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Systematic, well-designed research provides the most effective
approach to the solution of many problems facing highway ad-
ministrators and engineers. Often, highway problems are of local
interest and can best be studied by highway departments indi-
vidually or in cooperation with their state universities and oth-
ers. However, the accelerating growth of highway transportation
develops increasingly complex problems of wide interest to
highway authorities. These problems are best studied through a
coordinated program of cooperative research.

In recognition of these needs, the highway administrators of
the American Association of State Highway and Transportation
Officials initiated in 1962 an objective national highway re-
search program employing modern scientific techniques. This
program is supported on a continuing basis by funds from par-
ticipating member states of the Association and it receives the
full cooperation and support of the Federal Highway Admini-
stration, United States Department of Transportation.

The Transportation Research Board of the National Research
Council was requested by the Association to administer the re-
search program because of the Board’s recognized objectivity
and understanding of modern research practices. The Board is
uniquely suited for this purpose as it maintains an extensive
committee structure from which authorities on any highway
transportation subject may be drawn; it possesses avenues of
communication and cooperation with federal, state, and local
governmental agencies, universities, and industry; its relation-
ship to the National Research Council is an insurance of objec-
tivity; it maintains a full-time rescarch correlation staff of spe-
cialists in highway transportation matters to bring the findings of
research directly to those who are in a position to use them.

The program is developed on the basis of research needs
identified by chief administrators of the highway and transporta-
tion departments and by committees of AASHTO. Each year,
specific areas of research needs to be included in the program are
proposed to the National Research Council and the Board by the
American Association of State Highway and Transportation Of-
ficials. Research projects to fulfill these needs are defined by the
Board, and qualified research agencies are selected from those
that have submitted proposals. Administration and surveillance
of research contracts are the responsibilities of the National Re-
search Council and the Transportation Research Board.

The needs for highway research are many, and the National
Cooperative Highway Research Program can make significant
contributions to the solution of highway transportation problems
of mutual concern to many responsible groups. The program,
however, is intended to complement rather than to substitute for
or duplicate other highway research programs.

NOTE: The Transportation Research Board, the National Research
Council, the Federal Highway Administration, the American Associa-
tion of State Highway and Transportation Officials, and the individual
states participating in the National Cooperative Highway Research
Program do not endorse products or manufacturers. Trade or manu-
facturers’ names appear herein solely because they are considered
essential to the object of this report.
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PREFACE
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A vast storehouse of information exists on nearly every subject of concern to highway
administrators and engineers. Much of this information has resulted from both research
and the successful application of solutions to the problems faced by practitioners in their
daily work, Because previously there has been no systematic means for compiling such
useful information and making it available to the entire community, the American As-
sociation of State Highway and Transportation Officials bas, through the mechanism of
the National Cooperative Highway Research Program, authorized the Transportation
Research Board to undertake a continuing project to search out and synthesize useful
knowledge from all available sources and to prepare documented reports on current
practices in the subject areas of concern.

This synthesis series reports on various practices, making specific recommendations
where appropriate but without the detailed directions usually found in handbooks or de-
sign manuals. Nonetheless, these documents can serve similar purposes, for each is a
compendium of the best knowledge available on those measures found to be the most
successful in resolving specific problems. The extent to which these reports are useful
will be tempered by the user’s knowledge and experience in the particular problem area.

This synthesis report will be of interest to state DOT pavement engineers, environ-
mental specialists, and noise analysts. The relationship between pavement surface tex-
ture and highway traffic noise is discussed. Information for the synthesis was collected
by surveying state transportation agencies and by conducting a literature search of both
domestic and foreign publications.

Administrators, engineers, and researchers are continually faced with highway problems
on which much information exists, either in the form of reports or in terms of undocumented
experience and practice. Unfortunately, this information often is scattered and unevalu-
ated and, as a consequence, in seeking solutions, full information on what has been
learned about a problem frequently is not assembled. Costly research findings may go
unused, valuable experience may be overlooked, and full consideration may not be given
to available practices for solving or alleviating the problem. In an effort to correct this
situation, a continuing NCHRP project, cartied out by the Transportation Research
Board as the research agency, has the objective of reporting on common highway prob-
lems and synthesizing available information. The synthesis reports from this endeavor
constitute an NCHRP publication series in which various forms of relevant information
are assembled into single, concise documents pertaining to specific highway problems or
sets of closely related problems.

This report of the Transportation Research Board provides detailed information on
acoustical definitions and concepts, the theory of tire/pavement noise generation and
current mitigation practice, measurement techniques, interior vehicle noise, reported noise
emission results for pavement type and texture, effects of pavement wear, and surface
friction and safety considerations.

