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Digital 3D morphological features and distribution of asphalt coarse aggregate
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Abstract: In order to accurately analyze the morphological characteristics and distribution properties of aggregates
in the mixture, and to have a more comprehensive, in-depth, and specific understanding of aggregates, CT
scanning, digital image processing, and three-dimensional geometric reconstruction technologies were used to
reconstruct the real shape of aggregate particles. Five morphological characteristic parameters of aggregates were
proposed, and a digital evaluation and experimental analysis were conducted on the morphological characteristics of
three aggregates. The accuracy of the digital reconstruction method was validated and the morphological distribution
characteristics of aggregate particles were analyzed. Additionally, the Pearson correlation method was utilized to
analyze the correlations among the morphological parameters. The study demonstrates that the use of CT scanning
technology and digital reconstruction technology can accurately restore the morphological characteristics of aggregate
particles and obtain morphological parameters. There are significant distribution characteristics of the morphology of
different particle sizes of the same aggregate. The three-dimensional needle-like index and three-dimensional texture
index show little variation across different particle sizes. As the particle size increases, the variability of the
morphology parameter values for aggregates decreases. The overall three-dimensional texture index follows a power-
law distribution, and the complexity gradually decreases with the increase of particle size. Additionally, as the
particle size increases, the three-dimensional edge angle gradually stabilizes. There is a strong negative correlation
between three-dimensional edge angle and solid moment degree, as well as between solid sphericity and three-
dimensional edge angle. Conversely, there is a strong positive correlation between sphericity of the actual shape and
the three-dimensional texture index. Digital 3D reconstruction can accurately and comprehensively describes and
analyzes the morphology and distribution characteristics of aggregates.
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Fig. 1 Characterization and analysis methods for three-

dimensional morphological features of aggregates
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Tab.1 Aggregate density within various particle size ranges for three types of coarse aggregates

Skt K/ mm FMEIE/ (5 em ) RFHIE/ (g em ™) BB (g - em ™)
16.00 ~19.00 2.706 2.695 2.682
13.20 ~ <16.00 2.681 2.664 2.653
- 9.50 ~ <13.20 2.679 2.669 2.663
4.75 ~ <9.50 2.681 2.664 2.653
2.36 ~ <4.75 2.668 2.596 2.579
>0~ <2.36 2.658 — —
19.00 ~26.50 2.753 2.701 2.674
16.00 ~ <19.00 2.749 2.698 2.689
13.20 ~ <16.00 2.756 2.695 2.679
P2 9.50 ~ <13.20 2.763 2.702 2.684
4.75 ~ <9.50 2.742 2.682 2.664
2.36 ~ <4.75 2.720 2.669 2.647
>0~ <2.36 2.715 — —
13.20 ~16.00 2.759 2.644 2.623
9.50 ~ <13.20 2.776 2.638 2.615
P3 4.75 ~ <9.50 2.703 2.621 2.604
2.36 ~ <4.75 2.677 2.59%4 2.587

>0~ <2.36 2.696
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Tab.2 Performance test results for three types of aggregates

Gt MR Y4 %

TRV R RO BT 4340 %

19.00 ~26.5 mm

16.00 ~ <19.00 mm

13.20 ~ <16.00 mm  9.50 ~ <13.20 mm 4.75 ~ <9.50 mm

P1 67 — 7.1
P2 64 6.0 8.2
P3 62 — —

6.2 5.6 4.7
6.5 7.4 5.9
8.2 9.6 7.6
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Tab.3  Aggregate parameters and sampling requirements for

three types of coarse aggregates

L BRI, BRI/ RAOERE BT
e .
mm mm TR B kg
Pl 19.00 2.36 100 0.5~0.8
P2 26.50 2.36 100 1.0~1.5
P3 16.00 2.36 100 0.5~0.8
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Fig.2 Coarse aggregate CT scanning model physical image
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Fig.3  Process for reconstructing solid models of aggregate particles
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Tab.5 Particle simulation, testing volume values and deviations

- 3-matic #H1 AR X
TRFY/ mm? A/ mm? W22/ %
P1-13.20-01 549.93 556.49 1.19
P1-13.20-02 596.29 599.62 0.56
P1-13.20-03 575.87 571.12 0.83
P1-13.20-04 606.41 603.10 0.55
P1-13.20-05 549.93 542.22 1.41
P1-13.20-06 535.83 533.53 0.43
P1-13.20-07 528.73 534.25 1.04
P1-13.20-08 599.71 596.22 0.58
P1-13.20-09 633.40 639.56 0.97
P1-13.20-10 605. 02 608. 62 0.59
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Fig.5  Fitting diagram of simulated volume values and experimental

volume values

2 BEHRBEEBNHRIRELSA
FEAE 2 AT
2.1 SEREH SR RSTRM SN
FIH 3-matic 4P 15 4 RHBORE S K 7 (e g
FUSF T I 5 5 97 8 BB 19 = 246 SRR A
el 60 HE R BURL A1 452 K7 (R 6], 4 6y PL kY
9.50 mmbY 12 BUBURLAISMEE K7 (R R .

E6 SERIBRIMEKTTERG]
Fig. 6  Example of coarse aggregate particles connected with
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Tab.6  Dimensions of bounding rectangular cuboid for P1
aggregate particles in 9. 50 mm size range
TR i L/mm W/mm H/mm
P1-9.50-01 15.245 12.282 5.401
P1-9.50-02 17.092 16.303 8.401
P1-9.50-03 13.932 13.826 8.701
P1-9.50-04 14.104 11.325 8.900
P1-9.50-05 14.771 12.955 8.401
P1-9.50-06 14.006 12.922 8.801
P1-9.50-07 15.464 13.225 7.101
P1-9.50-08 15.227 14.421 9.001
P1-9.50-09 16.043 13.679 9.000
P1-9.50-10 11.164 10. 040 7.801
P1-9.50-11 15.205 13.625 11.100
P1-9.50-12 16.919 10.677 7.400
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