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Abstract— Traffic noise is a major form of
environmental noise pollution today in most densely
populated urban areas. The noise generated from
motor engines, transmission and exhaust systems of
modern vehicles has been very much reduced due to
various advancements in design technologies of
modern automobile industry. On most highways
today, tire-pavement noise has become the dominating
source of traffic noise where traffic speeds is higher
than about 45 km/h. The conventional dense graded
asphalt pavements and portland cement concrete
pavements often generate high traffic noise, and are
considered to be undesirable from the consideration of
traffic noise reduction. Major research and
development efforts are on-going globally in search of
ways in which tire-pavement noise could be reduced.
One major component of tire-pavement noise is the
noise reflected from the pavement surface. This is
related to the sound absorption properties of pavement
materials. This study examines the sound absorption
characteristics of common road making materials with
the aim to identify those material properties that could
be changed during the pavement design phase so as to
reduce tire-pavement noise. The common forms of
asphalt and Portland cement concrete pavement
materials are examined, along with widely used
designs of porous asphalt and pervious concrete
materials. Experiments were also performed to study
the factors that affect the long-term noise reduction
properties of the various pavement materials
examined.

Index Terms— asphalt pavement, Portland cement
concrete pavement, sound absorption characteristics,
traffic noise.

I. INTRODUCTION

Today traffic noise is a major form of

environmental noise pollution in most densely
populated urban areas. The noise generated from
motor engines, transmission and exhaust systems of
modern vehicles has been very much reduced due
to various advancements in design technologies of
modern automobile industry.
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In comparison, tire -pavement noise has become
a key source of traffic noise. The application of
porous pavements has attracted more and more
attention due to its two significant benefits, i.e.
reduction of tire-pavement noise and improvement
of wet weather safety. However, a major issue
attracting serious concern is that porous pavements
are prone to be clogged up which will reduce the
effectiveness of their sound absorption capability. It
has been recognized by past researchers that the
service life for porous pavements is largely
dependent on the clogging of the porous mixtures
[1]. Thus, it is of great interest to know how the
choice of different porous pavement mixes will
affect their clogging performance during the whole
service life.

The main objective for this study is to evaluate
the effect of one of the most important parameters of
porous pavements, namely their porosity levels, on
the effectiveness of their sound absorption
capability. Four different pavement wearing course
materials were studied: PC mixtures with different
porosity level, PA mixtures with different porosity
level, a DG (Dense Graded) asphalt mixture and an
NC (Normal Concrete) mixture for reference. Target
porosity of PA (Porous Asphalt) and PC (Porous
Concrete) mixtures included 10%, 15%, 20% and
25%. The clogging state started from 0% to 100%,
0%, 25%, 50%, 75% and 100% specifically.

II. EXPERIMENTAL PROGRAM

A. Preparation of Test Specimens

For each test mixture, three duplicate specimens
were prepared. For each porosity level, the set of
three test specimens were first tested for their
permeability and sound absorption coefficient at the
initial unclogged state. Next, by applying clogging
treatment in stages, the permeability and sound
absorption coefficient at each successive clogged
state were measured, until the fully clogged stage
was reached. The test procedure for the sound
absorption measurements of clogged and unclogged
specimens is shown in Fig. 1.

Table I and Fig. 2 show the aggregate gradations
for PC and PA mixtures. The ASTM Type I
ordinary Portland cement was used when fabricating
PC and NC specimens. The coarse aggregate used
was natural crushed granite in the range from 9.5 to
1.18mm following the grading requirements of
ASTM C33/ C33M-13 Size number 89.
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TABLEI
MIX PROPORTION FOR PC DESIGNS ADOPTED IN STUDY

Sieve Size Percentage Passing
12.5mm 100
9.5mm 95
4.75mm 38
2.36mm 18
1.18mm 5
300pum 3

B. Clogging Treatment

Clogging is a common distress form that would
severely reduce the effectiveness of sound
absorption capability. Clogging behavior for
different mix designs were studied by bringing a
preselected clogging agent to the internal structure

Advances in Engineering Research, volume 186

of mixtures studied to reach different clogging
stages, starting from the initial unclogged stage to
the final fully clogged stage. Residual soil was used
as clogging agent in this study. The gradation for the
residual soil selected was 100% passing 1.18mm,
94.3% passing 0.6mm, 84.8% passing 0.3mm, and
58.2% passing 0.075mm. The experimental
apparatus applied to reach different clogged stages
for mixtures was constant-head apparatus [1] [2]. In
the process of clogging, 5.3g of residual soil was
spread on the top of the test specimen at the
beginning of each clogging stage and was brought to
the internal structure of test specimen under a
constant-head flow.
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Fig.1. Flow Diagram of Experimental Test Procedure
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Equation (2) is considered to be more practical
than Equation (1) due to following two main
reasons:

(1) It is much easier to perform permeability
measurements compared with porosity
measurements.

