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Construction and application of solid coarse aggregate three-dimensional
discrete element Marshall simulation specimen
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Abstract; In order to improve the quality control technology capability of asphalt pavement engineering, CT
scanning is used to obtain the shape of coarse aggregate, generate a group of solid coarse aggregate particle models,
and then use discrete element software to generate asphalt mixture simulation specimens with coarse aggregate shape
and gradation composition characteristics. Digital simulation experiments are explored to achieve digital control of
asphalt mixture quality. Marshall simulation specimens were generated by combining four different contact
behaviors: coarse aggregate body, mortar mortar, aggregate mortar, and aggregate aggregate with the skeleton
structure; The accuracy of the model specimen was verified by indirect tensile splitting test, and applied and
analyzed in combination with typical quality control conditions. Taking the low-temperature performance of asphalt
mixture as an example, the application analysis of simulation specimens for comparing the replacement performance
of equal volume and equal mass with optimized mix proportion is carried out. The research results indicate that
Marshall specimens constructed using three-dimensional discrete element method can effectively simulate indirect
tensile mechanical behavior and distinguish typical conditions in the quality control process; From the perspective of
splitting strength and fracture energy, it is found that the equal volume replacement method is closer to the splitting
test performance of the original grade than the equal mass replacement method ; The morphology of coarse aggregates
with a larger particle size range is more closely related to the structure of the mixture. The solid coarse aggregate
three-dimensional discrete element Marshall simulation specimen can be applied to the quality control of asphalt
mixture, which has remarkable effect and can make the project management and control work more convenient and
faster.
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Tab.1 Results of P1 mineral aggregate mixture ratio

WO W L Bl %

A
>10~15mm >10~15mm >5~10mm O~5mm Rl
() HH ESE) 4okt 4kt Bk
P10l 15 25 27 26 7
P1-02 25 14 30 25 6
P1.03 20 15 33 27 5
P1-04 29 8 25 30 8

K2 PR2UBEBEER

Tab.2 Results of P2 mineral aggregate mixture ratio

B AR L 15/ 9%

o1 .
>15~20mm >10~15mm >5~10mm O~5mm R2

1K i) HR SER T

P201 28 16 16 33 7
P2-02 24 17 18 35 6
P203 20 21 22 31 6
P2-04 18 25 20 30 7

R3 PIURILBELER

Tab.3 Results of P3 mineral aggregate mixture ratio

o5 WRLZH B L1 %

>10 ~15 mm Bk >5~10 mm KL A)E HLHIES RL T8
P3-01 34 14 3711 4
P3-02 29 16 36 14 5
P3-03 30 20 3016 4
P3-04 40 24 16 16 4
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Fig.1 Synthetic grading curve of design mix ratio of aggregate groups
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Fig.2 Three kinds of aggregate particle templates
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Tab.4  Volume of P2 aggregate mix proportion 1 in each file

41 URE R AR 53 L/ % AR em?
>19.00 ~26.50 mm KIS 4.14 25.71
>16.00 ~19.00 mm HIHER} 13.48 83.74
>13.20 ~16.00 mm HIAER} 9.98 62.00
>9.50 ~13.20 mm HI4ER} 8.78 54.55
>4.75 ~9.50 mm HHK} 11.84 73.53
>2.36 ~4.75mm HIEEH} 8.05 50.02
MR 27.55 171.11
tines 11.68 72.53
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Fig.3  Generation process of skeleton structure model with gradation characteristics
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Fig.4  Comparison between theoretical volume gradation and

model volume gradation
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Fig.5 Formation process of asphalt mortar
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Tab.5 Composite morphological parameters of three kinds of coarse aggregate particles in different particle size ranges

R K e AT REE G AW RELIDRIN
>2.36 ~4.75 mm 0.841 37.411 1.185 1.902
>4.75 ~9.50 mm 0.812 29.189 1.255 1.768
P1 >9.50 ~13.20 mm 0.807 14.274 1.232 1.816
>13.20 ~16.00 mm 0.806 11.986 1.233 1.829
>16.00 ~19.00 mm 0.814 10.224 1.228 1.787
>2.36 ~4.75 mm 0.864 37.481 1.181 1.789
>4.75~9.50 mm 0.830 26.345 1.213 1.811
- >9.50 ~13.20 mm 0.480 13. 666 1.239 1.840
>13.20 ~16.00 mm 0.807 11.406 1.242 1.782
>16.00 ~19.00 mm 0.818 9.958 1.236 1.644
>19.00 ~26.50 mm 0.784 7.897 1.253 2.047
>2.36 ~4.75 mm 0.949 39.623 1.186 1.812
- >4.75~9.50 mm 0.795 22.394 1.253 1.889
>9.50 ~13.20 mm 0.773 17.248 1.300 1.791
>13.20 ~16.00 mm 0.770 14.730 1.291 1.856
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Fig. 10 Comparison between the gradation of three equal volume
replacement methods and the original gradation ( P1-01
gradation )
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Tab.6  Volume of each component in different equal volume

replacement methods

N RIRIL 2843 R AR em?

