 0 10 20 30 40 50 60

AC-13 53 500 44 600 35 700 22 700 14 300 9 000 5 600 3 500 2 200 1 400
AC-20 50 500 42 100 33 700 23 900 14 200 8 500 5 000 3 000 1 800 1 000
AC-25 47 600 39 600 31 700 33 400 16 300 8 000 3 900 1 900 930 450
ATB-25 41 650 34 720 27 790 29 300 14 300 7 000 3420 1 600 810 400

KIEFERA 10 000 10 000 10 000 10 000 10 000 10 000 10 000 10 000 10 000 10 000
WA 600 600 600 600 600 600 600 600 600 600
+ 3 60 60 60 60 60 60 60 60 60 60
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Tab.2 List of material modulus parameters

107/°C
1 BE/°C
-30 -20 -10 0 10 20 30 40 50 60
MHEIRGE 1.6 1.9 22 2.5 2.9 2.7 2.5 2.3 2.0 1.7
KT E WA 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
RN 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
43 50 50 50 50 50 50 50 50 50 50
®3 MEIARIESEE
Tab.3 List of material poisson’s ratio parameters
i B2 /C
24
-30 -20 -10 0 10 20 30 40 50 60
W IRE R 0.071 0.072 0.075 0.087 0.12 0.22 0.28 0.30 0.35 0.39
TR Ve e A1 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
RIECHEA 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
5 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
AR R R L T R S RO 4,
x4 AEHERBEHATMBREESH
Tab.4 Thermal field analysis of materials in cold region of Inner Mongolia
HERE R =g R AL T2/ (J/(m/h/C)) WA /() (kg/C)) 45 Z 50 (1079°C)
-30 7 236 831.5 1.6
-20 6 732 854.0 1.9
-10 4320 870.9 22
0 3 600 922.6 2.5
AC-13,AC-20,AC-25,ATB-25 10 3 960 930.0 2.9
20 4212 917.7 2.7
30 4788 930.9 2.5
40 5 400 984.3 23
50 6 120 961.5 2
IR VEREE AT - 5616 811.7 1.0
PRI - 4 680 810.9 1.0

+ 3 - 5616 1 040.0 50
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Fig.1 Temperature stress time-history curve of low temperature pavement under large temperature difference
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Tab.5 Maximum tensile stress at low temperature in each layer of three structures with different temperature difference

kPa
i 1 gyl gty
JZE AL i
20 C 30 C 40 °C 20 C 30 C 40 C 20 C 30 C 40 C
1 2 200.43 2 929.1 3776.82 2 164.2 2 841.26 3 699.4 2 210.76 2 963.38 3 832.89
2 1 685.49 2 336.81 2 647.07 95.24 121.90 136.59 1 873.21 2 588.08 2 928.91
3 396.28 611.96 834.51 41.31 61.88 78.67 64.06 101.92 141.11

(FE 24 1VARER 2 ERITH 2R, 3 REKEREHAZTL, )

IR 5,3 P AL B A TR IV N ZE R R, HAR ZE I N 10 °C, B BE N T3 34 A0 30%0~35% , HL A &
LGSR M >25 46 St ph 11, 02 K g T L H 22 0 995 A e 1 A0 i V2 B0 0T U 5 R 3 B A i
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Tab.6 Variation amplitude of low—temperature tensile stress in each layer of three structures with different temperature

difference
%
5 1 il gty
2 AE/C
22 32 2 2 32 22 32
20~30 38.64 54.43 27.99 49.79 38.16 59.10
30~40 18.41 56.16 15.42 40.64 18.19 61.18

0L SIS (54 T )15 UK B A 722 O FE I 15705 P 1= e/ ¢ A 2245 4
(B T ) 5B 5 IR S T ) B 7605 22 23 TS P T 1K 0 B e 41 2 B b
P/ BRI T2 6 T 2804 2k 9 5 G I 3 0 4 2 08155 5% 3 2 i )
LT
22 WRBEREL

AR 62 25 T 9 45 A 5 7 ), OB 3 2 4 2 0 e
SRR AR 7, FESIM, A VR R T 2B 1 0 4 P ) AR
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Tab.7 Maximum tensile stress at high temperature in each layer of three structures with different temperature differﬁgce
a

454 1 g5 11 gty I
R G
20 C 30 C 40 C 20 C 30 C 40 C 20 C 30 C 40 C
1 741.48 16458 3325.19 739.29 16458 3325.19 754.55 1 645.85 332143
2 476.93 867.12 1663.61 16.28 28.79 51.68 523.89 876.73 1704
3 472.27 578.3 686.41 13.69 16.58 19.63 84.56 101.93 150.69

(U R4S 1R, 2 (B RIE,3 IR R ERA R, )
MR T T IR PR S5, i AR ) H R 22 R BRI Ty 3 FhESH AR, HRZE R R 10 °C,
AL TGN 102%0~121% , HE IR JE2 LAV I 250 B 07, 10 WD 7 Ry 558 iy 8 04 M DX 0 23 5 AR I i it 1 . ] i
SR R R TR
#8 ARIRZEIMENERESRENNELIEE

Tab.8 The variation of high temperature tensile stress in each layer of three structures with different temperature difference

Y%
%56 1 g4 11 gl
2 (H/°C
2z 3% 2z 3% 2z 3=
20~30 81.81 22.45 76.84 21.11 67.35 20.54
30~40 91.85 18.69 79.51 18.40 94.36 47.84

M1 7 3R 8, BEAT IR 22 RSN, 3 b 544 1) 385 52 107 7 37 A3 30, JFG v Z3by T 3 m o 52 e/, 54 T A2
AT IO B A5 0 45 HL 22 A K
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Fig.2 Time history curve of pavement mechanics index under dynamic load at low temperature
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Tab.9 Maximum mechanical index of each layer of pavement under dynamic load in high temperature

) Wi JZ 99 )i J1/MPa IK TG SRR J1 /kPa #% £ 25 11/0.01 mm it B TOUTAT S 1 % /e
g5 1 245.35 19.04 20.60 92.15
Egapl| 200.46 37.03 21.78 89.23
gitg Il 255.24 76.08 30.93 107.93
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Study on Temperature Stress Behavior of Pavement in Cold
Area Under Large Temperature Difference

Guo Chuang', Zhou Yubo', Deng Zhanwei’

(1. Henan Provincial Communications Planning & Design Institute Co. Ltd., Zhengzhou 450000, China; 2. School of Highway,
Chang’an University, Xi’an710064, China)

Abstract . In order to understand the change of internal temperature stress of the pavement in the cold region of
Inner Mongolia and study the temperature stress behavior and structural performance for different base pavement
in the cold region, this paper obtained the temperature stress of pavement in large temperature difference envi-
ronment with daily temperature difference of 20 °C, 30 °C and 40 °C by using Abaqus software and the sequential
coupled—field method. The mechanical response of different base pavement under the coupled effect of dynamic
load was analyzed. The results show that the combined base pavement has the best mechanical performance in
the cold region with large temperature difference, and still has the advantage under the coupling effect of tem-
perature and dynamic load. The temperature stress of each layer is the minimum, and all mechanical indexes are
small under the coupling effect of low temperature and dynamic load, and the shear stress of asphalt layer is bet-
ter under the coupling effect of high temperature and dynamic load.

Key words: finite element method; large temperature difference; temperature field; temperature stress; coupling

effect



