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NOISE BARRIER ATTENUATION: TFIELD EXPERIENCE

1. INTRODUCTION

The impact of the noise produced by roadway traffic on adjacent
communities may conceptually be reduced by a variety of measures:
the relocation of highway corridors, proper land-use planning,
rastricting vehicle use, controlling vehicle speed, and using
noise abatement barriers, to name a few. In most cases, however,
and particularly for already-existing highways, practical con-
straints limit the cheices to the use of noise abatement barriers.
It is not surprising, then, that construction of such barriers
has increased dramatically in recent years.

Noise abatement barriers are generally either vertical, solid
walls; earth berms; or a combinatien of the two. By placing
such structures bhetween the readway (noise source) and the
community, traffic noise levels are attenuated by the diffrac-
tion of sound waves over the top of the barrier., Several
prediction methods have been developed for estimating the

amount of attenuation provided by a barrier as a function of

the source-barrier-observer geometry. The highway engineer

may use one of these methods to determine the physical dimensions
and the location of the barrier requilred to achieve a needed

noise reduction.

Thege various estimation procedures are based either on
theoretical consideration of diffraction effects, or on
measurements made using scale models employing point sources.
verification of the predictive procedures by actual measurements
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of barrier attenuatlion of highway noise in the field has been
limited. Further, in most instances the attenuation provided
by barriers constructed along highways has not been measured,
once the barrier has been built (Appendix G reviews the limited
state measurement data available).

The increasing need for highway noise barriers, coupled with

the desirability of obtaining field evaluation of the performance
of these barriers in terms of highway noise reduction, prompted
Bolt Beranek and Newman Inc. to undertake a measurement program
involving ten structures that have been built along highways in
the United States specifically to abate roadway noise.

The field study included concrete, stucco, and wooden walls,
earth berms, and wall and earth berm combinations. The ten
sites were located within five states: California, Connecticut,
Michigan, Minnesota and Wisconsin,

At each site, "shielded" highway noise levels were measured

at typically 18 locations of varying heights and distances
behind the barrier. Measurements were also obtained at a
*free-field" location, i.e., at a location with unobstructed
view of the highway. These measurements were used to determine
the levels that would have been measured if the barrier were
not constructed. The difference between the free-field and
shielded levels represents the measured barrier attenuatilon.

Our primary goal was to compare this measured attenuation with
the attenuation that would be predicted, based on theoretical
considerations., We chose the infinite line source model of
Kurze and Anderson (Ref, 1) as the basis for our prediction of
barrier attenuation. This attenuation model has been incor-
porated within the current TRB Design Guide (Ref. 2).
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Por barriers of "infinite" length, the infinite line source
model provides the attenuation as a function of the path

length difference over the top of the barrier, On this basis,
all barriers which meet minimal surface weight requirements
should perform in a similar manner, regardless of minor
differences in material or shape. If the measurad and predicted
attenuations do not agree within acceptable limits, the secondary
goals of the program were to determine whether one particular
type of noilse barrier works better than another, and if there
are available theories of barrier attenuation which would better
predict the measured results.

The next two sections of this volume discuss the measurement
procedures and measurement sites, respectively. Details of the
data processing are described in Section 4, while analysis of
the measured and predicted attenuations is described in

Section 5. A summary of the results of this measurement

program is provided in the last section. The several appendices
provide details of the measurements, including presentation of
the highway, traffic and noise level data, and comparisons of
measured and predicted attenuation values. Also provided is an
analysis of the frequency characteristics of the measured atten-
uation values. Finally, the last appendix compares predicted
attenuvations with attenuations measured by various state highway
departments.
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2, MEASUREMENT APPROACH

In order to measure the noise reduction of a barrier, one would
ideally measure free-field levels before the barrier is installed,
and shielded levels after the barrier 1s installed. Since the
current study is concerned with already-existing barriers, this
approach is clearly not feasible. The approach adopted in this
study was to measure shielded levels behind the barrier, and
estimate free-field levels by projections from a single reference
meastrement location in free-field.

