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Abstract: With the increasingly close connection between cities and the rapid development of large highways,
this has led to the proportion of traffic noise exceeding the standard section in most cities up to 30% or more,
traffic noise pollution has seriously affected people’s quality of life, becoming one of the key issues of current
urban pollution. In this study, for the noise reduction characteristics of porous drainage asphalt mixture, the
rutting plate specimens and Marshall standard specimens with different gradation, thickness, void ratio and
particle size were compared and tested by Marshall method. The test results show that the peak absorption
coefficient of Porous Asphalt Concrete 13 (PAC-13) is 0.67, the average absorption coefficient is 0.3, and the
noise reduction coefficient is 0.32. From the perspective of noise reduction coefficient, the value of PAC-13
is 2.46 times that of Asphalt Concrete 13(AC-13) and 1.88 times that of Stone Mastic Asphalt 13 (SMA-13).
Its comprehensive noise reduction and sound absorption ability is far better than SMA-13 and AC-13. The
smaller the particle size of the PAC specimen, the stronger its sound absorption capacity. The test results are
in line with expectations and have some reference value for the study of urban noise pollution. The study
conducted in-depth research on the noise reduction performance of commonly used asphalt materials in
recent years, which provided strong support for pavement laying and urban noise reduction research.
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1. Introduction

Due to rapid urban construction, road traffic noise is a growing problem and about 40%
of urban dwellers are exposed to severe road traffic noise, which can lead to insomnia, hearing
impairment, tinnitus and immune system disorder [ 1-4]. Relevant studies point out that low noise
thin asphalt layer is a feasible solution to alleviate road traffic noise in urban environment, which
provides a quieter environment for people to live in the city [5]. At the same time, traffic noise has
a great impact on social development, and areas with intensive traffic noise will have lower land
prices than areas at the same level that are not affected by traffic noise, which not only affects
the economic development of the area, but also has a series of negative effects [6]. Studies have
shown that porous drainage asphalt mixtures can effectively reduce the noise generated by tire-
pavement contact and contribute to noise pollution abatement [7]. Currently, this porous drainage
asphalt pavement is widely used worldwide as a low-noise pavement [8]. Therefore, the aim of
this study is to explore the noise reduction characteristics of porous drainage asphalt mixtures.

2. Related work

To promote the harmonious development of urban transportation and people’s quality
of life improvement, the study of noise reduction of porous drainage asphalt pavement has
become a focal topic nowadays, for which researchers at home and abroad have also conducted
in-depth studies. Kleizien et al. studied the effect of abrasive layer asphalt mixture composition
on tire/pavement noise reduction, proposed a tire/pavement noise level prediction model based
on asphalt mixture composition, and demonstrated that the noise reduction level of low-noise
asphalt pavements depends on the composition of the asphalt mixture [9]. Yu T and his
experimental partners considered that the asphalt aging stage plays an important role in the
realization of the noise reduction and drainage function of Porous Asphalt (PA), and used
molecular dynamics to simulate the contact state between water molecules and the asphalt
surface layer in PA, and verified by drop observation and atomic force microscopy that different
changes of interaction between aging asphalt and water molecules, the results showed that the
interaction energy of asphalt and water in different aging stages is different, the longer the
service life of asphalt pavement, the more severe the aging of asphalt, the greater the interaction
energy with water molecules [10]. Guo et al. proposed a combination scheme of drainage
surface asphalt pavement suitable for the rainfall characteristics of the Central Plains urban
cluster area, systematically based on the design of pavement structure based on permeability
and load-bearing capacity, the results showed that under the rainfall conditions in the region,
there is no surface runoff on permeable asphalt pavement with 120 mm drainage surface layer,
and it is suitable for medium traffic class of urban roads with a cumulative equivalent axle
load of 10 to 12 million times, and it has enhanced both the pavement drainage and noise
reduction function [11]. Zhang et al developed an indoor pavement noise reduction simulation
device based on the principle of pavement noise reduction, which simulates the reflection and
interference processes of noise on the surface and inside the pavement, consuming sound energy
to achieve noise reduction, and the test results showed that all six asphalt mixtures used in the
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study met the mechanical performance requirements [12]. Briante and his team concluded that
the road pavement sound absorption depends not only on geometric and volumetric factors but
also on pore shape factors. Ten porous asphalt concrete samples were tested to estimate their
thickness, void fraction, sound absorption coefficient, airflow resistivity and permeability. The
results confirmed the complexity of the task and indicated that estimates of pore shape factors
could be derived based on the mixture volume method [13].

