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Analysis and prediction of fatigue residual strength of asphalt mixture in semi-circular bending tests
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Abstract: To reveal the law of fatigue residual strength of asphalt mixture under bending and tensile action, this
study carried out the fatigue tests and fatigue residual strength tests on AC-13C asphalt mixture and asphalt mixture
containing aggregates AC-9.5, AC-4. 75, AC-2. 36 and AC-1. 18 based on semi-circular bending tests. By numerical
model combining with multi-scale algorithm, it predicted the residual strength and attenuation law of residual
strength of asphalt mixture at different damage degrees. The predicted results were compared with the results of
asphalt mixture semicircular bending tests. The results show that the numerical model established by using multi-
scale algorithm can predict the residual strength of asphalt mixture more accurately. The predicted results are in
good agreement with those of the semicircular bending tests.
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Table 1  Mixture design of different asphalt mixtures %
i 43 KL / mm
HERS R g
16 13.2 9.5 4.75 2.36 1. 18 0.6 0.3 0. 15 0.075
AC-13C 100. 0 96.0 78.0 56.0 40.0 27.0 19.0 13.0 10. 0 6.0
AC-9.5 — 100. 0 81.3 58.4 41.7 28.1 19. 8 13.5 10. 4 6.2
AC-4.75 — - 100. 0 71.8 51.3 34.6 24.4 16.6 12.8 7.6
AC-2. 36 — - - 100. 0 71.4 48.1 33.9 23.1 17.8 10. 6
AC-1.18 - — — — 100. 0 67.4 47.5 32.4 25.0 14.9

1.2 ¥ETHESRE

B D BROR b o S U0 R0 AR B 0 R EE
50 mm, 5 HT K A 1E S BOR B AE AL A (B 42 101 6 mm,
I EESR 63,5 mm) 1P IR L O B ) 50 mm #9758 43 9 U0 %)
B AS 2 B o 3 I 8 2 B [ e = R il e
B b R TS RO 7 i T 280 2 AR W RLR L A
17 s AR A a1 B TR I 108 W P47 2800 H 38 e HT B o
1.3 #EZTHFREBELR

VR 4 R AR 2 S 0538 25 BB B R R T
BB 8 T WA B B2 T A AR B T A T B 1 Sehematie diagren of
57 0k BEARNWT R IR . Miner 325 W2 78 5 1 U B 181 B N FH B )iz semicircle bending test
P 4R 1 B2 AR 43 B, L 57 450 40 e Ak T AR Dy
S:ﬁxwo%o (D

N;



. 76 - L AHBEKXFFROARFAFZ RO

2024 &% 6 #

S ORI PF B2 55 U0 R L L N D a6 v 7 280 T 5 A O, N O 10 7 TR A LI 07 T

e B 52 i

BAEAAAZ RGO XA R D7 R0 R S 5 i v ey 280 S A A RO M O R AT e A P 9 O

30 H S A UK RT B A % 55 i R B S
FEHEAT > [ 25 i % 55 ) 4% 56k B8 X6 Pk
FOH R — R R T 2 BOAE R
TE I 55 ORI R RO 5 — o K] 9 57 e JEE I
AR AR 0 55 YR Z [ AE—E BB L LAY
I 52 s P A 088 57 i JBE I o 2 A8 4
FEI S TR 5 R SR A B ) DAL
IR IE R 2 P 55 B IR i1
T A IO US4 B A2 Ao 2 A A [) 4t 4
(0.20%.50% .65 % .80 %6) By Wi 7 1K & k2 17
WPFIR S FRAERL T EE R 0.3 ZKF R XA ) 45
DA B U0 75 1R B ko B R 2R AT 2 i

Table 2 Design fatigue times in residual strength test

®2 FRBERXEMAETESRE

105 )

S/% AC-13C AC-9.5 AC-4.75 AC-2.36 AC-1.18

100 16 379 15 377 13 782 11 573 7 815
0 0 0 0 0 0
20 3276 3 075 2 756 2 315 1563
50 8 190 7 689 6 891 5 787 3908
65 10 646 9 995 8 958 7522 5 080
80 13 103 12 302 11026 9 258 6 252
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Table 3 The experimental results of asphalt mixture under different damage strengths

Tk W (L 4/ 1N U 1 Aif 28 P ¢ 1] 49788 / mm BHLF AR IR E/MPa

BE  AC AC AC- AC AC- AC- AC- AC- AC- AC- AC- AC ACG AC AC
S/%  13¢ 9.5 475 236 118  13C 9.5 4.75 2.36 1.18  13C 9.5  4.75  2.36  1.18
0 6. 364 5.739 4.977 3. 667 2.437 2.06 2.27 3.07 3.31 4.01 6.013 5.423 4.703 3. 465 2.303
20 5. 785 5.326 4.539 3.301 2.157 2.19 2.39 3.56 3.75 4.32 5.466 5.034 4. 289 3.119 2.038
50 4.877 4543  3.881 2.891 1.857 2.33 2,56 4.12 4.48 5.07 4.608  4.293 3.667 2.732  1.755
65 3.945  3.562 3,191 2.457 1.498 2,51 3.04 4.31 4.98 6.22 3.728  3.366 3.015 2,322 1.415
80 2,213 2.052 1.723 1.523 0.902 3.62 3.53 5.68 6.2 6.61 2.091 1,939 1.628 1.439  0.852
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Fig. 2 Attenuation of residual
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Fig. 4 Percentage difference in strength Fig. 5 Curve of flexural and tensile residual strength of
of asphalt mixture asphalt mixtures with different particle sizes
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Fig. 6 Two-dimensional numerical model of asphalt mixtures with different particle sizes
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Table 4 Material mechanical parameters and simulation value of asphalt mixture AC-1. 18 under different fatigue degrees

