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Crack propagation behavior between base
and surface courses of asphalt pavement based on
weight function method

LI Ping, MAO Yu, NIAN Tengfei, MA Ke
(School of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: In order to study the reflection cracks and the crack propagation regularity of semi-rigid
base asphalt pavement under traffic load,the stress intensity factor of the reflection crack is ana-
lyzed and the fracture criterion of I-II mixed mode crack is established based on the theory of vis-
coelastic fracture mechanics, using the weight function method. The influence that the structural
layer thicknesses and the load position have on the reflection cracks within the base layer is ana-
lyzed by numerical simulation. The crack propagation pattern within the surface layer is studied
through single-edged notched beam test. The results show that the stress intensity factor of type I
(K 1) and that of type II (K ) are both greatly influenced by the structure thicknesses of pave-
ment, and the type I crack propagation pattern plays a leading role when the road is under traffic

load.It is also found that increasing the thickness of base layer has some effect on preventing re-
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flection cracks. When the horizontal load is taken into account, K| and K j all change with the

change of load position, and with the increase of the distance between the load and crack, K

gradually decreases, while K j gradually increases, so the reflection crack gradually turn to type

1T crack propagation pattern. When the horizontal action is overlooked, the reflection cracks with-

in the base layer appear in the form of I-II mixed pattern and extend to the surface layer under

stress concentration, the extension mode of which is also shown as I-II mixed pattern.

Keywords: asphalt pavement; semi-rigid base; reflection crack; fracture mechanics; weight

function;stress intensity factor

e P S5 2 0 T I TR R L R AR A, B LA
RAFH KRR E, R e R A R i h 828 177z
149 87 FH L AEL 2 7 A2 38 7 28RN IR B A 2 R AR T
> NI 2 0 T T 2 A S B S sk A AE LM
TBiiG. H AT 5T R 4% ) Y J5 5 32 5 W 8 ) o
PRI RS R B AR AR P 2 4% 7 1 1w a2 7R
OB AN TRDR 43 Sy T AU gk FF A S 25 1T A9 3 o A Y
g -1 258, Majidzadeh %55 5 56K Wi
ZLTy 255 | N3 B ST b G G s W ) A )
T 28 4% FE AT R ; Abdulshafi 285 W #F Majidzadeh
PWF IR b — 20 B AR B RO G B
B J5 Little %32 F BE & B HOR AN X 05 75 1R & 6
IR FF 24 PE R 1 32F — 2P 9T s Seeds 46 4E Little 1Y
FE ity b3 G X RS0 I RS 1 S BT R T R
245 70 S5 24 4 9% 55 75 i 19 T0UAL s Monismith 7
AT BRI o B 1 BB AEAT 4 ff 20T 19 TF 2B
Je R B AR D) T st R R SR O SRR AR T
AV ek W 4 it 224 4 2 g 7 g 5 5 PR ) AR Rk
JEXF 2% TR R B R M 2 AT T B 43 A s Zhang
SEVHENT TR M W R ) F e R DL R
VIS | RIAMSURIF 5 T B g K 1 -1 24 A
G EE S 1 A £,

A SR JE T W 4 ) 2 O B e, JF 45
BB R AN 53 B J7 5, A0 5% 2 M1 26 22 0
T J2 S S B AEAT A ff 20T R4 R AL A L Oy )
SH THT T 28 B R AT (8 T 5 A R AL B T SR AL R AR B

1 ETREHEM 1 & & B R H 7

T 45 1) 2 SRR )T ROy B () — D E RN
Je AR R RE Y 45 R T 2 iy 2R /N R A R B o
SN TR T K Y e R AR R 80 B ) A
S VIR 55 1) T B2 A, O I B0 A A R RRR
A B AR W A O 0k 35 B AT i Bk R k.
FE A A 05 A0 4% 5 A8 pR BT L B AR AR L eR KL
7% Bueckner' " 4 i TR 7 B PR T A9 AN BR R B
A 2N IR 28U T2 A R R R EUATE

AT A A T B8 07 g i R PR e ek A 3

K:JMO‘(I)HQ(I,a)dx (D

X a WREKE 0 () R RBUKRAR B TE K L0
TE IR R GURE 1 R 3 53 A s e SR R0 i 3 # b i 5k
TR (0 < 2 < a)sm(x.a) NACRRE R
E2W
E’
K.
AHeu (x.a) AAEMEMNTRIGKIFE; K. N
ZHEM RN E N Fff; E'=E/(1—v") 1
T E SRR BB . IR R L.