Tian et al. conducted a study using some powdered solid wastes as alternative fillers for
asphalt mixtures, and the results showed that fly ash had a positive but insignificant effect on
asphalt mixtures, porous fillers such as diatomaceous earth and red mud significantly improved
the bonding properties, strength, stiffness, and aging resistance of asphalt mixtures due to their
superb adsorption and hardening effect on asphalt binders, and red mud due to its intergranular
pore structure [14]. The pore structure of Porous Asphalt Concrete(PAC)was evaluated by Zhu
J and his team using laboratory tests and discrete element modeling simulations, where PAC
specimens with different nominal maximum aggregate sizes and different gradations were
prepared and tested, and the results showed that the correlation between t/NMAS and effective
void fraction percentage was better than that of NMAS, and that disturbance size (D2.36)
aggregates had a negative effect on effective void fraction, with a greater effect on smaller
size mixes [15]. Manrique-Sanchez et al. considered porous friction layers as hot mix asphalt
materials with high void fraction, placed as thin layers on conventional flexible pavements for
safety and noise reduction benefits. The results showed that PFC layers do contribute to the
structural load bearing capacity of pavements, but this contribution is highly dependent on their
different microstructural and geometric characteristics [16]. Hu et al. proposed a method to
design two high-viscosity modified porous asphalt mixtures with target void fractions of 20%
and 22% (PAC- 10 and PAC-16) for double-layered porous asphalt pavements, including the
manufacture of high-viscosity asphalt, development of aggregate gradation and optimization of
asphalt aggregate ratios, and the results showed that the softening point, ductility, 60°C dynamic
viscosity, rotational viscosity, complex shear modulus, phase angle and rutting coeflicient
of the binder were increased and the needle penetration was reduced after the addition of
high-viscosity modifiers to the asphalt binder [17]. Ren et al. characterized the conventional,
rheological and engineering properties of CR/SBS modified high viscosity porous asphalt
binders and mixes and showed that the degree of dissolution degradation of CR significantly
affects the physical and viscoelastic properties of CR/SBS modified high viscosity binders [18].
Ling and his team revealed that tire inflation noise is the main source of tire pavement noise
and concluded that existing tire pavement noise measurement methods need further refinement
to improve the accuracy of measurement results and that all quiet asphalt pavements have good
noise reduction properties, but each has its own suitable application range [19].

Through many domestic and foreign research scholars on porous drainage asphalt and
pavement noise reduction and other related aspects of in-depth research can be seen, PAC
in porous drainage asphalt mixes perform well and are widely used in high-speed traffic
roads in major cities. Therefore, this study on the noise reduction characteristics of PAC-13
porous drainage asphalt mixture has a certain role in promoting the study of pavement noise
reduction. It provides strong theoretical support for urban pavement noise reduction and
pavement economic construction.
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3. Study on the design and noise testing method of porous
drainage asphalt mixes considering renewable energy

3.1. Porous drainage asphalt mixture composition design

In the design of porous drainage asphalt mixture, the research uses RAP and bio-based
materials as the main raw materials, which not only helps to reduce the carbon footprint of
building materials, but also reduces the consumption of new resources. This design approach
contributes to the goal of green building and sustainable urban development. By using recycled
bitumen and other renewable materials, resource consumption in the mining and manufacturing
of new materials, such as sand and other aggregates, can be reduced. This can extend the
service life of natural resources and reduce the damage to the environment. The specific flow
of RAP use is shown in Figure 1.