The advantage of this apprecach is that when free-field and
shielded measurements are made simultaneously, the measured
noise reduction (obtained by subtracting the shielded levels
from the projected free-field levels) would be based upon
identical source and transmission conditions, so that errors
resulting from variations in the traffic flow and meteorological
conditions from one set of measurements to the next would be
eliminated. The disadvantage to this approach is that knowledge
of the propagation loss factor for the terrain is required.

This factor may range from 3 to 4.5 dBA per doubling of distance;
by restricting the shielded measurement locatlons to distances
from the roadway that are within three times the distance of

the free-field location, potential errors in the selection of
the propagation loss factor can be minimized,

Another difficulty in using a free~field measurement as a
reference arises from selection of an appropriate measurement
location., Por this study two approaches were taken: wherever
possible, the free-field reference measurements were obtained
at a reference station located along the roadway beyond the
barrier, and set back a distance comparable to the location of
the closest shielded measurements. Since this was not always



poesible, due to changes in traffic flow along the reoadway,
terrain changes, etc., the alternate approach was to use a
reference station on the highway side of the barrier. Such

a measurement, of course, is not truly "free-field", since

the barrier itself behind the measurement location may
influence the level being measured. In order to minimize

these effects, a cardiocid microphone was used for these
measurements. This type of microphone has the characteristic-
that it is omnidirectional over the frequency range of interest
for highway noise for a range of angles of nearly + 90 degrees
relative to the microphone axis, but is extremely insensitive
to noise signals from behind the microphone. To illustrate
this, Figure 1 shows a typical directionality plot for a
rapresentative cardioid microphone for sound signals of 250,
500 and 1,000 Hz (left side of figure), and 2,000, 4,000 and
8,000 Hz (right side of figure). The effect of this microphone,
then, is to receive the acoustic energy in the forwared plane
of the microphone, but to suppress the signal coming from
behind it; the net result should be measurements which closely

approximate free-field measurements,

The shielded measurements, il.e., measurements obtained behind
the barrier, consisted of three measurement stations in a plane
perpendicular to the barrier and roadway. During a- particular
measurement run, simultaneous measurements were obtained at
the reference station, and at each of the three shielded
measurement stations. At each shielded station, measure-~
ments were obtained for typically six different heights

above the ground. Assuming that the noise reduction of the
barrier is a function of the path length difference over the
top of the barrier (see Section 4 for further discussion), the
locations of the three shielded measurement stations, and the
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six heights at each measurement station were chosen so that at

each station there would be a range of expected noise reductions,

and the full range of expected noise reductions woutld be uni-
formly represented among all measurement points. This approach
permits a definitive evaluation of the barrier noise reduction

potential, and further permits comparisons of measured reductions

with predicted reductions to be made as a function of distance
from the roadway as well as height above ground,

Certain restrictions were placed upon selection of the measure-
ment heights and distances. As mentioned before, the distance
te the roadway from the farthest measurement station was kept
to within three times the distance of the reference location
to the roadway. Secondly, the length of the barrier placed
constraints on the measurement distances. In order to approxi-
mate an "infinite" barrier, the distance from the farthest
measurement station to the barrier was kept to within one-third
the length of the barrier on either side of the plane of the
measurement stations. (As will bhe discussed in Section 5, it
was still necessary to take into account the sound energy
diffracting around the edges of the barrier, despite this
distance restriction.) Finally, concern over possible ground
effects placed constraints upon measurement height. Previous
studies of the variation of noise level with height above
ground are contradictory. Reference 3, for example, suggests
that the propagation loss falls dramatically as the measurement
height increases above five feet., Reference 4, on the other
hand, found no significant change for measurement heights from
5 to 15 feet. In this study, measurements were generally
restricted to 15 feet above the ground.
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The nolse levels were monitored continuously for ten minutes
during each run, using noise monitoring systems developed by

BBN. These gystems sample the nolse environment eight.times

per second, and construct a statistical distribution of the

noise levels occuring over this period. At the end of each

data sample, the distribution of levels is recorded in digital
format on a magnetic tape cagsette for later processing in the
laboratory. From the statistical distribution, various percentile
levels such as the Ll0 and L50 may be determined, as well as the
equivalent level, Leq. (Appendix A describes in detail the

data acquisition and reduction techniques.) The measured noise
levels (Llo, L50 and Leq) determined in this matter should.

