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Abstract: Through theoretical analysis, this paper preliminarily puts forward the optimization design
method of a mix proportion large stone permeable mixture based on target voidage. The optimized
large stone permeable mixture is abbreviated as OLSPM (optimization large stone permeable mixture).
On this basis, the asphalt content was verified by leakage analysis experiment, and the molding
method was determined by comparing the volume parameter changes and the appearance of the
specimen in the molding process of both a Marshall compaction test and rotary compaction test. The
final experimental analysis results show that the asphalt content calculated by this method can meet
the technical requirements of leakage loss. The rotary compaction method is the suitable molding
method for indoor cylindrical specimens of OLSPM, and the voidage is used as the index to control
the compac-tion times of OLSPM. Under the same voidage, OLSPM-25 has more fine aggregates
and thus leads to a relatively large amount of asphalt. In addition, the content of 4.75–19 mm coarse
aggregate in its coarse aggregate is also higher than that of LSPM-25.

Keywords: target air voids; optimization large stone permeable mixture (OLSPM); performance
evaluation; optimization of mix proportion

1. Introduction

By combing the research status of asphalt stabilized materials with permeable function
at home and abroad, it is found that the asphalt pavement with a permeable function at
its base has better effect on the prevention and control of urban stormwater than asphalt
pavement with a permeable surface only [1]. Presently, the most commonly used permeable
base materials include large pore cement stabilized macadam, large particle size permeable
asphalt mixture LSPM (large stone permeable mixture), etc. [2]. Among these, the flexible
base material LSPM can not only meet the needs of permeable function, but also meet
the current trend of long-life development of asphalt pavement [3]. It also has broad
application prospects. For permeable base materials, there must be a certain voidage to
ensure their water permeability. However, an increase of voidage will lead to the decrease
of road use and mechanical properties of the mixture [4,5]. Therefore, voidage is the key
design and control index in the overall design process.

In the process of obtaining the expected target void ratio, the existing gradation design
of permeable asphalt stabilized base material requires a large number of tests to establish
the relationship between the void ratio and the key sieve holes (and then to control the
pass rate of one or several key sieve holes through the expected void ratio). Not only is the
process test large, but also the filling effect of asphalt on the voids of mineral aggregate
is often ignored in the gradation calculation process, creating a situation that the target
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void ratio cannot be obtained. Relevant scholars have also proposed some design methods
of mixture ratio of significance. The representative ones are the Bailey method adopted
by Shang Fulu and Wu Junfeng et al. [6,7] and the variable i method adopted by Fu Qilin.
The Bailey method [8,9] is a gradation design method proposed by Robert Bailey of the
Illinois Department of Transportation in the United States. The basic idea is to fill the
voids formed by coarse aggregates with fine aggregates. The key to this design is the
selection of design density. The variable i method was first proposed by Lin Xiuxian of
Tongji University [10]. This method combines the Superpave aggregate composition design
method and the Bailey design method, and proposes the design formula for the variable i
method. With the help of Superpave and Bailey method, the range of the pass rate reduction
coefficient i in the formula is given. Based on the variable i method, Fu Qilin [11,12] used
the variable i method designed separately for coarse and fine aggregates, and furthermore
used the Bailey method to determine the coarse and fine aggregates to divide the key sieve
holes. After trial calculation, the value range of coarse and fine aggregate i values were
given, respectively. Xiao Xin et al. [13] introduced the CAVF method into the mix design
of drainage asphalt mixture based on the CAVF (course aggregate void filling) method
proposed by Professor Zhang Xiaoning. The core idea of the CAVF method is that the
main skeleton void VCADRC (percent voids in coarse mineral aggregate in the dry rodded
condition) formed by coarse aggregate is equal to the sum of the fine aggregate volume,
asphalt volume, filler volume, and void volume [14,15].

