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NOTATIONS

A-weighting network: An electronic filter in a sound level meter that approximates under
defined conditions the frequency response of the human ear. The A-weighting network is
most commonly used.

Calibration: Adjustment of a sound measurement system so that it agrees with a reference sound
source.

Decibels (dB): A unit of logarithmic measure based on ratios of power-related quantities, thereby
compressing a wide range of amplitude values into a small set of numbers.

Exponential time-averaging: A method of stabilizing instrumentation response to signals with
changing amplitudes over time using a low-pass filter with a known, electrical time
constant. The time constant is defined as the time required for the output level to reach
67 percent of the input, assuming a step-function.

Fast time weighting: The response speed of the detector in sound measurement system using a
time constant is 1/8 second (125 ms) to detect changes in sound level more rapidly.

Free field: A sound field whose boundaries exert a negligible influence on the sound waves. In a
free-field environment, sound spreads spherically from a source and decreases in level at
a rate of 6 dB per doubling of distance from a point source, and at a rate of 3 dB per
doubling distance from a line source.

Frequency: The number of cyclical variations (periods) unit of time. Expressed in cycles per
second (cps) also denoted as Hertz (Hz).

Hertz (Hz): The unit of frequency measurement, representing cycles per second.

Octave: Two frequencies are an octave apart if the ratio of the higher frequency to the lower
frequency is two.

Octave (frequency) bands: Frequency ranges in which the upper limit of each band is twice the
lower limit. An octave band is often subdivided into 1/3 octaves (3 bands per octave) for
finer frequency resolution.

Receiver: One or more observation points at which sound is measured or evaluated. The effect
of sound on an individual receiver is usually evaluated by measurements near the ear or
close to the body.

Source: An object (ex. traffic) which radiates sound energy.

Spectral, spectrum: Description, for a function of time, of the resolution of a signal into
components, each of different frequency and usually different amplitude and phase.



NOTE : Unless indicated otherwise, all sound pressure levels referenced in this report are the
maximum A-frequency weighted sound pressure levels.
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1. INTRODUCTION

1.1 Background
A portion of I-76, near Akron, OH, had been reconstructed by the Ohio Department of

Transportation (ODOT) using Portland cement concrete (PCC) to replace the previous surface,
which was constructed of bituminous asphaltic concrete (BAC). In the process of reconstruction,
the concrete surface was textured with random transverse grooves to comply with the current
ODOT specification (451.09).

Subsequent to construction, residents living in the project area as far as 2600 ft (800 m)
from the roadway, perceived an unfavorable difference in their noise environment, which they
attributed to the new concrete pavement used on the reconstruction project. Highway engineers
in District 4, being aware that pavement materials and especially pavement surface textures have
a significant effect on tire/road noise, established a plan to change the surface texture from
transverse grooves to longitudinal grooves as a means to alleviate the objectionable differences
perceived by residents.

The Ohio Department of Transportation initiated this research project to quantify noise
differences due to the pavement re-texturing in order to have an objective basis for: judging the
effectiveness of the re-texturing project, correlating any feedback from residents, and
establishing the merits of the strategy for consideration in similar situations in the future.

1.2 Literature Review

The literature review on the noise impacts of longitudinal versus transverse concrete
grooving showed that there has been limited work done in this area. A short background on the
many mechanisms that make up highway noise has been included, as well as some
characteristics pertaining to concrete in general.

1.2.1 Vehicle Noise Sources

Efforts to reduce vehicle noise have been concentrated on tire/road noise and drive train
noise. Vehicle manufactures have made significant progress in reducing power and drive train
noise. If a vehicle is in a good operating condition and has a reasonably good exhaust system,
then the effect that power and drive train noise has on the overall noise level will be negligible at
moderate to high speeds. There isa cross-over speed where tire/road noise begins to dominate
the overall noise level of a vehicle. This speed lies in the range of 18.6-31 mi/h (30-50 km/h) for
automobiles and 24.9-43.5 mi/h (40-70 km/h) for trucks [Sandberg 1992].

1.2.2 Road Surface Influence on Tire/Road Noise

There are several parameters that affect the amount that the road surface contributes to
the generation of tire/road noise. These parameters include the texture, age, thickness, and
binder material of the pavement.

The overall texture of the pavement has a significant impact on tire/road noise levels. The
texture of a pavement surface can be divided into two subcategories, microtexture and
macrotexture. Microtexture can be defined as the small scale roughness or harshness of a road
surface, within the individual aggregate, and extends down to molecular sizes [Sandberg 1979].
The function of the microtexture is to provide high dry friction on the pavement surface.
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Macrotexture is the roughness or texture that encompasses the tire tread elements and road
aggregate up to the size of the tire/road interface area. The function of the macrotexture is to
provide a dry pavement surface creating channels where water can escape to create high friction
even on wet roads and at high speeds [Sandberg 1987].