Raw material Raw material Mix ratio Mixture
collection inspection design configuration

@ |:'>B:(> o (— Y T

Optimization  Analysis and Performance Sample
and adjustment  evaluation test composition

2= —I8

Fig. 1. RAP usage flow chart

In Figure 1, the research first collected raw materials and tested them, including water
content, mix ratio and other information; Then, the mix ratio of newly added mixture was
designed to prepare the mixture. After the sample is obtained, the performance test and analysis
are carried out, and the sample mix ratio is optimized.

Porous drainage asphalt is a widely used pavement material that not only meets the
pavement load-bearing requirements, but also has a limiting effect on the traffic noise generated
by vehicles during travel [20]. The object of this study is mainly PAC-13, because the drainage
and noise reduction performance of porous drainage asphalt and pavement load-bearing needs
have some mutual exclusivity in the mixture void ratio, to improve the drainage and noise
reduction ability of the material, the mixture needs to have a high void ratio; to improve the
pavement force-bearing needs, the mixture needs to have high compactness. Therefore, finding
a suitable void ratio is the main way to reach a balance between engineering and mechanical
requirements. The recommended void ratio range for porous drainage asphalt mixes in China’s
Technical Specification for Design and Construction of Drained Asphalt Pavements is 18% to
25%. Therefore, four target void ratios were set for proportioning design in this study, which
are 18%, 20%, 23% and 25%, respectively. In the gradation design of porous drainage asphalt
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mixes, in addition to achieving the expected target void ratios, structural requirements are
also considered to achieve a stone-rock embedded mix structure. The grading of the PAC
was accomplished by adjusting the passage rate of the 2.36 mm sieve. The fine aggregates
below 2.36 mm, together with the mineral powder and asphalt binding material, constituted
the Maersk. 2.36 mm to 4.75 mm aggregates accounted for a small percentage and were hardly
considered, while the coarse aggregates above 4.75 mm constituted the mechanical skeleton
of the mix. Adjusting the passage rate of 2.36 mm sieve can effectively adjust the content of
marsupial in the gap filled with coarse aggregate, and in this way the void ratio of porous
drainage asphalt mix can be effectively adjusted. The preliminary grading table of PAC-13
used in this study is presented in Table 1.

Table 1. Preliminary grading table of PAC-13

Mesh | Grading requirements

size | Upper | Lower . | Grading 1 | Grading 2 | Grading 3 | Grading 4 | Grading 5
(mm) | limit | limit Median

16 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
132 | 999 90.1 95.2 93.5 90.9 91.4 91.4 91.2

9.5 71.2 41.3 55.6 65.4 62.4 57.1 57.1 55.1
4.75 31.1 11.3 21.2 28.5 24.7 21.8 20.8 16.3
236 | 213 10.1 15.6 19.3 17.4 16.5 15.6 12.9
1.18 17.1 7.2 12.3 14.2 12.9 12.3 11.7 9.8

0.6 14.3 6.1 10.1 10.9 10.1 9.7 9.3 8.2

0.3 124 5.2 8.6 8.1 7.7 7.5 7.3 6.8
0.15 9.3 43 6.6 6.8 6.8 6.3 6.3 6.2
0.075 6.2 3.1 5.1 5.5 55 52 52 52

According to the current domestic specifications, the initial asphalt dosage is calculated
using the asphalt film thickness of 12 pm and the asphalt film thickness method, and the
formula for estimating the asphalt dosage is shown in equation (3.1).

3.1) Pa=hxC

In equation (3.1) & denotes the theoretical film thickness, 12 pm was used in this study, P,
denotes the mass of asphalt used as a percentage of the total mass of the asphalt mixture, i.e.
the estimated amount of asphalt, and C denotes the surface area of the aggregate, which is
calculated as shown in equation (3.2)

_(0.41d +0.41¢ +0.82f + 1.64g +2.87h + 6.14i + 12.29j +32.77K)

3.2 C
(3.2) 103

In equation (3.2), d represents the passage rate of 19 mm sieve, e represents the passage
rate of 4.75 mm sieve, f represents the passage rate of 2.36 mm sieve, g represents the passage
rate of 1.18 mm sieve, & represents the passage rate of 0.6 mm sieve, i represents the passage
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rate of 0.3 mm sieve, j represents the passage rate of 0.15 mm sieve and k represents the
passage rate of 0.075 mm sieve. The oil to stone ratio is calculated as shown in equation (3.3).

