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Prediction of residual shear fatigue strength of asphalt mixture by multi-
scale algorithm

LI youyun',ZHANG Yuhui', HE Min*, LI Yihang', CHEN Jia'
(1.School of Transportation and Transportation Engineering , Changsha University of Science & Technology , Changsha
410114, China;2.Shenzhen Traffic-engineering Testing & Detection Center Co., Ltd.,Shenzhen 518000, China)

Abstract: In order to study the residual shear fatigue strength of asphalt mixture, a two-dimensional
numerical model of shear test was established based on the micro-structure of asphalt mixture and the
multi-scale algorithm. According to the multi-scale algorithm and the finite element numerical
simulation, the fatigue residual strength of asphalt mixture was predicted gradually, and that was
compared with the shear residual strength of the test. The results show that the meso-mechanical scale
model of asphalt mixture can reflect the influence of matrix and aggregate on the fatigue damage of
asphalt mixture. The residual shear fatigue strength of asphalt mixture is predicted gradually by the
multi-scale algorithm, which can avoid the absence of aggregate in the modeling process. The error
between the fatigue shear strength obtained by the asphalt mixture shear test and the predicted value of
the multi-layer iterative algorithm is relatively stable, which meets the engineering requirements.
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Table 1 AC-13C and asphalt mixture gradation design with different particle size aggregate

38 1 i FL (onm) B9 B0 500 %

Rk A /%
16 132 9.5 475 236 118 06 03 0.15 0.075

AC-13C 1000 97.0 71.0 500 350 28.0 190 150 9.0 6.0 5.00

AC-9.5 - 100.0 732 515 361 289 196 155 93 6.2 5.15

AC-4.75 - - 100.0 704 493 395 272 215 129 86 6.64

AC-2.36 - - - 100.0  70.0 56.1 38.6 30.5 183 122 9.42

1.2 B RAEMRESRGEERS

*ETE Miner 2% P4 453 15 B 18, 9% 57 #2400 15 78U 1) 3
KA

N = NJN,
A N R 57 R B 5 IV, e 2R PRI N R
I 57 FEAT

A a1 AN 78 1 ey 8006 AR T 44 S 2k
¢{ﬁtw&ﬁbhﬁﬁﬁﬁﬁﬁﬂﬁﬁmﬁN&
EF . % E 0%.20% . 50% . 65% F1 80% T

ST TR E , WF5T 22 RUBE W0 4% 24 0 5 TR A BHEAS
[R)9% 57 T3 400 2 B T B 1) 9 55 5o 5 R A s o o
FE 0.3 0 ) 7K B8 9% 55 fif 0 S 3k £ i A 7
FHIV Y B Y19 55 1055, 15 2] 0% .20% . 50% . 65% Fll
80% AN [R5 75 U R BE A 45 M RHA E 2
1.3 AC-BBCREARHZEENFTETES
SRR

X EA 0% .20% . 50% .65% Fi1 80% 451473 FE 1,
PESEAT BT 7RI A B IR, 75 A5 B U

(SR AIE:



% 4 47 AR5 S RELETRN GRS gk o7 # A58 B 3

T AR o BRAT A IS T IR SR Y U0 R Ay 0
W2,
R2 B EBARSAG RS MR

Table 2 Residual shear strength of various asphalt

mixtures MPa
A% 2 AW 53 B R A
AC-13C  AC-95 AC-475 AC-2.36
0 1.265 1.147 0.732 0.486
20 1.063 0.997 0.658 0.450
50 0.933 0.852 0.618 0.395
65 0.839 0.754 0.559 0.326
80 0.424 0.417 0.329 0.219

14 HEREGRENEHIRE

B Tl CT 130 B AR RPN 77 18 45 P9 ¥
T AR B AL, S I IR AR 2 R
B BEE Z ARG . T AR 15 mm {3 T

I, 43 BI%E AC-13C AC=9.5 AC-4.75 =FP I HIRA
T (A A o 2 8RR E B 2 mm EF T2 2
i, SRAR R —i 1k 4 5K AR [R2 67 0 CT B R, 3
T OSTU (dc R MH Iy 22 ) 43 #1% , F HI MATLAB 43
B X 1 I AT B A b B 308 5 34 A [
[ (DK 25 B SR S AE R BT . AC-13C T
IRABHY CT SR — (AL RS L3R 3.
1.5 HERARSEAARENSITEENES
il 1 MagicEye - ICT £ G o0 B 4, %R E
(R 75 T A BN CT 4 MR A T LG I, ) o
WG IR A RS AR AR G R 0 S AR AR AR R AR
SERNIE A R E R MRS . ST 4
PR AR SR RO B D A A R, S AT
BB G MR AR . &R I 7 TR A R R
KA LI B L 36 4, AR A2 U0 5 TR A RHE R