Therefore, based on the CAVF method, we introduce a step-by-step filling test and
asphalt content calculation formula to determine the skeleton structure of coarse aggregate
in the mixture and the initial asphalt content and determine the molding method and the
optimal asphalt content, so as to optimize the mix proportion design method of LSPM and
complete the optimization large stone permeable asphalt mixture OLSPM (optimize large
stone permeable mixture) with the target void ratio design and control index,. Our aim in
this paper was to further study its performance and judge the rationality of this method.

2. Materials and Methods
Optimization Design Method of Mix Proportion

On the basis of combing the existing design methods of open gradation at home and
abroad, this paper selects the CAVF method as the basic theory of gradation design. The
core idea of the CAVF method is that the main skeleton void VCADRC formed by coarse
aggregate is equal to the sum of fine aggregate volume, asphalt volume, filler volume,
and void volume [14,15]. The mixture designed by this method not only ensures that the
coarse aggregate is fully embedded to form a good skeleton structure, but also ensures that
the fine aggregate and asphalt mortar do not interfere with the main skeleton structure.
Its design also takes into account the filling effect of asphalt on the void. In summary,
it can be seen that the CAVF method can supplement the shortcomings of the existing
design methods and provide a theoretical basis for the optimization design of this paper.
However, there are also problems in the CAVF method, such as the inability to determine
the proportion of coarse and fine components. Based on this, our paper introduces the
Bailey method, the step-by-step filling test, and the calculation formula of asphalt content
to supplement the CAVF method [16,17], and preliminarily forms an optimization design
method of mix proportion of large-size permeable asphalt mixtures. The detailed steps are
as follows:

(1) According to the method proposed by the Bailey method to divide the key sieve hole,
0.22 times D is the first key sieve hole as the index to divide the key sieve hole of
coarse and fine aggregate in the mixture.

(2) Determination of coarse and fine aggregate, mineral powder, and asphalt
density parameters.

(3) On this basis, in order to determine the composition proportion of each grade aggre-
gate in the coarse aggregate part, the gradation filling method is adopted to determine
the composition proportion of each grade aggregate in the coarse aggregate part and
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the final tamping coarse aggregate gap rate VCADRC with the minimum gap rate of
mixture as the standard.

(4) In order to determine the composition ratio of each grade in fine aggregate, the fine
aggregate gradation is designed and adjusted according to the i method so as to
determine the composition ratio of each grade in fine aggregate.

(5) Determine the target porosity of large size permeable asphalt mixture base material.
(6) It is initially set that the percentage of coarse aggregate in the mixture is x, the

percentage of fine aggregate is y, the proportion of mineral powder is z, the amount
of effective asphalt is m, and the amount of mineral absorbing asphalt is n. At this
time, the corresponding formula becomes:

x + y + z =1, (1)

x
100γs

(VCADRC−VV) =
y
γf

+
z

γp
+

m + n
γa

(2)

At this time, the unknowns in the formula are x, y, z, VV and asphalt content m + n,
where VV is the target porosity, which is selected according to the expected value.
In addition, according to the relevant research results, the effective asphalt content
m and the mineral powder absorption asphalt content n are determined, and the
z = 1.2 m is obtained from the powder-binder ratio = 1.2. According to the estimation
formula of effective asphalt content, the relationship between m, n, y, and z can be
established as follows:

m = DA × ρb × SA × Ps/1000, (3)

DA = 0.41 + 0.0041P4.75 + 0.0082P2.36 + 0.016P1.18
+0.028P0.6 + 0.061P0.3 + 0.1229P0.15 + 0.3277P0.075

(4)

n =
γse−γsb
γse× γsb

× γb× 100, (5)

γsb =
100

P1
γ1 + P2

γ2 + . . . + Pn
γn

, (6)

Formula: ρb is asphalt density. P1, P2 . . . Pn are all different kinds of mineral materials
accounted for the percentage of total mineral quality. According to the research
conclusions of Jinan Shen [18], the asphalt film thickness SA is 13 µm. Ps is 96 % based
on experience (since the Ps value changes little, 1 % of the variation is only 0.001 in
the calculation results, so the estimated Ps value has little effect on the m result). γ1,
γ2, . . . γn are the relative density of mineral materials and are dimensionless.

