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Mesoscopic Simulation Study on Fatigue Performance of Asphalt Mixture
Based on Discrete Element Method

MAO Quan',ZHENG Jungiu', MA Hui*", WANG Min’
(1. Jiangsu Communications Holding Co., Ltd., Nanjing, Jiangsu 210005, China; 2. Jiangsu Expressway Engineering Maintenance
Technology Co., Ltd., Nanjing, Jiangsu 211100, China; 3. College of Civil and Transportation Engineering,
Hohai University, Nanjing, Jiangsu 210024, China)

Abstract: Asphalt pavement is prone to fatigue cracking during long-term service, which can lead to secondary
diseases and weaken the structural durability. For in-depth revelation of the fatigue damage behavior of asphalt
mixtures, in this paper, a semi-circular bending (SCB) mesoscopic model was established based on the discrete
element method. The fatigue fracture behavior of three typical asphalt mixtures in Jiangsu Province’ s
expressways, including SMA-13, SUP-20, and SUP-25, was simulated under different stress ratio conditions.
The fatigue damage mechanism and evolution law of asphalt mixtures were analyzed from the aspects of
fatigue life, crack propagation, and residual strength. The results show that all three mixtures exhibit typical
three-stage fatigue damage characteristics, and the increase of stress ratio will significantly shorten the fatigue
life and accelerate the crack development. SMA-13 shows excellent fatigue resistance due to its dense skeleton
and modified asphalt mortar, followed by SUP-20, while SUP-25 performs the worst due to insufficient
skeleton constraint and low mortar toughness. Meanwhile, the crack propagation paths and residual strength
attenuation laws of different mixtures are significantly different, further revealing the key role of skeleton
structure and asphalt mortar performance in the fatigue damage mechanism.
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Table 1 Volume ratio of each component in

asphalt mixtures!?’
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SMA-13 asphalt mixture as an example)

1.2 NEER

LMV AT R AR B BT PEC i B9 40 0
P S A A R 2 — | BB A B A M A S R TR B
- S5 JURE A R A 2 0 ) 2 R v R R B0 A AR
AR TR 38 S A URL B fk B E B B B T AR
B 45 DX Bk, i 45 JB0ORE 8] AN e 8% 1% 33 1 ) 01 5 1)
J1 RN K 22 S AR S o AE R4S S, UKL ]
& B Ry 3T AL W A 7 5 — LR N 7 M A o
L, 2R 245 16 2R 208, 42 ik G % AR Ak Sy 5 R A T

AR SCAE ) 40 LA L A T 3 R LR I TR AR
B SMA-13.SUP-20 #1 SUP-25, DL #L4E Rl 5 3 ¥ #b
AR R FEAH 53 o AR Ak OC FR 0 5 T, B A X g3
AT B ok ARL N R U DI R A [ AR
Z B DL R BB 1 T R IR 2 (A AL R X

P o, A5 R 20 0 5 BT 3 4 ik 2 i, B Mo A K
I PR SRR AR, T DL RAEAS [W] MR 43 2
V] £ g 2 Rk IR AT R
1.3 EEIIGF

TE 25 ‘CHAE T X 30 I 75 16 & LT g SCB W 24
R, A% 4 50 mm/min, 045528 56 06 15 107 48 5
WA 57 %, ARG 45 S S MK AR 3 o 3 v R A TR
LB KEATARE . WK 2 T 7R, 2 A i 2% 5 1 (i
WL B X L AT, 3 0 10 75 TR AR AR DL 5 S {4
AT, 2 W T RR RE 04 40 U2 BORE % o T S e 3 B
TR AR A MR Re S LW AT . AT R 4
AR 1) 42 B WL 3 2.

