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The Fatigue Fracture Analysis of Semi-Rigid Base-Course
Asphalt Pavement under the Temperature Effect
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Abstract ; Based on the theory of fracture mechanics, and using a coupled thermal stress analysis method
by simulating three-dimensional finite element model, this paper analyzes the stress intensity factors of
semi-rigid base asphalt pavement with cracks under the large temperature differences and conducts the
comparative analysis of experiment in the case of the vehicle load. The results show that: with the crack
length increasing and temperature decreasing, the stress intensity factors of tensile type and shear type
continue to increase; compared with the traffic load, cryogenic large temperature difference can cause se-
rious damage to the road; the results from researches and measured calculation indicate that the method of
estimation and prediction of fatigue life of asphalt pavement is found to be closer to the reality.
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Fig.1 Fracture of Semi-rigid asphalt pavement structure and parameter diagram
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Fig.2 Illustration of unit meshing near crack front
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Fig.3  Curves of K with different surface

crack under the centric load
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Fig.4 Curves of K, K, with different surface

crack under the eccentric load
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Fig.5 Curves of K; with different surface crack

under the effect different temperature
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Fig.6  Curves of K, K with different surface crack under the

effect temperature and eccentric load

3 RS B E A AT

S T2 R 5 75 i 52 24 B0 1o 7 568 B2 TR 15

PRSP, iy Paris A0 RN

da/dN = ACAK)" (5)
A, a RGO BE N o7 VE B A on bR
2805 AK D B — iy B30T PRI S0 14 107 5 JBE
Wrzi.

TERE 55 By R R v, 47 8 o A2 B
33 5 PR R AN WA A T AR AR 1Y o o T R
T3 BE B AR A RLEE , X Paris 22 AT 2R AR
1, AT LIS B RE0E 57 75 A i) 2 20, BRI

N, = f:'n/(A(A]{)")]da (6)

X, a;, M a, 53000 20T IR K L MR Y i 2R
BRI N, N TF 756 o

it P47 3CRIATY 4 4y 280X T 8 55 7 i 52 Wi AR
R, HZ= 8 WA AR A 23 A 35 0 AF 3 52 P 1 O o
HRAEIE 6 1) 23 A Kt , X BEAT 9% 55 A7 A A
MR e I 1) TE 0 3 BRAe, % T+ 11 5245 7 8 4
HOE/ R IR DAL A S i FRa i I I R
W1,

F1 WA

Tab.1 Result of fracture analysis
W EXPS ) EXPS A iy *
BYERPE %ﬂﬁf:ﬁf %ﬁﬁf{if‘ H T mar R e/() una
20 2.29E -01 7.31E -02 0.304 850 30.454 475 0.587 975
40 3.27E -01 7.42F -02 0.404 693 23.409 981 0.432 945
60 5.24E -01 7.56E -02 0.603 045 15.788 401 0.282 753
30 6.10E -01 8.56E - 02 0. 698 995 15.398 712 0.275 422
100 7.10E -01 8.85E -02 0.802 572 13.795 722 0.245 544
120 8.46E -01 1.02E -01 0.952 692 13.421 204 0.238 625
140 1. 06E +00 1.20E -01 1.181 437 12.647 373 0.224 395

MR 1B e 1 0 AR 5 1 e
i B/ N AR AT I AR B AR IR B AR 4R
N
fCa) = 43.74985 - 0.7766b +
0.00679b - 2. 02279 x 1075’ (7)
A, b FoRREETRIE , o R L J& A X (7)
AT BRI A5 2% L T A ] SR TR P 1Y 28 4 1K 52
1 AREE R BN AR, iR/ N A A 1)
568 8 PP HEA T A B R, R
K* =0.31678 +0.19434L - 0. 10149L° (8)
S SRBE v I 7 9 8 Ak 3 o e e T
PIVERT , GEFLKE R IR AR AR DG I B0 ok ™ i

B Wit , 4 K™ = K\ =0.45 MPa - m'?,
N L=0.538 m, JLIRLEE VR T 37 mm, X T A L5y
M b =40 mm [ AT GRS H T T 283
TUIHEIRARE R 24, a8 B B R Fa Bt
IRENG T T2 AT, ER IR a2
RIECER[13] Bl n=2.71,4A=3.44 xlO’ﬁ,ﬁ%
Je AR B 7 )2 A 55 75 A o 2. 28 x 10° 4l
Wo ARYE CA B W H B m ik B ) (JTG D50-
2006 ) , 3 [E] 45 52 10 2N B 0 7 3 T 5 2t
UCH 300 ~ 1 200 J7 R/ ZE58 . WL, T 4 9% 55 73
AT SEBR G O, () B Y004 1) 9% 57 77 i 55 RS (E A
[F]—& g, Al UL, R B AT B 5 AT 4 2R 5 15