γse =C× γsa+(1−C)× γsb, (7)

Here, C is the asphalt absorption coefficient and is also dimensionless. By Formula (8):

C = 0.033w2
x − 0.2936wx + 0.9339, (8)

Formula: wx synthetic mineral water absorption, %, by Formula (9):

wx = (
1

γsb
− 1

γsa
)× 100, (9)

The apparent relative density of synthesis of γsa mineral (which is dimensionless) can
be defined by Formula (10) as:

γsa =
100

P1
γ1′ +

P2
γ2′ + . . . + Pn

γ n ′
, (10)
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where γ1′ , γ2′ , . . . γn′ various mineral apparent relative density and are dimensionless.
(7) Finally, Equations (1)–(3) and (5) are solved by EXCLE linear programming, and the

corresponding results of x, y, z, m, and n are obtained.
(8) According to the above proportion and the content of each grade in coarse and fine

aggregate, the gradation is synthesized. Determine the corresponding gradation and
oil-stone ratio under the target porosity.

(9) Select the appropriate way to form the specimen, and test the asphalt content and porosity.

3. Results

In order to make a detailed description of the above mix design method, the OLSPM-
25 mix with the target void ratio of 20% was designed. According to the above, it was
divided into two parts, namely the initial mix design and the mix test.

3.1. Design of Initial Mix Proportion

(1) The nominal maximum particle size of aggregate in this design is 26.5 mm. Accord-
ing to the method of coarse and fine aggregate division in the Bailey method, the nominal
maximum particle size of 0.22 times is 5.83 mm and is closer to 4.75 mm. Thus, 4.75 mm is
the key particle size of coarse and fine aggregate division.

(2) Determination of relevant density parameters. SBS modified asphalt with high
viscosity was selected for asphalt, and the measured density of asphalt was 1.027 g/cm3.
The apparent density, apparent relative density, and gross volume relative density of the
mineral powder were 2.752 g/cm3, 2.757, and 2.722, respectively. The density of coarse
and fine aggregate is shown in Tables 1 and 2.

Table 1. Density of fine aggregate.

0.075 0.15 0.3 0.6 1.18 2.36

apparent specific gravity 2.681 2.602 2.673 2.658 2.676 2.525
apparent density (g·cm−3) 2.666 2.587 2.658 2.643 2.661 2.510

bulk specific gravity 2.632 2.528 2.584 2.535 2.574 2.471

Table 2. Density of coarse aggregate.

4.75 9.5 13.2 16 19 26.5

apparent specific gravity 2.839 2.752 2.875 2.729 2.964 2.859
bulk specific gravity 2.583 2.662 2.715 2.755 2.886 2.817

apparent density (g·cm−3) 2.824 2.736 2.859 2.714 2.948 2.844

(3) LSPM-25 coarse aggregate contains 26.5–31.5 mm, 19–26.5 mm, 16–19 mm, 13.2–19 mm,
9.5–13.2 mm, 4.75–9.5 mm six-grade mixture (i.e., a five-stage filling). According to “High-
way engineering aggregate test procedures” (JTG E42-2005) [19], the tamping filling test
was carried out, and the composition ratio of each grade aggregate in the coarse aggregate
part and the final tamping coarse aggregate clearance rate VCADRC were determined based
on the minimum gap rate of the mixture. Changes in filling ratios and clearance rates at all
levels are shown in Figure 1.

In different filling experiments, the relationship between mineral aggregate clearance
rate and filling ratio is similar, and there is an appropriate proportion to make the mixture
with different composition ratios have the smallest coarse aggregate clearance rate in
tamping state. According to this principle, the best composition ratio of 6 coarse aggregates
in OLSPM-25 is 4.032:9.408:20.16:22.4:24:20, and the size of VCADRC is 38.89%.