HRL K 23 BAR
P101(1)  P101(2) P101(3)

>16.00 ~19.00 mm H4EHR} 26.98 27.12 26.84
>13.20 ~16.00 mm H4ER} 61.94 62.26 61.61
>9.50 ~13.20 mm FHAERE  67.58 67.93 67.23
>4.75~9.50 mm MHAERL  105.17 105.72 104. 62
>2.36 ~4.75 mm FER 59.20 59.51 58.89
UNEERL AT ) 115.23 115.84 114.63
tlikEs 55.03 55.32 54.75
23 KA 23.68 21.11 26.26

(c) P1-01(3)& i

B11 3#MEFRERAIERNTHFTRAEREN

Fig. 11  Skeleton structure of asphalt mixture generated by three equal volume replacement methods
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Fig. 12 Simulation specimen of asphalt mixture
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Tab.7  Volume of each component with different equal mass

replacement methods

ENGE CMiEIR S

PR R A PIO1(1)  P101(2) P1-01(3)
>16.00 ~19.00 mm KR} 25.62 26.03 25.62
>13.20 ~16.00 mm AR} 58.66 60.30 58.66
>9.50 ~13.20 mm AR 63.84 65. 84 64.33
>4.75~9.50 mm MR 102.39 101.56 101.56
>2.36 ~4.75 mm MR} 57.92 57.73 57.73

R T Ky 120.11 120.11 120.11

tiNss 57.36 57.36 57.36
23 B 28.82 25.73 29.34
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Fig. 13 Skeleton structure of asphalt mixture generated by three equal mass replacement methods
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Fig. 15  Virtual splitting test results under three equal volume
replacement methods

Simulation specimen of asphalt mixing
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Tab.8 Experimental results of virtual splitting test under equal

volume replacement

- - A T ARV
e A TERIEE2E PRI (ERT ,
g RN e s
o W AR/ mm
T2
P1-01 8 268.82 0 4.03 0
P1-01(1) 7 542.56 -8.8 4.78 +18.6
P1-01(2) 7 735.38 -6.5 4.20 +4.2
P1-01(3) 6 938.05 -16.1 4.80 +19.1
9 -
8 /-":;:::. A
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Fig. 16  Virtual splitting test results under three equal mass

replacement methods
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Tab.9 Experimental results of virtual splitting test under equal

mass replacement

Ty 28U (EL0F
BT X TAEETE TR (e s
T 28/ N : N NEIE2E(H
g HAS %  BASE/mm
H %
P1-01 8 268. 82 0 4.03 0
PIOI(1)  7211.17 -12.8 4.18 +3.7
PI01(2)  8047.87 -2.7 4.71 +16.9
P1-01(3)  6840.09 -17.3 5.03 +24.8
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Fig. 17 Fitting diagram of load-displacement curve
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Tab. 10  Load-displacement fitting curve equation of different

gradations

%ﬁ;ﬁt frdi— A A Ik e R

P1-01 y= —204.51x +1277.6x% +236.0x +78.3 0.996 9
PL-O1(1) 3= —184.8x% +1232. 14> —220. 1x +325.3 0.993 2
PL-01(2)  y=—162.06° +949.22% +714.4x —17.5 0.998 6
PL-01(3) y= —127.5x% +848.6x% +262.8x +100.6 0.997 1
P1-01(4) y=-205.8x% +1305.3x> =305.9x +714.6 0.985 4
PIOI(5) y= -128.4x" +829.2x% +590.8x +291.0 0.989 3
PL-01(6) 3= —114.2x* +845.9x> —80.9x +286.4 0.990 1
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Splitting test results under different replacement methods

TRV BRI/

Tab. 11

£ T 4RI /N BT/ P WrEdEe/J

P1-01 8 268.82 4.03 0.82 21.32
P1-01(1) 7 542.56 4.78 0.75 24.61
P1-01(2) 7735.38 4.20 0.77 20.76
P1-01(3) 6 938.50 4.80 0.69 23.03
P1-01(4) 7211.17 4.18 0.71 21.48
P1-01(5) 8 047.87 4.71 0.80 25.76
P1-01(6) 6 840.09 5.03 0.68 23.42
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Tab. 12 Porosity and splitting strength and fracture energy data

BT AR B/ % BFRLR I/ MPa [E3: 124

P1-01 4.5 0.82 21.32
P101(1) 4.6 0.75 24.61
P1-01(2) 4.1 0.77 20.76
P1-01(3) 5.1 0.69 23.03
P1-01(4) 5.6 0.71 21.48
P1-01(5) 5.0 0.80 25.76
P1-01(6) 5.7 0.68 23.42
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