R3 AC-13CHFH A mIL NI EH
Table 3 Mesoscopic internal structure of the AC-13C asphalt mixture
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Table 4 Summarization of the distribution of the diameter and length of asphalt mixtures with different sizes

AL I Y 2% S
1.18~236 mm 2.36~475mm 4.75~95mm 9.5~132mm  13.2~16 mm
BRELIR 14 23 28 18 11
PN N
AC_13C LEANE 0.153 0.243 0.297 0.192 0.115
ALK 11 23 34 15 10
I/ MEK
SR 4 0.129 0.258 0.349 0.176 0.092
SRR 16 28 36 36 -
PN N
AC=0.5 AR 40 R 0.146 0.248 0.316 0.293 -
' . e I 2 33 38 27 -
/MK )
LIESNE 0.184 0.286 0.317 0.217 -
BRI 32 55 67 - -
mREK o
AC-475 LIESNE 0.213 0.348 0.436 - -
o ey 33 59 65 - -
MRk
% /20 0.201 0.376 0.418 - -
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Table 5 Summary of the polygonal distribution of asphalt

mixtures with different sizes

EZubZuk 1

AL 1Y S
44 5% 6% 1% 8%
SR 16 27 27 19 2
AC-13C
WR/HMBE 0.184 0276 0.293  0.222  0.027
B 20 35 46 19 3
AC-9.5
WIF/RE 0156 0307 0374 0.148  0.016
BRI 18 45 66 29 2
AC-4.75

BR/AE 0106 0.277 0427  0.176  0.013

with different sizes
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Table 6 Statistics of aggregate distribution of asphalt

mixtures with different sizes
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Fig. 1 Distribution of the center point of asphalt mixtures
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Fig. 3 Statistical regions (Q) of the particles with the same
scale
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Fig. 4 The Abaqus mesoscopic model of asphalt mixtures

with different sizes
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Table 7 Simulation parameters and results of the AC-4.75 asphalt mixture with different damage degrees

I T BRI %

K P ZHU
0 20 50 65 80
HMEAS /M Pa 1291.429 1180.291 969.669 837.818  463.794
AL 0.282 0.285 0.288 0.292 0.296
AC-2.36 &I Bh5 J1/kPa 225.115  208.891 177.411 156.127 143.521
PSS (7) 34.52 32.73 28.15 27.47 23.35
35 Y58 & /M Pa 0.504 7 04714 04116 03408 02287
PR /M Pa 48100
4.75-9.5 mm THFA 0.20
Bk
okt BHE S1/kPa 0
NEESE AR () 43.56
AC-4.75 RAR BIBTYIN I {E/MPa 0.754 2 06722 0.6353 05744 03416

H1 AC-2.36 [n] AC-4.75 55— JZ FUl vhr, B4R kF  F AC-9.5 Wi iR & R 5y U5 2 S 86 b

BHEAC236 T HFRASE CER H475~95mm 3.4 AC-9.5H5FRARHES ARG TR

SR AN S R T AC-4.75 I IR A R BT E AC-9.5 I T 1R A R B4R M1 B AC-4.75 U
JIE M 0.754 2 MPa %% 0.341 6 MPa, XFAC-4.75%1  FHIRGEMEIUSE, &2 2R E I AC-9.5 1)
HIRGRR B R LI T 546 IR E R T — R B7PIsREE, L3R 8,

R8 TRIBGAZE AC-9.5 W F i A A AR 4R
Table 8 Simulation parameters and results of the AC-9.5 asphalt mixture with different damage degrees
BRI %
0 20 50 65 80

FRE PR Bl S

FPEA /M Pa 1429.520 1324711 1128.416 896.373 485.270

THFA 0.274 0.277 0279 0283  0.285

AC-4.75 Ktk B3 J1/kPa 294798 275760  239.453 221.369 198.461

PSS/ (7) 38.57 36.28 3254 3074 2643

By P) 5 /MPa 07542 0.6722  0.6353 05744 03416
HMEA /M Pa 55 400
9.5~13.2 mm THAR L 0.20