To develop this synthesis in a comprehensive manner and to ensure inclusion of
significant knowledge, the Board analyzed available information assembled from



numerous sources, including a large number of state highway and transportation de-
partments. A topic panel of experts in the subject area was established to guide the re-
search in organizing and evaluating the collected data, and to review the final synthesis
report,

This synthesis is an immediately useful document that records the practices that were
acceptable within the limitations of the knowledge available at the time of its prepara-
tion. As the processes of advancement continue, new knowledge can be expected to be
added to that now at hand.
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SUMMARY

RELATIONSHIP BETWEEN PAVEMENT
SURFACE TEXTURE AND HIGHWAY
TRAFFIC NOISE

Pavement/tire noise has been studied for well over 30 years and several large databases
have been compiled in the last decade. This synthesis is a summary of the research findings
on this extensively studied topic. Summaries of selected sample sets are included to allow
comparisons of the various results and reports. Because the reporting is extremely volumi-
nous, care was taken to include up-to-date reports and those that summarize ideas from
groups of individuals.

The synthesis first discusses basic acoustic fundamentals and then presents comprehen-
sive details on pavement/tire noise generation and propagation. This permits individuals
with various interests in the topic to better assimilate the information.

A survey was conducted to help guide the synthesis. The important findings included:

About half of the respondents had investigated noise effects from pavement surfaces.
States specify standard pavement types by a factor of three to one.
Most states would consider changing pavement types for noise abatcent.
The majority of road surfaces are asphalt, PCC pavement is a distant second, followed
by open-graded asphalt.

e The three areas that respondents considered most important for noise abatement are
texture, speed, and tire tread design.

A summary of sound and pavement measuring techniques is also presented to help the
reader better understand the reported results. Of note is that the two most used noise tests,
the close proximity method and the passby method, do not seem (o correlate. This is
probably due to the fact that the close proximity or trailer method is a measure of noise
generated at the tire while passby measurements include propagation effects of the pave-
ment as well,

Measurement data, trends, and findings are discussed from many states, Europe, Africa,
Japan, and Australia. Certain trends seem clear. In general, portland cement concrete
(PCC) pavements have the advantage of durability and superior surface friction when com-
pared to most dense-graded asphalt. However, data collected to date generally show PCC
pavements to create more noise along the highway than asphaltic surfaces. Transverse tin-
ing is reported to cause the greatest sideline (roadside) noise levels and also may lead to
irritating, pure tone noise. Randomized spacing and changing the tine width have been
found to reduce the pure tone that is generated and reduce overall noise levels. Texture
depth of the tining also seems to play an important role in sideline noise levels, although
exact impact on noise generation has not been proven. Reports vary on the magnitude and
impact of using various depths. Longitudinal tining was found to reduce the overall noise
levels, but at a cost of reduced surface friction.

Recent research has shown some new concrete pavement textures to be worth further
examination. Exposed aggregate (PCC) surfaces appear to provide better noise quality
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characteristics as well as good frictional characteristics and durability. Porous PCC pave-
ments also would seem to offer an alternative in the future to reduce sideline noise levels.
However, new problems, such as appropriate maintenance and cleaning, must be solved for
all porous pavement types.

In general, when dense-graded asphalt and PCC pavement were compared, the dense-
graded asphalt was quieter by 2 to 3 dB(A). Even more benefit is shown for dense-graded
asphalt when compared to transversely tined PCC pavements. Unfortunately, the dense-
graded asphalt usually does not have the strong frictional characteristics of PCC pavements
nor the durability.

Open-graded asphalt generally shows the greatest potential for noise reduction of side-
line noise and reductions when compared to dense-graded asphalt. Reported reductions
ranged from 1 to 9 dB(A). However, the noise reductions seem to decline with surface age
and in approximately 5 to 7 years much of the noise benefit has diminished, although the
surface is still usually quieter than PCC pavements. Also, porous asphalt suffers from
problems such as plugging and deterioration due to freeze/thaw cycles. Other asphaltic
surfaces, such as stone mastic and rubberized asphalt, also hold promise, but do not appear
to give the noise reductions of open-graded asphalt although most are equal to or better
than dense-graded asphalt.

Construction quality is an important consideration in the final overall noise generation
no matter which pavement type or texture is selected. Also, safety must always be consid-
ered and, unfortunately, some surfaces that produce low sideline noise also have low friction
numbers. It is the official policy of the Federal Highway Administration (FHWA), and the opin-
ion of the American Association of State Highway and Transportation Officials (AASHTO)
that a small amount of noise reduction is not worth sacrificing safety and durability. This
means that the practicing highway design engineer must try to find a “happy medium”
between noise control and maintaining a high level of safety.

The maintenance and safety considerations are also reviewed, as are interior noise levels.
Of interest is that passby and interior noise levels do not seem to be correlated.

