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ABSTRACT

In the recent years, number of vehicles and roads are increasing exponentially.
Noise pollution has been a concern among the publics and currently there is an up rise
regarding the health and méntal issues that might result from it. Thus the result, various
development solutions such as softer tires, noise dampening barriers and new quiet
pavement materials has been introduced. One of the new pavements introduced is
rubberized pavement. Based on various researches arcund the world, rubberized
pavement has the potential of reducing noise generated from tire-pavement contact. To
date, a few rubberized pavement roads have been constructed in the country. However,
the performance is yet to be evaluated. Therefore, this study was proposed to evaluate the
noise reduction ability of rubberized pavement in Malaysia. This study will be carried out
by performing test run on both rubberized and conventional pavements. Two field test
methods have been proposed namely pass-by method and cruising method. Eventually,
the result of the study shows that rubberized pavement produced relatively lower noise
level as compared to conventional pavement. However, the reductions in noise level were

not significant to the hearing of the human.
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1.0 INTRODUCTION
1.1 Background of Study

According to Europe’s Environment Assessment (EEA), 60% of urban European
population are exposed to critical traffic noise levels over 55dB(A). Noise pollution is the
major stress factor of inhabitant in western European countries. Over a quarter of a
century noise poliution was not taken into account as a major pollution. Even after 50
years, rolling tire noise did not drop. Interaction of rolling tire with pavement noise are

the major dominant source of traffic noise pollution (refer to Figure 1-1).

Figure 1-1 Statistic Comparison Graph between Rubberized Pavement and Conventional
Pavement taken from EEA.

In Malaysia, rubberized pavement is not widely used. The pavement is
considerably new where high cost and strict control on production and paving operation
is crucial in producing the finishing pavement. Currently, Sultan Abdul Aziz Road in
Putrajaya is the major road which is currently identified as a rubberized pavement. The
rubberized pavement mix was developed by Petronas and the product is named
Bituminous-R. Bituminous-R (rubberized pavement) is also been constructed on
locations within the country. However, most of these roads are not assessable by public

users.



1.2 Problem Statement

In recent years, many studies and researches have concluded that rubberized
pavement is capable of reducing the rolling noise from the vehicle tires. Rubberized
pavements are widely used in urban residential areas of United States and in Europe due
to its ability in noise reduction. Presently in Malaysia, there are only a few locally
designed rubberized pavements because of its high cost and new technology involved.
However little study is conducted to evaluate its noise reduction effectiveness, therefore a
study using rubberized pavement with site test is proposed for this purpose to further

evaluate the feasibility of noise reduction measure.
1.3 Objective and scope of study

This research study wili study on the effectiveness of the rubbérized pavement in
reducing noise as compared with conventional asphalt pavement. The study is to confirm
whether the application of rubberized pavement will also provide a noise reduction
benefit as showcased by foreign studies. The major task required to complete the research

are as follow;

1. To measure the noise emitted from a conventional pavement when a reference car
travels along the pavement.

2. To measure the noise emitted from a rubberized pavement when a reference car
travels along the pavement.

3. To experiment various type of vehicie on both rubberized pavement and
conventional pavement,

4. To evaluate both measurements and conclude the effectiveness of the rubberized

pavement in reducing traffic noise.



2.0 LITERATURE REVIEW

21 Introductions

Different types of pavement will produce different level of noise characteristics.
Generally the differences in noise characteristics are due to the difference in pavement
properties and mixes. Before study the noise reduction ability of rubberized pavement, it
is important to understand the effects of noise, the concept of rubberized pavement and
the application of rubberized asphalt in Malaysia. A detail discussion on noise level is

discussed on the following section.

2.2 Vehicle noise studies

Studies have indicated that a moving vehicle generated substantial noise as
compared to idle vehicle. Noises are from mechanical parts of the vehicle ranging from
engine compartment to the tires and exhaust. List of known mechanical parts are the
engine block, air intake, exhausts, vehicle body structure and transmission gears. Vehicle
body structures aren’t the main noise generator, but are the main contributor of

transferring mechanical vibrations from the vehicle and emit it out to the surrounding.

Vehicles which had a long history of operating life will generate more noise as
compared to new vehicles. This is because most mechanical parts are worn off and less
lubricated. Thus these vehicles may jeopardize the final results of the noise measurement
on the pavement. The idle noise level of the vehicle may be measured; however the
operating noise level when the vehicle is cruising may vary due to different operating
noise level of the vehicle. Different cars have different aerodynamic designs and they all
yield at different noise level. In addition, new vehicle exterior on the front and the back
of the vehicles are comprise of plastic and fiber components. These components provide

weight reduction and noise reduction ability of the vehicle.

European commission noise homologation has been an essential experimental

method used by most manufacturers to determine the noise level of a vehicle. Significant



test on European Commission noise homologation method is that the results are

considered valid when the consecutive results obtained are within 2db from each other.
23 Tire noise studies

Tire manufacturer has formulated a formula on calculating tonal tire noise. Tonal
tires are generally conventional tires. The formula of tonal tires is acknowledged as
general benchmark to compare with new designs of tires in terms of noise reduction, grip
and tire efficiency. The tonal tires noise level can be calculated with the following

formulas and the provided pavement conditions.
Lsa=C +logyw( V") dB

LA = sound pressure at 7.5m dBA due solely to tire noise
V = vehicle coasting speed (Km h™)

Rib tire on wet road C=47, n=1.7
Smooth tire on wet road C=23, n=27
Smooth tire on dry road C=10, n=34
Regular tire on dry road C=18, n=3.0

24 Effect of Noise

The noise intensity is measured in decibel unit. The decibel scale is in
logarithmic; each 10 decibel increase represents a ten fold increase in noise intensity.
Human perception of loudness also conforms to logarithmic scale; a 10 decibel increase
is perceived as roughly a doubling of loudness. Thus 30 decibel is 10 times more intense
than 20 decibel and sounds 4 times louder; 80 decibels is 1 million times more intense
than 20 and sounds 64 times louder. However distance diminishes the effective decibel
level reaching the ear. Thus, moderate auto traffic at a distance of 30 m rates about 50

decibels. To a driver with a car window open or a pedestrian on the sidewalk, the same



traffic rates about 70 decibels; that is, it sounds 4 times louder. At a distance of 600m, the
noise of a jet takeoff reaches about 110 decibels approximately the same as in an

automobile horn from 1 m distance.

Considering an individual subjected to 45 decibels of noise, the individual will
suffer a restless sleep. At 120 decibels the ear registers pain, but hearing damage begins
at a much lower level, about 85 decibels. The duration of the exposure is also affecting
the level of damage. Apart from hearing loss, such noise can cause lack of sleep,
irritability, heartburn, indigestion, ulcer, high blood pressure, and possibly heart disease.
One burst of noise, as from a passing truck, is known to alter endocrine, neurological, and
cardiovascular functions in many individuals; prolonged or ﬁ'equenf exposure to such
noise tends to make the physiological disturbances chronic. In addition, noise-induced

stress creates severe tension in daily living and contributes to mental illness.

However, noise is recognized as a controllable pollutant that due to abatement
technology. In the united states, the Noise Control Act of 1972 empowered the
Environment Protection Agency to determine the limits of noise requirement to protect
public health and welfare; to set noise emission standards for major sources of noise in
the environment, including transportation equipment and facilities, construction
equipment and électrical machinery; and to recommend regulations for controlling
aircraft noise and sonic booms. Also in the 1970s, the Occupation Safety and Health
Administration began to iry to reduce workplace noise. However funding for these efforts
and similar local efforts was severely cut in the early 1980s, and enforcement became
negligible. In Malaysia, similar regulation have been carried out but not enforced.

10



2.5 Rubberized Pavement

Generally rubberized pavement is produced by incorporating rubber particle as an
additive into asphalt mixture in flexible pavement construction. Such addition will
gradually improve the performance of the pavement compared to fine aggregates
substitution. The process of incorporating rubber into asphalt mixture produces two types
of mixtures: “Rubber Modified Asphalt Mixtures” and “Rubber Asphalt Mixture” where
processes are recognized as Dry Process and Wet Process. Figure 2-1 depicts the whole

illustration.

For Dry process, the asphalt pavement is mixed with scrap tires as a portion of the
fine aggregate, The process can be used for hot mix asphalt paving in dense graded, open
graded or gap graded mixtures. In the dry process the crumb rubber is used as a substitute
for a small portion of fine aggregate which is usually 1 to 3 percent's by weight of the
total aggregate mix. Rubber particles are blended with the aggregate prior to the addition
of asphalt cement and will produce a material which is referred as Rubber Modified
Asphalt Mixture. The rubber particle size is graded and the gradation commonly used in
rubberized asphalt pavement is between 2.0mm and 5.0mm.

