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1 INTRODUCTION

1.1 Background

Noise pollution from highways is a serious environmental issue in California and the
California Department of Transportation (Caltrans) is actively researching ways to reduce
it. Because of noise impacts Caltrans has built hundreds of miles of sound walls costing
hundreds of millions of dollars. In addition to their great expense sound walls have other
drawbacks. For instance a sound wall attenuates noise only within the acoustical shadow
of the wall, thereby benefiting only those directly behind it. Quieter pavements have the
potential to help reduce highway traffic noise, both at the tire/pavement interface and
through absorption of propagating sound. Several aspects of this non-traditional method
of noise abatement are currently being investigated in many parts of the world*. This
work includes: developing noise measurement methodologies, developing pavement
design parameters, quantifying pavement related sound level reduction and its longevity,
and introducing algorithms for pavement noise reduction into traffic noise prediction
models. Caltrans would like to add quieter pavements to its noise abatement repertoire.
Therefore, it is conducting several studies, using various measurement methodologies, to
help determine the amount and longevity of noise reduction for various types of quieter
pavements and surface treatments.

1.2 Study Overview
The major objectives of this study were to determine:
= the decrease of overall noise emanating from a typical California vehicle fleet
traveling over a Portland Cement Concrete (PCC) pavement treated with different
asphalt pavement overlays, and
= the longevity of that overall noise decrease.

The research site was a 6.4-km (4-mi) two-lane stretch of SR138 in Los Angeles
County in southern California northwest of Lancaster, about 130 km (80 mi) north of Los
Angeles. The pavements were assessed for their possible use in noise abatement.
Additionally, the research gathered valuable information relating to the potential
inclusion of pavement noise effects for a large range of pavement types to assist further
development of the Federal Highway Administration’s Traffic Noise Model® (FHWA
TNM)*>. This model is mandatory for use in determining noise impacts in the vicinity of
highways and designing noise abatement features, for projects receiving U.S. Federal aid.

For the Thin Lift Study, a total of five pavement sections were constructed and
evaluated:

1. dense-graded asphaltic concrete (DGAC) of 30 mm (1 in) thickness;

2. open-graded asphaltic concrete (OGAC) of 75 mm (3 in) thickness;

3. OGAC of 30 mm (1 in) thickness;

4. rubberized asphaltic concrete (RAC), Type O (open) (RAC) of 30 mm (1 in)
thickness; and

5. bonded wearing course (BWC) of 30 mm (1 in) thickness.

Additional details on the pavement sections are provided in Section 2 of this report.

A modified Statistical Pass-By Method (SPB)° was the primary noise measurement
methodology used in this study. The SPB measured the wayside noise level at
established points adjacent to the highway. Wayside data were collected in all pavement
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test sections simultaneously, allowing for direct comparisons of the reference section to
the other test sections. The SPB application was supplemented with measurements of
pavement sound absorption, applying a methodology that utilizes effective flow
resistivity’, along with other methodologies including On-Board Sound Intensity.® Noise
measurements were made for pavement aged up to 52 months. Data were analyzed and
are reported in terms of individual vehicle types (both broadband and spectrally) and the
SPB index, examining differences among the aging pavements. The DGAC (typical of
standard asphalt) served as the reference pavement to which all other pavement types
were compared.

1.3 Report Organization

Following this introduction, Section 2 describes the measurement sites, including the
pavement types. Section 3 describes the data collection procedures and methodologies
including the dates of data collection. Section 4 details the data analysis procedures.
Section 5 reports the study results and discusses the performance of the pavements, both
overall, and for individual vehicle types. Conclusions are in Section 6, while references
are in Section 7. Also included in this report are several appendices, to supplement the
related sections. Appendix A shows the measurement sites. Appendix B shows
instrumentation used in the study. Appendix C shows tables and plots for the vehicle
pass-by data. Appendix D shows tables and plots for the overall pavement performance.
Appendix E shows tables and plots for the pavement performance by vehicle type, and
Appendix F shows results for the test vehicle.
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2 MEASUREMENT SITES

2.1 Site Locations

The study location was a 6.4 km (4mi) long stretch of LA138 located in the Mojave
Desert of Southern California about 32 km (20 mi) northwest of Lancaster and 130 km
(80 mi) north of the city of Los Angeles (fig.1). The testing area extended from station
101.16+00 to 180.00+00, from 230th Street West to 0.2 km (0.12 mi) west of 180th
Street West. The eastern most part of the test area was not used for the wayside noise
testing.