have a 95% confidence interval of less than + 0.5 dB, for the .
range of traffic volumes and measurement distances experienced \jg
in this study. a

During each measurement run, the number of wvehicles traveling
in each direction was counted, as well as the number of heavy
trucks in each traffic lane. The times of travel for several
vehicles between two points of known distance were also
tabulated, for later use in determining average speed of travel
during the measurement run.
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3. MEASUREMENT SITES

Based upon a review of noise abatement structures existing
along highways in this country, 10 sites were selected for
field evaluation under this measurement program. Several
criteria were applied for the site selectien process.
Barrier requirements included a minimum length of 700 feet,
and minimum height of 10 feet above roadway surface, The
barrier was to be parallel to the roadway, with uniform
height along its length.

The roadway itself was to be straight and of constant cross
section and traffic flow characteristics along the length
of the section shielded by the barrier. The roadway was to
be level, with a maximum gradient of 2%,

The measurement stations were to be at least 350 feet from
each end of the barrier; at each station (up to a distance

of 100 feet behind the barrier), there was to be unobstructed
view of the barrier. The site was to be free of interfering
ambient noise sources such as local traffie, aircraft over-
flighta, and industrial equipment.

The final requirement was that a location be available for
free~field measurements, either beyond the extent of the
barrier at a location expused to =zimilar traffic flow, or

in front of the barrier at a location with reasonable access.

Table T lists the 10 sites at which measurements were
obtained. Included among the sites are concrete, wooden and
stucco walls, concrete walls on earth berms, and earth berms
alone. Pictures of each site are shown in Figure 2.
Appendix B provides cross sections of each measurement site,
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Table 1 Description of Barrier Sites

Helght Aboyve Length, Average Traffic A%ﬁ'“ge
Sfte Highway Location Barrier Description Road, Ft. Ft. Volume, YPH* Mixuc:t
01 SR-7 Lang Beach, Concrete Masonry Wall 12 2124 7418 9.3
Cal. on Earth Derm
02 1-605 Long Beach, Concrete Masonry Hall 15 1100 8832 1.7
Cal. on Earth Berm
03 1-10 San Ga?rfa1. Concrete Masonry Wall 13 1900 11397 3.4
al.
04 1.75 Mlen Park, Wooden Hall 12.5 2100 4503 7.3
Mich.
05 1-64 Kalamazoo Earth Berm 0 1850 1341 16,6
Mich.
06 1-94 Milwaukee, Earth Berm 6-9 800 1338 22.8
Wisc.
07 1-04 Hinnfapoiis. Precast Concrete Wall 10-23 4000 6038 4,5
nn.
08 1-210 Argac]Ha . Stucco Hall 10 2750 2821 2.9
al.
0% 180 sacramento, Concrete Masonry Walt 15 22712 2445 5.1
Cal. on Earth Oerm
10 1-84 West Hartford, Earth Derm 20 18c0 7 7.0

Conn.

*Dyring field measurements.
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Photographs of Measurement Sites
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Figure 2
(Continued)

SITE 07

SITE 08

SITE 09
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SITE 10
(Photo Courtesy of Connecticut
Dept. of Transportation)

Figure 2
{Continued)
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illustrating the relationship between the roadway and barrier,
and the location of the noise measurement stations., Tabulated
in Appendix C are the traffic flow characteristics during the

measurement sessions at each site,

Both Sites 01 and 02 are concrete masonry walls on earth berms.
The concrete blocks at Site 0l have a slumplsurface to improve
visual effects; the concrete blocks at Site 02 were selected

to match those used in adjoining residential walla. The barrier
wall at Site 02 was constructed to provide shielding for an
elementary school.