Pa x 100

. p,=— %
(3.3) T

In equation (3.3), P, represents the percentage of asphalt mass to total mineral mass, i.e.
oil to stone ratio. The oil-to-rock ratios for grades 1 to 5 were calculated to be 5.5, 5.3, 5.2,
5.1 and 4.8, respectively. The PAC void fraction VV was calculated with respect to the gross
volume relative density y ¢ and the maximum relative density y;, which were calculated as
shown in equation (3.4).

(3.4) Vv = ( . y—f) % 100

Vi

In equation (3.4), both the gross volume relative density y s and the theoretical maximum
relative density y; are dimensionless. Among them, the measurement of the gross volume
relative density is usually performed by the volumetric method or the vacuum method. Since
the vacuum method will be in a vacuum state during the testing process, which may break the
void structure inside the specimen and cause the void fraction to change, the void fraction is
tested by the volumetric method in this study, and the test method is shown in equation (3.5).

Ps

35) -
( ’ Pw

In the formula (3.5), p,, indicates the density of water at 25°, taking the value of
0.9971 g/em? into, py indicates the gross bulk density of the specimen in g/cm?, which is
calculated as shown in formula (3.6).

mj
(3.6) Ps =77

In the formula (3.6), m; indicates the measured dry mass of the specimen in g and V
indicates the measured volume of the specimen. The theoretical maximum relative density y,
is generally obtained using calculations, mainly due to the relatively high amount of asphalt in
PAC, the actual measurement is relatively difficult, so the use of calculations to obtain, the
calculation method is shown in equation (3.7).

_ 100 + Pb
Y'=T00 P,
+ —_—

/lse /lm

3.7

In equation (3.7), P, indicates the oil-to-rock ratio, 1, indicates the effective relative
density of the minerals, and A, indicates the relative density of asphalt at 25°C. In PAC, voids
are generally divided into three categories: closed voids, semi-connected voids, and connected
voids. Closed voids, that is, invalid voids, cannot drainage and water storage, semi-connected
voids can store water, but cannot drainage, connected voids can both store water and drainage.
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Connected void ratio is one of the key indicators of porous drainage asphalt, usually using the
water weight method of testing, the test method is shown in equation (3.8).

V-V

(3.8) % x 100%

In equation (3.8), VV’ denotes the connected void ratio of the specimen and V” denotes the
closed void volume of the specimen in mm?, which is calculated as shown in equation (3.9).
(3.9) yr = M e
Pw

In the formula (3.9), m,, denotes the mass of the specimen in water in g, p,, denotes the
water density at room temperature, taking the value 1.0 g/cm?. The void fraction and effective
porosity of the five gradations obtained according to the above method are shown in Table 2.

Table 2. PAC-13 measured void ratio and sieve passing rate under the preliminary mix proportion

Gradation Gradation 1 | Gradation 2 | Gradation 3 | Gradation 4 | Gradation 5
Actual void ratio (%) 18.2 19.6 21.3 25.8 254
Effective void ratio 12.8 14.8 17.8 19.3 238
(%)
Passing rate of
2.36 mm sieve (%) 18.3 16.4 15.5 14.6 11.9
Passing rate of
475 mm sieve (%) 27.5 23.5 20.6 19.6 15.1
Difference between
4.75 mm and 9.3 7.7 5.7 5.3 3.3
2.36 mm (%)