KBRS - 25 PE IR EEAE AT = WA 00 75 S 100 4 2 57 W 24 20 A

367

5 SEBREE R , U207 A — R R R HIHE
BN WITT 1002 P 57 77 i il O EC BTl e /s, ol
REM THR SR AL n BV BUE M REE Y A2 1T
LA A — 5 19 fi 22 5 A6 T B N ) i J] R
T U TR AR S R 5 LA A O S
RS TN 5 73 SN BE B I I R SR FH 90 7
TR A BPRE 5B PR A 5C 2 1 W 2R 2 B AT 70
A, KT 003 7 3% TRIRE 57 7 i 0 AT P00 K 5 4 0 5 B
Lo

4 &£ it

BT A BRITWT R, BF5E 14541 00 T A
AR TRV I U 7 THT 2= 2B AR I 7 ) 56 B T 7 A A2 Ak
MU Iz ) Paris 20 30, X947 42 7 2305 1 B Ay 23
I T W7 1602 B9 55 73 air A T B0 , 45 2R«

1) FEfr AR EARMER AR T T K B 2
BERY IS O, X SRAE M T R 32 2R A
P Ky, B2 e 012 4% 147 J S B2 S R8N, B
PR S A 5

2) IELEE T IR R DR 1 S B, SREEAE
LRI RS W BE T o R SR AN T 5 i 2
AR IS 7y i 32 TR 7 52 B (R, SR4% b 52 B S2 F ok
A, R ARG S T Rk i, EL R SRAE IR
JEE N S E

3) AEATECAN AL B ARG B T R4 AR i
JO7 3 3 5 PR/ N TR R Ay A T 2R 4 I v ) 5
JSE DR AL, AT L5 4 A A BV 3t K TR 22 38 B
AT SRS B g 77 T 5 3 2 7 ey I 0 i 2800 24
SEY R A AR AV o I3 X SRR T e
FEAIVER

4) XSG RE DR ER A 10 S T PR 55 A il T
75 vk BT S PR G O, A A BTG, B —E
ZH5 M.

S 3K

(1] WeAH . T [ A1 0 75 T80 B 3T 48 b5 9 P38 (i 3 —)
[J]. A1#,2003,3 (3):18-25.
Yao Zukang. Asphalt pavement design index of foreign
commentary( Part [ ) [J]. Highway,2003,3 (3) .18-25.

(2] Wi, HEM, 2 R, 45, JTG D50-2006. 73 il 7
BTG ST Jbat: N RS H it ,2006.

(3] VDD o 2 % 10 7 B 1 SRR B G B s [ M.
AU N RS H A, 2001

(4] ZWIH, K& R, ZKE. RIS Z 75 8% 1 W )

R ITE MR LT ] E A B4, 1998,11(2)
30-38.
Peng Miaojuan, Zhang Dengliang, Xia Yongxu. Fracture
mechanics for the asphalt pavement on semi-rigid type base
course[ J]. China Journal of Highway and Transport, 1998,
11(2) :30-38.

[S] EAM, PR waW [ M. Jbat: B i
#t,2009.

(6] SR, IRFEIR , B, 55 AN [ 0 7 TR JRE 1 S i 45 4 11

K ZEW AT R oML ] 22,2008 ,4 (4) :14-19.
Ai Changfa, Qiu Yanjun, Mao Cheng, et al. Analysis of
temperature action on different asphalt concrete pavement
structures by large temperature changing [ J]. Highway,
2008,4 (4) :14-19.

[7] Ai Changfa, Qiu Yanjun, Mao Cheng, et al. Influence of
Interlayer Condition on Structural Responses of Asphalt
Pavements : Proceedings of the First International Confer-
ence[ C]. Chendu: China, 2007,22-24.

[8] Zhao Yanjing, Ni Fujian. Reflective cracking viscoelastic
response of asphalt concrete under dynamic vehicle loading
[J]. Journal of Southeast University, 2009, 25 (3):
391-394.

(9] s Ambt. pem o Hr 5Bt LML db st AR AT HY R
#1,1998.

[10] Lou Hui, Hao Xingzhou, Zhu Hongping. The Fracture A-
nalysis of Semi-rigid Base-course Asphalt Pavement under
the Temperature and Tire load: The Ninth International
Symposium on Structural Engineering for Young Experts
[C]. Fuzhou & Xiamen: China, 2006.

[11] BEAH, BN ABAQUS A IROTHF 1B #% LRE Y
WAL M . 1 50 AR R Rk, 2008.

[12] B e, RN, sk AR Wi s T p 2ot #hg 5 07
EIM]. et s AR H ittt , 2002.

[13] B IR ZE BT IR 2803 H (4 0 75 s T 57 A3 i 000
[J]. oA 2007 ,8 (4) :49-52.

Luo Hui, Zhu Hongping. Based on fracture analysis for
fatigue life of asphalt pavement [ J]. China Journal of
Highway and Transport,2007 ,8(4) :49-52.

[14] RBAR AR e Ui e mDRs s 55 54 3 o3 e L0 1. 80
FARHEF 24 : A IR, 2008 ,9 (3) :54-57.
Guan Hongxin, Zheng Jianlong. The viscoelastic fatigue
damage developing of asphalt pavement [ J ]. Journal of
Hunan University of Science & Technology ( Natural Sci-
ence Edition) ,2008,9 (3) :54-57.

(DLt i)



