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Abstract: Existing researches on the crack propagation mechanisms in composite pavement often focus on
materials, but do not emphasize structure. There are many simulation methods, but they are difficult to reflect
actual working conditions. To solve these problems, this study conducts an in-depth investigation on the fatigue
crack propagation behavior of non-linear damage in composite pavements. Using damage mechanics theory,
residual strength theory, accelerated loading tests, and Python algorithms, a comprehensive simulation of the
mechanical behavior of cement concrete slab joint load transfer was conducted. A cycle fatigue damage-fracture
simulation system was established using the DLOAD subroutine, UMAT subroutine, UDMGINI subroutine, and
XFEM main program. This system reveals the degradation patterns 4 key indexes under cyclic loading: reflection
crack propagation rate, internal material damage, residual strength, and pavement deflection. The results show that
fatigue damage accumulates with the increase of loading cycles, leading to a gradual decline in residual strength,
with the damage accumulation rate closely linked to the extent of residual strength reduction. Under axle loads of
100 kN, 160 kN, and 220 kN, the crack propagation phase accounts for 43.94%, 35.34%, and 28.82% of the
pavement’ s full life cycle, respectively. For vehicle speeds of 40 km/h, 60 km/h, and 100 km/h, the crack
propagation phase comprises 46.83%, 43.94%, and 43.13% of the pavement’s life cycle, respectively.
Overloading significantly impacts pavement stability, accelerating fatigue damage and reducing service life.

Keywords: pavement; reflective cracks; fatigue damage; residual strength
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Table 1 Moving load parameters under different axle loads

/KN /N b K/m SRR SR /RN
100 25 0.213 0.117 37
160 40 0.249 0.160 84
220 55 0.280 0.196 16
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Table 2 Corresponding cycle time under different speeds
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Fig.2 Simulation flow chart of the whole process of road fatigue damage-fracture
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Table 3 Main technical properties of asphalt

R e IRlIRTELE S

£ AJE,25°C,55,0.1 mm 88
L5 TR&B, °C 44.8
FEFE 15 °C,5 cm/min,cm =100
8 J1 86 135 °C,Pa.s 0.45
15 °C,g/em’ 1.013

BT HE R % -0.12
RTFOT 5% # ¥ 163 °C FEABE % 72

JEJE 15 °C.cm =100
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Table 4 AC-16 asphalt concrete synthetic gradation

AT B FL Cnom) RS #9388 32 42 /%

%1
0.075 0.15 0.3 0.6 1.18 2.36 4.75 9.5 13.2 16 19
B L 6 9.5 12.5 17.5 24.5 34 48 70 84 95 100
20 IR 8 14 18 26 36 48 62 80 92 100 100
PRI RR 4 5 7 9 13 20 34 60 76 90 100
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Fig. 6 Specimen after 140,000 actions Fig.7 Schematic diagram of enlarged partial cracks

34 BRI BEIRERSN
BRI ZHUN35 5 7R BEAUL 45 2R 4] 8~ 9 i 7 .

B8 FH 3 cmBiLE B9 REFREWME
Fig. 8 Prefabricated 3 cm crack Fig.9 Cracks spread to the top surface

RS EEHEISY

Table 5 Benchmark model parameters

S5 2 2R K /em JEBE fem Bk /MPa ARV W
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DLOAD &4\ #40.076 m; S 2.5 m/s; i Il A7 % 328 947 Pa
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Fig. 10 MMLS3 fatigue crack propagation pattern
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Fig. 11 MMLS3 fatigue damage change pattern Fig. 12 MMLS3 residual intensity change pattern
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Table 7 The calculation process of the joint stiffness

Z R Bz & Tk Z B
d m 0.032
E, MPa 2ES
I, m' 5.15x10*
K, MPa 4.07x10°
w m 0.01
B m’ 23.71

DCI MNxm’ 245.45
Uy — 0.30
G, MPa 76 923.08
A, m’ 7.23x10*
@ — 22.19
C MNxm' 443.75
D MNxm’ 234.63
s m 0.30
q MNxm™ 782.13
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Fig. 13 Fatigue crack propagation pattern under different axle loads
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Fig. 14 Fatigue crack propagation pattern at different speeds
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Fig. 16 Cumulative damage and residual strength change pattern of road surface
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Fig. 17 Variation pattern of road surface deflection value