Establishing a linear relationship between the void fraction data and the effective void
fraction in Table 2, it can be found that the reliability of using the void fraction to predict the
effective void fraction is 99.4%, and similarly establishing the linear relationship between
the measured void fraction and the 2.36 mm sieve passage rate, 4.75 mm sieve passage rate
and the linear relationship with the difference between the 2.36 mm sieve passage rate and
the 4.75 mm sieve passage rate, it can be found that the correlation between them is high and
exceeds 90%. According to the fitting scheme, the sieve passage rate was adjusted, and then the
ore grade was changed, the specimens were made and the grade was adjusted again, and finally
the specimens with the target void ratio of 18% had a 2.36 mm sieve passage rate of 18.3% and
a 4.75 mm sieve passage rate of 26.2%; the specimens with a 20% void ratio had a 2.36 mm
sieve passage rate of 15.5% and a 4.75 mm sieve passage rate 21.9%; for the specimen with
23% void, the 2.36 mm sieve passage rate was 13.0% and the 4.75 mm sieve passage rate was
17.0%; for the specimen with 25% void, the 2.36mm sieve passage rate was 11.4% and the
4.75 mm sieve passage rate was 13.7%. The initial asphalt dosage was calculated for the five



www.czasopisma.pan.pl P N www.journals.pan.pl
Y

214 LIN QI JIAHAO LIU, ZIANG LIU

groups of grades, and the initial asphalt dosage was varied at a spacing of 0.6% to initialize the
oil-to-rock ratio. As shown in Figure 2, the initial asphalt dosage of PAC-13 with 23% void
ratio was 5.13%, and the optimum asphalt dosage was obtained between 4.63% and 4.97% in
the fly-away test and the dialysis test at 4.00%, 4.50%, 5.00%, 5.50%, and 6.00%, respectively,
and 4.63% was selected as the optimum asphalt dosage for PAC-13 with 23% void ratio. The
optimum asphalt dosage for PAC-13 with 23% void ratio was selected.

30 125
—— Flying loss
—=— Leakage amount
25 2.0
-
© S
N =
A 20 1.5 l‘l%
2 ()
o0
g g
=15 1.0 2
— =1
= 3
N
10 0.5
5 0
4.0 45 5.0 55 6.0

Asphalt dosage/%
Fig. 2. The optimum asphalt dosage range of PAC-13 (VV = 23%)

Using the same method, the final optimum asphalt dosage for PAC-13 with setting target
void ratios of 18%, 20%, 23% and 25% was 5.2%, 4.9%, 4.8% and 4.6%, respectively. The
samples to be tested were made into standard rutting plate specimens by using rutting plate
forming molds 40 X 40 X 5 cm in size and crushing them according to the reference examples
in the Test Procedure for Asphalt and Asphalt Mixtures for Highway Engineering.

3.2. Road surface noise reduction analysis and noise test methods

The road noise is mainly aerodynamic noise of the car path, car engine sound and noise
generated by the contact between tires and the road surface [21]. The noise generation from
the tires and the road surface is shown in Figure 3.

The hdgn effect

DL

I

Fig. 3. Tire and ground noise propagation
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Tire road noise propagating between the bottom of the car and the road surface is reflected
several times, and the noise generated early on is amplified several times in the vicinity of
the tire contact area of the road and its “horn effect” (the contact area can be shaped into
a loudspeaker and focused on the sound of a phenomenon). The core of the noise reduction
mechanism of drained asphalt pavements is their high porosity pore structure. The noise
reduction effect is mainly manifested in the reduction of the propagation effectiveness of the
noise generated when the tires come in contact with the road surface. Therefore, quantitative
analysis and characterization of the pore structure needs to be executed for the purpose of
improving the noise reduction capacity and durability of drained asphalt pavements [22]. In
this study, the standing wave tube test was used to test the sound absorption performance of the
specimens and used as a basis to study the noise reduction characteristics of porous drainage
asphalt mixes. The circular tube transmits planar acoustic waves when the acoustic frequency
f meets f < (1.84/r) - (Cy/D), as shown in Figure 4. The incident acoustic wave is emitted
from the loudspeaker on the right side of the standing wave tube, and the incident wave interacts
with the reflected acoustic wave on the surface of the specimen, thus forming a standing wave.