Studies have been performed by the Washington State Department of Transportation to
evaluate how tire/road noise changes with pavement age. These studies have shown that asphalt
pavements start out quieter than Portland cement concrete pavements, but the asphalt pavements
exhibit an increase in noise levels over time [Chalupnik and Anderson 1992]. The reason that
the noise levels for asphalt pavements increase over time can be attributed to the pores in the
pavement becoming clogged causing the pavement to loose some of its absorptive properties.
Another reason for the increase in noise levels is due to an increase in stiffness from traffic
loading. Finally, as the asphalt surface wears over time, the coarse aggregate becomes exposed
which causes an increase in noise.

The same study by the Washington Department of Transportation has shown that noise
levels from Portland cement concrete pavement decrease with age for approximately the first
eight years of service for the pavements tested. Traffic volume differences for other roadways
could change this time period. After eight years have passed, the noise levels generated by the
Portland cement concrete pavement increase. Treatments, such as grooving and tining, are
applied to the Portland cement concrete surfaces during the finishing process to enhance surface
traction. Over time, the irregularities in this treatment are worn down and smoothed causing a
reduction in noise levels. Around the eighth year, the aggregate begins to emerge causing an
increase in surface texture and in turn an increase in noise levels.

The effect of pavement thickness has been evaluated for open graded asphalt surfaces and
shown to have an influence on tire/road noise. In general, as the thickness of a pavement is
increased, the frequency at which the maximum sound level occurs is lowered [Sandberg 1992].
In another study, the use of a double layer open graded asphalt surface instead of a single layer
(3.2 in (80 mm) instead of 2 in (50 mm)) reduced traffic noise by 1 dB [Storeheier and Arnevik
1990]. This reduction was accomplished by increasing the voids content in the top layer, while
maintaining the same maximum aggregate size in both layers.

Super-thick open graded asphalt pavements with thicknesses up to 27.6 in (700 mm) have
been tested in comparison to conventional dense graded asphalt pavements. The results
indicated that a total noise reduction of approximately 8 dB was achieved with the thick
pavements versus a 4 dB reduction for thin layers [Pipien and Bar 1991].

A number of strategies have been developed to reduce tire/road noise by altering the
typical design of a pavement based on an understanding of the mechanisms discussed above.
Noise reduction methods have been developed for both asphalt and Portland cement concrete
pavements. However, only Portland cement concrete will be considered for this study.

In the literature, Portland cement concrete pavements are generally shown to have higher
noise levels than asphalt pavements. Efforts to reduce tire/pavement noise levels for Portland
cement concrete have focused mainly on strategies involving surface texture. These strategies
have included, exposed aggregate, thin overlays or surface dressings, and variations in transverse
grooving and longitudinal grooving.

One method to reduce tire/road noise levels on Portland cement concrete surfaces is to
use an exposed aggregate finish. This type of finish can be used on new, reconstructed, or
recycled Portland cement concrete pavements. The grain size of the exposed aggregate should
preferably be .16 - .28 in (4 - 7 mm) in order to give optimum macrotexture [Descornet and
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Sandberg 1980]. There are two methods that can be used to expose the aggregate. The first
method, which is older and less preferred today, involves simultaneously watering and brushing
the fresh concrete surface by means of a rotary brush. The second method involves spraying an
appropriate setting retarder on the fresh concrete. After the concrete hardens (24 - 30 hours after
laying), the surface is mechanically brushed in order to remove the mortar that has not yet set
[Sandberg 1992].

From an economical standpoint, the additional costs for the exposed aggregate procedure
cause and increase of approximately 10 % of the total pavement cost [Sommer 1992].

Thin overlays, or surface dressings, can be used to reduce noise on smooth Portland
cement concrete surfaces. To obtain the greatest potential reduction in noise, the aggregate size
should be kept as small as possible with respect to wear and drainage. These surfaces have the
ability to produce reductions in noise levels equivalent to those of open graded asphalt.
However, when the thin overlays are worn, they gradually reach the level similar to a dense
graded asphalt pavement [Sandberg 1992].

The type, method, and direction of texturing Portland cement concrete surfaces has been
known to be a significant factor when considering reducing tire/road noise [Sommer 1992-11].
Most of the PCC pavements used on ODOT roadways have been finished with a surface texture
composed of transverse grooves. The original groove design included a specification for a
constant spacing between adjacent grooves, similar to the design used by most other states.
However, the constant spacing tended to promote a tonal quality, or whine, to the noise produced
by tires rolling on the pavement. To combat the whine problem associated with constant
spaced transverse grooved PCC pavements, ODOT changed the groove specifications for tined
PCC pavements to a random spaced transverse groove pattern. This design change was made to
spread the peak sound level over a wider range of frequencies.

Sound level data was collected in Ohio in 1998 using ISO 11891-1, The Statistical Pass-
By Method, for the major ODOT pavement types. The sound level data was used to develop the
Statistical Pass-By Index (SPBI) values for each pavement type. The SPBI data indicated that
random-transverse grooved PCC pavement produced the highest sound levels of the pavement
types measured. These levels averaged 3.9 dB higher than the levels for the average pavement,
which was one-year old dense graded asphalt, and 6.7 dB higher than the quietest pavement,
which was one-year old open-graded asphalt [Herman, Ambroziak, and Pinckney 2000].