(4) The composition ratio of fine aggregate is calculated by i method; i is 0.73, and
the composition ratio of fine aggregate is given in the reference to adjust the calculation
results [11,12]. The final composition ratio of fine aggregate is shown in Table 3.
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Figure 1. Plot of five times filling proportion and clearance rate.

Table 3. Passing rate of fine aggregate.

mesh/mm 4.75 2.36 1.18 0.6 0.3 0.15 0.075

percent of pass/% 100 65 40 25 15 8 0

(5) Setting the target air voids, and the target air voids is selected as 20% in this example.
(6) According to Formulas (1)–(10), x, y, and z were calculated as 85.89%, 10.35%, and

3.76%, respectively, according to the powder-binder ratio 1.2. m and n are 3.13% and 1.07%,
respectively. According to the percentage of each part obtained above, the proportion of
the coarse and fine aggregate composition is given. The asphalt content of OLSPM-25
was calculated to be 4.20%. Final completion of the target void ratio of 20% OLSPM-25
mix calculation. The passing rate of OLSPM-25 aggregate with 20% voidage is shown in
Figure 2.

Figure 2. Passing rate of OLSPM-25 aggregate with 20% voidage.

3.2. Mix Proportion Verification
3.2.1. Asphalt Content Test

This design material is used in the base course of pavement structure and is not directly
affected by vehicle load. The binder is SBS modified asphalt with high viscosity. Therefore,
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when determining the optimal asphalt content, the dispersion test is not considered and
the leakage test is the main means to determine the result. The calculated asphalt content
is 4.20%, in order to determine the inflection point on the leakage curve (4.20% is the
intermediate value, according to the difference of 0.5%). Five groups of asphalt content
3.20%, 3.70%, 4.20%, 4.70%, and 5.20% are taken near the intermediate value to carry out
the leakage test. According to the relevant requirements in “Test procedures for asphalt
and asphalt mixture in highway engineering” (JTG E20-2011) [20], the leakage curve of
different asphalt content and leakage loss in the leakage test are calculated as shown in
Figure 3. By fitting, the corresponding quartic function equation of the curve is obtained:

y = 0.1167x4 − 1.902x3 + 11.522x2 − 30.627x + 30.197, (11)

Figure 3. Variation chart of leakage loss under different asphalt content.

By solving, the asphalt content calculated by OLSPM with the target void ratio of 20%
is 4.20%, which is less than 4.457% at the inflection point. Therefore, the calculated asphalt
content meets the relevant requirements of the leakage test.

3.2.2. Determination of Forming Method

The most representative Marshall compaction method and rotary compaction method
were selected to perform the specimen molding according to the gradation and asphalt
content of OLSPM-25 with the target porosity of 20%. The suitable molding method was
selected by observing the appearance change of the specimen and the related volume
parameters in the molding process, so as to provide reference for the subsequent perfor-
mance test. The volume parameters and mixture appearance of OLSPM-25 under different
compaction times in Marshall compaction test and different compaction times in rotary
compaction process are shown in Tables 4 and 5.The condition of granular material on
the surface of specimen after 25 times compaction is shown in Figure 4 and the internal
condition of mixture during 50 times of rotary compaction is shown in Figure 5.

Through comparison, it is found that the void ratio is lower than the target void ratio
at 25 compaction times. In the compaction process, aggregate fragmentation occurs, and
the degree of fragmentation increases with the increase of compaction times, resulting in
the degradation of mixture gradation which in turn leads to the destruction of mixture
skeleton structure and affects the void ratio and various properties of skeleton-porosity
large-size permeable asphalt mixture. Therefore, the Marshall compaction method is not
suitable for large size permeable asphalt mixture molding.
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Table 4. OLSPM-25 volume parameters and mixture appearance under different compaction times.