In the research area LA138 is a two-lane highway with one lane of traffic in each
direction and a posted speed limit of 55 mph (fig2). It has relatively sparse traffic with a
substantial percentage of heavy trucks. The ADT was 4000-5000.

Figure 1. LA138 pavement testing area map.
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Figure 2. LA138 pavement testing area photograph.

2.2 Five Test Sections

The LA138 research area contained five main test sections. The sites and associated
pavement types are summarized in Table 1. Illustrations for each site and pavement type
are included in Appendix A. The shortest overlay covers a distance of 0.4 km (0.25 mi)
while the total of all five sections spans the entire 6.4 km (4 mi) segment of LA 138.

Table 1. Locations and compositions of pavement overlay types tested on LA138.

Specified Specified maximum Measured % air

Site Pavement type thickness aggregate size* void content**

Dense-graded asphalt
concrete (DGAC)
STA 101+16.60 to

108+00.00

Site 1
(reference
section)

30 mm 12.5 mm 9% center

Open-graded asphalt
concrete
Site 2 (OGAC, 75 mm) 75 mm 12.5 mm 12% center
STA 108+00.00 to
120+00.00

Open-graded asphalt
concrete
Site 3 (OGAC, 30 mm) 30 mm 12.5 mm 15% center
STA 120+00.00 to
148+00.00

Rubberized asphalt concrete
type O (RAC Type O)
STA 148+00.00 to
168+00.00

Site 4 30 mm 12.5 mm 12% center

Bonded wearing course
(BWC)

STA 168+00.00 to 174+
00.00

Site 5 30 mm 12.5 mm 7% center

* Pavement analyses show finer gradations than the standard specifications; actual gradations are similar and not listed
here.’
** Measured air void content in the center of the lane shows percentages lower than specified.’
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Prior to constructing the pavement overlays summarized in Table 1during May and
June 2002, LA138 was treated with a leveling course of new DGAC that was completed
December 2001. Construction of the leveling course was necessary due to the poor
condition of the roadway’s DGAC pavement™ that was estimated to be at least 20 years
old.
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3 DATA COLLECTION

Wayside noise measurements were performed with existing traffic to help determine
the noise reduction over time for the four pavements as compared to DGAC. The
methodologies applied in this study are described first, followed by the specifications for
the data collected and instrumentation used, and lastly, the data collection sessions
performed are listed by date and pavement age.

3.1 Methodologies

In this study two methods of noise measurement, wayside vehicle bypass and pavement
sound absorption, were utilized to compare the noise generated at the different thin lift
surface treatments.

3.1.1 Wayside vehicle pass-by noise
Data collection for wayside vehicle pass-by noise generally conformed to the Statistical
Pass-By Method (SPB) standard, 1SO 11819-1.° However, the number of measurement
locations was augmented and the data analysis was modified to meet the requirements of
this study (described in Section 4). Acoustical, meteorological, traffic speed and
identification data were collected for all pavement overlay sections simultaneously.
Microphones were deployed at the following distances (from the center of the near travel
lane) and heights:
1. distance: 7.5 m (25 ft), height: 1.5 m (5 ft) above the ground (low), which ranged
from ~1.2-1.5 m (~4-5 ft) above the roadway surface, depending on the site;
2. distance: 15 m (50 ft), height: 1.5 m (5 ft) above the ground (low, FHWA
recommended distance);
3. distance: 15 m (50 ft), height: 4.5 m (15 ft) above the ground (high); and
4. at Sites 1 and 2, distance: 60 m (200 ft), height: 1.5 m (5 ft) above the ground
(low).
Figure 3 shows the instrumentation deployed on one of the LA138 sites, and Figure 4
shows the complete instrumentation set-up. Each of the sites was relatively flat with
mostly medium- to hard-packed dirt; there were occasional grasses and shrubs
(depending on the measurement session, some sites, usually Sites 3 and 4, had more
shrubs than the others). Other key factors of applying the SPB methodology to this study
are listed below Figures 3 and 4.
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Figure 3. Example of the deployed instrumentation along LA 138.
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Figure 4. Diagram of the full mstrumentatlon setup at the LA 138 test site (not to scale).

Originally, it was thought that traffic flow could be recorded continuously, so that the
average 5 to 15-minute sound level for each site could be determined. After the
preliminary measurements it was determined that the traffic on LA138 was too sparse to
apply the continuous flow / sound level averaging methodology. At that time, it was
determined that the SPB methodology would be more appropriate to measuring at the
LA138 sites.

