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�e void distribution characteristics of the drainage asphalt mixture have a certain in�uence on its durability. In this paper, X-ray
CT technology and digital image processing technology are used to study the void distribution characteristics of three di�erent
graded asphalt mixtures, and the void ratio, void quantity, void equivalent diameter, and void fractal dimension of drainage
asphalt mixtures are determined. On this basis, the damage characteristics of the asphalt mixture are analyzed with the split
strength as the index, and the relationship between the void fractal dimension and the split strength is established.�e relationship
between the void diameter and the durability of the OGFCmixture is determined by the in�uence of the void diameter on the void
fractal dimension.�e results show that the void distribution characteristics of the OGFCmixture have a signi�cant impact on its
durability. �e void larger than 3mm in OGFC asphalt mixture has a greater impact on the durability of asphalt mixture. Even if
the void ratio of di�erent OGFC mixtures is relatively close, its durability is also very di�erent. �e di�erence in durability is
mainly due to the di�erence of the void structure and the proportion of the number of large voids above 5mm.

1. Introduction

With the development of computer technology and digital
image processing technology, it is possible to obtain the
internal structure of the asphalt mixture [1–6]. Digital image
processing (DIP) is used to extract interesting objectives, so
the in�uence of microstructure on asphalt mixture can be
investigated [7–14]. Using digital image processing tech-
nology, researchers can process slice images taken by CT
scans or high-de�nition cameras and distinguish the ma-
terials according to the di�erent CT values and colors on the
images, so as to obtain a clear and detailed structure dia-
gram. It can provide reference for studying its internal
structure characteristics and distribution law. Many re-
searchers have applied nondestructive evaluation by using
X-ray computed tomography (CT) to assess civil engi-
neering materials [15, 16]. �e internal structure and voids
distribution of the asphalt mixture were achieved by X-ray
CT [17, 18]; Masad.2002 [19–21].

Masad et al. quantitatively analyzed the e�ect of the
compaction method on the internal structure of asphalt
mixture samples by using digital camera technology and CT

technology. By changing the conditions of rotary compaction
to make it close to the level of on-site compaction, the com-
paction e�ect was �nally evaluated. �e results show that
di�erent compaction methods lead to di�erent internal void
distribution rules in the asphalt mixture, and the void ratio at
the upper and lower ends of the asphalt mixture specimen is
greater than the void ratio in the middle [18]; Masad et al.
[22, 23]. Torres et al. studied the e�ect of pore distribution in
HMA on its water permeability by CT scanning technology
[24]. �ey found that Lognormal and Weibull distribution
models can e�ectively �t the relationship between pores and
water permeability, and a better correlation between connected
pores and water permeability has been found. �rough CT
scanning and image processing of specimens with the same
volume parameters such as VCA and VMA, Xu et al. [25]
found that with di�erent internal pore distributions of the
specimens, the permeability and moisture damage were also
di�erent. �erefore, the pore distribution parameter as the
evaluation index of water stability is more sensitive than the
traditional volume parameter. Zhang Jialin used CTtechnology
to analyze the horizontal and vertical void ratio, void equivalent
diameter, void fractal dimension, and other parameters of

Hindawi
Advances in Materials Science and Engineering
Volume 2022, Article ID 1844556, 10 pages
https://doi.org/10.1155/2022/1844556

mailto:tengxuqiu@mail.lzjtu.cn
https://orcid.org/0000-0001-7623-5162
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/1844556


asphalt mixture specimens [26]. -e research results showed
that the void equivalent diameter was mainly distributed be-
tween 3mm and 9mm. -e transverse percentage of voids of
the mixture specimen is greater than the longitudinal per-
centage of voids, that is, the transverse drainage capacity is
better than the longitudinal drainage capacity.WuWenliang of
the South China University of Technology processed the CT
slices of the asphalt mixture samples to obtain digital images
that could characterize the void characteristics of the asphalt
mixture and analyzed the plane and spatial distribution
characteristics of the asphalt mixture [27].

In summary,many research studies have been conducted on
the internal structure or loss of performance of the asphalt
mixture in the past decades, but few studies have paid attention
to comprehensive consideration of the relationship between void
structure and performance evolution of theOGFCmixture from
the meso and macro levels. -erefore, this paper uses CT
scanning technology to explain the difference of indirect tensile
strength of OGFC mixtures with different void structures, so as
to realize a multiscale characterization of the damage charac-
teristics of the OGFCmixtures. Finally, the relationship between
void fractal dimension and splitting strength ofOGFCmixture is
established, and the void characteristics of the OGFC mixture
with serious damage are determined.