Attack
Times Height/mm Specimen

Mass/g
Bulk

Density/g·cm−3
Percentage of

Void/% Appearance of Mixture

25
105.31 3978 2.072 19.02 local fracture
106.14 4005 2.070 19.11 local fracture
104.77 3963 2.075 18.91 local fracture

50
101.92 3946 2.124 17.00 local fracture
103.26 3988 2.118 17.21 local fracture
102.08 3952 2.123 17.01 local fracture

75
99.83 3961 2.176 14.94 Severe crushing of coarse aggregate

101.25 4021 2.178 14.87 Severe crushing of coarse aggregate
100.59 4004 2.183 14.67 Severe crushing of coarse aggregate

Table 5. OLSPM-25 volume parameters and mixture appearance under different compaction times.

Attack
Times Height/mm Specimen

Mass/g
Bulk

Density/g·cm−3
Percentage of

Void/% Appearance of Mixture

50
107.76 4035 2.119 17.17 No apparent fragmentation outside
106.74 4021 2.132 16.68 No apparent fragmentation outside
107.48 4034 2.124 16.99 No apparent fragmentation outside

100
103.13 3994 2.192 14.34 Cracking of a small amount of

aggregate at the edge

104.47 4037 2.187 14.53 Cracking of a small amount of
aggregate at the edge

103.65 4002 2.185 14.60 Cracking of a small amount of
aggregate at the edge

150
102.22 4030 2.231 12.80 Cracking of aggregate at edge
100.86 3981 2.234 12.70 Cracking of aggregate at edge
101.02 3996 2.238 12.51 Cracking of aggregate at edge

Figure 4. The condition of granular material on the surface of specimen after 25 times compaction.

Considering that the change between different compaction times and bulk density
and height of the mixture can be recorded in the process of rotary compaction, this paper
analyzes the data recorded in the first group of 50 compaction times so as to determine the
reasonable compaction times of OLSPM. The relevant data are shown in Figure 6.



Buildings 2021, 11, 514 8 of 13

Figure 5. Internal condition of mixture during 50 times of rotary compaction.

Figure 6. Variation of volume parameters of OLSPM-25 with compaction times at 50
compaction times.

It can be seen from the diagram that the mixture is initially in a loose state. With the
increase of compaction times, the porosity gradually decreases, the bulk density gradually
increases, and the mixture gradually forms a skeleton-void structure.

For this design method, considering that the design idea is the clearance rate formed by
fine aggregate, asphalt, and voids filling the coarse aggregate in the tamping state, the above
four parts together constitute the total volume of the specimen. Therefore, in the molding
process, in order to avoid the crushing of aggregate caused by excessive compaction times
and the destruction of the existing skeleton-porosity structure and to avoid the formation of
loose asphalt mixture due to insufficient compaction times, this paper proposes to control
it according to the target porosity. Accordingly, it can be determined that the compaction
times of OLSPM-25 with the target porosity of 20% in this design are about 22.
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4. Discussion
4.1. Evaluation of Mix Proportion Design

On the basis of the above mix proportion design, in order to clarify the characteristics
of the design gradation, this paper selects two different mix proportions under the same
void ratio. One is the OLSPM-25 optimized in this paper, and the other is the median of the
LSPM-25 gradation range recommended by “Specification design for permeable asphalt
pavement” (CJJT 190-2012) [21]. The two are compared from the perspective of gradation
composition and asphalt content. The porosity of the latter is calculated to be 19.2%. In this
section, the OLSPM-25 gradation and asphalt content are calculated according to the target
porosity of 19%. The asphalt content corresponding to the two mixture ratios is 4.36% and
3.39%, respectively. The gradation of the two is shown in Figure 7.

Figure 7. Under the same porosity, the gradation curves of OLSPM-25 and LSPM-25.