Blatarial Process Prodart

m/_{mf:_;i\
N

DRY \ Fibber Modifier Hot Mix

WET Aspholt Rubber Binder

Figure 2-1 Process of mixing Rubberized Pavement
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The Dry process procedure consists of substituting small portion of fine
aggregate. Wet process requires large portion of rubber to incorporate into mixes. Rubber
for wet process needs to be dispersed and melted in liquid asphalt at high temperature for
several hours before mixing with asphalt. The dry process requires low cost cutting of
rubber and consist of large quantity of rubber particle sizes compared to wet process. The
preparation of wet process equipment requires a relatively high temperature to melt the
standard small size of rubber particle to facilitate digestion. High binder content is
required for wet process because rubber asphalt is more viscous than conventional asphalt
binder. The Wet Process of rubber asphalt is known to have a betier long-term

deformation resistance as compared to Dry Process.
2.6  Application of rubberized pavement in Malaysia

As mentioned previously, in Malaysia Rubberized pavement is not widely used.
The high cost and strict control for production and operation sets back the practicality
usage of such pavement in Malaysia. With cost as a major concern in highway and
pavement construction, it is crucial to promote better awareness on other benefits which
rubberized pavement can offer, for instance, reduction in traffic noise level. Thus, this
research has been carried out on the rubberized pavement to document the reduction of
noise level as per claimed by other foreign researches. One of the pavement constructed
using rubberized pavement is identified as the Sultan Abdul Aziz Road in Puirajaya.
Suitan Abdul Aziz is a dense bituminous pavement. The 9km protocol road encircles the
Putrajaya government precincts. The road was constructed by Putrajaya Holding Sdn
Bhd, a construction company which responsible for most of the Putrajaya’s construction.
Materials and mixes were supervised and produced by Petronas Research & Scientific
Services Sdn Bhd (PRSS), a Subsidiary of Petronas whom conducted research on
rubberized pavement. The operational period for the pavement since it was open for
public usage is about five years. To date, there were only minor maintenance conducted

on the pavement as the durability and reliability of the pavement is relatively high.

12



The rubberized pavement supplied to construct the finishing leve! of Sultan Abdul
Aziz pavement was named Bituminas PREMIUM-R. The material is used as a wearing
course substitution to the Asphalt Concrete Wearing Course (ACWC) which was
produced by incorporating crumb rubber mixture into plain bitumen in specific
proportions. The Bituminous PREMIUM-R pavement is designed by Petronas Research
& Scientific Services Sdn Bhd (PRSS). The product is locally produced and has been
scientifically proven to be unique upon application on road construction. The
characterization of crumb rubber mixture is carried out to ensure consistency in the
quality of Bituminas PREMIUM-R produced. The addition of rubber into bitumen
enhances the strength and visco-elasticity characteristic of bitumen thus improves the
performance and durability of pavement. Bituminas PREMIUM-R is suitable for use in
both dense and pofous mix roads.

13



2.7  Noise reduction characteristics of Rubberized pavement

Rubberized pavement had undergone extensive research to scientifically prove the
effectiveness in noise reduction. Based on researches carried out from various researchers
for respective countries, tests were conducted and compared with conventional pavement
with same age, reference vehicle and speed. Table 2-1 shows the result of each country’s
findings.

Table 2-1

Countries Used Using Rabbevized Asphalt
and Resulting Noise Reduction

Country . Year Reported Noise level Reduction
Belgivm 1981 8-10 dB {65-83%;
Canada 1591 Shown nose reduchon
England 1993 Project not completed
France 1982 2-2dB/3-5dB (50-75%)
Germany 1%80 3B (0%
Austria 1583 3+ JdB
Netherlands 1688 2.5dB

Source: Sacramento Country Department of Environmental Review and Assessment Rubberized pavement

noise reduction results from various countries

From the Table 2-1, the results indicate a reduction of 2-10 db noise level. The 2-
5 dB reduction theoretically isn’t significant to the human’s hearing ability. The above
test was carried out with pavement samples of the similar service life, similar reference

vehicle and similar speed.
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Table 2-2

States Using Rubberized Asphalt and Resulting Neise Reduction

State Counties & Cities Year Noise Level Reduction
Arizona Phoenix. AZ 1990 104B (88%)
Tugson, AZ 1989 £.7dBs (78%)
Catifornia Sacrantento County 1983 7i-31dB
Orange County 1992 3-5 dB on Open Graded asphalt
Los Angeles County 1661 3-74B
San Diego County 1598 Projectan process
Texas San Antomo 1942 Data not Pravided
Oregon Corvallis 1944 Data not Provided

* Table is not comprehensive. Srudies may have taken place in other states.

Source: Sacramento Country Department of Environmental Review and Assessment Rubberized pavement

noise reduction results in United States

Table 2-2 shows noise comparison between rubberized pavement and

conventional pavement in the states. Studies showed 3-10 dB in noise reduction.

Table 2-3
Duration of Time ~ Change in Noise
Roadway Pavement Type Elapsed After Paviug Levels, dB Leq
Alta Arden Fxpressway  Rubberized Asphalt 1 month ' -4 dB
16 months -5dB
6 years .. 54dB
Auttelope Road Rubberized Asphalt & months © 7 4dB

3 yvears o 3 dB
Boud Road Conventional Asphalt 1 month : -2dB

4 vears 0dB

Source: Sacramento Country Department of Environmental Review and Assessment
Rubberized pavement noise reduction deterioration afer a time duration
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However, it is believed noise reduction ability for rubberized pavement
deteriorates after duration of time and the deterioration is permanent. This was proven by
the finding reported by Sacramento Country Department of Environment. The resuits
display in Table 2-3 shows that noise reduction ability of rubberized pavement reduced
by 1 dB for pavement age up to 5-6 years.

According to PRSS report, porous mix rubberized pavement has a better noise
reduction as compared to dense mix rubberized pavement. The study was done by
researcher from Universiti Kebangsaan Malaysia, UKM on a porous mix rubberized
pavement constructed around Nilai-Bangi Highway. The research uses the method of
measuring vehicle noise passing by a designated location. Distanée between the passing
by vehicle and the noise level meter is approximately 3m. A constant 90km/h speed is
moderated on the reference vehicle when passing by the noise level meter, Engine is cut
off from operating before passing by the noise level meter. From the test conducted, there
is a slight reduction in noise as compared to the conventional asphalt dense pavement.
Porous Rubberized pavement yields a 86.2 dB - 87.4 dB noise while conventional dense
bituminous pavement yields 89.1 dB - 92.1dB. Difference in noise reduction is
approximately 1.7dB to 5.9dB.

2.8 Conclusion

Malaysia is undergoing a vast boom of development. Each year the number of
residents is increasing. The high population and high transportation demands induce a
need for better transportation design. Vehicle and road has been the essential tools in
transportation in Malaysia and it will be a need for every household to travel around. As
the numbers of roads and vehicle increases by time, noise poliution will increase and
eventually becomes a serious health concern among the local residents. A vehicle on a
conventional pavement generated an average of 89.1 db-92.1db noise level. This is a
concern as the noise level exceeds human hearing acceptance threshold of 85 decibel,

thus resulting hearing damage.

16



Studies have incurred that rubberized pavement can dampen traffic noise from
tires up to 10 db. The figure may indicate a small difference, however as the development
are getting close to the highway facilities, these noise reduction would be significant to
both residents and the road users. Even though the noise reduction ability for rubberized
pavement deteriorates as it aged. The deterioration would not completely fail its ability in

reducing traffic noise.

Although a study on local rubberized pavement was conducted to evaluate the
noise reduction ability. There is still room for research in this area as the research
methodology would greatly affect the accuracy of the resuit. Therefore a new
methodology is proposed in this study to further verify rubberized pavement ability in

reducing traffic noise.
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3.0 METHODOLOGY
31 Introduction

The chapter briefly describes the flow of the research to be conducted. The main
priority in completing the research is by obtaining more literature review and conducﬁng
experiments in verifying the research hypothesis. The flow can be summarized by the
Figure 3-1. The figure shows the Flow Chart of procedure taken for the research.

Identify the problems of noise on Conventional Asphalt pavement

v

Conduct Literature Review

4
Interview engineers on the regarding pavement

l

Identify the available roads with rubberized pavement

A J
Preparation of equipment & Strategize experiment method

h 4

Conducting noise measurement on conventionat pavement and rubberized
pavement

y
Analyze noise results for both pavements.

h

Discussion and conclusion of findings

Figure 3-1: Flow Chart of research
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3.2 Identify the noise problem on conventional pavement

For the research to comply with the objective, initially, the problem of existing
noise on conventional pavement has to be identified. The conventional pavement exerts a
{oud noise when vehicles travel along the pavement. Noise level may source from engine
noise, mechanical noise and noise emitted from tires coming contact with conventional
pavement. Qur main problem is to reduce tire contact noise as both engine noise and
mechanical noise can be reduced by mechanics. Thus there is a need to improve the road

pavement that which will result a quieter pavement.

There had been some researchers’ claims on the rubberized pavement in recent
years about its ability in reducing the noise as compared to conventional pavement.
Therefore this research is aim to verify the findings and further compare the noise

reduction effectiveness of rubberized pavement in Malaysia.
3.3 Conduct literature review

The following step included the acquiring of information from various resources
available regarding traffic noise on rubberized pavement. these information are crucial
for research. This step is to assure that the research is following the right method in order

to have a successful result,

Rubberized pavement has been identified as the essential pavement type in this
research to study the noise reduction effectiveness of modified pavement. Findings
obtained from different researches are taken as references, In this study, research on the
method of attaining experimental data is also been refer.