W 57 T iR AC-1. 18 RUAH(E
S/% YA & E/MPa HER/N 2 LR AR /MPa SR EIARME/MPa  #idEM &R E/MPa NER/N =
0 356.7 0.318 1.532 2.382 522.437 0. 309
20 282.1 0.321 1.284 2.119 456,752 0.311
50 255.1 0.323 0.967 1. 806 412.677 0.312
65 206. 9 0.329 0.724 1.475 264.12 0.315
80 153. 8 0.338 0. 355 0. 897 197.505 0.321
f R 4 o] J0, 78 5 A % 57 i g 0 B o, AC- B —— RIS
1. 18 TR0 7 2 R 5 BB A9 1l 2. 382 MPa ) I e
W% 0.897 MPa. AC-1. 18 U577 18 4 b o FF 4 o el
PRSI T A1 I A B 1 B A S R T 2
WF R AC-2.36 MU TR AR R S L ‘ ‘ I
S A 38 O 2 S 2 2 A e 8000
L X 1] BE B /mm
S AT VR A R AR [R5 55 P2 BE R 2
S B AR e (S AL B SRR X S Ll
HHHE R 3 (Xl i £ B 3 RS 1 R TE AR L R
H D S A L L AC-1. 18 S il Ho7s f il 25 2
7. MK 7 AT LLE W, B R e e £ B7 AEESEET ACL. IS BHERAH
A% 5 U X R4 A 5 70k R X ok Sy ) X BT R A

S IEE S LA N d Y AT E B T Fig. 7 Stress variation of as[][)hact I?ixture AC-1. 18 along
- et e s .. X direction under different fatigue degrees
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Table 5 Simulated values of residual strength Table 6 Simulation values of residual strength of asphalt
of asphalt mixture AC-2. 36 mixture under different fatigue degrees MPa
P05t SR P AR T EETEIPS BGREEE S/ % ACA.T75 AC-9. 5 AC-13C
0 HA “ RE
S/% E/MPa # L/ MPa 0 1. 828 5.554 6. 152
0 757.011 0. 288 3.611
20 4. 367 5.152 5.628
20 681.073 0.290 3.239
50 3.754 4. 367 4.833
50 592.541 0.292 2.815
65 501,418 0.295 2. 468 65 3.102 3.991 4. 016
80 321.539 0. 304 1.534 80 1.715 2.051 2.168

3 AEMFERHEREMEHRREERMAESH
3.1 BRESHBRBERSN

MR 4~6 P RPRLAR U5 7 TR A 8 25 1005 B2 2 0, TH SRR I A 5 B2 22 (6L 1 20 8, JF 22 1 A TR kLA
ARG R B3 AR A MR AT, A 9~11 R

S TRE0% TR E20% S TRES0% S TRE6S% S TRES0%
(a) Xl N7 ) = &

S TRE0% S TRE20% S TRES0% S TRE6S% S TRES0%
(b) il i 71 =

TR 0% TR E20% S TRES0% S TRE6S% S TRES0%
(<) X 1] 17 28 = (]



< 80 -« L AHBERFFROAARHF RO 2024 4% 6 47

S TRE0% TR E20% S TRES0% S TRE6S% S TRES0%
(d) Yilie] 7 28 = ]

e e
R e, =

TR 0% TR E20% S TRES0% S TRE6S% S TRES0%
(e) Xl a] 7 ¥ == ]

S TRE0% TR E20% S TRES0% S TRE6S% S TRES0%
(O Yl % =

8 FEEFEETHEESRMEELSE

Fig. 8 Cloud image of numerical model of asphalt mixture under different fatigue degrees
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Table 7 Fitting function of residual strength of asphalt mixture under different fatigue damage

B A PR TR 5, SRIE R A, SR SE IR P T ¢ SRR Ry ML R LESS 95
AC-1.18 2.520 —0.191 —37.503 Ro—2.520—0, 191675 0.965
AC-2. 36 3. 686 —0.173 —31.994 R, =3.686—0. 1737 0.969
AC-4.75 4. 869 —0.171 —27.575 Ry=4.869—0. 171627.’% 0.978
AC9.5 5. 729 —0.249 —29.776 R,=5. 729—0. 2497 0.975
AC-13C 6. 242 —0.221 —27.549 RT:6_242_0.221eﬁ 0.997
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