In addition to using SPB methodology sound intensity was also measured at four
different speeds at each of the 5 pavement sites via controlled pass-bys with a single test
vehicle. The test vehicle was a Subaru Outback with Goodyear Aquatred 3 tires. It was
provided and operated by Illingworth and Rodkin, Inc. The vehicle was on site primarily
for conducting On-Board Sound Intensity Measurements, and secondarily to serve as a
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test vehicle for the pass-by measurements. Maximum sound levels (average Larmx) were
measured and compared among the 5 pavement sites.

3.1.2 Sound absorption of pavement

Measurements of pavement sound absorption data were collected in general
conformance with the Template Method for Ground Impedance standard, ANSI S1.18-
1999, one-parameter model, geometry A. This method uses a specified geometry for a
source and two microphones’. The effective flow resistivity (EFR), table was augmented
to include a broader and finer range of values, and the data analysis was modified to meet
the requirements of this study. EFR is a measure of sound absorption and a preliminary
metric before obtaining acoustical ground impedance. This methodology is still
experimental for the purposes of distinguishing types of pavements.

3.2 Data and Instrumentation

Data were collected in all pavement test sections simultaneously, allowing for direct
comparisons of the reference section to the other test sections and also to observe the
degradation of noise benefits of individual sections over time (exception: measurements
at Site 5 were stopped after the pavement was aged 16 months; see Section 3.2 for an
explanation). Microphones were deployed in multiple configurations, the set-up
dependent on the test section and the date of data collection. The new DGAC leveling
course was used for the baseline set of measurements. Although baseline wayside noise
measurements were performed with the old DGAC (referred to as preliminary
measurements later in this report), analysis and results are not reported here since
baseline data were re-collected with the December 2001-constructed DGAC leveling
course.

In addition to acoustical data collection, meteorological data, traffic composition and
speed data, ground impedance (sound absorption), event descriptions log, and extraneous
noise log data were also acquired. After each set of measurements, all data were
analyzed. Following is a discussion of each type of data that was collected, the procedure
of collecting the data, the primary instrumentation used, and the parameters of the data
collected.

3.2.1 Acoustical data
Acoustical data were collected as described in Section 3.1.1 and Figures 3 and 4 to
provide data at FHWA-recommended positions™* and to obtain a better understanding of
the tire/pavement noise farther from the vehicles. Data were recorded continuously with
a sound level meter or spectrum analyzer, and also captured with a DAT recorder, where
vehicle pass-by events were later extracted. The acoustical data consists of continuous,
1-second time histories, along with the A weighted fast response maximum sound levels
(LAFmX), using Type 1 sound level meters and spectrum analyzers. Data were also
recorded to Digital Audio Tape (DAT).
The primary acoustical instruments used were:
= LDL Model 820 Sound Level Meters (some with frequency-weighting circuits
appropriate for use with B&K Model 4155 and 4189 microphones for grazing
incidence);
= LDL Model 2900 2-Channel Spectrum Analyzers;
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= B&K Model 4155 and 4189 or GRAS Model 40AE %2-in Microphones;
(make/model matched to the appropriate sound level meter);

= B&K Model 2671 Preamplifiers;

= B&K Model WB 1372 Power Supplies;

= B&K Model 0237 Foam Windscreens; and

= Sony Model TCD-D100 Digital Audio Tape (DAT) Recorders.

The sound level meters and spectrum analyzers were set up to continuously measure A-
weighted equivalent sound levels (Leq) in one second intervals. For the sound level
meters, the Larmx values for each second of data are also available. One-third octave
band data were stored for the spectrum analyzers. DAT recordings permitted sound level
meter or spectrum analyzer processing at a later time. Prior to measurements, all
microphone/sound level meter and spectrum analyzer systems were time synchronized;
then each was calibrated, and the electronic noise floor were established. Each system
was also calibrated at the end of each measurement day to document any sensitivity drift.

When the weather permitted the acoustical data were recorded continuously for up to
six hours per day, with the exception of saving files in the spectrum analyzers every two
hours and changing the DAT tapes after four hours. Occasionally, seven hours of data
were recorded. Three full days of data collection typically allowed for an adequate
number of pass-by events for the SPB, paired measurement methodology (described in
Section 4.1).