Xof TR R T O R i R B0, — AT LU i
JV7 3 56 JBE TR T B el 3 MR 5 ) O 1A BN )
S BE PR AR A AR ME A5 3 AR N 2R ST A
Petroski 45" 1 - I [ /51 fr) 2L E05K HF AL B e m

dJ "
m(xea) = %aa) 2)

o

L%
/

J2E

u.(xr.a) =

G (a —1)?} .
Ja

A o0 MAMNIERN 11, MPa; G(a) HE%EKEN

a BB RE I BETCR s F (o) S N 158 B R T /)L

& 1E R 5L

{4F(a) VJala —x) +

Fa) = D

0o

K=K, o) =0 (x) (DA (21

a

' du, (x,.a)

K, :[% JOU‘(I) de
LW AX G N ATEE G(a) B Ga)
W RS S806 %.5 38 G FW ARG, H
i AT 2) HE AT AR A R A
2
J2nla —x)

(5

m(x,a):

[1+M1<1—ai>+

2
M, (1—%) ] (6)



503 W %

55 TR 0 0 A5 L4 0 AT

63

IF (a)

‘ 85 TAF (@) +3G (@)
A M, = 4F (@) ;
za(;;“)a—s(;(w

M, = 4F (a)

HER (68 A5 (1) T B8 51 88 1
AR

a 2
K :J o(x) ———— X
0 V2nla — x)

. . 2
[1+M1<1—z—> M, <1—j—> T

SR G5 M T 20% XL R R 80y
RN NI RS e N V=S RN ||
B IE L MR 2 PSR A R AL T
Hussain 209 $#2 6 BR /N 4 X #4908 |
Griffith-Trwin BE& BEHCRMEN]  Ra7E [ - 11 251
TR A F T 1 R g 5 5 TR

4 T— 0\
K _(SJrcoszﬁj (n+5j .

(chosﬁ+%Ku sin@j (8)

SR
P34 cos?0 ) \n+0

(* %K 1 sind + Ky cos@j 9

s 0 N SORECG IRREUI A Ky (0) R
5 0 J7 BN 738 B2 N, MPa « mm'? 3 Ky (0) 4
2EL0UT 0 77 0] AITRLY, 77 58 J8 A5~ , MPa « mm'”

MM ZELCHT 0 J7 1) 1) RE B BECR H (0) W RLSR
A

1 2 il —0\""
H(a)E/(?)—O—COSWJ (Tc+0) .
[+ 3cos’0)K" +

4sin20K 1 Ky 4+ (9 —5cos®0)K3 ] (10
BT e KRE B B AOCRHEN] , L0 H (0) B
e R T7 1) 4 J& L WO 2267 0, il 2
IH (0) . I*H (9)
0 0*
HEGRBY R HAIEZE H (0) e BB I A
(L 38 R 3X — e (BB B RRE R Sy T 24 by 22 ik )
WL BITE H o ARHE H oo 87ROk Y B 2R 4 R

2
ch

£ (12)

<0 (1)

’

H (6)max:H(60):HlC:

K JFRA 0, HaRAD#E.
o, Ao AR (12) 7] LU H B 248
i

[ 2 z Tf*(g() O/ %
3+C05260 W+6()

[(1+3cos’0,) K% +4sin20,K | K +
(9—5cos’0,) Ki 1=K"%¢ (13)
K 2 (7D pa AR BT TG 1 N g 5 BE R A
#X A3, EX QDB 0, Wi v] LLE— 515
B K o JRJE G N Ty 5 R TR 0 mr LA
Wi 2dag 2w e -1 2 &Ry A E o 3k
Sy BE AT LA I S 1 B 070 11 /0N 253 6 R R (A DL
FE AT AR R 19 1% 7 58 B RT3 S A B R A
= .

2 EERSREMNBEEMTE

21 BEREBWEIFGZE

W B TR 25 R BT b R 25 S 2 i R TR S
SLBE N S o3 AT AN K S AT G Ao A8 1 B A M s e 2R A
I, 23 filf 4% A0 TN [A) B9 B TIRES L X BRI T 2
A QIUF RSN TIN50 S K N N P B = A (B |
7 R T AR Y — > G B )

8 B R JR R e Z RS P R AR
AR SCR IR 1 T 78 9 5 S b 2R84 114 30 74 B T — 2
(AR BROR BEAT S 0 A b & TR 7 1) 38R 42 AT
377 1), FAG BE R E R 300 ems ST 4K I W) B K
JEN 5 em, A7 45 R K SF- i 48 2 B AT 48

i, I [ B 4 T B T
D=30cm
t—i
Ly 40 MPa
4 t=02iMPa__ )2 < o—t
4 Sem G54 | ®Z & b—k
4 EEE < p—k
y
b
4 0 -
A =
4 p—t
49 P—t
JAN AN A AN JAN
! 300cm

Bl HEREsaER
Fig.1 Model of asphalt pavement structure

e i 48R FH 3R 1R BA T U9 o B 1 s 1 i
BZZ—100 BG4 E S8 p =0.7 MPal'") , /K
fii# r =0.21 MPa(KF J3 B0 0. 3) , 4 Ij 5 1
AR Y 5B A2 D =30 cm CFF 55 25 7 8 5 i 2%
Feom) . Wi I AR R A IR O 40 AT DA 1 K 43 R 2
B » v i 4 50 1K 48k A IR AT T



64 i = =

%418

B2 HRHERENHSRKEARTME S

Fig.2 Segmentation of finite element mesh for asphalt pavement with reflection cracks
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Fig.6 Stress nephogram of reflection cracks

under different load positions
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