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Simulation Study on the Evolution of Uniformity of Reclaimed
Asphalt Pavement with Different Mixing Speeds

Wu Jiantao, Liu Jinpeng, Han Yuting, Liu Quan
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Abstract: In order to better grasp the changes in the mixing uniformity of reclaimed asphalt pavement (RAP),
the dynamic process of the evolution of RAP mixing uniformity at different mixing speeds was simulated. First-
ly, based on the discrete element method (DEM) to simulate the RAP mixing process under different mixing
speeds, we analyze the mixing uniformity change and internal mechanism of the old aggregate agglomeration
crushing; Secondly, on the basis of agglomerate crushing, we further analyze the uniformity evolution process of
the new and old aggregates; Finally, we use the 3D printing technology and image processing to analyze the mix-
ing uniformity change of the new and old aggregates in the chamber under different mixing speeds. There is a
process of agglomerate crushing from fast to slow, The inflection times of the fitted curves of dispersion factors
of old aggregate agglomeration at 5, 10, 15, 20 r/min mixing speeds are 10.92, 6.69, 5.48, 4.12 s, respectively.
the further the agglomerates are away from the center of mixing, the more obvious the trend of speed and force

changes in mixing, and the more homogeneous the mixing is. The inflection times of the fitted curves of disper-
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sion factors of old and new aggregates at 5, 10, 15, 20 r/min mixing speeds are 17.05, 8.74, 5.66, 4.26 s, respec-
tively. The uniformity of the mixing of the old and new aggregates under different mixing speeds is slightly dif-
ferent between the indoor experiment and DEM, but all of them reach the inflection point of uniformity around 4
s. The change of mixing uniformity of RAP is a complex dynamic process, and the mixing speed is a key factor
that cannot be ignored to affect the mixing uniformity.

Key words: mixing uniformity; mixing speed; reclaimed asphalt pavement; discrete element method; old aggre-
gate agglomeration; 3D printing
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Fig.2 Flowchart of old aggregate agglomeration particle
model construction
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Tab.1 RAP mixing model contact parameters

B Ari A P2 B S50 Ky
SRR (N/m®) 1.0x10°
FHEA R L /Pa 1.0x10°
Fr AT /Pa 2.0x10°
HORL-BORE Fhi®F1/Pa 3.0x10°
EEREF () 10
FEHEREL 0.3
2 S5 By UIRIE L 1.7
gAY (N/m?) 1.0x10°
B R /Pa 1.2x10°
Fr A /Pa 3.0x10°
AT RRLE R #CIH) Bk K J1/Pa 4.0x10°
JEEREf (°) 18
SR AL 0.3
0 5 Y EIRIE H 1.7
LA R/ (N/m*) 1.0x10°
A R/ Pa 5.0x10°
Fir 155 3 /Pa 2.0x10°
25 A N AR i F1/Pa 3.0x10°
JEEBEF) (°) 40
B FRAL 0.3
P05 Y IR H 1.7
S A ; T A7 3% (N/m”) 8.0x10°
LR AT B CIH ) -5k gE Rl A S 1 SR 0
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Fig. 4 Schematic diagram of RAP mixing process
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Tab.2 PLA consumables related parameters

BR AT e it P2 /é

a0 &Ei i g/ STETREC LR EA
(kg/m’) MPa mm

BiE 1137 34 190~230  1.75+0.03
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Tab.3 Number of particles in each grade of particle size
of 3D printed aggregates

MR /mm  HORHER YA IFHEUR 204~
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Fig. 5 3D printing aggregates preparation process
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Tab.4 Rotational viscosity test values of
substrate bitumen

REE/C FiJE/ (mPa-s) XU
120 1290 3.11
135 557 2.75
150 272 2.43
165 148 2.17
180 86.6 1.94
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Fig. 6 Viscosity-temperature line of substrate bitumen
and dimethyl silicone oil viscosity calibration chart
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Fig. 7 Mixing experimental device and mixing process diagram
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Fig. 8 Binarization of old aggregate particle
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