19



34  Interview engineers regarding pavement in Malaysia

Various visits were done to acquire information from practicing engineers past
based on their past experience in dealing with rubberized pavement. Visits arrangements
have been conducted to organizations, newly Putrajaya Holding and Petronas Research
Scientific and Services (PRSS).

The interview was conducted with Mr Hasnun Nizam from Putrajaya Holdings.
Mr Hasnun is the Project Manager of Infrastructure for the company. Various
information and verbal facts pertaining to the construction of rubberized pavement were
given by Mr Hasnun. In addition, interview session was also conducted with Mr Loh
Kong Min from PRSS. Mr Loh provided brochures of Bituminas PREMIUM-R from
PRSS. Most of the information provided consists of methodology of noise test done and
facts on Bituminas PREMIUM-R.

3.5 Identify roads constructed with rubberized pavement

Identification of rubberized pavement road in Malaysia is crucial for noise
measurement. On the other hand, to prevent deviation due to pavement age, conventional
pavement with the similar age and length characteristics is also identified. The Sultan
Abdul Aziz road is identified as the rubberized pavement, while the highway heading
towards Putrajaya at Gate-one is identified as conventional pavement. Both pavements

have similar life span which can be safely assume that the noise reduction deterioration

for both pavements is about the same.

20



3.6  Preparation of equipment

The equipment to be used for the research is sound level meter. Sound level meter
used in this study is capable of measuring noise ranging from 40 dB to 100 dB. With the
sensitivity 0.1+dB, the sound level meter is capable of obtaining the average sound data

for a period of time and record the maximum noise for the environment. .

Figure 3-2: Noise Level Meter Apparatus.

21



3.7  Field experiment

Noise measurement for both type of pavement were conducted by using two

different test method: pass-by method and cruising method.

3.7.1 Experiment Pass-by method 1.0

This experiment will measure the noise level of the passing vehicle on both types
of pavements at a fixed location. For a better comparison, the test is conducted on both

rubberized and conventional pavement.
Procedure

1. A location on the road is identified and the sound level meter is stationed at that
location.

2. The sound level meter is attached to a tripod and the clearance from the passing
by vehicle is approximately 3m.

3. The sound level meter is aimed perpendicular with the road. Maximum noise
reading is recorded.

4. The reference vehicle is traveled at a constant speed of 80km/h when passing the
location of the sound level meter.

5. Upon arrival on the sound level meter location, the car engine is turned off and
the reference vehicle is left cruising along the pavement.

6. The noise is recorded and the test is repeated. Forty noise measurements are
recorded for each type of pavement.

7. The experiment is repeated for each type of pavement.

8. The same reference vehicles and methodology is repeated on different pairement.

22



3.7.2 Cruising Method

In this method, the noise measurement is performed inside the test vehicle

traveling at various constant speeds.
Procedure

1. The sound level meter is placed in the cabin of the test vehicle.

2. The test car travel at the conventional pavement at different constant speeds. The
speeds are 40 km/h, 50 km/h, 60km/h, 70 km/h. 80km/h and 90 km/h.

3. Noise level of each speed is then recorded and analyzed. Twenty data
measurement is recorded on each speed.

4. The test is repeated for rubberized pavement.

23



3.7.3 Experiment Pass-by Method 2.0

Experiment Pass-by Method 2.0 is the replica of previous Pass-By Method

experiment. There have been some minor changes on the experiment Pass-By Method

2.0. The experiment will utilize the use of different vehicle. This experiment is to indicate

noise reduction difference of rubberized pavement when subjected to different types of

vehicle.

Procedure

A fixed location is been identified for rubberized pavement. The picked location
must be safe for carrying out experiment and the location should be less interfered
by external noise. The sound le\}el meter is stationed on the particular location for
noise level measurement.

The Sound level meter is attached to a tripod to provide an easy access and
measurement reading. The clearance between the noise level meter and the
designated reference vehicle passing by is approximately 3m away.

The Sound level meter sensor must be positioned to the road to obtain the
maximurm noise level measurement. The sound level meter is calibrated to record
the maximum noise reading before the reference vehicle approaches.

Before arrival to the noise level meter, the reference vehicle should signal for

preparation. The reference vehicle should cruise at slightly above 80 km/h.

5. Noise level meter is calibrated to record maximum noise level.

8.
9.

The car engine is turned off and the reference vehicle cruises at 80 km/h when
passing the noise level meter.

Upon passing the noise level meter, the noise level meter record maximum noise
level in decibel.

Maximum noise level was recorded.

The test was repeated forty times to obtain forty noise level measurements.

10. Similar test procedure was applied to the conventional pavement and ten noise

level measurements were also recorded.

24



11. The previous procedure is repeated with a different reference vehicle.
12, All results are tabulated and shown on bar chart to indicate noise level difference

between rubberized pavement and conventional pavement.
38 Comparison of experiment methods

The pass-by method has an advantage of measuring noise level emitted directly
from the tires of vehicle. The disadvantages of the method are due to interference of
external surrounding and nearby vehicle sounds during noise measurement. It is cruciai to
conduct the measurement where there is minimal noise interference. In addition, it is very
time consuming because of the one-way road design where each round will only produce

one noise data.

The cruising method is ideal where the noise level for the tire can be constantly
monitored. However, the method may not yield the actual noise level from the tire as the
sound level meter is insulated in the cabin of the vehicle. In addition, vehicles around the
moving reference vehicle will result in a minor deflection of the result. Traffics are also
another main concern as it will disrupt the reference vehicle from maintain a constant

speed.

Similar to the previous Pass-By Method, Pass-By Method 2.0 shares the same
similarity of advantages, disadvantages and constrains. The difference is on the
application of various vehicles but restricts on a designated 80 km/h speed. The benefits
of this revised experiment is where it is capable of indicating different vehicle dimension,
chassis, tire compound used will yield different noise characteristics. In addition of noise
level difference, the main objective of this experiment is to ensure that noise reduction

capability do not differs much in difference of vehicle.
The Pass-by method, Pass-by Method 2.0 and Cruising method are compared and

analyzed for methodology difference. Both experiment Pass-by Method and Pass-by
Method 2.0 has been identified as an ideal method of analyzing the noise level for both
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conventional and rubberized pavement. Although the Pass-by Method 1.0 & 2.0 are
considered tedious, time and cost consuming, it is capable of producing more accurate
and persist result compared to the cruising method. The claim is supported with the facts
where noise level meter installed in experiment cruising method is highly shielded by the
vehicle’s cabin insulating material. In addition, maintaining at constant speed may yield
different result as there are different conditions on the road due fo pavement defects. The
pass-by method and Pass-by Method 2.0 can be further improved by conducting the
experiment under controlled and quiet environment. The cruising method however might
have trouble on controlling noise level as major noise generatién contribution is from the
vehicle’s mechanical components. However, both experiments are still executed to
identify the validity of the hypothesis.

39 Noise result analysis and discussion

Once the result of the experiment is obtained, analysis will be conducted to
uncover the difference in noise level between the conventional pavement and rubberized
pavement. Previous researches clarifies that rubberized pavement has the ability to reduce
sound compared with conventional pavement. Our result will confirm the application
effectiveness of rubberized pavement in noise reduction ability when it applies to
Malaysian climate and vehicle traffic handling.

3.10 Conclusion

Finally the discussion and conclusion of the results will be made to determine
whether the objectives of the research have been fulfilled. The conclusion will include the
comparison between the rubberized pavements and conventional pavement in the aspect

of noise. Rubberized pavement noise reduction effectiveness will also be noted
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4.0 RESULT AND DISCUSSION
4.1 Introduction

The noise measurements for both rubberized pavement and conventional
pavement were successfully conducted. Several experiments have been conducted to
identify and verify the noise reduction capability of the rubberized pavement as compared

to the conventional pavement.

The experiments conducted on the side are labeled as pass-by method 1.0, pass-by
method 2.0 and cruising method. All test have successfully conducted. It is grateful that
the experiments were started during the end of the first semester. The results obtained
from the experiments will be reported and discussed in this chapter.

4.2  Preliminary field experiment

Prior to the actual experiment, a preliminary field experiment was conducted
based on the three noise measurement methods, which are pass-by method 1.0, pass-by
method 2.0 and cruising method. This is fo test and select a more accurate method in this
study.

4.2,1 Pass by Method 1.0

This experiment measured the noise level of the passing vehicle on both types of
pavements at a fixed location. Pass-by method has been performed on the pavement of 6
years old. Table 4-0 and Figure 4-0 indicate the noise level results for both conventional
and rubberized pavements. From the result, average noise reduction is approximately
2.77 dB.
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Table 4-0: Noise level measured using Pass-by method 1.0

Rubberized pavement Conventional Pavement
Data Number Noise level {db) noise level {db)
1 69.7 79.5
2 75.5 75.8
3 67.2 75.7
4 76.7 76.7
5 77.5 77.2
6 77.3 77.2
7 76.4 716
8 75.8 76.9
9 77.1 77.3
10 69.8 76.8
Average 74.3 707

Figure 4-D: Noise level measured using Pass-by method 1.0
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4.2.2 Experiment Pass-by Method 2.0

Experiment Pass-by method shares the same experiment with different criteria
and reference vehicle. Three type of reference vehicle were used to obtain noise level
difference. The chosen three vehicles are Toyota Unser, Nissan Bluebird, Proton Waja.
Toyota Unser is under the Multi purpose vehicle category, Nissan BlueBird under large
corporate sedan category and Proton Waja under family sedan category. Each vehicle
will have its significant noise level emission, but our main focus is on the noise level of

the reference vehicle operation difference between the two pavements.