2. Materials and Methods

2.1. Sample Preparation. In order to study the void distri-
bution characteristics of the asphalt mixture, the drainage
asphalt mixture (OGFC-13) with large void characteristics was
selected as the research object, and the specimen was molded
by the Marshall method. -e specimen size was
Φ101.6mm× 63.5mm. -e volumetric method was used to
determine the void ratio of the asphalt mixture specimen and
calculate the connected void ratio of the asphalt mixture
specimen.

2.2. Materials. -e coarse and fine aggregates used in this
research were all basalt, and the ore powder was milled from
limestone. -e rubber asphalt was used as the binder, and
fiber was mixed into the OGFC-13 mixture. -e technical
indicators of the raw materials are shown in Tables 1–4.

2.3. Mineral Material Grading Design. Since the percentage
of voids of OGFC is closely related to the pass rate of the
2.36mm sieve, the target percentage of voids of OGFC is
controlled by adjusting the pass rate of the aggregate at the
2.36mm sieve. First the gradation is determined according
to the median value of the gradation recommended by the
specification OGFC-1, then OGFC-2 and OGFC-3 are close
to the upper and lower limits of the recommended gradation
specifications. -e pass rate of the three groups of mixture
grading in each sieve is shown in Table 5.

2.4. Void Ratio and Connected Void Ratio Calculation.
Table 6 shows the calculation results of the void ratio and
connected void ratio of the three OGFC mixtures.

3. Results and Discussion

-e void distribution characteristics of asphalt mixture
specimens are affected by many factors such as molding
method, aggregate gradation, uniformity of reclaiming, and
molding temperature. -is study intends to investigate the
distribution of void ratio and void quantity at different
heights of OGFC specimens, the void gradation and void
fractal dimension of different gradation asphalt mixtures,
and the distribution of void equivalent diameters at the cross
section of the specimen.-e void distribution characteristics
of OGFC materials are studied.

3.1. Percentage of VoidDistribution. According to the results
of CT scanning, the gray threshold value T1 of the CT
scanning image is adjusted first, and then the gray value of
pixels on the image is normalized. -e gray value greater
than T1 is set to 255, and the gray value less than T1 is set to
zero. -e result of image processing after binarization is
shown in Figure 1, based on which the number of voids and
void ratio of each two-dimensional slice can be determined.

Using MATLAB program to count the scanning slices of
OGFCmixture, the total number of pixels in the circular part
in Figure 1 is 32679, and the total number of pixels in the
black part outside the circle is 12475. -e difference between
the sum of black pixels in the entire quadrilateral and the
black pixels outside the circle is the number of black pixels in
the circle, and the ratio of the difference to the total number
of pixels in the circle is the void ratio of the scan slice. It can
also determine the percentage of voids of the entire
specimen.

It can be seen from Figure 2 that the percentage of voids
of the OGFC mixture shows a C-type distribution along the
height of sample. -e void ratio decreases from both ends to
the middle. -e percentage of voids at both ends of the test
sample is larger because the interpolating effect on the
mixture causes more coarse aggregate and less fine aggregate
at the end of the test simple when the test sample is formed.
-e measured percentage of voids values and the calculated
percentage of voids values from image statistics of OGFC-
1∼OGFC-3 are shown in Table 7. -e CT scan interval used
in this study is 0.5mm. It can be seen that the void ratio
calculated from the scanned image is very close to the
measured void ratio from Table 7.

Masad found that the void ratio at the upper and lower
ends of the asphalt mixture specimen is greater than the void
ratio in the middle [18, 23, 28]. -is means that the dis-
tribution of void ratio along the height of sample for the
normal asphalt mixes studied by Masad is basically the same
as that of the OGFC mixtures.

3.2. Number of Void Distribution. -e void distribution
inside the asphalt mixture has a great influence on the
performance of the asphalt mixture. In this paper, with the
help of Image-Pro Plus’s image processing and analysis
functions, the number of voids, equivalent diameter dis-
tribution of voids, and void fractal dimensions in different
gradation types of OGFC mixture samples are counted in
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Table 1: Properties of coarse aggregate.