(2) The test apparatus developed by the author
permits  non-destructive = measurements  of
permeability to be made both in the field and in the
laboratory.

To express the permeability coefficient of
porous pavement, past research studies have proved
that the following equation is applicable to
compute the permeability coefficient of porous
pavement [3] [4]:

k=~ 3)
I

where k is the permeability coefficient, v the flow
velocity, i the hydraulic gradient, and n a numerical
constant. Based on this theory, the apparatus
developed by the author is capable of measuring
the permeability either in the field or in the
laboratory within 1 to 2 minutes. The
measurements of permeability of porous pavements
were carried out using the method of falling-head
mode.

D. Acoustic Absorption Measurements

The ASTM E1050-10 standard procedure was
followed to measure the sound absorption
coefficient of all test specimens. The standing wave
method was applied to conduct the sound
absorption coefficient measurements. In the
process, one loudspeaker was used to generate a
plane sound wave from one end of the tube and the
sound wave was terminated by the specimen
installed one the other end of the tube. By
measuring the ratio between the maximum and
minimum sound pressures, the sound absorption
coefficient can be calculated accordingly.

The frequency range from 100 to 2500 Hz was
selected to conduct sound absorption coefficient
measurements in this study. This selected range
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was broad enough to cover the frequency range of
630 to 2000 Hz which was found to be significant
to human beings [5] [6]. When the frequency range
was lower than 500Hz, a 100mm diameter
impedance tube was adopted to measure the sound
absorption coefficient of test specimens; while a
29mm diameter impedance tube was used when the
frequency range was higher than 500Hz, in
accordance with the ASTM E1050-10 standard
procedure.

III. LABORATORY TEST RESULTS
A. Effect of Porosity Levels on Sound Absorption

Property
The results of acoustic  absorption
measurements for different tested specimens,

including four PC mix designs PC-10, PC-15, PC-
20, and PC-25, four PA mix designs PA-13, PA-16,
PA20, and PA-25, as well as the reference NC and
DG asphalt are plotted in Fig. 3. The measured
sound absorption coefficient at one-third octave
frequencies are shown in this figure. For better
comparison between PC and PA mix designs at
comparable porosity levels, Fig. 4 gives pairwise
plots of sound absorption coefficient of PC and PA
mix designs under the same porosity levels.

Based on these results, the following
conclusions can be made:
(1) At comparable porosity levels, PC mix designs
possessed better sound absorption capability than
PA mix designs. The same conclusion can be made
between DG and NC mixtures.
(2) The improvements of sound absorption
capability for both PA and PC mix designs over the
NC and DG asphalt were most significant within
the frequency range of 250 to 1,250Hz.
(3) As the porosity level of either PA or PC
mixtures decreased, there was a tendency for the
peak sound absorption range to move toward the
lower frequency end.
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Fig. 3 Measured sound absorption spectra of (a) PC and NC and (b) PA and DG asphalt
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Fig. 4 Sound absorption spectra of test materials at different
porosity levels

B Effect of Clogging on Sound Absorption
Property

The clogging effect of sound absorption
capability were plotted in Fig. 6 for the five target
clogging state studied in this research, namely 0%,
25%., 50%, 75%, and 100%. From the results, it can
be concluded that as the clogging percentage
increased, the sound absorption capability of test
specimens decreased progressively. It is interesting
to note that at the fully clogged stage, the PC
mixtures still presented better sound absorption
capabilities than the NC, while the PA mixtures
displayed almost the same sound absorption
capabilities compared with the DG.
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Fig. 6 Effect of clogging on sound absorption spectra of (a) PC and NC
and (b) PA and DG asphalt.

IV. CONCLUSION

The effect of clogging and porosity level on the sound
absorption properties were studied in this paper. At a given
porosity level, PC mixtures had better sound absorption
capabilities than the PA mixtures. For both PA and PC
mixtures, the sound absorption capabilities were heavily
affected by clogging. At the same clogging percentage level,
PC mixtures had better sound absorption performance than the
PA mixtures. When the 100% clogged stage was reached, the
sound absorption capability for PC still possessed higher
performance than that of NC, while PA mixtures had almost
the same level of sound absorption capability as that of DG.
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