Modeling and Simulation E#515H, 2023, 12(5), 4365-4378 Hans X
Published Online September 2023 in Hans. https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mo0s.2023.125398

%EFSmartRockm;ﬂ'] 5&#TiAR SR
MERENERITAME

x| Rig
WHLER TR @ ST AR 2B, WL AU

ks HiH: 20234F7H13H; FHABEM: 20234F8A30H; KA HM: 20234F9A6H

wm B

AT ERA R HERE RS R P FER AR, KA & BERUAL (SmartRock) M T & #4008

SRE RSB IES1T N, ETPFCI3DBYERTHFRABETRA, B HRB A A B R

TTHERHES MR I 5 PR BB ETX AT . SRR TR IBES B

SN R RECA I ARG R B, BN IR R R SERE R ;. SRR BT AR

WAEELE, LEEHNAERLERYFERERT MKRSIL BEAER, BRSAKIBER S

BESEREZR60.8%, BE EREMESLIIENE, KT HKZEREREN2.05%; TEERMIT

T RAKFT5 FHFES AR R, T EREERES MBS, KET AR ZEREREN0.95%,
ERERLERTLE.

Xiid

BReRRL, BEUT, KK, BITH, TR

Research on Compaction Behavior of
Asphalt Mixture Based on SmartRock
Monitoring and Discrete Element
Simulation Analysis

Tianyun Liu

School of Civil Engineering and Architecture, Zhejiang Sci-Tec University, Hangzhou Zhejiang

Received: Jul. 13", 2023; accepted: Aug. 30", 2023; published: Sep. 6", 2023

XEFF: XKIE. T SmartRock W5l S HOTHT EAHT I IR A RHE 24T N, B S 05E, 2023, 12(5):
4365-4378. DOI: 10.12677/m0s.2023.125398


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2023.125398
https://doi.org/10.12677/mos.2023.125398
https://www.hanspub.org/

X Kia

Abstract

In order to study the migration and evolution law of coarse aggregate in asphalt mixture during
compaction, SmartRock monitoring equipment is used to simulate the movement behavior of
coarse aggregate during compaction. Based on PFC 3D, the compaction model of equal-size asphalt
mixture is established, and the migration law of coarse aggregate is discussed by adjusting the
particle generation position and compared with the actual monitoring data. The results show that
placing SmartRock in the middle of asphalt mixture will not have obvious influence on the original
gradation and mechanical properties, and its motion response can better characterize the com-
paction degree. The migration behavior of aggregate will affect the compaction degree of the sam-
ple. The upper aggregate mainly rolls and migrates vertically during compaction, and the maxi-
mum vertical migration distance accounts for 60.8% of the total compression height of the sample,
resulting in poor compaction uniformity of the upper sample, and the poor horizontal void ratio is
2.05%. The aggregate in the lower layer tends to rotate horizontally and move sideways, and the
porosity of the lower layer samples is distributed evenly, with the horizontal porosity range of
only 0.95%, but the overall compactness is lower than that of the upper layer.
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Figure 1. Euler angle characterization of the particle attitude
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Table 1. Performance index of 70# base asphalt

%= 1. 70#E BB M REE

L= A

25°CEFANJE/0.1 mm

WAk s/ C
15°C 4L /em
B/ (grem™)

Table 2. AC-25 mineral aggregate gradation

52 2. AC-25 F R ED

i fL/mm BRI/ % i fL/mm W HEC/ Y%
31.5 100 2.36 20.1
26.5 96.9 1.18 16.5

19 79.8 0.6 14.5
16 68.4 0.3 12.7
13.2 55.7 0.15 11.9
9.5 37.1 0.075 11.3
4.75 22.8
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FIEE FEI S IN#E A 55 MPa, ARSI EAE 9 150 mm, EARWIE 2 fis.