Fig. 4. Standing wave diagram of standing wave tube test

When the incident wave p; is in phase with the reflected wave p,, the standing wave
appears as a sound pressure maximum, which is calculated as shown in equation (3.10).

(3.10) |Pmax| = |pol - (1 +[r|)

When the incident wave p; is reversed from the reflected wave p,, the standing wave
appears as a sound pressure minima, which is calculated as shown in equation (3.11).

(3.1D) |Pmin| = [pol - (1 = |r[)

In Eq. (3.10) and Eq. (3.11), po indicates the sound pressure amplitude and r indicates
the reflection factor. The absorption coefficient of the plane wave « is calculated as shown in
equation (3.12).

(3.12) a=1-|r]?
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The VSWR (Voltages Standing Wave Ratio) of s is calculated as shown in equation (3.13).

_ | Pmax| _ 1+|r|

(3.13) s = =
|pmin| 1- |r|

The absorption coefficient @ can be calculated from the maximum and minimum values
of sound pressure at that frequency, and the difference between the maximum and minimum
values of sound pressure is AL. The standing wave ratio s and the reflection factor r are
calculated as shown in equation (3.14).

(3.14) s—1

Irl =

{ 5= 10AL/20

s+1

According to equation (3.12) and equation (3.14) to obtain the final absorption coefficient
a, as shown in equation (3.15).

4 x 104120

3.15 ha = X107
G “ T oA 4 1)

The ability of porous drainage asphalt specimens in terms of sound absorption and noise
reduction can be directly and effectively observed by looking at the spectrum of sound
absorption coefficient and sound pressure level spectrum of the specimens.

4. Experiment and analysis of noise reduction characteristics
of porous drainage asphalt mixes

In actual use, asphalt pavements are subject to the combined effects of different environments
and traffic loads, and the service life varies without, so the degree of aging and damage varies
among old roads. According to the characteristics of the waste material, a complete and detailed
test and analysis report should be done first when recycling. For the design of the material
composition of the recycled asphalt mixture, the most common method used today is to adjust
the doping ratio of the used material to the new asphalt based on the results of the evaluation
tests of the used material. The Marshall test method is used to determine the oil to stone ratio of
the recycled asphalt mix. The RAP (Reclaimed Asphalt Pavement) is placed in a hot oven and
heated to 125°C for a controlled time of about 3 hours. It is important to raise the temperature
of the RAP material, but not so much that the old material absorbs too much heat and thus
causes deterioration. Finally, the new mineral material is heated at 190-210°, and the heating
and holding time is about 4 hours. When mixing the recycled material, the RAP material is
mixed with the new mineral first, so that more of the old asphalt in the RAP is transferred to
the new material, and then the reactive rubber asphalt is added according to the calculated
dosage. The mixed recycled material was held in an oven at 145°C for 3 hours. Take 35%
RAP recycled asphalt mixture as an example, the results are shown in Table 3 according to the
calculated results of Marshall test.
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Table 3. Technical index of Schell test of recycled asphalt mixture with 35% RAP content

‘:sg:‘::: df::il:y VV | VMA | VFA | Stability | Flow value
@ | @emdy | | @0 | @) | KN | @.1mm)
47 2.47 463 | 1329 | 65.18 | 11.03 32.8
5.1 2.48 377 | 1327 | 7167 | 12.05 315
55 2.48 288 | 13.44 | 7847 | 1242 26.3
5.9 2.48 238 | 1391 | 82.83 | 10.74 40.4
6.3 2.48 1.88 | 1435 | 86.84 | 10.43 43.6

The optimum oil to stone ratio was determined to be 5.34% for the recycled material
with 35% RAP old admixture. Similarly, the optimum o0il to stone ratio was determined to be
5.44% and 5.24% for recycled material with 20% RAP and 50% RAP old admixture amount.
The optimal asphalt admixture decreases with increasing RAP admixture, mainly because
the higher the RAP admixture, the less the newly added reactive rubber asphalt. In general,
due to the presence of rubber particles in rubber asphalt, its viscosity is greater such that the
asphalt film on the surface of the aggregate will be thicker than that in ordinary materials.
When the percentage of rubber asphalt in the total asphalt of the recycled material is reduced,
the thickness of the asphalt film will also be reduced.