Test items Test method Unit Normative value Measured value
Polished stone value T0312 BPN ≥38 58

Content of needle or plate >9.5mm T0312 % ≤15 12.3
<9.5mm T0312 % ≤20 16.4

Water absorption T0304 % ≤3.0 1.7
Apparent density T0304 g·cm−3 ≥2.50 2.734
Crushing value T0316 % ≤28 18.9
Adhesion T0316 Level ≥4 4
Los Angeles wear value T0317 % ≤30 15.3

Table 2: Properties of fine aggregate.

Test items Test method Unit Normative value Measured value
Sand equivalent T0334 % ≥50 63.9
Angularity T0345 s ≥30 36.1
Apparent density T0328 g·cm-3 ≥2.450 2.771
Methylene blue value T0349 g·kg — 20
Mud content(<0.075mm) T0333 % <5.0 2.79
Robustness (>0.3mm) T0340 % — 12.0

Table 3: Properties of rubber asphalt.

Test items Test method Unit Normative value Measured value
Penetration at 25°C T 0604 0.1mm 40∼80 61
Ductility at 5°C T 0605 cm >10 17.3

-in film oven test
Ductility at 5°C T0605 cm ≥5 15.9

Penetration ratio at 25°C T0604 % ≥60 94.8
Quality loss T0609 % ≤±0.1 0.2

Elastic recovery T0615 % >55 71.5
Rotational viscosity at 180°C T0625 Pa.s 1.0∼4.0 1.64

Table 4: Properties of mineral powder.

Test items Test method Unit Normative value Measured value
Plasticity index T0354 - <4 3.6
Apparent density T0352 g·cm−3 ≥2.5 2.679
Stability T0355 - Measured No change in color after heating
Hydrophilic coefficient T0353 - <1 0.6
Exterior - - No clumps No clumps

Particle size range
<0.6mm % 90–100 100
<0.3mm T0351 % 75–100 95.2
<0.075mm % 100 85.9

Table 5: Gradation composition.

Composite gradation
Passing percentage of each sieve（%）

16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
OGFC-1 100 94.1 70.2 21.0 16.4 12.2 8.0 5.9 5.1 4.5
OGFC-2 100 92.5 62.4 18.7 14.8 11.2 7.6 5.8 5.1 4.5
OGFC-3 100 91.5 61.4 16.8 13.1 10.1 7.1 5.6 5.0 4.4
Upper limit of gradation 100 100 80 30 22 18 15 12 8 6
Median gradation 100 95 70 21 16 12 9.5 7.5 6 4
Lower limit of gradation 100 90 60 12 10 6 4 3 4 2
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Table 6: OGFC mixture’s percentage of voids and connected percentage of voids (%).

Specimen
number

1 2 3 4

Void
category

Percentage
of voids

Connected
percentage of

voids

Percentage
of voids

Connected
percentage of

voids

Percentage
of voids

Connected
percentage of

voids

Percentage
of voids

Connected
percentage of

voids
OGFC-1 20.4 14.0 19.0 15.2 20.6 14.9 21.6 17.0
OGFC-2 20.3 15.8 21.3 17.6 20.6 15.8 21.5 18.0
OGFC-3 22.8 19.9 23.0 20.2 23.9 21.9 23.9 21.2

Figure 1: Binarization diagram of a bituminous mixture sample.
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Figure 2: Percentage of void distribution along the height of the specimen.
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batches. -e change in the number of voids along the height
of the specimen is shown in Figure 3.

It can be seen from Figure 3 that the number of voids in
the OGFC mixture shows a convex distribution along the
height of samples. -e number of voids increases from both
ends to the middle. -e number of voids at both ends of the
test samples is small, while the number of voids in themiddle
is relatively large. Combining with the percentage of void
distribution of Figure 2, it can be seen that the void volume
at both ends of the specimen is large and the number is small,
while the void volume in the middle of the specimen is small
and the number is large.

3.3. Void Equivalent Diameter Distribution. -e equivalent
diameter of the void can represent the size of the void inside
the asphalt mixture. -e distribution law can be clarified by
counting the size distribution of the equivalent diameter. By
comparing and analyzing the void equivalent diameter
distribution curves of different grades of OGFC mixtures,
the durability of OGFC mixtures with different grades could
be evaluated. -e distribution of the equivalent diameter of
the voids of OGFC-1∼OGFC-3 mixtures is shown in
Figures 4–7.

