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Analysis of fatigue cracking of asphalt layer of tunnel

semi-rigid base asphalt pavement
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Abstract: In order to study influencing factors of fatigue cracking of the asphalt layer of tun-
nel semi-rigid base asphalt pavement, the fatigue cracking of the asphalt layer was re-
searched by establishing a finite element model of tunnel semi-rigid base asphalt pavement.
The results show that maximum tensile strain of the asphalt pavement inside is significantly
bigger than that of the asphalt pavement bottom, which causes that fatigue life of the as-
phalt pavement inside is far shorter than that of the asphalt pavement bottom. The sensitiv-
ity of influencing factors of fatigue cracking life of the asphalt layer bottom is ranked as fol-
lows: the modulus of the base layer™ the modulus of the surface layer = the thickness of
the surface layer™ the thickness of the base layer. The larger the base layer modulus is, the
thicker the base layer thickness is and the smaller the asphalt surface layer modulus is, the
more favorable for the fatigue cracking life of the asphalt layer it is.
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Fig. 3 The location of calculation points for
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Table 1 Factor levels of the material parameters

! FEERE/ WREE O DEEEREQCC)/ Ui RE
* (X10° MPa) J¥/cm (X10% MPa) i /cm
1 18 20 75 5
2 24 30 100 10
3 28 40 140 16

R 2% E LM IE K IR
Table 2 The design of pavement structure

orthogonal test

HEERE/ WEE O DEEEEQCC)/ hiERE
AR
(X10® MPa) J#/cm (X 10% MPa) JiF /em
1 18 20 100 16
2 24 20 75 5
3 28 20 140 10
4 18 30 75 10
5 24 30 140 16
6 28 30 100 5
7 18 40 140 )
8 24 40 100 10
9 28 40 75 16

x3 HmuiH

Table 3 The pavement structure
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Fig. 4 Lateral position of maximum tensile strain of the asphalt layer bottom
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Fig. 6 Tensile strain in driving direction under vertical load
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Fig. 7 Tensile strain in driving direction under the action of horizontal and vertical loads
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Table 4 Tensile strain of the asphalt layer in driving direction
HJZ Wi 2 W75 J2 foe K v A8 FHER
BUR/ R/ BIRE20°C)/ B/ WP/ WK JRALN
(X10° MPa) mm (X102 MPa) em cm A5/ e AR/ e
18 40 140 5 5.00 5. 86 5. 86
28 30 100 5 4. 50 3.79 3.67
24 20 75 5 4.25 5.82 5.37
24 40 100 10 6. 50 7.95 5.27
18 30 75 10 6. 50 11. 26 7.57
28 20 140 10 6.75 6. 50 5.12
28 40 75 16 7.25 13.59 3.53
24 30 140 16 8. 00 6.98 4.18
18 20 100 16 7.75 10. 31 5.82
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Fig. 8 Intuitive diagram of fatigue cracking life of the asphalt layer bottom
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Table 5 Calculating parameters for fatigue cracking life of asphalt layer
EEER/ RZERE WEHEEEE/  WEHEZ BT FER AT FUA
RO R
(X10* MPa) JFE/cm (X102 MPa)  J&J/cm  4EE B % ka
18 20 100 16 1. 65 1 0.707 1.4 65
24 20 75 5 1. 65 1 0.970 1.4 65
28 20 140 10 1. 65 1 0.923 1.4 65
18 30 75 10 1. 65 1 0.906 1.4 65
24 30 140 16 1. 65 1 0. 737 1.4 65
28 30 100 5 1. 65 1 0.972 1.4 65
18 40 140 5 1. 65 1 0.975 1.4 65
24 40 100 10 1. 65 1 0.913 1.4 65
28 40 75 16 1. 65 1 0. 685 1.4 65
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Table 6 Fatigue cracking life of the asphalt layer bottom Table 7 Range analysis X 10° ik
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1 362 590 176 164 8. 00
11 2 605 284 4 205 662 1416 682 4178 309
2 1 080 823 781 990 4.25 _
il 7 605 202 5 007 630 5214 902 1576 304
3 461 632 179 872 6. 75 T T T T T T
2 6697 352 3102 585 3798 220 3 787 419
4 258 527 53 347 6. 50
L4350 D 45 B X A 1,203 K T %48 bR i i
5 827 939 107 950 8. 00
6 3119 196 2 731 252 4.50 A RNHEF o T <<IL<<Il. ehotwl LA
7 286 733 286 733 5. 00 Wi, B W 2R B R K W R R % 57 T 2 95 A
8 696 523 136 103 6. 50 B 4K
9 4024 373 19 133 7.25
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