The cohcrete block wall at Site 03 has an architectural facing
on the community side of colored Spanish plaster applied over
metal lath to form a Spanish archway design, Mission tile has
been applied along the top of the wall; the net result is a
very attractive effect (see Figure 2). The barrier at Site 04
is a wooden wall, constructed of 2-inch by 8-inch tongue and

grove wooden planks.,

Both Sites 05 and 06 are landscaped earth berms, whose con-

struction costs were minimized by the availability of construction

material locally. Site 05, constructed to provide shielding
for an adjacent schoolyard, was built from surplus earth work
in the area. Similarly, waste earthen material from safety
improvement project sites in the area was used in the construc-
tion of the barrier at Site 06,

The concrete barrier at Site 07 was constructed using 4 to 7
inch thick precast concrete panels. To enhance the physical
appearance of the barrier the heights were stepped, and the
raked finish of the concrete slabs was oriented randomly
toward the highway or toward the community. The barrier is
also stepped horizontally to follow the gently curving edge of

the roadway.

15
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The barrier wall at Site 08 was constructed by attaching metal
lath to an existing chain link fence and covering with stucco
in successive layers. The stucco provides a Spanish style
texture and color on the community side for purposes of

appearance.

At Site 09 there is another concrete block wall on an earth
berm. For a visual effect the wall is constructed with al-
ternating patterns of 5-score block and random 3-score block,
with a 2-inch veneer cap atop the wall.

The earth berm at Site 10 was constructed with a 1.5:1 slope,
with flat top 5 feet wide, and 5 foot wide shelves on each
side to allow for planting. It is constructed of earth
borrow material, and covered with 4-inch wood chips.

16
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4. DATA PROCESSING PROCEDURES

For each behind~the-barrier measurement point, the measured

hoise level was processed in conjunction with the measured
reference level to yield a value of measured barrier attenuation.
This measured attenuation was then compared with a corresponding
value of predicted attenuation, based upon the barrier geometry
and traffic characteristics. The determination of measured and
predicted attenuations is detailed in the following, and the
methodology for comparing measured versus predicted values is
also described.

It should be noted that the attenuation values were based upon
an analysis in which the roadway was considered to be a single
infinite line source, Additional analyses were performed in
which the roadway was composed of two infinite line sources,
one for each direction of travel. In all cases, both the
measured and predicted values of barrier attenuation bascd
upon the two line source analysis were within 0.5 4B of the
attenuation values based upon the single line analysis. This
result is not surprising, since the traffic flow at each of the
10 sltes was generally evenly split between the two sets of
lanes.,

4.1 Determination of Measured Attenuation

Appendix D provides tabulations of the measured Llo' Lgo and

Leq values at the reference station and at each shielded measure-
ment station, for each of the 10 sites.

Based upon the roadway configuration, equivalent lane distances
were determined for each of the shielded measurement stations

and the reference station, using equation (1).

17
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D T

dp =./dxd, (1)

where dE = Equivalent lane distance
dN = Distance to near edge of near lane
dF = Digtance to far edge of far lane

In order to estimate the noise levels that would have been
measured at each of the behind-the-barrier measurement points

if the barrier were not constructed, the noise levels measured
at the free-field station were projected back to the measurement
stations, using either a 3 or 4.5 dB per doubling of distance
propagation loss factor, as shown in equation (2).

a

i
L; =L, - a leg 3= {2)
°
where L, = Noise level at station i

L, = Noise level at reference station

a, = FEquivalent lane distance to station i

do = Equivalent lane distance to reference station

10 for propagation over c¢lear, hard ground
(corresponds to 3.0 dB/doubling of distance)
a =

15 for propagation over softer ground
{corresponds to 4.5 dB/doubling of distance)

For all measurement sites except site 02, the propagation loss
factor was assumed to be 4.5 dB per doubling of distance, based
upon field cbservation of terrain conditions. At site 02, with

18
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measurements ohtained over a hard surface (a paved schoolyard),
a propagation loss factor of 3 dB per doubling of distance was
selected as being appropriate.

At each measurement point, then, the value of measured attenua-—
tion was obtained by subtracting the noise level measured at
that location from the appropriate projected free-field level.
This procedure was performed for each of three measures of the
noise level, Ly, Lgg and Leq.