From Figures 4–6, it can be seen that the distribution
range of the equivalent diameter of OGFC mixture voids is
roughly between 0 and 10mm, and most of the voids are
distributed in the range of 1∼4mm, accounting for about
70%. -e results are very close to those of [29]. -eir re-
search results shows voids with 0∼4mm equivalent aperture
account for the largest proportion in the open-graded as-
phalt mixture. -e space of 0∼1mm accounts for about 10%,
and the space of more than 4mm is about 20%. -is part of
the large void is mainly distributed on the surface of the
asphalt mixture specimens. In the OGFC-1 and OGFC-2
mixture samples, the voids of 1 to 2mm are the most
prevalent, and their proportions reach 32.5% and 29%, re-
spectively. In OGFC-3, the void of 2 to 3mm is the most
common, accounting for 23%. It can be seen from Figure 7
that the air-diameter frequency distribution functions of
OGFC-1 and OGFC-2 mixtures are relatively close, and they
are basically the same in the range of 1 to 5mm. OGFC-2 has
a wider range of void diameter distribution than OGFC-1,
but the excess part occupies a smaller proportion and is
mostly distributed on the surface of the specimen. -e
OGFC-3 mixture has more voids larger than 3mm, so the
durability order is OGFC-2>OGFC-1>OGFC-3. In sum-
mary, combined with the measured interconnected void
fraction in Table 3, the drainage capacity order is: OGFC-
3>OGFC-2>OGFC-1. Taking a comprehensive consider-
ation, it is more reasonable to select OGFC-2 gradation.

3.4. Void Gradation Analysis. In this paper, the void gra-
dation is the size distribution of the equivalent diameter of
the void and mainly refers to the distribution ratio of the
void diameter of different sizes. Under the combined action
of internal and external causes, as the skeleton structure of
asphalt mixture changes, its void distribution will be af-
fected, and the void gradation will also change. Figure 8
shows the void gradation diagram of OGFC-1∼OGFC-3
mixture samples.

It can be seen from Figure 8 that the overall size
distribution of the void diameter is: OGFC-1 <OGFC-
2 <OGFC-3. As the optimal gradation of OGFC-2, its
gradation is close to the S-type distribution, that is, most
of the voids are concentrated in the middle of the void
diameter range, and there are fewer particularly large and
small voids.

3.5. Void Fractal Dimension. In order to characterize the
complexity of the void structure of OGFC mixture, the
fractal dimension in fractal geometry is introduced to il-
lustrate the structural characteristics of the void. Commonly
used methods of geometric fractal dimensions are the
number box method [30], the variable size method, and the
small islandmethod. In this paper, the box-countingmethod
is used to study the characteristics of the gap fractal di-
mension. -is method is commonly used to calculate the
fractal dimension of complex irregular graphics, and a
square box with a variable length of r is used to cover the
fractal dimension of the graphics. Due to the irregularity of
the covered graphics, there are often many holes and cracks
that are not covered or part of it is covered. Count the
number of these nonempty boxes, and record the number of
nonempty boxes as N(r), and then reduce the size of the box,
and then calculate the new N(r). When r⟶ 0, the fractal
dimension defined by the box method is obtained as follows:

D0 � − lim
T⟶ 0

lgN(r)

lgr
. (1)

In practical applications, a series of r and N(r) can be
obtained first, and then a straight line can be determined in
the double logarithmic coordinate lgN-lgr, and the slope is
D0. Figure 9 shows the fractal dimensions of four different
rules and smoothness graphs.

An OGFC mixture sample has more than 130 CT slices.
In order to obtain the fractal dimension of the entire
specimen, first obtain the void fractal dimension of each
slice, and then calculate the average value to obtain the void
fractal dimension of the entire specimen. -e calculation
formula is shown in (2), and the fractal dimension of
OGFC1∼OGFC3 mixture is shown in Figure 10.

Table 7: Measured percentage of voids and calculated percentage of voids.

Gradation Measured percentage of voids Calculated percentage of voids Difference
OGFC-1 19.0 18.6 0.4
OGFC-2 20.3 20.4 0.1
OGFC-3 23.9 23.8 0.1
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Figure 3: Distribution of the number of voids along the height of the specimen.
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Figure 4: Equivalent diameter of OGFC-1.
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Figure 5: Equivalent diameter of OGFC-2.
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Figure 6: Equivalent diameter of OGFC-3.
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0

20

40

60

80

100

Pe
rc

en
ta

ge
 P

as
sin

g 
(%

)

2 4 6 8 10 120
Equivalent Diameter of Voids (mm)

OGFC-1
OGFC-2
OGFC-3

Figure 8: Void gradation diagram.