2 R BB AT A A

21 NMABMER

S S 5 IR G OR % 57 40005 3 R G 4 00 AR
U, A SCGI AR I 5 AR 58 S 2 T T Ik T R 9 5
WIS BN, 2y B k5 0 R A A DG Y 8 B
UML) A RO LA REAE B A AR T 9 9 57
L VIE B A

TEL VAT RS AR HEZR T I F IR G R Y
I 57 1410 B FAE Ry R N g 3R Bl ) 20 UL ik 2K k%
B R . AR R RN L, 2 UKL R fik (%) 0 )
3 9 T 5405 180 M o B, A0UL 422 ik A1 8 4 2 AR Bl 2
T A AL, L i s R 5 Y i Ry ) KT 2 48
ORI G, B

dD
dr

2 D B i B4 AR @, g B i R @, RN
TIBURNE 805 o Ry TBURE 6] 422 fioh (45 [0 13 7 5 00 SR JOURGE
(1] 4 fink 1) ) e 9 T

TR (L) BT R g KT B, A Rk 45 4 2 6
W INE7/BL R

TEREAUIE 57 17 Sy ok B v, 10 77 g e #4550 3 5 )]
091 3 T S B A 4 Sk 0 R RS, DB S 4t W 4
P 32 20 AR o R Tk ) R g e 57 (R HL i R
JE3 ok 6 A7 T 2 i, S o ) DR R 45 e AR R AT DL 4 fik
PR RE 0 R Ak o 42 ik ) 5 S T A B A DR L B3]
A7 R, DT iz Bt Jeg 8 T 32 5 7 26k i g 1 ) 5
Bl 5 B ) %) 4 A%, 3R Ak 800 R 22 & 0 I R ;T 4
e 2N 1 s B R A AR KT O B RSOR (] R e
Ik DR 22 (R 2 i B ) A A G AL, DTG #E Bl 4 4 AE
HOULEEH B g

Z—alexp<a20) (1)

0o



22 i NN 4 2025 5

400 e sz 3 b i R 90 75 TR S R AN [ N g b 2% PR T A 9 5

| WA A4 :3.52 kN s , e N .
33 A 1 35 mm REIL ML . R T80 N3 3 TR

3.0
2 250 F2 MEREHMANSH
S 20k Table 2 Mesoscopic parameters of asphalt mixtures
=
= st WER i AR Pa HOBIRIE Pa B IE /P
) 4 t/Pa n i a #i4nwkE/Pa
Lol gL Ky ’ " - e
' W F 77 2 : 3.54 KN — - .
0.5 WE{H A%+ 1.36 mm SERINH 2.50E4+08  5.50E+06  1.10E407
0 L SMA-13  #R-#b¥  1.91E+06 1.55E+05  3.10E-+05
0 02040608 1.0 1.2 14 16 18 WA 2.12E4+06  1.72E+05  3.44E+05
{i# /mm SR 2.50E4+08  5.50E4+06  1.10E+07
(a) SMA-13UI7 IR A # SUP-20 4R W%  2.04E+06  9.72E404  1.94E-+05
3510 _e—mzyilfE WM 2.27E+06  1.08E+05  2.16E-+05
| W 3%:3.19 kKN sl 1 2 - - =
30T e fiifirks 1,20 mm SERNH 2.50E4+08  5.50E+06  1.10E+07
25t SUP-25 #ER-#¥  351E+06 145E+05  2.90E+05
Z 50 WM 3.90E4+06  1.61E+05  3.22E+05
= VU
= 15 £33 EMEFREIR
1.0} == R Table 3 Virtual fatigue test conditions
IE(E 4% . 3.20 kN - X -
0.5 WEME A% . 1.18 mm AR Wi (E 2k /N NI PR IRUEAE fa /N
0 e 0.5 1770.5
0 02 04 06 08 1.0 12 14 16 .
SMA-13 3541 0.6 2124.6
7 /mm 0.7 2478.7
(b) SUP-20 i & &k 05 L6015
350 e SUP-20 3203 0.6 1921.8
1.0 | BT 3%:2.95 kN
T IE{EAIFS :1.05 mm 0.7 22421
250 0.5 1458.0
Z 20t SUP-25 2916 0.6 1749.6
ax
% sk 0.7 2041.2
1.0F —m— B
WA ] 2% : 2.92 kKN 7 25 26 A\
0.5 WE(E S : 1.02 mm 3 élﬂ X}Qﬁ’j’f‘}i A 2 7}:&
0 I I I I I ) ™ .
0 02 04 06 08 1.0 1.2 3.1 Bz
8% /mm 38 2 B OAS [F) B 7 b AR B9 AE 2R 7 B8 il £
. _O5 Y 2 VE A Y | TS g 2 g 91 PN 2 %
(c) SUP-25 TR B (1 3) , 43T 3R A b £ 9% 55 1k e AL ML