3.2.2 Meteorological data

Meteorological sensors were deployed at each measurement site except for Site 2. The
primary meteorological instruments used were Qualimetrics Transportable Automated
Meteorological Stations (TAMS), and a HP 200 LX Palmtop Computer. The sensors
were placed 75 feet from the roadway at a height of 5 feet above the ground. Wind
speed, wind direction, air temperature, and relative humidity data were collected during
all acoustical data collection. These data were recorded in one-second intervals. Site 2
which was close to Site 1 was equipped with a hand held wind anemometer. Prior to
measurement sessions, all meteorological systems were time-synchronized with the
acoustical instrumentation. Acoustical data collected during wind speeds exceeding 5
m/s or 11 mph were eliminated during data analysis.

3.2.3 Traffic data

At each measurement location, highway traffic passing the site was continuously
recorded using a video camera during all data collection sessions. Video cameras were
used to minimize the influence on drivers that might have been caused by the presence of
aradar gun. The primary traffic recording instruments used were Sony 8-mm or Hi-8
Video Cameras. A television with a VCR was used for post-measurement data analysis.
The cameras were placed at distances varying from about 200- 300 feet from the roadway
and five feet above the ground. This was close enough to the roadway to allow
identification of vehicles while viewing the videotape, and far enough away to allow
speed calculations. Distinctive landmarks and the associated separation distances were
documented for speed calculation purposes. During the October 2006 measurements a
radar gun facing downstream was used to obtain speeds at Site 4 to validate video-based
speed measurements. In 2006 this site was the easternmost measurement site. The radar
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gun was pointed downstream (measuring the speeds of vehicles traffic traveling from
west to east), so as not to influence driver behavior at any of the sites, while still allowing
for the validation of vehicle speeds. Prior to measurements, all video cameras were time-
synchronized with the acoustical instrumentation.

3.2.4 Pavement data

The structure, condition and temperature of a pavement can influence its noise
production and propagation characteristics. For instance pavement temperature can
influence tire/road noise by about -1 dB per 10° C (50° F), hotter being quieter'. So,
pavement data were collected during this study to enhance the understanding of how
pavement influences noise. At each measurement site, temperature guns (Extech Model
42520 IR Thermometer) were used at least once an hour during acoustic measurement to
determine and log the pavement temperature. Two core samples were taken at least once
a year from each pavement section and analyzed to determine the pavement’s macro
texture and porosity.

Additionally during 2001 and 2002 ground impedance measurements were performed
in accordance with ANSI S1.18 to determine the effective flow resistivity (EFR) of each
pavement type. The primary instrumentation used were two of the %2-in microphones and
a spectrum analyzer (listed in Section 3.2.1), a Larson Davis SRC20 tone generator, and
a driver feeding a long narrow tube to simulate a point source.

3.2.5 Pass-by event log and extraneous noise log data

Individual vehicle pass-by events were evaluated in real time at each site for
acceptability using observer logs. ldentification of clean pass-by events was in
conformance with 1SO 11819-1, which includes the elimination of vehicles with atypical
sounds. At each measurement site, personnel used an HP 200 LX palmtop computer
electronic log to identify all acceptable vehicle pass-by events (including the type of
vehicle, a brief description, and the time of the event) and to note the description and time
of any noise event that may have possibly contaminated the acoustical data. Prior to
measurements, all electronic logs were time-synchronized with the acoustical
instrumentation. Additional acceptability tests were conducted during post-analysis.

Observers noted the type of each vehicle in each acceptable pass-by event. The
following types were used:

= automobiles (including cars, pick-up trucks, and sports utility vehicles) were
vehicles with 2 axles, 4 tires, and generally < 4,500 kg or 9,900 Ib;

= medium trucks were vehicles with 2 axles, more than four tires, and generally >
4,500 kg or 9,900 Ib and < 12,000 kg or 26,400 Ib; and

= heavy trucks are vehicles with 3 or more axles and generally > 12,000 kg or
26,400 Ib.

= buses and motorcycles were identified but not included in this analysis due their
low numbers.

The logs were also used to identify extraneous noise events that may have contaminated
the vehicle pass-by noise measurements. Observers listened for acoustical contamination
from nearby vehicles or other sources and followed general guidelines for identifying a
clean event, typically by allowing for 300 feet or 5 seconds of vehicle separation distance
with more time or distance for heavy trucks.