Figure 4-1 shows a comparison of noise between Rubberized pavement and
conventional Pavement depict from Table 4-1. The results show indication of noise
reduction. However, the noise level reduction is low or below the human perceivable
hearing ability. The result is fairly average and the inaccurate results might due to similar
interference suffered from the previous Pass-by experiment. This is because both share
similarity in experiment procedure. As observed from the three vehicles, Toyota Unser
shared the most quiet noise level. This is due to the soft compound tires used where it
dampens the tire rolling noise with both pavements; result in much quieter noise as
compared to both pavements, The Nissan Bluebird uses a worn off tire where large
contact area of the tires will contribute to large noise level since the interaction between
tires and road surface is at most. For Proton Waja, it is using a recycled hard compound -
tire. It is no surprise as it measured the highest among all three reference vehicle. In
general hard compound tires generate the most noise as it is hard and unable to damp

noise.

The noise reduction level result compared between the rubberized pavement and
conventional pavement is very low. However, the result has a clear indication the
rubberized pavement is capable of noise reduction as compared to conventional

pavement. This means it has fulfill some of the objective of the studies.
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Figure 4-1: Noise level measured using different reference vehicle
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Table 4-1: Noise level for Experiment Pass-by Method 2.0

Toyata Unsear Nigssan Biuebird Proton Waja
Rubberized Conventional
Data Number | Rubberized Pavement | Conventional Pavement Rubberized Pavement | Conventional Pavement Pavement Pavement

1 704 751 733 77.2 745 76.5
2 65.8 78.2 73.7 776 73.8 77.4
3 £8.8 753 73.4 758 72.3 778
4 70.1 73.7 74.2 75.7 726 76.7
Ll 70.0 754 72.5 76.7 73.9 7.0
B 88,5 74.9 745 77.2 729 768
7 70.2 72.2 741 78.8 73.2 75
B 70.8 748 71.3 735 74.1 77.2
8 708 738 72.9 75.8 727 76.4
10 708 74.5 728 757, 739 713
11 704 72.0 73.2 757 74.2 7T
12 &8.56 71.8 3.3 78.7 73.8 77.5
13 89.5 726 735 77.2 73.1 774
14 76.1 72.4 721 76.8 74.2 778
15 70,6 740 | 739 75.8 744 77.3
16 70.4 72.8 73.5 757 73.5 768
17 70.4 739 714 787 728 774
18 70.3 734 724 772 742 77.5
19 88.6 73.3 74.4 76.8 73.1 76.9
20 59.4 72.2 722 79.5 74.3 76.8
21 8.7 72.5 72.8 758 732 76.7
22 70.7 74.1 73.7 75.7 74.1 772
23 70.8 73.1 72.5 76.8 735 77.5
24 70.5 742 72.5 77.2 74.0 767
25 70.2 73.8 74.8 77.6 738 778
2 88.4 73.1 72.1 79.5 724 7.4
7 88,7 74.2 72.8 75.8 74.2 768
28 703 74.4 73.3 757 73.7 774
28 705 735 72.2 76.8 728 771
30 0.8 75.1 72.5 75.8 742 76.8
31 70.1 749 74.1 75.7 73.2 76.5
32 704 751 73.1 75.7 725 76.8
33 88.6 74.0 72.0 7.2 73.1 717
34 70.1 72,5 71.8 757 74.2 76.8
35 §9.8 738 726 76.7 74.3 77.2
3B 70.4 73.4 724 77.2 72.7 7.3
37 . 70.8 733 74,0 778 745 76.6
28 €6.9 72.2 72.5 78.9 73.8 77.8
39 70.5 72.5 738 77.3 72.7 77.4
40 70.0 75.0 73.4 76.8 736 77.0
Average 70.055 73.7875 ‘13.0425 78.765 73,54 7714786
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4.2.3 Experiment Cruising Method

This experiment is conducted on the reference vehicle moving at a constant speed.
Similar road was conducted for experiment 2. Please refer the results of the experiment in
Table 4-2 & Figure 4-2. Tables 4-2 indicate the noise level for both conventional and
rubberized pavements conducted using experiment cruising method. Table 4-2 shows the
noise level data are inconsistent. Deviation in noise level is suspected due to the factors
discussed in section 3.8. Figure 4-2 shows the plots of average noise level versus speed
for rubberized & conventional pavements. It was found that noise level increases linearly
with speed. The figure also illustrates a lower noise level for rubberized pavement as

compared with conventional pavement in all speeds.
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Table 4-2: Noise level measured using cruising method

Rubbetized Pavement Conventional Pavement
Vehicle speed
(km/h)
Data 40 50 60 70 80 80 40 50 60 70 80 80
1 63.5 67.2 64.7 69.5 67.5 68.9 64.2 | 684 65.6 70.1 68.5 70.3
2 61.2 66.4 64.8 66.7 68.3 68.4 63.1 67.5 66.1 | 673 69.3 68.8
3 65.2 64.7 67.5 68.6 66.9 69.3 64.8 65.0 68.4 69.3 67.9 70.5
4 647 | 648 64.8 68.9. 69.9 68.9 63.6 66.3 66.0 69.5 70.9 69.3
5 62.6 66.2 659 | 67.5 70.3 70.5 63.8 67.4 66.8 67.9 71.3 71.2
6 61.6 65.6 66.1 69.1 669 | 69.7 62.8 66.8 66.8 69.7 69.1 70.1
7 62.8 64.6 68.6 68.3 69.8 70.8 64.2 65.8 68.5 69.3 70.8 71.4
8 64.5 653 | 6438 67.5 67.4 69.6 65.7 66.4 65.7 68.1 68.4 72.2
9 63.7 67.8 65.7 69.8. 66.9 68.2 64.5 67.8 66.8 70.7 67.9 68.6
10 64.8 65.4 65.6 68.9 69.9 70.8 66.3 66.6 66.5 69.3 70.9 71.2
11 63.2 66.6 64.7 66.5 67.6 70.2 63.8 67.8 64.6 67.1 68.6 70.6
12 65.2 63.5 68.6 68.7 68.3 70.6 66.4 64.7 68.9 69.3 66.3 71.5
13 61.8 65.4 657 | 674 69.8 68.7 63.2 66.8 67.2 68.0 70.8 69.1
14 62.4 63.4 .68.6 695 | 695 | 693 63.6 64.6 69.2 70.7 70.8 69.7
15 63.5 67.2 64.9 68.5 66.9 70.5 64.7 67.0 66.4 68.2 67.9 71.9
16 61.4 66.9 64.7 67.6 67.4 70.1 63.2 67.3 65.6 68.2 68.4 70.5
17 64.8 67.1 68.4 69.3 69.5 70.3 | 649 67.8 68.4 70.9 70.6 70.7
18 61.3 63.5 68.6 69.8 70.2 69.6 62.5 64.7 69.5 70.4 71.2 69.6
19 63.7 63.4 65.1 66.5 68.7 687 | 64.4 64.2 66.1 67.1 69.1 70.1
20 66.6 63.9 66.3 67.6 69.9 69.4 678 | 646 | 67.2 68.2 70.9 69.8
Average 63.4dB | 65.4dB | 66.2dB | 68.3dB | 68.6dB | 69.6dB | 64.4dB | 66.4dB | 67.0dB | 69.0dB | 69.5dB { 70.4dB
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43  Seclection of proper experiment methed

Comparison on both experimental results can be observed in Table 4-0 and Table
4-1. Table 4-0 can be simplified under the bar Figure 4-4 as shown below. Based on the
result obtained from all experiment, the result iﬁdicated small significant in noise
reduction. Both comparisons of results also indicate that the hypothesis on noise
dampening in experiment cruising method is the valid cause of low noise measurement.

Thus Experiment Pass-by method and noise will be considered as a valid result.

Figure 4-4: Noise Level Comparison
Noise level {db)

76 1

1107

Rubberized Conventional Rubberized Conventional
Pavement Pavement Pavement Pavement

Experiment Pass-by Method Experiment Cruising Method
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5.0 CONCLUSION

The research has completed most of the noise measurement experiment, which are
experiment using pass-by method 1.0, pass-by method 2.0 and cruising method. There is
limited number of rubberized road constructed in Malaysia. Thus tests were limited to the
Sultan Abdul Aziz Shah road in Putrajaya. The Sultan Abdul Aziz road is a dense grade
rubberized asphalt pavement and this indicated a slight noise reduction. To date, there are

no other rubberized asphalt pavements as some of these pavements have been repaved.