Under the same porosity, the asphalt content of the two is obviously different. The
effective asphalt content calculated by the optimized OLSPM-25 is 3.28%, and the specific
surface area of the aggregate is 2.705 m2/kg. The effective asphalt content calculated by
LSPM-25 is 2.56%, and the calculated specific surface area of aggregate is only 1.989 m2/kg.
From the gradation curve, the content of fine aggregate in 0.075–0.6 mm part of OLSPM-25
is more than that of LSPM-25, while the content of fine aggregate in 0.6–4.75 mm part is less
than that of LSPM-25. Since the fine aggregate in 0.075–0.6 mm part has a larger specific
surface area, it is the reason for the high asphalt content of OLSPM-25 to contain more and
finer aggregate. In addition, there are also significant differences between the two in the
coarse aggregate part. From the gradation curve, the aggregate content of 9.5–19 mm in
OLSPM-25 is higher than that in LSPM-25, while the content of 19–31.5 mm is lower than
that in LSPM-25.

4.2. Mixture Performance Evaluation

In order to test the rationality and feasibility of the mix design method proposed in this
paper, this paper further takes OLSPM-25 and OLSPM-30 as examples to test. According to
the above mix design method, OLSPM with nominal maximum particle size of 26.5 mm
and 31.5 mm is selected for the mix design of permeable asphalt stabilized macadam.
At the same time, the gradation range of LSPM-25 and LSPM-30 recommended in the
“Specification design for permeable asphalt pavement” (CJJT 190-2012) [21] is introduced,
and the median of gradation is taken for performance test as a reference standard for
performance comparison research.In order to ensure that the two types of materials have
the same void ratio, the void ratio of LSPM-25 is 19.2% and the void ratio of 30 is 19.4%.
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Therefore, the target void ratio of OLSPM-25 and OLSPM-30 is 19%. According to this
standard, the gradation of OLSPM is designed.

4.2.1. Pavement Performance

Considering the service layer and service environment of large particle size permeable
asphalt mixture in this design, the water stability, fatigue performance and mechanical
properties of large particle size permeable asphalt mixture are mainly explored.

The freeze-thaw splitting test was used to evaluate the water stability of OLSPM-25,
OLSPM-30, LSPM-25 and LSPM-30 with a void ratio of 19%. The final splitting strength
test results and TSR are shown in Table 6.

Table 6. Experimental results of freeze-thaw splitting.

Gradation PTb
(before)/kN

PT
(after)/kN

RT
(before)/MPa

RT
(after)/MPa TSR/%

OLSPM-25 11.03 9.26 0.49 0.41 84.0
OLSPM-30 10.59 8.78 0.47 0.39 82.9
LSPM-25 9.91 8.14 0.44 0.36 82.1
LSPM-30 8.57 7.01 0.37 0.31 81.8

It can be seen from Table 6 that under the same void ratio, OLSPM has higher splitting
tensile strength than LSPM before and after freeze-thaw, and the splitting tensile strength
decreases with the increase of nominal maximum particle size. After a freeze-thaw cycle,
the TSR of OLSPM-25 and OLSPM-30 are higher than those of LSPM-25 and LSPM-30.
Since OLSPM has more asphalt content than LSPM, the splitting tensile strength and
TSR of OLSPM are slightly higher than those of LSPM, and OLSPM has relatively better
water stability.

Through the optimization of the existing experimental methods of fatigue performance
of asphalt mixture [22,23], the semi-circular bending test SCB (Semi-Circular Bending
Test) [24,25] was used to evaluate the fatigue performance of OLSPM-25, OLSPM-30,
LSPM-25, and LSPM-30 under the same porosity. The experimental results are shown in
Table 7.

Table 7. Fatigue test results of repeated bending test.

Gradation Temperature/◦C Frequency/Hz Stress Ratio Average Fatigue
Life/Times

OLSPM-25 15 10 0.15 24473
OLSPM-30 15 10 0.15 23914
LSPM-25 15 10 0.15 21206
LSPM-30 15 10 0.15 20601

It can be seen from Table 7 that the failure load of OLSPM is higher than that of LSPM
under the same void ratio, and the failure load decreases with the increase of the nominal
maximum particle size. For fatigue life, under the same stress ratio, the average fatigue life
of OLSPM is higher than that of LSPM, mainly because OLSPM has more asphalt content,
so its fatigue life is better. Moreover, the average fatigue life times of the two types of
mixtures decrease with the increase of nominal maximum particle size.