L 0.25 MPa/s

Flgure 2. Compaction process of asphalt mixture
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Table 3. Comparison of uniaxial compression test results of asphalt mixture
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Figure 3. Virtual model of asphalt mixture
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Table 4. Meso-parameters of aggregate contact model

4. ERHEMREEU S

k, (N/m) ks (N/m)

1.85 x 108 0.75 x 10®

N

Z25 30K [15] B R A3 Burgers BUHAE 150°CIF I E S H, @I EMSH S MO S BN SRR,
AILE PRI Burgers BRI SN 5 s

Table 5. Meso-parameters of Burgers model
%< 5. Burgers RS

24 ol

Maxwell #847 FiiE 7% A% & bur_cnm (Pa-s'm) 2.95 x 10°
Maxwell #43 81572: 1 NI & bur_knm (Pa-m) 7.55 x 10*
Kekvin #8435 229% FZHZ bur_cnk (Pa-s'm) 8.9 x 10°
Kekvin #1453 #3575 M NI BE bur_knk (Pa-m) 5.14 x 10*
Maxwell #4%4 37 V) 7% bur_csm (Pa-s'm) 3.21 x 109
Maxwell #4358 % 7] 5] M £ bur_ksm (Pa'm) 8.20 x 10*
Kekvin #573-% 77 V) %65 bur_csk (Pa's'm) 9.74 x 10°
Kekvin #B43#3 5] MR FE bur_ksk (Pam) 5.59 x 10*
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Figure 4. Schematic diagram of square particle position
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Figure 5. Comparison of compaction degree between indoor
compaction and virtual compaction
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Figure 6. Euler angle time-history curve
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B RERURL A% 0 i S TR T K, T DA It Ly 1) R A B S e 3l A3 — I WA A 1 2000 3 R ELIR BN o
HKPTT BB A FEAE 120 s IR AE T — IR RAE, $EahMREDy 2.3, Jf HUHIN JURE 78 5 B 7 1] A B

P NS

ZHh
Xk
Y

Y Y
(@0s (b) 100 s (¢)200's

Figure 7. Schematic diagram of relative posture of particles
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Figure 8. Acceleration time-history curve
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Figure 9. Schematic diagram of particle movement trajectory and attitude change in the process of three times compaction
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Figure 10. Vertical migration ratio and lateral migration amount of particles
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4.3. ASRTEBITHX ESE R

NI REEREE RS 7 A0 e S BE (R 520 LA R B/ N S ROS IR, R AN ELAR DY 300 mm [1RR
S, SRR, FFEACE T R HAR IR ER DTSR R, SR ER A AE AN 0 RIS Bl 7 AR
FEATEEN o Y PRAETHS S5 RAGHERR L, ISR EARR K T R K AFORAZ I 2 %, EARIEDY 60 mm.
ik 11 R, AR R A RS =, KA N BT =R, R LR PR A IR

150mm

Figure 11. Schematic diagram of measuring ball arrangement

E 1. NEXAEREE

Ph AC-25 IRARINE], KRR RS 150 mm, AR SOIRA N BB MBS Rk 6
P ENERERETIERTTANAR, SRS ER, EREERMEN 14.95%, FETEH
YN 16.49%. HITTCHTATAE, LIRAERME RS i v 3 2R R B BT TR AR S, 1E/KF
Jr i BRI, BB RALE A ERARXT AL T N BRI X ATIERS B0 & BRIC iR
H7E, BUEBRE LEERE AL, RS SR, BEEREL 2.05%. ST TRIER S ZE
JERABLIARAINE R, ) 3T R [RII [0 PEOUA 2B A% SRR KT RS BE TR, N2 B R S SIVE LS
TREAMEN 0.95%, HEEELERT LR,

Table 6. Void distribution result
6. FRESHER

1 2 3 4 5 ¥IME
LEZER/ % 15.95 14.8 13.9 14.9 15.2 14.95
TEZRE/% 16.8 16.2 16.05 16.4 17 16.49
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1) PR E R B R BERUR Bl G E A S P RESEM B0y, EL R BERSURL 0 P 3 2 AT IR 7 A i
JS2 A T AR VEAN I 7 R R SRS I SR AR . AR T S S 1, B RLAE A S A2 Bl MG
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