This report provides a comprehensive review, with extensive referencing, to help inter-
ested parties expand their explorations. The report provides a good starting point for the
topic review, locating needed data, or continuing research.



CHAPTER ONE

INTRODUCTION

Traffic noise is often an annoyance for nearby highway
neighbors. Pavement/tire noise is a large component of the
overall traffic noise level and has been extensively reviewed.
Variance in measurement techniques, conflicts of findings, and
the consideration of wear and safety have led to indefinite
conclusions on the specification of pavement type and textures
for noise abatement. The Federal Highway Administration
(FHWA) echoes this thought in the June 12, 1995 Memoran-
dum, “Highway Traffic Noise Guidance and Policies and
Written Noise Policies.” A document included in this trans-
mittal (1) states:

Pavement is sometimes mentioned as a factor in traffic noise.
While it is true that noise levels do vary with changes in pave-
ments and tires, it is not clear that these variations are substan-
tial when compared to the noise from exhausts and engines,
especially when there are a large number of trucks on the
highway. Additional research is needed to determine to what
extent different types of pavements and tires contribute to traf-
fic noise.

It is very difficult to forecast pavement surface condition into
the future. Unless definite knowledge is available on the pave-
ment type and conditions and its noise generating characteris-
tics. no adjustments should be made for pavement type in the
prediction of highway traffic noise levels. Studies have shown
open-graded asphait pavement can initially produce a benefit of
24 dBA reduction in noise levels. However, within a short time
petiod (approximately 6-12 months), any noise reduction
benefit is lost when the voids fill up and the aggregate becomes
polished. The use of specific pavement types or surface textures
must not be considered as a noise abatement measure.

Because FHWA is the federal agency charged with the re-
sponsibility of developing policies and guidelines for the na-
tional highway system, this policy applies to all federally
funded projects. As such, due to the present uncertainties and
safety issues related to pavement/tire noise, abatement due to
pavement types “‘. . . must not be considered as a noise abate-
ment measure.” This restricts the potential noise reduction
policies available for evaluation by the noise analyst and the
highway planner. It is important to continue research on
abatement of pavement/tire noise to provide new options to
noise analysts in the future. Of course, this must be done
without sacrificing safety.

The literature includes a very large number of published
and unpublished documents on pavement/tire noise, especially
if friction effects of surface variations are considered. While it
was not possible to review or include all published documents,
this report presents the important considerations from the
published literature to provide a starting point for further study
by interested parties. Care was taken to include recent reports
and those believed to include valuable information.

STUDY APPROACH

The development of this synthesis was accomplished by
two discrete work elements: a mail-out survey and an inten-
sive literature review. The mail-out survey results provided di-
rection to the literature research and helped to identify ongoing
research. The literature search included Transportation Re-
search Information Services, information provided during the
mail-out survey, results of personal commuunications with ex-
perts from four continents, references included in identified
sources, and personal knowledge. These reports were re-
viewed and included as relevant to the various topics dis-
cussed in this synthesis.

SURVEY

A mail-out survey was conducted and followed by tele-
phone calls to determine the issues considered to be important
for pavement/tire noise research and future applications.
Fifty-five responses, representing 41 states, were tabulated
and reported.

These responses indicated a strong need for noise control
strategies involving pavement surface type and texture. Survey
respondents generally agreed that use of different pavement
types and textures was the best method for reducing noise
from the pavement/tire interactions. However, the need for
safety is always a prime consideration and must be included in
the selection of pavement type.

REPORT PURPOSE AND FORMAT

This report provides a comprehensive synopsis of pave-
ment/tire noise research as it relates to roadways. It is hoped
that this will be an informational text for interested parties and
a starting point for researchers. Major topics in the report in-
clude results of the survey, acoustical definitions and concepts,
a discussion of the theory of pavement/tire noise generation,
measurement techniques, interior vehicle noise, reported re-
sults for pavement type and texture, effects of pavement wear,
surface friction, and safety factors.

Chapter 1 introduces the topic. In chapter 2, responses to
the mail-out survey are discussed. Chapter 3 discusses some
fundamental acoustics and includes the generally accepted
theory of tire/pavement noise generation. Chapter 4 provides
an overview of measurement techniques. Chapter 5 is more
comprehensive and covers the substance of the topic; re-
ported noise impacts from various locations for different types
of concrete and asphaltic surfaces. Chapters 6 and 7 provide



information on the important maintenance and safety consid- Finally, two appendixes show the survey form (Appendix A)
erations. Chapter 8 discusses interior noise of the highway and provide acoustic terminology and a bibliography of other
vehicles. Chapter 9 provides overall conclusions to the synthesis. information (Appendix B).