2 TH-fIBHENILER

Figure 2 Comparison of load-displacement curves ?:
22 EMEHRBE _—

) SCI 2 35 W0 % 1 0 1 200 £ ool
S L85 G 0 7 8 SCI 7 20 5 o
FCGAL LR Ty H A (R 0 R 0 R = oo o
RN TR 0.1 kN IR, MR 4o AT T suas surao supas
S 9E F  58 R FT 100 Fz B L B 4 " Too Tos o
FRREI 0 0.01 s WEI 54 B A1 1 AR, 66 T
£ R BB D R K L A SR s

SMA-13.SUP-20 5 SUP-25 3L 3 F I F 1R & k), ik B3 BRIy
B2 0.5.0.6.0.7 2L 34N 7 U TT R R U0% 55 1006, X Lk Figure 3 Curve of vertical displacement variation



% 54

FEVF AT BRATENT ARSI TR mIAT AR 23

1 3 AT D Bl & 76 FR B 3, r A R A
ok 35 3R B0 B R B 9 57 B0 — B B AL L ) iR
IR B (B B 1) SRARA 0 B B (B B 1L ) hn 3 i
BB (BBl ) o i BB 15 B B I = (0] 45
SURE N PR A B 0 48 B AE Ry 9% 97 77 fm FIE AR IfE ; @ 3
Pl i R A R R B B A R ) K S AR B
I L T, L 55 5 A 1 5N R B, (H R U
IREAAE 2R . MIRORE , SMA-137E 45 1 J1KFE R
Y B0 TR A G 9% 55 A5 A, R B A R B9k 57 PR
fiE ; SUP-20 ¥k Z ; SUP-25 1 73 ity Al % %5 4, H. 23 Fifi
N 3 K S T e T A R 3R B L6 R ) KO AR Ak
TR HUR . AE 0.5 0 ) LA R ,SMA-13 5 SUP-20
W 97 5 A HE AN 2, W S T SUP-25. KM, 76 =
N FTHAE T, SMA-13 B A XA $ T mze i , BoR
FLAE & ff A BT N A R ik si e 1 ® 1
FHTR) B g b 61, SMA-13 fY B 1] 37 7 B B i
K,SUP-20kZ ,SUP-25fx /N, X — L4 54 kY
ZH BRI EE AR R B AR AR OG0 SMA-13 B A2 RE B
FUE W B R G540, 5 DK AR A S e L i
HEA L5 0 3ok AR I B8 F7 o 3k b 45 44 4 1 fil
FLRE 0% 3 2 35 K Y M AR I ok FE AR 5, DA I ZE 2%
95 I ) S0 S A Z R, SUP-20 Fl SUP-25
[ 2 1 B AR T i RP K . SUP-25 R I 3
B H 8L, BB IE R 4 2% . SUP-20
BARW R SCEDE A B3R AR Bl A LA
fi% , Wb 3 BE A F SMA-13 #l SUP-25 2 J] .

32 HEEHEAHE

4k 30 1R A BHE 0.5.0.6.0.7 R Jj L 2%

T ) %8 e 0 VA R

2251 SMA-13

| =05
200 .06

175 0.7
SUP-20

@ 125) ©-0.6
w1001
® ol
50+
25+

0 - -;:7 100 léO 260 2§0
(EEIRVS 1 8RN
H4 HUEHBTUHL
Figure 4 Curve of variation in number of cracks
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AE M FEHCA PR, 9% o7 M B i 25 o
(4) 3T IR A Aok T A it J3E B 9% 57 9 BB A 2 30 o o
U, AR T L IR R A e el A HR S
U PR, e WA i 28T S PR K 2R M RO, (H SMA -
13 B %5 50 0D J 1) 1 v A7) e B e s e A
SUP-20¥K 2 ,SUP-25 W& .

(7]

%%j{ﬁﬁ [8]
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