The research has achieved its objective of measuring and comparing noise level
between the rubberized pavement and the conventional pavement. The results clearly
indicate that the rubberized pavement has better noise reduction ability as compared to
conventional pavement. Pass-by method 1.0 & 2.0, and cruising methods show a
reduction of approximately 4 dB in this study. Tire characteristics of the vehicle are
found affect the results too. As mentioned previously, Toyota Unser equipped with soft
compound tires produced lower noise as compared to other vehicles. Different vehicle
designs will have different operating noise. The noise level difference might come from
air drags, engine and mechanical parts noise. This different source of noise level also
exhibits a crucial disturbance to the resuits. It is important to ensure that the final result of
the tire noise is not lower than the reference vehicle operation noise of the result is
invalid. This is because the overlapped vehicle noise level might resuit in the noise level
meter to record the vehicle noise instead of the tire noise level. 4 dB noise level
reductions is obtained from the experiment. However the reduction is considered little

and may not significant to affect the human hearing.
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52 RECOMMENDATION

The research presents the noise reduction ability of rubberized pavement as
compared to conventional pavement. Thus, following recommendations are suggested for

better assessment of the influences.

1. A control laboratory can be constructed specifically to conduct noise test on
pavement. Currently foreign tire manufacturers have the facilities to research
on better tire design. Similar facilities can be introduced to develop a better
pavement design. The control laboratory will ensure no environmental noise
disturbance during experimentation. Thus the noise result obtained is merely
the rolling' tire on pavement. In addition, such facilities can assist in

developing a better rubberized pavement design.

2. More specific experiment to further verify other influence which might affect

the noise level. Below are the suggested experiment

a. Conduct the noise level experiment but with various loading applied
on the tire rolling on both pavements.

b. Experiment with different tire dimension, age of tires and type of tires
on each reference vehicle.

¢. Experiment on different paVement temperature to further verify the

effectiveness of noise reduction ability.

3. Coliaboration with PETRONAS Research & Scientific Services Sdn. Bhd can
be made to further improve noise reduction ability of Bituminas Premium-R.

Although the rubberized pavement is not widely used, there is a promising
potential for a quiet and comfortable ride to the occupants. In addition, the rubberized
pavement gives better performance, better design life and less maintenance cost as

compared to conventional pavement.
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i

noise pollution, human-created
noise harmful to health or welfare.
Transportation vehicles are the
worst offenders, with aircraft,
raifroad stock, trucks, buses,
automobiles, and motorcycles all
producing excessive noise.
Construction equipment, e.g.,
jackhammers and bulldozers,
also produce substantial noise
pollution.

Noise intensity is measured in

decibel units. The decibe! scale is

fogarithmic; each 10-decibel

increase represents a tenfold

increase in noise intensity.

Human perception of loudness

also conforms to a logarithmic

scale; a 10-decibel increase is

perceived as roughly a doubling

of loudness. Thus, 30 decibels is

10 fimes more intense than 20

decibels and sounds iwice as

loud; 40 decibels is 100 times

more intense than 20 and sounds 4 times as loud; B0 decibels
is 1 miton times more intense than 20 and sounds 64 times
as loud. Distance diminishes the effective decibel level
reaching the ear. Thus, moderate aute traffic at a distance of
100 f (30 m) rates about 50 decibels. To a driver with a car
window open or a pedestrian on the sidewalk, the same traffic
rates about 70 decibels; that is, it sounds 4 times louder. At a
distance of 2,600 ft (600 m), the noise of a jet takeoff reaches
about 110 decibelsa€ approximately the same as an
automobile horn only 3 ft (1 m) away.

Subjected to 45 decibels of noise, the average person cannot
sleep. At 120 decibels the ear registers pain, but hearing
damage begins at a much lower level, about 85 decibels. The
duration of the exposure is also important. There is evidence
that among young Americans hearing sensitivity is decreasing
year by year because of exposure o noise, including
excessively amplified music. Apart from hearing loss, such
noise can cause lack of sleep, imitability, heartbum,
indigestion, uicers, high blood pressure, and possibly heart
disease. One burst of noise, as from a passing truck, is known
to alter endocrine, neurological, and cardiovascutar functions
in many individuals; prolonged or frequent exposure io such
noise tends to make the physiological disturbances chronic. In
addition, noise-induced stress creates severe tension in daily
living and contributes to mental iliness.

Noise is recognized as a controliable pollutant that can yield to
abatement technology. In the United States the Noise Control
Act of 1972 empowered the Environmental Protection Agency
to determine the limits of noise required fo protect public
health and weifare; to set noise emission standards for major
sources of noise in the environment, including transportation
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machinery; and to recommend regulations for controlling
aircraft noise and sonic booms. Also in the 1970s, the
Qccupational Safety and Heaith Administration began to try to
reduce workplace noise. Funding for these efforts and similar
local efforts was severely cut in the early 1980s, and
enforcement became negligible.
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Sacramento County Noise Element Policies |

The Sacramento County Noise Element establishes land-use compatibility
criteria for both interior and exterior areas of various land uses. The County
Noise Element policies which pertain to transportation noise follow.

NO-1: Noise created by new transportation noise sources should be
mitigated so as not to exceed 60-dB Ldn/CNEL at outdoor activity areas of
any affected residential lands or land use situated in the unincorporated
areas. When a practical application of the beast available noise-reduction
technology cannot achieve the 60-dB Ldn/CNEL standards, then an exterior
noise level of 65-dB Ldn/CNEL may be allowed in outdoor activity areas.

N:0-4: Where residential land uses are proposed in areas exposed or
projected exterior noise levels exceeding 60 dB Ldn / CNEL or the
performance standards described above, an acoustical analysis shall be
required as part of the environmental review process.

NO-6: The compatibility of proposed nonresidential projects with existing
and firture noise levels due to transportation noise sources shall be evaluated
through a comparison to the standards described in Table 5 (below) and
Table 1]-3 found in the Sacramento County Noise Element of the General
Plan.

NO-7: Proposed Development of Residential land uses should not be
permitted in areas exposed to existing or project levels of noise from
transportation which exceed 60 dB to 65 dB Ldn / CNEL unless the project
design includes effective mitigation measures to reduce noise.

Table of Contents | Executive Summary | Introduction | History of Noise
Reducing Pavement | The Process of Producing Rubberized Asphalt |
Current Uses of Rubberized Asphalt | Tables | Studies of Rubberized
Asphalt Outside of Sacramento County | Sacramento County Rubberized
Asphalt Noise Studies | Conclusions of the Studies Conducted in
Sacramento County | Appendix A - Acoustical Terminology | Appendix B -
Noise Standards Commonly Applied to Projects in Sacramento County
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Acoustics The science of sound.

Ambient Noise The distinctive acoustical characteristics of a given space
consisting of all noise sources audible at that location. In many cases, the
term ambient is used to describe an existing or pre-project condition such
as the setting in an environmental noise study.

Attenuation The reduction of an acoustic signal.

A-Weighting A frequency-response adjustment of a sound level meter that
conditions the output signal to approximate human response.

Decibel or dB Fundamental unit of sound, A Bell is defined as the
logarithm of the ratio of the sound pressure squared over the reference
pressure squared. A Decibel is one-tenth of a Bell.

CNEL Community Noise Equivalent Level. Defined as the 24-hour
average noise level with noise occurring during evening hours (7 - 10 p.m.)
weighted by a factor of three and nighttime hours weighted by a factor of
10 prior to averaging.

Frequency The measure of the rapidity of alterations of a periodic signal,
expressed in cycles per second or hertz.

Ldn Day/Night Average Scund Level. Similar to CNEL but with no
evening weighting.

Leq Equivalent or energy-averaged sound level.

Lmax The highest root-mean-square (RMS) sound ievel measured over a
given period of time.

Loudness A subjective term for the sensation of the magnitude of sound.

Masking The amount (or the process) by which the threshold of audibility
is for one sound is raised by the presence of another (masking) sound.

Noise Unwanted sound.

Peak Noise The level corresponding to the highest (not RMS) sound
pressure measured over a given period of time. This term is often confused -
with the "Maximum” level, which is the highest RMS level.
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Threshold
of Hearing The lowest sound that can be perceived by the human auditory
system, generally considered to be 0 dB for persons with perfect hearing.

Threshold _
of Pain Approximately 120 dB above the threshold of hearing.
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Asphalt Outside of Sacramento County | Sacramento County Rubberized
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Rubberized Asphalt Studies in Other California Counties

Rubberized asphalt has been studied in other California counties outside of
Sacramento. Orange County studied the effectiveness of rubberized asphalt as
a noise mitigation measure in a report entitled Mixed Roadway Surface Noise,

prepared by Mestre Greve Associates in February of 1992. The City of
Thousand Oaks also conducted a study in 1992 entitled Asphalt Rubber
Overlgy Noise Study, prepared by Acoustical Analysis Associated, Inc. Both

studies determined that rubberized asphalt successfully mitigated traffic noise. |

The study conducted for the County of Orange looked at the difference in
noise levels between four different pavement types: dense grade asphalt,
‘rubber asphalt {(gap graded), rubber asphalt (open graded), and open grade:
(with latex). The goal of this analysis was to eliminate the effect due to
different traffic conditions at each segment of roadway thus resulting in a
different noise level due specifically to the asphalt type. The study concluded
that rubber asphalt-open graded was 3.9 dBA quieter than new dense grade
asphallt.