In this test, standing wave tube tests were conducted on Marshall specimens of different
asphalt mixtures using A-weighted sound pressure levels. The sound absorption coefficients of
three different grades of PAC-13, SMA-13 and AC-13 asphalt mix specimens were tested at
1/3 octave center frequencies from 100 Hz to 2000 Hz. Among them, there were 10 samples of
PAC-13, SAM-13 and AC-13, and 2 samples of different thickness and porosity combinations.
The test results are shown in Figure 5.

08

0.7F

—o— AC-13
06 —— SMA-13
—&— PAC-13

05

04

03

02

Sound absorption coefficient

01

0 T T T T T T T T T 1

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Frequency/Hz

Fig. 5. Sound absorption coefficient of specimens with different frequencies

From Figure 5, the peak absorption coefficient of PAC-13 is 0.67, SMA-13 is 0.32, and
AC-13 is 0.26. It can be seen that PCA-13 is far ahead of SMA-13 and AC-13 in terms
of peak absorption coefficient. The absorption coefficient of PAC-13 is smaller in the low
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frequency range and larger in the middle and high frequency range, which indicates that the
PAC with a larger void ratio structure has a stronger absorption ability for middle and high
frequency noise, which is consistent with the structural characteristics of PAC. The average
absorption coefficients and noise reduction coefficients of the three grades of asphalt mixes
were calculated. the average absorption coefficient of PAC-13 was 0.3 and the noise reduction
coefficient was 0.32; the average absorption coefficient of SMA-13 was 0.14 and the noise
reduction coefficient was 0.17; the average absorption coefficient of AC-13 was 0.1 and the
noise reduction coefficient was 0.13. The value of PAC-13 is 3 times that of AC-13 and 2.14
times that of SMA-13; from the viewpoint of noise reduction coefficient, the value of PAC-13
is 2.46 times that of AC-13 and 1.88 times that of SMA-13. The test results show that the
sound absorption and noise reduction performance of PAC-13 is the best among the three
graded asphalt mixes, which is attributed to the characteristic of PAC-13 having high void
ratio, and the noise entering the interior of the specimen will cause consumption in the void
transmission, thus achieving noise reduction. To study the effect of thickness on the noise
reduction characteristics of asphalt mixes, 35 mm, 45 mm, 55 mm and 65 mm were selected
as the thickness variables to produce specimens of PAC-13 at four thicknesses and conduct
standing wave tube tests, and the results obtained are shown in Figure 6.

08

./ = ~

:5 07F — _ 35mm A/ \A\
S 06F | 45mm )T~ N
% — — 55mm et VAR \\\ S
S 05| — - - 65mm| paiml /T ~
o /. T~ " g
RSl L PPN Bl >~
2 04} - . .o el
8, ¢ o ~ »
é o3k /”\ .’,/ ///' TN
ﬂ ’ o T T R e \\“\
S oak ,f'/.\"“/'/'/ \\\///. Se—
g [ 77N =
3 4
@ olf /4

0 T T T T T T T T T

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Frequency/Hz

Fig. 6. Spectrum diagram of sound absorption coefficient of PAC-13 with different thickness

As can be seen from Figure 6, the influence of thickness on the sound absorption coefficient
is large and the law is intuitive. The peak absorption coefficient and peak frequency become
larger as the thickness of the specimen increases, and the peak absorption coefficients from
65 mm to 35 mm are 0.762, 0.617, 0.554, and 0.496, respectively; the peak frequencies are
1521 Hz, 1342 Hz, 1076 Hz, and 934 Hz respectively, which will be better. However, this
does not mean that thicker pavement should be paved in one-sided pursuit of noise reduction
performance, but also needs to be considered with the actual situation of the project and
economic factors. Therefore, it is not advisable to increase the thickness to improve the sound
and noise absorption of the pavement.