4.2 Determination of Predicted Attenuation

As discussed in Volume I, the Kurze-~Anderson model for barrier
noise reduction should provide reasonable predictions for the
attenuation of traffic noise levels by reoadside barriers. This
model assumes that the traffic noise is an incoherent line source,
and that noise reaches a shielded receiver only by diffraction
over the barrier. The attenuation provided by the barrier depends
upon the Fresnel number, N, which is defined in Figure 3 as a
function of the wavelength of the sound source and the path length
difference § cver the barrier versus through the barrier. For
highway applications, the usual procedure is to assume an effec-
tive freguency of 550 Hz, corresponding to a wavelength of 2 feet.

tnder these conditions, the barrier attenuation can be read directly

from Figure 3 with N = 6.

On a typical highway with both cars and trucks, the usual procedure
is to assume that the automobile noise sources are located at
ground level, while the noise sources for trucks are located at

a nominal height of 8 feet above grade. The path length difference
for car and truck sources will thus be different, resulting in
different expected values of attenuation for cars and trucks.

19
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Determination of the expected attenuation of the total traffic
flow on the roadway therefore requires knowledge of the relative
composition of cars and trucks.

Reference 4 provides an analytical model for estimating traffic
noise levels., From this reference, the basic equations for the
equivalent levels of car and truck populations are given in
equations (3) and (4}, for a 4.5 dB per doubling of distance
propagation loss factor. (For a 3 dB loss factor, add 5 log
(d/50) to each equation.)

Leq (cars) = 10 log vs2 - 15 log 4 + 28 (3)
— v—
Leq (trucks) = 10 log 4 15 log d + 96 (4)
where V = Hourly volume of cars or trucks
5 = Average speed of cars or trucks

These eguations were applied to the car and truck flows measured
on cach roadway to yield the relative egquivalent level contribu-
tions of cars and trucks for any particular measurement run.

For a particular site, the noise source was assumed to be an
infinitely long line source, located at a distance from the
barrier equal to the equivalent lane distance between the barrier
and the roadway. For each measurement point behind the barrier,
the expected attenuation for both cars and trucks was determined

21




by computing the path length difference between the measurement
point and the assumed infinite line source, and then determining
the attenuation from Figure 3. The car and truck attenuations
were then applied to the egquivalent level contributions of cars
and trucks as determined from equations (3) and (4). The barrier
attenuation of the entire roadway was determined by subtracting
the summed at:tenuvated car and truck contributions from the summed
car and truck contributions without attenuation applied.

4.3 Measured Versus Predicted Attenuation

The simplest way to asgsess the agreement between measured and
predicted noise reductions for each site ia in terms of the
average value and standard deviation of the discrepancies at

the various measurenent points. The discrepancy at a particular
measurement point is simply the difference between the measured
noise reduction at that point and the corresponding value of
predicted noise reduction. The average discrepancy, computed

over all measurement polnts at a particular site, describes the
overall bias in the predicted noise reductions relative to the
meastured nolse reductions. The standard deviation of this average
describes the scatter in the predictions relative to the measure-
ments. Ideally, if there were perfect agreement between measured
and predicted results, both of these terms would be zero. In
practice, there will always be some random error due to measurement
system variabilities, if not pred%?tion inaccuracies. For this
reason it is necessary to test the computed average discrepancy

to determine if it represents a statistically significant dif-
ference from zerc. For each site, individual discrepancies

among measurement points were determined, and the average
discrepancy was computed; a conventional null hypothesis test

using the Student t variable {Reference 5} was performed, to
test the difference of the average discrepancy from zero.

22
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Even if the average discrepancy between the measured and predicted

noise reductions at a gilven site were not significantly different
from zero, there could still be poor agreement between measured
and predicted results. For example, the predicted noise reduc-~
tions might be substantially higher than the measured reductions
at locations near the roadside, but substantially lower at
locations distant from the roadside. Such a situwation could
produce a very small average discrepancy in spite of the poor
agreement between the measured and predicted results. One
method of evaluating this possibility is to f£it a least-squares'
regression line to the measured versus predicted noise reduction
data, and then compare this line to the results expected for an
ideal relationship. TFor the ideal case, the slope of the re-
gression line would be unity, with an intercept of zero. Again
it is necessary to test the slope and intercept of the computed
regression line to determine any statistically significant
difference between the computed slope and intercept from unity
and zero respectively. If either the slope and/or the intercept
do not pass these tests, the discrepancies between measured and
predicted results would be considered statistically significant.
Neote that a significant difference from zero in the intercept,
along with a slope which i= equivalent to one, would suggest the
predictions include a constant bias error at all lecations. On
the other hand, a significant difference from unity in the slope
would indicate the prediction procedure does not properly account
for changes in location.