1) ¥ 180 32 3 7% 2 96 24 far 204 FH , 386 100 v Ak 1 08 3R 2 DB PR 8 5 PR BSCH ok oK, it T 4
/N AR A B LA BH 52 08 AR B

2) it 5 i 28 E FH OB 80, A5 A S B R R R B R A 7 far 2R 1 R B0 I T 45 A P9 4%
AN BRI AR TR0 S R R AR A AT U B TR RS A R R U, R B O B R S A B T K

3) % T S, % R A KA UUAE O 9.42(0.01 mm) 5 (5% 1 1 S T 24 K U i R B KIS UM oM 13.76
(0.01 mm) ; H R VUEIIN T 46% .

5 & it

¥ H Python JF & 5l 35 A5 401 422 48 1% far 5595, 58 MUK R TR Bk + MR Z M 2 4 & i 14l . 9% 5 DLOAD+
UMAT+UDMGINI+XFEM & % , S8 1 76 FR faf 2 AE 0 T 52 6 B 1% 55 i 0 5 W 4 0y 2 BB, 15 3] 1
JRGT FEEEY R AR I T PN AR A R SR AR AR 5 T A R R K R UOME 4 D R AR AR08 A g 2 VE R T R AR R
o FELSBWT

1)k FH Python JT % 550 56 455 400 42 4% A% fr 5303, 8 10 150 ' = 1) B9 1) 980 965 P e A9 08 4 A 1) 1% for /D, SR FH B
W B SE NI Ry 782.13 MNxm™,

2) %45 DLOAD+UMAT+UDMGINI+XFEM & 7 52 30 8% 3 76 B4 17 28 /E FH R & 4 20 5 101 9% 55 101 405 15 e 22
B A BRI 5 2R AR, 100 kKN . 160 kN 220 KN A7 7 fl1 28 05 107 7 ¢ 10 S 24 U 50000 0l oh 68.91 J3IK . 27.61 1
YR .20.98 J7 YK 5 [ T W7 24 2 B B4 ) ol 122,93 J5 IR (42,71 JT IR \24.49 J1 k. 40 km/h .60 km/h 100 km/h X}
JOF P 6% T S 24 YR K00 0 SR 54.03 TR L 68.91 JT IR L 77.22 T3 IR 5 KN ) 8% T DRIF 2R 2 Ak v B 43 ) R 101.62 JT IR
122.93 7K (13577 T3k o G5 R WY 47 Tab ol B /)N, I T 7 o A BR PR (LA (] 3 B T Y B4 A% BT R R 2
ANTR T VAT R ) [ T SR B T R Y B R

S % ik

[ 1] Fang N R, Li H, Li Q Q, et al. Study on asphalt layer of composite pavement temperature shrinkage stress considering stress



120 TR K F F IR % 48 %

relaxation[J]. Materials and Structures, 2021, 54(1): 32.

[ 2 ] Diyar B. Three dimensional finite element analysis to evaluate reflective cracking potential in asphalt concrete overlays[D].
Chicago: university of Hlinois, 2002.

[ 3] ChoY H, LiuC, Dossey T ,et al. Asphalt overlay design methods for rigid pavements considering rutting reflection cracking
and fatigue cracking[R]. The University of Texas at Austin October, 1998: 11-98.

[ 4 ] Monismith C L, Coctzce N F. Reflection cracking: analyses, laboratory, study, and design considerations[J]. Proceedings of
AAPT, 1980, 49: 78-82.

[ 5] AW, Z2l, W15 29 545 MR DL LT A7 1 B A6 25 v RIS [0, v [ 23 % 27412, 2016, 29(2): 16-22.

Zhou G, Li R K, Wang H M, et al. Test on performance of reflective cracking resistance of warp knitting fiberglass-polyester
paving mat[J]. China Journal of Highway and Transport, 2016, 29(2): 16-22.(in Chinese)

[ 6] Tkfilifl, R85, ] 3,45 . Be4E B M R & A X B T AC 2 Kbt 5 4t 24 8% 1R B0 B 93 (7). P RS K22 A SR B4,
2016(47): 136-142.