The void ratio also has an important influence on the noise reduction function of asphalt
mixture. Simulating the noise generated by tires and road surface at different speeds, the
average noise sound pressure level of PAC-13 with void ratio of 18%, 20%, 23% and 25%
were tested, and the test results obtained are shown in Figure 7.
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As shown in Figure 7, the comparison of noise data with different void ratios shows that the
sound pressure level becomes smaller as the void ratio increases, and from the average sound
pressure level, the average sound pressure level of PAC-13 with 18%), 20%, 23% and 25% void
ratios are 85.8 dB, 80.3 dB, 72.3 dB and 67.5 dB, respectively. It can be seen from the four sets
of data that for every 2% increase in void ratio, the noise SPL decreases by 3—-6 dB, indicating
that the void ratio has a significant effect on pavement noise reduction. This is because the high
porosity PAC samples have more connected pores, which provides more time and space to
convert sound energy into heat, which is consumed when the noise factor is transmitted to the
pavement. In addition, the macrostructure of the surface of the high porosity PAC specimen is
relatively larger, and the contact area between the tire and the porous asphalt specimen surface
is then relatively reduced, so the noise reduction capability of the high porosity specimen will
be stronger. The interaction of the two makes the larger porosity more beneficial to reduce road
noise. To observe the effect of different particle sizes on the sound absorption coefficient and
compare the sound absorption performance of PAC specimens with different particle sizes under
the same porosity, PAC-13 specimens with 18% and 23% porosity were tested with PAC-10
specimens with 18% and 23% porosity, and the test results obtained are shown in Figure 8.
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As can be seen from Figure 8, the absorption coefficient curve of PAC-10is higher than that of
PAC-13 at the same void ratio, which indicates that the PAC with small particle size has a stronger
absorption capacity. Because the internal structure of small particle size PAC will be more
precise and proportional, the internal communication gap is also smaller compared with large
particle size PAC. When the sound from the standing wave tube speaker is perpendicular to the
surface of the specimen, the sound that can enter the specimen will be more, and the probability
of sound diffraction and absorption is stronger in the small communication path, so the sound
energy reflected and transmitted to the end of the standing wave tube will become less, and the
sound energy measured by the sensor will be less, therefore, the sound absorption coefficient
calculated by the small particle size PAC is greater than that of the large particle size PAC.

5. Conclusions

In this study, for the noise reduction characteristics of porous drainage asphalt mixes, the
Marshall method was used to make rutting plate specimens and Marshall standard specimens
to conduct comparative tests on asphalt mixes with different gradations, thicknesses, void
ratios and particle sizes. The test results showed that the peak absorption coefficient of PAC-13
was 0.67, the average absorption coefficient was 0.3, and the noise reduction coefficient was
0.32. From the perspective of noise reduction coefficient, the value of PAC-13 is 2.46 times
that of AC-13 and 1.88 times that of SMA-13. Its comprehensive noise reduction and sound
absorption ability is far better than SMA-13 and AC-13. In the test of PAC-13 with different
thicknesses, it was found that the peak absorption coefficient and peak frequency became
larger when the thickness of the specimens became larger. In the tests of PAC-13 specimens
with different void ratios, it was found that the sound pressure level of noise increased by
3—-6 dB for every 2% decrease in the void ratio of the specimens, and in the tests of PAC
specimens with different particle sizes, it was found that the smaller the particle size of PAC,
the stronger its sound absorption capacity. The above test results are in accordance with the
structural principle of PAC and meet the test expectations. There are some shortcomings
in this study, for example, the number of specimens used in the test is not enough, and the
thickness, void ratio and particle size of different graded specimens are not studied in depth. It
is expected that in future studies, more specimens can be made to study more comprehensively
the effects of different properties on the noise reduction characteristics of porous drainage
asphalt mixtures to improve the accuracy of the test. The study conducted in-depth research on
the noise reduction performance of commonly used asphalt materials in recent years, which
provided strong support for pavement laying and urban noise reduction research.
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