4.2.2. Penetrating Quality

Due to the high permeability of large-size permeable asphalt mixture, it is suit-
able to use the constant head test method [26]. According to the test method in the
“Technical Specification for Design and Construction of Drainage Asphalt Pavement”
(JTG T3350-03-2020) [27], the permeability coefficients of four kinds of permeable asphalt
mixtures are measured. By recording the amount of water collected in about 5 s, the
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corresponding test parameters and the average value of the permeability coefficient results
under multiple tests, as shown in Table 8.

Table 8. The average values of test parameters and permeability coefficient of different mixtures.

Gradation Height/cm Cross-Section
Area/cm2

Water Head
Height/cm

Water
Permeate/cm3 Delta-t/s Permeation

Coefficient/cm/s

OLSPM-25 8.00 176.71 3.49 153 5.11 0.39
OLSPM-30 8.00 176.71 3.50 156 4.94 0.41
LSPM-25 8.00 176.71 3.49 164 5.09 0.42
LSPM-30 8.00 176.71 3.50 168 5.07 0.43

It can be seen from Table 8 that under the same porosity, the permeability coefficient of
LSPM is higher than that of OLSPM, and the difference between the two is small. OLSPM
also has good permeability.

4.2.3. Mechanical Property

The dynamic modulus test considering temperature and loading frequency during the
test is used as the test method of its mechanical properties. The dynamic modulus is used
as the mechanical index to explore the mechanical properties of OLSPM-25, OLSPM-30,
LSPM-25, and LSPM-30 under the same void ratio. The results are shown in Table 9.

Table 9. Experimental results of dynamic modulus of four different mixtures.

Gradation Temperature/◦C Frequency/Hz Mean Dynamic Modulus/MPa

OLSPM-25 20 5 5485
OLSPM-30 20 5 6026
LSPM-25 20 5 4697
LSPM-30 20 5 4872

It can be seen from Table 9 that the experimental results of dynamic modulus of
OLSPM are relatively higher than those of LSPM, mainly because OLSPM has a good
skeleton structure, and with the increase of nominal maximum particle size, the dynamic
modulus of the two types of mixtures has a certain increase, among which OLSPM-30 is
significantly higher than that of OLSPM-25.

5. Conclusions

Combined with the classification standard of coarse and fine aggregates by the Bailey
method, the CAVF method was supplemented and optimized by introducing the step-
by-step filling test, i-method grading design method, effective asphalt dosage formula,
absorbed asphalt dosage formula, and powder-binder ratio. The optimization design
method of large particle size permeable asphalt mixture with key parameters of target void
ratio was proposed. Furthermore, the calculated asphalt content was tested, and the results
showed that the calculated asphalt content could meet the requirements of the optimal
asphalt content.

By comparing the volume parameter changes and specimen appearance of Marshall
compaction test and rotary compaction test in the forming process, the rotary compaction
test is preferred as the specimen forming method of large-size pervious asphalt mixture.
Considering the volume composition of large size permeable asphalt mixture and the
change of volume parameters in the process of rotary compaction, the target porosity is pro-
posed as the compaction number index to control the large size permeable asphalt mixture.

By comparing the composition of each part of OLSPM and LSPM, it is found that
OLSPM has higher asphalt content, better gradation composition, and better skeleton
structure. Furthermore, through the road performance experiment, it is found that the
water stability and fatigue performance of OLSPM are better than LSPM since OLSPM has
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more asphalt content. Since the coarse aggregate composition of OLSPM constitutes a more
stable skeleton structure, its mechanical properties are better than those of LSPM; although
the permeability coefficient of LSPM is relatively high, the difference between them is small,
and OLSPM also has good water permeability. The above results show that the optimal
design method obtained by using the target voidage as the key design parameters in the
mix proportion calculation and the key control parameters in the forming process is both
reasonable and feasible.
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