The noise study conducted for the City of Thousand Oaks measured the
reduction in traffic noise levels experienced due to resurfacing. The street
conditions before resurfacing were poor and therefore, noise reduction due to
the new paving was striking. Noise reduction on the six sites tested ranged
Jrom 3-7 dBA, depending onm traffic and speed. When compared with the new
standard asphalt, rubberized asphalt was found to be 2-5 dBA quieter.

National Rubberized Asphalt Studies

On a national scale, rubberized asphalt has been studied by many states as
well as the federal government. Arizona has been the leader in the production
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and use of rubberized asphalt. In March 1990, Western Technologies Inc.
performed a sound level survey to determine the noise levels produced during
peak traffic flow on different types of pavement, including rubberized asphalt.
In November of 1995 the Texas Department of Transportation conducted a
study on the crumb rubber modifier used in rubberized asphalt as a successful
method to reduce tire noise. Finally, the National Research Council conducted
a study in 1997 entitled the Relationship between Pavement Surface Texture
and Highway Traffic Noise.

Two studies were conducted in Arizona. One was prepared for the City of
Phoenix and the other was prepared for the City of Tucson. The study in the
City of Phoenix was compared standard chip seal asphalt laid in 1984, and
rubberized asphalt that was laid in 1989. The study concluded that there was
an approximate 10 dBA reduction in noise with the rubberized asphalt
compared with the chip seal asphalt.

The study prepared for the .City of Tucson compared asphalt rubber concrete
pavement and standard concrete pavement. The study showed that the asphalt
rubber concrete was 6.7 dBA quieter than the concrete pavement.

In 1995, the Texas Transportation Institute conducted a study to identify
potential problems. with the current rubberized asphalt mix design, develop
recommendations on those problems, develop recycling guidelines, and
evaluate alternatives. Researchers monitored CRM mixtures paved in 1992
and 1993 in San Antonio, Texas. The results of the these tests concluded that
rubberized asphalt performed well in construction practices, and that the
rubberized asphalt mixes gives a higher durability with better stability than
dense-grade mixes.

The National Research Council conducted a study showing the effect of
different surface types on noise levels. The Council studied many types of
roadway surfaces and determined that open graded asphalt showed the
greatest potential for noise reduction when compared to dense graded
asphalt. The study examined research done by Kansas, that studied the effects
of rubberized asphalt. The results in Kansas showed that the open graded
asphalt always showed a decrease in noise level. In contrast, when the asphalt
rubber pavement was compared to the asphalt surface, there were both
reductions and increases in noise level. Thus, the results of this Kansas study
did not show a clear noise reduction trend with rubberized asphalt. Howeveér,
the study done by the National Research Council did not examine any other
research than the Kansas study.
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Global Studies

Rubberized asphalt is a process that is not only of interest in the United States
but also globally. In 1995, the Canadian Technical Asphalt Association
performed a study for British Columbia on rubberized asphalt. Their study
entitled, The Full Scale Evaluation of Rubberized Asphalt Concrete in British
Columbia, was a response to the need for improvement of binders in the road
building industry. In a paper done by Netherlands researchers, entitled Open
(Grade Rubberized Asphalt for Traffic Noise Reduction in Urban Areas,
research was conducted to analyze the development of rubberized asphalt as a
mitigation measure. Other studies have been done in Great Britain, West
Germany, Belgium, and other European Countries.

The study conducted in British Colombia compared conventional pavement
binders to Rubberized Asphait (Rub-Arb [TM]) in various locations
throughout British Columbia over a period of five years. This study concluded
that within the laboratory, the asphalt rubber binder showed improved
properties at extreme temperatures compared to convention asphalt. This study
also concluded, that modified asphalt rubber binders can be manufactured for
a wide range of climate conditions and requirement, it is more flexible at low
and sub-zero temperatures, and that the thickness of the asphait rubber
concrete overlay can be reduced from the fraditional 50mm overlay down to
38mm of modified asphalt rubber concrete.

In Dordrecht, Belgium a test was conducted using open graded rubberized
asphait in order to study the effectiveness of rubberized asphalt on noise. In
this study the researchers concluded that it is possible to design an asphalt mix
to reduce traffic noise in urban situations where the traffic noise is dominant.
The study found, that a noise reduction can be achieved of between 2.1 and
3.2 dBA at the speeds of around 50 km/h.

Additional studies have been conducted in other European countries. The
Societe des Autoroutes du Nord et de I'Est de la France, Paris conducted a
study that showed a noise reduction level of 2-3 dBA4 with rubberized asphalt
along the Seine River. In a paper presented at the 1988 Asphalt-Rubber
Conference in Graz, Austria, Helmut Prager, Engineer of Austrian Highways
and Bridges showed how the rubber overlay provides better noise reduction.
Finally, in Bonn, Germany a study showed that using rubberized asphalt as a
sound mitigation measure is more cost effective than using sound barriers.
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Most of these studies concluded that rubberized asphalt could reduce noise by
2-3 dBA with few technical problems.

- Finally, The European Commission Green Paper, published in the June 1997
edition of Noise/News International, cites the following on Page 87:

"Low-noise porous road surfaces have been the subject of much research.
These porous road surfaces reduce both the generation and propagation of
noise by several mechanisms - which can be related to the open structure of
the surface layer. Results have shown that the emission noise levels can be
reduced from levels generated on equivalent non-porous road surfaces by
between 3-5 dB(A) on average; by optimizing the surface design, larger noise
reductions are feasible. At present, the cost of porous asphalt surfacing is
higher than conventional surfaces (for resurfacing, but for new roads, the cost
is minimal), but may drop as contractors gain experience with porous surfaces.
The material is also less durable. However, improvements are being made to
durability and, in many countries, these materials are already being used as
part of normal road construction in noise-sensitive areas.”
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ise
1 Wikipedia, the free encyclopedia

amon use the word noise means unwanted sound or noise pollution, but in electronics noise can refer to the
mic signal corresponding to acoustic noise (in an audio system) or the electronic signal corresponding to
sual) noise commonly seen as 'snow' on a degraded television or video image. In signal processing or

iting it can be considered data without meaning; that is, data that is not being used fo transmit a signal, but
sly produced as an unwanted by-product of other activities. In Information Theory, however, noise is still
ered to be information. '

1y of these areas, the special case of thermal noise arises, which sets a fundamental lower limit to what can

1sured or signaled and is related to basic physical processes at the molecular level described by well known
formulae.

ntents

' 1 Environmental noise :
- 2 Acoustic noise
i 3 Industrial noise
+ 4 Audio noise
5 Radio noise
6 Video noise
7 Electronic noise
8 See also
9 External links

onmental noise
Wain article: Noise pollution

imental noise is the collection of offending sounds to which humans are involuntarily exposed. The
il sources of environmental noise are motor vehicles, aircraft and, increasingly, entertainment from live or
ced music. Environmental noise is commonly referred to as Noise pollution.

mnental noise is governed by noise regulations which set maximsm recommended levels of sound levels
ific land uses, such as residential areas, schools, areas of outstanding natural beauty, or factories. These
Is often specify measurement using a weighting filter, most often A-weighting, but in many cases this is
‘opriate as it gives a reduced response to low frequency sounds, and does not take account of the

«d annoyance value of bass boom from modern pop music, which penetrates walls and windows more
1an higer frequencies. Standards for the measurement of entertainment noise are currently confused and
‘esearch projects have recently set out to determine a valid method. There are significant noise health
both physiological and psychological. Environmental noise is usually measured in decibels, because of
t dynamic range of the human ear.

ic noise
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_speaking of noise in relation to sound, what is commonly meant is meaningless sound of greater than usual
ie. Thus, a loud activity may be referred to as noisy. However, conversations of other people may be called
for people niot involved in any of them, and noise can be any unwanted sound such as the noise of aircraft,
bours playing loud music, or road noise spoiling the quiet of the countryside.

lm sound theorists and practitioners at the advent of talkies c,1928/1929, noise was non-speech sound or

1 sound and for many of them noise (especially asynchronous use with image) was desired over the evils of
ue synchronized to moving image. The director and critic René Clair writing in 1929 makes a clear

:tion between film dialogue and film noise and very clearly suggests that noise can have meaning and be
reted: "...it is possibie that an interpretation of noises may have more of a future in it. Sound cartoons, using
noises, seem to point to interesting possibilities” ('The Art of Sound' (1929)). Alberto Cavalcanti uses noise
monym for natural sound ("Sound in Films' {1939)) and as late as 1960, Siegfried Kracauer was referring to
is non-speech sound ('Dialogue and Sound' (1960)).

strial noise

rial noise is usually considered mainly from the point of view of environmental health, rather than

ce, as sustained exposure causes permanent hearing damage. A-weighted measurements are commonly use
s as well, and special exposure meters are available that integrate noise over a period of time to give an Leq
equivalent sound pressure level), defined by standards. In the case of industrial noise affecting nearby

ices or other sensitive receptors, the phenomenon is considered noise pollution.

) noise

0, recording, and broadcast systems audio noise refers to the residual low level sound (usually hiss and
1at is heard in quiet periods of programme.