Sound level data was also collected in a sub-study, using a single test vehicle to compare
tire/road noise levels for six different PCC sites. The six sites included three different groove
types: longitudinal (1 site), transverse (2 sites), and random-transverse (3 sites). The site with
the longitudinal grooves produced the lowest sound levels (3.0 dB below the mean of all six
sites, for a vehicle speed of 65.2 mi/hr (105 km/hr)), followed by the transverse grooved sites,
then the random-transverse grooved sites (as much as 3.2 dB above the mean of all six sites, for a
vehicle speed of 65.2 mi/hr (105 km/hr)). However, there was significant variation (almost 2
dB) between the random-transverse sites. The sample size for this sub-study was very small,
only one test vehicle was used, only two vehicle speeds were measured, and there was only one
site with longitudinal grooves [Herman and Ambroziak 2000]. While these results supported the
strategy to remove the random-transverse grooves of the SUM-76-15.40 pavement and replace
them with longitudinal grooves, the magnitude of these results could not be used as a predictor
for the SUM-76-15.40 project results.

The results of other studies have supported the decision to retexture the surface to
longitudinal grooves. Longitudinal grinding was shown to reduce noise on both old and new
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Portland cement concrete surfaces based on measurements performed in Sweden. A noise level
reduction in the range of 0.5 - 3.0 dB was achieved after grinding an old Portland cement
concrete surface. [Sandberg 1992]. Also, an Arizona Department of Transportation study, which
compared rubberized asphalt to concrete pavements, found improvements of 3.3 - 5.7 dBA over
transverse grooved concrete and 0.2 1.5 dBA over longitudinally grooved concrete [Henderson
and Kalevela 1996]. It could be inferred then, that this study observed a 1.8 4.2 dBA
difference in noise level between transverse and longitudinally grooved concrete.
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2. RESEARCH OBJECTIVES

The goal of the research project, to quantify traffic noise differences due to re-texturing

the concrete pavement surface through diamond grinding, was be reached by completing the
following objectives:

1. Collect traffic noise level and frequency data, at a series of positions, to characterize the
traffic noise sound field between the roadway and the most distant residence of interest
(Tucker residence, 290 Hanna Dr.) both before and after diamond grinding of the pavement.

2. ldentify traffic noise level and frequency differences due to the re-texturing of the pavement
surface.

3. ldentify traffic noise level and frequency differences due to the re-texturing of the pavement
surface that correlate with distance from the source.

15



3. GENERAL DESCRIPTION OF RESEARCH

3.1 Site Selection

Through coordination with ODOT, several potential sites were identified within the
project limits. The sites were then qualified with reference to criteria established in the U.S. for
the measurement of traffic noise reference levels [Lee and Fleming 1996] and for the
international standard for the statistical pass-by method of tire/road noise measurement
[International Organization for Standardization 1994]. These criteria were developed to enable
valid comparisons of noise measurements between different highway sites. They are necessarily
more stringent than the requirements for BEFORE and AFTER measurements at the same site.
Therefore, every effort was made to find sites that met as many of these criteria as possible,
recognizing that the terrain variations and the relatively short project length would preclude
meeting all criteria. Further, any criteria that related to the measurement of individual vehicle
pass-bys or test lanes were not considered.

1. The roadway test sections extended at least 164 ft (50m) on each side of the microphone
locations. This space was free of large reflecting surfaces, such as parked vehicles,
signboards, buildings, or hillsides.

2. The roadways were relatively level and straight. It was permissible to have roads with slight
bends or with grades less than or equal to 1%.

3. The sites exhibited constant-speed vehicle operating conditions with cruise conditions of at
least 54.7 mi/h (88 km/h). Therefore, the site was located away from interchanges, merges,
or any other feature that would cause traffic to accelerate or decelerate.

4. The sites had a prevailing ambient noise level that was low enough to enable the
measurement of uncontaminated vehicle pass-by sound levels.

5. The road surfaces were in good condition and were homogeneous over the entire
measurement sections. The surfaces were free from cracks, bitumen bleeding (asphalt
pavements), and excessive stone loss.

6. The traffic volumes for each vehicle category were large enough to permit an adequate
numbered sample to be taken to perform the statistical analysis but also low enough to permit
the measurement of individual vehicle pass-bys.

7. The sites were located away from known noise sources such as airports, construction sites,
rail yards, and other heavily traveled roadways.

8. The ground surface within the measurement area was essentially level with the road surface,
varying by no more than 2 ft (0.6 m) parallel to the plane of the pavement along a line from
the microphones to the pavement. The ground was also no more than 2 ft (0.6 m) above or
below the roadway elevation at the microphones. Any roadside ditch or other significant
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depressions were at least 16.4 ft (5 m) from the center of the test lane.

9. At least haf of the area between the center of the test lane and the first microphone had
acoustical properties similar to the pavement being measured. The ground surface was free
from any vegetation that was higher than 2 ft (0.6 m) or could be cut down at any sites that
did not meet this requirement.

10. To ensure free field conditions, at least 82 ft (25 m) of space around the microphones was

free of any reflecting objects. Also, the line-of-site from the microphones to the roadway
was unobscured within an arc of 150 degrees.

3.2 Measurement Site Locations

Figure 1: Project area map showing site locations.
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