Zhang Q Q, Wu D F, He W, et al. Experimental research on reflection-crack resistance of composite pavement with different
joint repair materials[J]. Journal of Central South University: Science and Technology, 2016(47): 136-142.(in Chinese)

[ 7] 20kl SR A F T 26 28K T B S 5 R 5 [D]. TR - T PRACH K%, 2015,

Li R K. Study on technology of reflective cracking resistance of composite pavement under heavy load conditions[D].
Chongging: Chonggqing Jiaotong University, 2015.(in Chinese)

[ 81 DMK, T5%, B . I 75 B 100 B K 0 3R D0 B J2= it Sz S 28 5% 1) BB 20 M (0], 2 B TR, 2014, 39(4): 86-89.

Cong L, Yu L, Wei Q. Numerical analysis of anti-crack layer reflect-crack alleviation in asphalt pavement[J]. Highway
Engineering, 2014, 39(4): 86-89.(in Chinese)

[ 9] LiH, Fang N, Wang X, et al. Evaluation of the coordination of structural layers in the design of asphalt pavement[J]. Applied
Sciences, 2020, 10(9):3178.

[10] Wang X C, Fang N R, Ye HY, et al. Fatigue damage analysis of cement-stabilized base under construction loading[J]. Applied
Sciences, 2018, 8(11): 2263.

(10] B sd=, §110, Bk, 55 it T /K Je AR 2 W A1 Ik )2 (9 5 55 45009 43 BT (3], PRI 2 24 40 BT, 2021, 38(1): 61-68.
Fang N R, Hu S Q, Wang X C, et al. Fatigue damage analysis of cement stabilized sub-base during construction period[J].
Journal of Shenzhen University: Science and Engineering, 2021, 38(1): 61- 68.(in Chinese)

C12] FhGEAR, BEER . 3 T 3 2 P 57 150 40 R 1 ) 01 77 B T S 72 ML (0], 8 B S i BHEE, 2012, 29(9): 13-18.

Sun Z L, Huang X M. Deformation regularity of asphalt pavement based on nonlinear fatigue damage characteristics[J].
Highway and Transportation Science and Technology, 2012, 29(9): 13-18.(in Chinese)

[13] ook, mmemd, B2 Je . PIAD AN R R ST 69 30095 1R & R B 245 R AF 50 (0], 9 R 224 4l B AR BL 2= i, 2014, 41(6):
120-126.

Jin G L, Huang X M, Liang Y L. A numerical analysis of the fracture behavior of asphalt concrete under two different modes
[J]. Journal of Hunan University: Natural Sciences, 2014, 41(6): 120-126.(in Chinese)

[14] Fang N, Wang X , Ye H , et al. Study on fatigue characteristics and interlayer design method of waterproof cohesive bridge
deck layer[J]. Applied Sciences, 2019, 9(10):2090.

[15] Ebade, XA, JH 55 0, 5 0555 R A kb o5 P B 06 15 R AE O L 28 3R [J]. v B4 B 24 41, 2020, 33(10): 67-75.

Lyu S T, Liu C C, Qu F T, et al. Test methods and characterization of fatigue performance of asphalt mixture: a review[J].
China Journal of Highway and Transport, 2020, 33(10): 67-75.(in Chinese)

[16] mhdy, X R, E8E, 5 T MMLS3 A0 504 il i I 18 & BHiE 57 PR RE M 52 [J]. 8@ B, 2020(5): 116-120.

Ye F, Liu J L, Wang Z, et al. Research on fatigue performance of asphalt mixture based on MMLS3 and four-point bending test
[J]. Transportation Science and Technology, 2020(5): 116-120.(in Chinese)

[17] 2255, ke 25 8 il I 2 1) 7K U6 % T 1 5 % 5 TG B9 (D] . VU P R 2 23l FLARBL24 A, 2017, 39(2): 159-164.

LiJ J, Zhang Q. Study on faulting of concrete pavement considering erosion and void[J]. Journal of Southwest University:
Natural Science Edition, 2017, 39(2): 159-164.(in Chinese)

(18] B, BB, 568, 4 . i 23 X AL 3% /K P8 1R 56 38 11 i 07 ) 89 52 0 [J]. [R] 5% R~ i A AR, 2010, 38(4): 552-
556, 568.

Tan Y, Ling J M, Yuan J, et al. Influence of voids to loading stresses of airport cement concrete pavement[J]. Journal of Tongji
University: Natural Science, 2010, 38(4): 552-556, 568.(in Chinese)
(3 HB%)