1.03 1.10

1.23
1.12

Figure 9: Fractal dimensions of four different rules and smoothness graphs.

Advances in Materials Science and Engineering 7



D �


n
i�0 Di

n
, (2)

where D is the fractal dimension of voids in the asphalt
mixture and n is the number of CT image slices of the asphalt
mixture.

3.6. Influence of Void Distribution Characteristics on Split-
ting Strength of Asphalt Mixture. -e splitting strength of
OGFC mixture is closely related to the void distribution.
Related research shows that the splitting strength can in-
directly reflect the ability of asphalt mixture to resist fatigue
damage and water damage. In this paper, we will study the
effect of void distribution characteristics on the splitting
strength of OGFC mixture according to the void ratio, void

fractal dimension, void number, and void equivalent di-
ameter obtained above. In this paper, three gradations of
OGFC-1, OGFC-2, and OGFC-3 were molded to measure
the splitting tensile strength. Some of the measurement
results are shown in Table 8.

It can be seen from Table 8 that the porosity of the
OGFC-2 specimen is greater than that of the OGFC-1
specimen, but its splitting strength is higher. It can be seen
that the splitting strength of the asphalt mixture increases
with the increase of the void fractal dimension. It shows that
there are certain shortcomings in evaluating the durability of
OGFC mixtures by porosity index. When the porosity of the
mixture is close, the splitting strength of the asphalt mixture
is not only related to the porosity but also to its void
structure, and the fractal dimension of the void can more
effectively characterize the durability of the OGFC mixture
specimen. -e relationship between the fractal dimension of
the void and the splitting strength is shown in Figure 11.

Fitting the relationship between the fractal dimension of
the gap and the splitting strength, the relationship between
the two is shown in (3):

RT � −3.892 + 2.776D. (3)

Here, RT is the splitting strength and D is fractal dimension
of voids.

-e correlation coefficient of (3) is 0.996. Since RT> 0,
the value range of D is 1.4∼2.

-e study found that the main reason for the difference in
the fractal dimension of voids is the proportion of voids larger
than 3mm in the asphalt mixture. Combining Figures 4–6, it
can be seen that in the OGFC-1, OGFC-2, and OGFC-3
specimens, the proportions of the voids greater than 3mm are
33%, 32%, and 37%, respectively.-e data of this research show
that the proportion of the voids larger than 3mm is larger, the
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Table 8: Splitting strength of different gradation specimens.

Gradation Percentage of voids Void fractal dimension Number of voids Splitting strength (MPa)
OGFC-3 23.9 1.58 86 0.49
OGFC-1 19.0 1.63 128 0.64
OGFC-2 20.3 1.66 134 0.71
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Figure 11: Relationship between the splitting strength and void
fractal dimension.
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fractal dimension of the voids is smaller. -erefore, the pro-
portion of the voids larger than 3mm has a great influence on
the strength of OFGC mixture.

4. Conclusions

-is paper uses CT technology to obtain the image infor-
mation of the OGFC mixture specimen. On this basis, the
void distribution characteristics of the OGFC mixture
specimen are analyzed, and the corresponding relationship
between the void distribution characteristics and the OGFC
mixture damage is determined. -e main conclusions are as
follows:

(i) Based on MATLAB programming, calculating the
void ratio by the number of pixels is an effective
method, and the calculated void ratio is very close to
the measured void ratio.

(ii) -e internal voids of the OGFCmixture are unevenly
distributed along the height of the specimen. -e
void ratio at both ends of the specimen is relatively
large and gradually decreases from both ends to the
middle. -at is, the two ends of the mixture are
distributed with a small number of large voids, and
the middle is a large number of small voids.

(iii) -e Gauss-Amp function was used to establish the
frequency distribution function of the equivalent
void diameter of the OGFC mixture, and the fre-
quency distribution histogram of the equivalent
void diameter was compared to determine that
OGFC-2 was the best gradation.

(iv) Based on fractal geometry, the corresponding re-
lationship between the void fractal dimension and
splitting strength of OGFC mixture is established.
-e splitting strength increases with the increase of
the void fractal dimension.

(v) -e voids in the OGFC mixture with an equivalent
diameter greater than 3mm have a great influence
on its splitting strength.

(vi) -ere is a positive linear relationship between the
number of voids and the splitting strength. OGFC
mixtures with more voids and relatively uniform
void diameter distribution have better durability.
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