0 engineering it can also refer to the unwanted residual electronic noise signal that gives rise to acoustic
eard as 'hiss". This signal noise is commonly measured using A-weighting or ITU-R 468 weighting

s often generated deliberately and used as a test signal. Two types of deliberately generated noise in

n use are referred to as 'white noise’, which has a uniform spectral power density at all frequencies, or
vise' which has a power spectrai density that falls at 3dB/octave with rising frequency. The latter is often
seful in audio testing because it contains constant energy per octave (and hence per commonly used 1/3rd

, tather than a preponderance of energy at high frequencies. In other words it contains energy that is
ted geometrically rather than linearly.

noise

dain article: Noise (radio)

oise is interference picked up between transmitter and receiver output, often referred to as static. Radio
n be caused by virtually any electromagnetic source, from lightning to man-made electronics, including

iver itself. Transmitter power must be increased to overcome radio noise over long distances.

noise

and television, noise refers to the random dot pattern that is superimposed on the picture as a result of
ic noise, the 'snow’ that is seen with poor (analog) television reception or on VHS tapes. Interference and

: other forms of noise, in the sense that they are unwanted, though not random, which can affect radio
7ision signals.
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ronic noise
Main article: Electronic noise

onic noise exists in all circuits and devices as a result of thermal noise, also referred to as Johnson Noise.
onductor devices can also contribute flicker noise and generation-recombination noise. In any electronic
, there exist random variations in current or voltage caused by the random movement of the electrons

1g the current as they are jolted around by thermal energy. The lower the temperature the lower is this

il noise. This same phenomenon limits the minimum signal level that any radio receiver can usefully

d to, because there will always be a small but significant amount of thermal noise arising in its input

s. This is why radio telescopes, which search for very low levels of signal from stars, use front-end

sise amplifier circuits, usuaily mounted on the aerial dish, cooled in liquid nitrogen to a very low
-ature.

mic noise is often measured in uV/root Hz, a term that derives from the fact that doubling the bandwidth of
asurement doubles the power level measured, but voltage is proportional to the square root of power.

ited circuit devices, such as op-amps commonly quote equivalent input noise level in these terms (at room
ature).

also

Wikiquote has a collection of quotations related to:
I Noise ' '

Noise (audio) - residual low level "hiss or hum" |

= Noise (industrial) - hearing damage and industrial hygiene
Noise (video) - "snow" on video or television pictures
Noise (electronic) - related to electronic circuitry.
Noise pollution - relates to unwanted environmental sound
Noise (radio) - interference related to radio signals.
Noise (economic) - relates to a theory of pricing developed by Fischer Black.
Noise (big-bang) - cosmic microwave background radiation detected by astronomers.
Noise figure - the ratio of the output noise power to attributable thermal noise. -
signal noise - in science, fluctuations in the signal being received.
[hermal noise - sets a fundamental lower limit to what can be measured.
Neuronal noise '
NVhite noise
Neighting filter
TU-R 468 noise weighting
\~-weighting _
iqual-loudness contour
\mbient noise level
Jist of noise topics
Joise pollution
loise music - music using sounds regarded as unpleasant or painful.
loise regulation
loise {Goidetic mythology)

rnal links

udio Measuring Articles Electronics (http://www.lindos.co.uk/cgi-bin/FiexiData.cgi?SOURCE=Articles)
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Introduction

Liguid brtumen muxed thh aggregate pertlcles to form a vrscoelastm material iS often used for prepanng cotd mrxes
Brtumlnous cold mIX has beén tradatlonally used as patching matenal o repalr potho!es in asphalt pavement | in view of
its ease and small votume requirernents, Besides cold mixes, liquid brtumen is also used in rnlcrosurfacmg slurry seal,
chip seal and as pnme coat and tack coat dunng road constructlon and ma!ntenance . ' -
Bitumen by |tse|f isa hlghlv viscous liquid and would requ!re heating to high temperature to reach Auidity: Alternatrvefy, it
can also be made fluid by adding a suitabie solvent as |n tHe case of cut-back brtumen However, the use of solvent can

resutt in pollutlon of the atmosphere during the evaporehon stage and at the same fime possess fire ~hazard during '
handiing and storage ' ‘ ' o '

Solution

Compared fo cut-back bitumen used in the same appllcatlons which tends o release vclatlte organic compound {VOC)
thus pofiuting the air and are fire hazard, bitumen emulsrons are user and enwrenment frlendty as it refeases only water
through evaporation. : ) ‘

Brtumen Emulsions are dispersion of bitumen. droplets in a pre-blended soap solution consisting surtable amount of ’
emuisifier. Typical emulsions coniaing between 38% to 72% bituren arid droplet stzes in the range t o 10 rorometer
in.diameter. It does not requare heatmg when applied and it has the advantage over hot blturnen thet |t can b used with

coid and even on damp aggregates. Emutsron is stebllrsed by the presence of emulsrﬂer Bitumen emulsmn are of two

types, ‘cationic and anionic. For road construct:on c:atlonrc smulsions are the preferrec type. as they are com hatible with -
|
a broad range of eggregates and exhibit even breaking cheractensncs : . o )

MANUFACTURING PROCESS FOR EMULSION

Emuisifier

"

Heater

Hel

- Kerosene

Appl_i.catio_ns
Tack Coat Tack coat is a Ilght spray of bitumen emulsron is used to ensure the bond between an old.
' surface and a- new bitumeri premrx Iayer The tack coat midst: be very thir and must cover the
entlre suzface evenly Rap|d settlng emul5|on with biturnen oontent 40% to 60% are used The
rate ofapphcatron should beQ3to0. 7 lrtres per m2 dependmg on the surface belng sprayed

" Prime Coat -Prime Coetmg is normally apptled toa granular base Iayer asa precursor to the appllcatlon of the
first layer of premix’ cver the granuler pavement Iayers ‘Slow -setting emulsron with bitumen
content 55% to 60% is used Normal spray rates are 0.7 to 1 2 lers per m2 dependrng on fhe
propertles of the granular base. Htgh binder content and slow settlng product fS recommended for
this apphcatlon in order for the: bitumen to- penetrate mto the aggregates and forms a strong
_bond:ng between the crusher run and the new premix laid. )

 Bituminas E/RS-1K and Bitumina_s' E/K1-40 are highly recommended for tack coat, oo ' o
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Rubberized asphalt mixtures: a novel approach
to pavement noise reduction

B. J. Putman & S. N. Amirkhanian
Department of Civil Engineering, Clemson University, U.S.A.

Abstract

Noise, which is defined as unwanted sound, is present everywhere whether at
home, in an office, or on the road. When noise reaches a certain level, it
becomes annoying or uncomfortable to the human ear. Highway noise is one
such noise that has become a serious issue in many cities in the United States.
Highway noise eminates from three main sources of a vehicle: the interaction
between the tires and the pavement, engine and exhaust noise, and noise
resulting from the aerodynamic effects of the vehicle. In an effort to mitigate
highway noise, local, state, and/or federal agencies typically construct noise
barriers adjacent to the highway. These barriers effectively reduce the noise
heard by those located behind the barrier, but this method of noise reduction can
come at a cost of up to $290/m” in some cases. In addition, some sound barriers
are not aesthetically pleasing to the public. An alternative to constructing noise
barriers is to address the highway noise problem at the source with the use of
rubberized asphalt concrete as a surface course on the highways. Such
rubberized asphalt mixtures have been proven to reduce the noise generated by
the interaction between the vehicle and the pavement resulting in perceived noise
reductions of 50% in some cases. Not only does the rubberized asphalt reduce
noise generation, but it also provides more durable pavements that are less
susceptible to the effects of temperature.

Keywords: highway noise, asphalt, rubberized asphalt, asphalt-rubber, noise
pollution, open graded friction course.

1 Introduction

Throughout the United States, as with many other countries, once suburban areas
are beginning to show signs of the urban areas they surround. One of these signs

WIT Transactions on The Built Environment, Vol 77, © 2005 WET Press
www. witpress.com, ISSN 1743-3509 (on-line)



Exterior noise: assessment and control

3.4.1 Sources of airborne tyre noise

Airborne tyre noise has dominated the wayside noise levels caused by vehicles travelling at
higher speeds for years, and more recently has begun to affect the low-speed acceleration
tests used for type approval. As a result, a proposed EC Directive aims to reduce the
problem by setting noise limits for different tyre types [C30/8, 28/1/98].

There is some debate over the sources of airborne tyre noise. The two noise-generating
mechanisms given most attention are:

1. Noise generated when air is pumped in and out of tyre tread and road cavities during
the contact process — the so-called air-pumping noise,
2. Noise generated by vibrations in the tyre caused by the contact process.

The most plausible explanation for the doubt over noise-generating mechanisms is that
both may prove significant depending on:

o tyre construction and tread pattern;
e road surface;
o speed of the tyre.

The air-pumping mechanism has been shown to be significant for tyres with deep
cross-grooves (known as cross-bar or cross-lug tyres) (Wilken et al., 1976). The effect of
a single cross-groove cut into a treadless tyre was studied. Filling the groove with foam
helped identify that the air-pumping mechanism is reinforced by acoustic resonance of
the groove near its quarter wavelength frequency. Opening the closed end of the groove
to circumferential grooves helped control this resonance.

The common observation that many treadless tyres are as noisy as tyres with treads
suggests that tyre vibration also cause noise in addition to air pumping. With most modemn
tyre tread patterns that are not block like, the tyre vibration is commonly the dominant
noise-generating mechanism.