10
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3.3 Data Collection Sessions

Noise data was collected during a series of data collection sessions. This series
consisted of preliminary measurements prior to the overlays being paved, baseline
measurements with the DGAC overlay aged 3 months; and post-overlay measurements,
with the pavement overlays aged 4, 10, 16, and 52 months. Each measurement session
occurred over a period of several days and included four to seven hours of continuous
attended noise measurements taken simultaneously at each site with a minimum of 300
pass-by events.

In collecting data at the LA138 sites, wind played a major role in determining the time
of year and number of days required to collect useful data. Even with careful
consideration, the wind limited the amount of data collected (see Section 3.2.2 for wind
speed restrictions).

Preliminary Measurements were performed during May 2001 with the existing old
DGAC. This set of measurements was originally going to be used as the baseline set of
measurements until it was determined by Caltrans and University of California Pavement
Research Center that the pavement was structurally failing and would not support
pavement overlays'®. Also, at some of the sites, cracks in the pavement acoustically
contaminated the collected data. For this set of measurements, a continuous flow/sound
level averaging methodology was applied, and data were collected on both sides of the
highway at 16 different sites. However, not all measurements were made simultaneously.
At this point in time the study was going to include more than 5 pavement types. The
data were collected for 7 days. Pass-by events were not logged since that type of
methodology was not being used at that time. However, all other data were collected in a
manner similar to that for all subsequent measurements, and the 16 sites included the 5
sites measured in subsequent measurements. Some of the May 2001 data could be used
to extract vehicle pass-by events if it is ever of interest to compare the very old DGAC to
the newer overlays.

Baseline Measurements were performed during March 2002 with a new DGAC
leveling course, aged approximately 3 months. The leveling course covered all pavement
test sections. The original 16 sections were reduced to 5 sections. For these
measurements, the SPB methodology was applied. The data were collected for a period
of 5 days. Over 600 vehicle pass-by events were collected at each pavement site but,
some events were eliminated during data analysis because they did not meet quality
criteria. EFR data were collected. The March 2002 data allow for a direct comparison
among sites, with the variability of pavement removed.

Post-Overlay Measurements were performed with the pavement overlays aged 4, 10,
16, and 52 months. Specific details are indicated below.

In October 2002 the overlays were aged approximately 4 months. This set of
measurements was performed with 5 overlays covering the DGAC leveling course. The
SPB methodology was applied as the data were collected over 4 days. More than 500
vehicle pass-by events were collected at each pavement site but, some events were
eliminated during data analysis because they did not meet quality criteria. EFR data were
collected during this session.

In March 2003 the overlays were aged approximately 10 months. This set of
measurements was performed with the same 5 overlays as in the October 2002 collection

11
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session. Again, the SPB methodology was applied. The data were collected for 2 days.
Over 300 vehicle pass-by events were collected at each pavement site (this is a field
count — during data analysis, events were eliminated as described in that section).

In October 2003 the overlays were aged approximately 16 months. This set of
measurements was performed with the same 5 overlays as in the October 2002 collection
session. The overlays were aged approximately 16 months. Again, the SPB methodology
was applied. The data were collected for 3 days. Over 500 vehicle pass-by events were
collected at each pavement site (this is a field count — during data analysis, events were
eliminated as described in that section).

In October 2006 the overlays were aged approximately 52 Months. This set of
measurements was performed for 4 of the 5 overlays. Site 5 BWC was excluded because
the results of the October 2003 measurements indicated that BWC was not quieter than
DGAC. Thus, to save funds Caltrans and the VVolpe Center agreed to discontinue
wayside measurements for Site 5, BWC. Again the SPB methodology was applied. The
data were collected for 3 days. Over 700 vehicle pass-by events were collected at each
pavement site (this is a field count — during data analysis, events were eliminated as
described in that section).

12
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4 DATA PROCESSING AND ANALYSIS

Upon acquiring all of the data, processing and analysis for the acoustical,
meteorological, traffic, pavement temperature and EFR, pass-by event log, and
extraneous noise log data were performed. Thorough pavement analyses were performed
by the University of California Pavement Research Center; more information about the
LLA138 pavements can be found in the UCPRC 2006 reference.’