Skt e FhR J1/kPa 0

PSS/ (7) 44.39

AC-9.5 RAR BRI YIN S1{H/MPa 1.184 1 1.0320 08971 0.7919 0.4480
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Table 9 Simulation parameters and results of the AC-13C asphalt mixture with different damage degrees

W ST I REIE %
g P S5 (EVE =1
0 20 50 65 80
AR /M Pa 1672.678 1602.186 1229.242  937.550  529.589
MER /N4 0.266 0.271 0.275 0.278 0.282
AC-9.5 ik FH R J1/kPa 416.639 384.002 328.837 307.154  284.036
NEERESA/(7) 40.16 38.87 34.65 32.31 26.52
)55 /M Pa 1.184 1 1.0320 0.8971 07919  0.4480
FEAR /M Pa 61 500
HEL/N=A 0.19
13.2~16 mm 4k} B
Fi8 J1/kPa 0
NEEREEFR /() 44.87
AC-13C TRAR WY Y] 1 {E/MPa 13191 1.093 4 09850 0.8620  0.4497

H AC=9.5[1] AC—13C &5 = )2 F i rfv , AR b1 R
EAC-9S5S I HFIR G R B RN 13.2~16 mm £
BFLEJE 55 3 AR AC-13C AU B MR R T AC-9.5
1) JAFA /N T AC-9.5 1 JFE R J1 R T AC-9.5 11,
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M 1.319 1 MPa [% % 0.449 7 MPa.
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Table 10 The shear strength parameter table of the AC-4.75

asphalt mixture

W SRR EE %
TH
0 20 50 65 80

B R/ MPa 07320 0.6580 0.6180 0.5590 0.329 0
LN AR EH/MPa 0.7542 0.6722 0.6353 0.5744 0.3416

LN 1R 25 /M Pa 0.0222 0.0142 0.0173 0.0154 0.0126

TR 2% 3.03 216 279 275 3.83

H 22 10 AT, & 4.75~9.5 mm R IR S K
FEI% 57 R Y U B0 9 57 1 S 2 2R AT
T 495 55 58 4 R 254 0.014~0.023 MPa 2Z [, 24
P T TREE IR E] 80% 45 %R #1431 0.012 6 MPa.,
FEFEAYE o5 B b R v, BY U158 8 A 06 5 T A
FHXT R 22 1A 4% DL DY, 12 G 0 B AR SO0 50 38 il
FEEEEOR
4.2 ACYS5SHERERHES T REEREUS

5 9.5~13.2 mm HE K1Y AC-9.5 Ui IR A K 5T
IR XS L 11,
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Table 11  The shear strength parameter table of the AC-9.5

asphalt mixture

BT VIR L %
JiH
0 20 50 65 80
YIS IRE(E/MPa 1,147 0 0.9970 0.8520 0.7540 0.4170

Z R SR E(E/MPa 1.184 1 1.0320 0.897 1 0.7919 0.448 0

26 X115 25 /MPa 0.037 1 0.0350 0.0451 0.0379 0.0310

FHXTR2E/% 529 503 743

H 2% 11 A1, AR TR T AC-4.75 SR 5 TR Ak
WAL I, % 9.5~ 13.2 mm R IR A BHE
HEAYE 55 1ok A rpa e B 5 RO (B 208 X 1R 22 0K, 3
Fil 47 0.030~0.046 MPa, X152 22 7E 8% Ju [ N , 2
LR GE TIN 1 5 VD9 57 5 B Wl A2 T R
43 AC-13CHBERERHES I REEEL S

E13.2 ~ 16 mm KA AC-13C Wi IR AR BY
IRz 57 1 BEXT L W3R 12,

R12  AC-13C % F oAt 3T bn gk 27 3% A4k
Table 12 The shear strength parameter table of the AC-13C

3.23 3.51

asphalt mixture

P ST TR %

it H

0 20 50 65 80

FYHREE R T (H/MPa 1.2650 1.0630 0.9330 0.8390 0.424 0

Z R EFERE PR E(E/MPa 1.3191 1.0934 0.9850 0.8620 0.449 7

YR 2E /M Pa 0.0541 0.0304 0.052 0.023 0.0257

FAXT IR 2E/% 557 274  6.06

2 12 AT, AC-13C Wi & 1R A B BY V1) 9% 595
5B R 25 AR AT O AERE A S i R h iR S
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