Comparisons made between noise measurements near to and far from a rotating tyre
suggest that (reported in Nilsson (1976))..

o most of the noise originates near to the contact patch;

o the sound intensity is greatest at the entrance and exit surfaces of the contact paich;
o the exit of the contact patch is important for tonal components of tyre noise;

o the tyre sidewall is not a significant radiator of sound.

As a result of the work described above, subsequent 1nvest1gat10ns have concentrated
on measuring vibration and noise levels within the tread of the tyre (Jennewein and
Bergmann, 1985).

The tonal tyre noise originates from regularities in the tyre construction. The random
tyre noise originates first by radial excitation due to roughness in the road but also from
random tangential movements of the tread pattern (Nilsson, 1976).

Tonal tyre noise is more speed-dependent than random tyre noise. Random tyre noise is
strongly affected by the characteristics of the road surface. A simple empirical relationship
between noise levels at 7.5m and the tyre noise caused by coasting vehicles is presented

. in (Nilsson, 1976).

L,=C+10 logm (V“) dB (3.95)
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tle Refinement

ere

= sound pressure level at 7.5m dBA due solely to tyre noise
= vehicle coasting speed (kmh™!) :

Rib tyre on wet road C=47, n=1.7
Smooth tyre on wetroad C=23,n=2.7
Smooth tyre on dry road C =10, n=3.4
Regular tyre on dry road C=18,n2=3.0

Aeasurements of vibration acceleration made on the tread show it to be greatest
ing the contact process (Jennewein and Bergmann, 1985). Removal of the influence
iccelerations due solely to the flattening of the tyre contour yields the following:

Radial acceleration of the tread bottom (particularly in the run-in section of the contact
»atch) is most important at frequencies below 1000 Hz.

Fangential vibration of the tread blocks is most important at frequencies above 1000 Hz
particularly in the run-out section of the contact patch).

loise measurements made with tiny microphones placed in the tread grooves
mewein and Bergmann, 1985) show:

As a tread block strikes the ground, a groove that did have both ends open has
me end sealed now. This forms a one quarter wavelength resonator with a resonant
requency commonly in the 1250 Hz third octave band. The resonance is excited by
read vibrations.

\s the tread block lifts at the trailing edge it forms a new resonator with the volume
f air trapped in the groove behind. This second resonant frequency is typically in the
ange of 1500-2500 Hz. '

different block arrangements create different types of resonator.

here is a high amplification of sound (20dB or more) within the resonators formed
1 the contact patch due to the leading and trailing edges of the contact patch acting
s acoustic horns.

he various acoustic resonances are ciearly seen in the noise spectrum measured at the
act paich and remain evident in the wayside noise.

.2 The influence of the road surface on airborne tyre noise

commonly known that the characteristics of the road surface affect the wayside noise
ls. As a result, a reference road surface is provided for use in type approval tests
) 10844: 1994) as described in Section 3.1.3.

1¢ three road characteristics influencing tyre noise are:

arface roughness;
1¢ ability to shed surface water;
yund absorption.
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Rubberized asphalt mixtures: a novel approach
to pavement noise reduction

B. J. Putman & S. N. Amirkhanian
Department of Civil Engineering, Clemson University, US.A.

Abstract’

Noise, which is defined as unwanted sound, is present everywhere whether at
home, in an office, or on the road. When noise reaches a certain level, it
becomes annoying or uncomfortable to the human ear. Highway noise is one
such noise that has become a serious issue in many cities in the United States.
Highway noise eminates from three main sources of a vehicle: the interaction
between the tires and the pavement, engine and exhaust noise, and noise
resulting from the aerodynamic effects of the vehicle. In an effort to mitigate
highway noise, local, state, and/or federal agencies typically construct noise
barriers adjacent to the highway. These barriers effectively reduce the noise
heard by those located behind the barrier, but this method of noise reduction can
come at a cost of up to $290/m? in some cases. In addition, some sound barriers
are not aesthetically pleasing to the public. An alternative to constructing noise
barriers is to address the highway noise problem at the source with the use of
rubberized asphalt concrete as a surface course on the highways. Such
rubberized asphalt mixtures have been proven fo reduce the noise generated by
the interaction between the vehicle and the pavement resulting in perceived noise
reductions of 50% in some cases. Not only does the rubberized asphalt reduce
noise generation, but it also provides more durable pavements that are less
susceptible to the effects of temperature.

Keywords: highway noise, asphalt, rubberized asphalt, asphalt-rubber, noise
pollution, open graded friction course.

1 Imtroduction

Throughout the United States, as with many other countries, once suburban areas
are beginning to show signs of the urban areas they surround. One of these signs

WIT Transactions on The Built Environment, Vol 77, © 2005 WIT Press
www.witpress.com, ISSN 1743-3509 {on-line)



Exterior noise: assessment and control

3.4.1 Sources of airborne tyre noise

Airborne tyre noise has dominated the wayside noise levels caused by vehicles travelling at
higher speeds for years, and more recently has begun to affect the low-speed acceleration
tests used for type approval. As a result, a proposed EC Directive aims to reduce the
problem by setting noise limits for different tyre types [C30/8, 28/1/98].

There is some debate over the sources of airborne tyre noise. The two noise-generating
mechanisms given most attention are:

1. Noise generated when air is pumped in and out of tyre tread and road cavities during
the contact process — the so-called air-pumping noise.
2. Noise generated by vibrations in the tyre caused by the contact process.

The most plausible explénation for the doubt over noise-generating mechanisms is that
both may prove significant depending on:

e tyre construction and tread pattem
o road surface;
o speed of the tyre.

The air-pumping mechanism has been shown to be significant for tyres with deep
cross-grooves (known as cross-bar or cross-lug tyres) (Wilken et al., 1976). The effect of
a single cross-groove cut into a treadless tyre was studied. Filling the groove with foam
helped identify that the air-pumping mechanism is reinforced by acoustic resonance of
the groove near its quarter wavelength frequency. Opening the closed end of the groove
to circumferential grooves helped control this resonance.

The common observation that many treadless tyres are as noisy as tyres with treads -

suggests that tyre vibration also cause noise in addition to air pumping. With most modern
tyre tread patterns that are not block like, the tyre vibration is commonly the dominant
noise-generating mechanism.

Comparisons made between noise measurements near to and far from a rotating tyre
suggest that (reported in Nilsson (1976)):

¢ most of the noise originates near to the contact patch;

o the sound intensity is greatest at the entrance and exit surfaces of the contact paich;
e the exit of the contact patch is important for tonal components of tyre noise;

¢ the tyre sidewall is not a significant radiator of sound.

As a result of the work described above, subsequent investigations have concentrated
on measuring vibration and noise levels within the tread of the tyre (Jennewein and
Bergmann, 1985).

The tonal tyre noise originates from regularities in the tyre construction. The random
tyre noise originates first by radial excitation due to roughness in the road but also from
random tangential movements of the tread pattern (Nilsson, 1976).

Tonal tyre noise is more speed-dependent than random tyre noise. Random tyre noise is
strongly affected by the characteristics of the road surface. A simple empirical relationship
between noise levels at 7.5m and the tyre noise caused by coasting vehicles is prescntcd

in (Nilsson, 1976).
L, =C+10 logy, (V“) dB (3.95)

13



cle Refinement

€re

= sound pressure level at 7.5m dBA due solely to tyre noise
= vehicle coasting speed (kmh™')

Rib tyre on wet road C=47, n=1.7
Smooth tyre on wetroad C=23,n=2.7
Smooth tyre on dry road C = 10, n=3.4
Regular tyre on dry road C =18, n=3.0

Aeasurements of vibration acceleration made on the tread show it to be greatest
ing the contact process (Jennewein and Bergmann, 1985). Removal of the influence
ccelerations due solely to the flattening of the tyre contour yields the following:

Radial acceleration of the tread bottom (particularly in the run-in section of the contact
ratch} is most important at frequencies below 1000 Hz.
Fangential vibration of the tread blocks is most important at frequencies above 1000 Hz
particularly in the run-out section of the contact patch).

loise measurements made with tiny microphones placed in the tread grooves
newein and Bergmann, 1985) show:

1s a tread block strikes the ground, a groove that did have both ends open has
ne end sealed now. This forms a one quarter wavelength resonator with a resonant
-equency commonly in the 1250 Hz third octave band. The resonance is excited by
ead vibrations.

s the tread block lifts at the trailing edge it forms a new resonator with the volume
f air trapped in the groove behind. This second resonant frequency is typically in the
inge of 1500-2500Hz. :

ifferent block arrangements create different types of resonator.

here is a high amplification of sound (20 dB or more) within the resonators formed
. the contact patch due to the leading and trailing edges of the contact patch acting
i acoustic horns.

\e various acoustic resonances are clearly seen in the noise spectrum measured at the
ict patch and remain evident in the wayside noise.

2 The influence of the road surface on airborne tyre noise

.ommonly known that the characteristics of the road surface affect the wayside noise
;. As a result, a reference road surface is provided for use in type approval tests
10844: 1994) as described in Section 3.1.3.

e three road characteristics influencing tyre noise are:

rface roughness;
: ability to shed surface water;
and absorption.