4.1 SPB Methodology Applied to Thin Lift Study

A modified SPB analysis was performed for each of the data sets. The result of
applying the SPB methodology was a single number called the Statistical Pass-By Index
(SPBI), accounting for noise from automobiles, medium trucks, and heavy trucks.
Intermediate results for each vehicle type (part of SPBI calculations) were also extracted.
For the processing and analysis the following key factors applied:
- The SPB paired measurements technique was used. This technique employs the
selection of the same vehicles from the traffic stream as they pass each measurement site,
thus improving accuracy due to the elimination of differences in traffic composition. For
determining the overall performance of the pavements, four pairs of sites were examined;
Site 1 and Site 2, Site 1 and Site 3, Site 1 and Site 4, and Site 1 and Site 5.
- The baseline set of data (March 2002) was used to determine site biases, without the
influence of pavement type. Differences in average baseline sound levels for each site
pair were calculated, determining each site bias, which was applied to the average post-
overlay sound levels.
- For the spectral sound level processing and analysis, the paired measurement technique
was extended to include all sites. Analysis included the exact same vehicle set for each
site being examined. Using identical vehicle sets reduced the number of pass-by events
included in the averages for the spectral levels. Because of this reduction in number of
pass-by events and the collection of fast response values (LAFmX), it was determined that
site bias values could not be considered in the spectral comparison. Therefore, spectral
data are presented as measured. For the spectral results, sound levels for several pass-by
events of the same vehicle type were arithmetically averaged for each 1/3-octave band.
- The speed category of interest for this study is “highway speeds”. The ISO 11819-1
standard sets the minimum highway speed to be 100 km/h (~60 mph) for automobiles.
For medium and heavy trucks, the standard allows for unspecified lower speeds.
Reviewing all of the recorded traffic on LA138, it is clear that lower minimum speeds
apply to the LA138 site, and that many pass-by events (~15 %) would be forfeited if
applying the ISO restriction. To better capture the traffic on LA138 and use highway
speeds that are more appropriate for the U.S., the minimum automobile highway speed
was dropped to ~90 km/h (55 mph); the minimum medium and heavy truck speed were
set at ~80 km/h (50 mph).
- In order to calculate the SPBI, the standard requires a minimum number of clean pass-
by events for each vehicle category: 100 for automobiles and 80 for combined medium
and heavy trucks, with a minimum of 30 medium trucks and a minimum of 30 heavy
trucks. These requirements are based on using single measurements, as opposed to using
paired measurements. Using paired measurements should allow the requirements to be
relaxed. In the current study, standard minimum requirements for the medium and heavy
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trucks were not always met; however, the totals appear to be adequate for a paired
measurement analysis with the modified SPBI calculations. Typically, 100 or more
automobiles and 30 or more heavy trucks were included in each of the averages. The
combined medium and heavy trucks numbers did not always reaching the standard
minimum of 80. Therefore, the baseline measurements yielded fewer pass-by events,
although enough to determine site biases.

- Calculating the SPBI first requires calculating the vehicle sound level (Lveh), for each
vehicle type; automobiles, medium trucks, and heavy trucks. Lveh is a representative (an
“average”) sound level for a specific vehicle type for the highway speed category. In the
ISO 11819-1 standard, Lveh uses a regression through the accumulated maximum sound
level (LAFmXx) data points for each vehicle type; a single number, Lveh, is extracted from
the regression line at a specified reference speed. It was determined that the regression
methodology breaks down when the minimum number of vehicle pass-bys is not obtained
or when speeds are off even by small amounts. There is error associated with obtaining
vehicle speeds, whatever the methodology and instrumentation. After a brief
investigation with LA138 data, it was determined that the linear arithmetic average of the
LAFmx data for all the events equaled the single value extracted from the regression line
at the reference speed for data sets with the minimum number of events achieved. Thus,
for the current study, Lveh is obtained by taking the linear arithmetic average LAFmx of
all events for each vehicle category. A side benefit to obtaining Lveh in this manner is
that it relaxes the need for precise vehicle speeds. So, for the current study, where there
are limitations to obtaining precise speed data and where the SPB minimum numbers for
events were occasionally not met, the LAFmx averages were calculated for all events for
highway speeds greater than 90 km/h (55 mph) for automobiles and 80 km/h (50 mph)
for medium and heavy trucks. Any pass-bys greater than 145 km/h or 90 mph were
eliminated.

- The equation below was applied to calculate the SPBI.® The modified SPBI is
calculated using the LAFmx averages as the Lveh variables in the equation. The vehicle
mix ratios in the equation were maintained as in the standard, and the speeds were
updated to better represent approximate average speeds at the sites on LA138: 100 km/h
(60 mph) for autos, and 90 km/h (55 mph) for medium and heavy trucks.

- 1ISO 11819-16 provides discussion of expected errors and uncertainty for the SPB
method.

- The parameters calculated and presented for this study include the modified Lveh for
each of the three vehicle types and also the modified SPBI for highway speeds.

SPBI = 10*log[W1*107(L1/10) + W2a*(v1/v2a)*10~(L2a/10) + W2b*(v1/v2b)*10~(L2b/10)],

where SPBI = Statistical Pass-By Index, for a standard mix of light and heavy
vehicles
Lx = Vehicle sound level for vehicle category x — refer to Section 3.2.5 for

vehicle categories (average LAFmx for each vehicle type is applied,;
this differs from Lveh calculations in ISO 11819-1)

Wx = Weighting factor, which is the proportion of vehicle category x in the
traffic (taken from Table 1 in 1SO 11819-1)
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VX = Reference speed of vehicle category x [60 mph (~100 km/h) for autos,
55 mph (~90 km/h) for medium and heavy trucks; reference speeds
differ from those in Table 1 in 1SO 11819-1].

4.2 Processing Procedure

4.2.1 Modified SPBI and average vehicle sound level

First, pass-by events were extracted from the vehicle pass-by event log for each site and
the vehicle type, description, and time were entered into a spreadsheet. Events were
eliminated when comments indicated that the event may not have been acceptable.
Events were also eliminated when sound levels both before and after the pass-by event
were not 10 decibels below the event maximum sound level. That is, events were
eliminated when the vehicle pass-by event was acoustically influenced by another sound
source. Next, pass-by events were paired for each of the four site pairs. Only pass-by
events that were deemed to be acoustically clean at both sites were retained.
Meteorological data were then extracted for each event for each site. The average wind
speed 10 seconds before and after each pass-by event was calculated, and the maximum
wind speed was extracted. Events with maximum wind speeds exceeding 5 m/s (11.24
mph) were eliminated. Pavement temperatures for each event were also entered into the
spreadsheet. Using the remaining list of pass-by events, vehicle speeds were extracted
from the videotapes and entered into the spreadsheets with the corresponding pass-by
events. If the speeds were not in the same speed category for both sites for a site pair, the
vehicle pass-by event was eliminated. Finally LAFmx was determined for each
remaining vehicle pass-by event for each site. The pass-by data can be seen in Appendix
C. For each site pair, vehicle type, microphone location, and pavement age, tables show
the average pass-by LAFmx (also shown graphically in Appendix E, Section 1) and
standard deviation; the average vehicle speed and standard deviation; and the average,
maximum, and minimum pavement and air temperatures. Plots show all the LAFmx data
points with regression lines and equations.

The modified SPBI was then calculated. First, the data were sorted into three vehicle
categories: automobiles, medium trucks, and heavy trucks; then the data were sorted into
vehicle speed categories. Most of the events fell within the highway speed category, and
all remaining analysis was performed just for that category. The average LAFmx was
calculated for each vehicle category for each pavement site; these averages were
determined to be the modified vehicle sound levels (modified Lveh). Then the 1ISO
11819-1 equation is used to calculate the SPBI.

The results that are reported are the average LAFmx (modified Lveh) for each of the
three vehicle types for each of the pavement sites (Appendix C and Appendix F, Section
1). Also reported is the modified SPBI for each of the pavement sites (Appendix E).
Each of these parameters was calculated for each of the microphone locations (except the
200-ft microphones).

4.2.2 Test vehicle

The test vehicle data were included in the SPBI calculations if the event met all the
criteria described above. In addition, the test vehicle data were separated from the other
data. The average LAFmx was calculated for each speed (40, 50, 60, and 70 mph;
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~65, 80, 100, and 112 km/h) for each pavement site. These averages were plotted across
speed for comparison.

4.2.3 Existing traffic spectral data

Spectral sound level data were also analyzed, including identical vehicle sets for each
site being examined. For this small set of vehicles, the LAFmx values and the spectral
data were examined for all microphones, including the microphones located at 200 ft (60
m) at Sites 1 and 2.

4.2.4 Sound absorption of pavement

For the pavement sound absorption data (EFR), the average sound level delta was
determined for each of thirteen frequencies for the two microphone positions in the
instrumentation set-up. The EFR values were extracted for each type of pavement using
a table that matched deltas and frequencies to theoretically calculated ground absorption
curves (based on the ANSI S1.18-specified geometry). The table provided in the