A final procedure to assess the agreement between measured and

predicted noise reductions at each site is to evaluate the average

discrepancies at various distances from the roadway {(computed by
averaging over all heights at each distance), as well as the
averade discrepancies at various heights above ground (computed
by averaging over all distances at each height). Conseguently,

23
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a conventlonal analysis of variance was performed for each site,
to evaluate the variation in discrepancy with either height or ‘_ﬁ
distance.

24
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5. ANALYSIS OF RESULTS

As described in the preceeding section, at each site measured

and predicted values of barrier reduction were determined for
each measurement point., These values were compared by examining
the average discrepancy for the entire site, the linear regression
of measured versus predicted values, and the variance of the
discrepancies as a function of height and distance. This section
reports the results of these analyses.

A preliminary examination of the data was made based upon measured
attenuations determined from Lgy values of free-field and shielded
noise levels, The highway and barrier were assumed to be infinite
in length for all sites. Table II lists the results of the analy-
gis. Tabulated for each site are the average discrepancy and
standard deviation, the slope and intercept of the computed
least-aquare'’s regression line, and an indication of whether

or not these factors are significantly different from their

ideal values. Alsoc indicated is whether or not the discrepancy
varies with helght or distance at each site.

The table reveals rather poor agreement between measured and
predicted values of attenuation for almost all sites. Only

at Site 08 1s the average discrepancy statistically eguivalent
to zero, with the other statistical tests *ndicating no varia-
tion with height or distance.

A detailed examination of the individual discrepancies among
measurement points at each site reveals that the variation of
discrepancy with height and distance could more meaningfully

be expressed as a variation of discrepancy with path length
difference, §. The general trend throughout all sites in which
there was variation with location is that the discrepancy in-
creases for decreasing §. Expressed another way, the attenuation
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Table 11 Results of Preliminary Mserepancy Analysis for “Infinite" DBarriers

Regressien
Mverage Standard Humber Varies Varies Line Regression
site | DR | CHanort | PEE | saemtes | wedonr | omsiencer | "ama | CHewort | siope | M'Hend
01 -1.2 Yes 0.9 18 Yes Yes 1.6 No 0.7 o
o2 «0.7 Ho 1.2 18 Yes Yes 4,4 No 0.6 Yes
03 1.3 Yes 0,9 14 Ny Ho 4.8 Yes 0.7 Ho
04 «1,7 Yes 1.3 18 Ho to -1.2 Ho 1.0 Ho
05 3.2 Yos 2.0 18 Ho Yos 2.1 No 1.2 No
N 06 1.6 Yes L3 18 No Ha 0,5 Ho 1,2 Ko
* 07 -1.5 Yes 1,0 18 N Ho =11 Ho 1.0 Mo
(i1:} -0,1 o 19 18 e o 0.4 lo 1,1 Ko
09 3.0 Yes 1.3 18 Yes o 5,9 Yes 0,6 fes
10 1.4 o 2.0 15 No Ho 5,3 Yos 0.6 lio

NOTE: Discrepancy 1s measured attenuation minus predicted attenuation.
A1 statistical tests performed at 1% level of significance.
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is underpredicted more for low path length differences than for
high path length differences. It should be noted that any defect
in the barrier itself, such as flanking around the ends, trans-
mission through the barrier, or propagation through openings in
the barrier, will have the effeet of degrading the barrier per-
formance. Moreover, this degradation will be worse for the
higher predicted values of attenuation than for the lower values.
This type of an effect, then, would bhalance out the variation

in discrepancy ohserved in the data reflected in Table II. With
this in mind the data were re-evaluated, taking into considera-
tion the contribution to the shielded noise levels resulting

from unshielded sections of highway beyond the ends of the barrier.

Depending upon the length of the barrier and the expected noise
reduction, this resulted in a decrease in predicted barrier at-
tenuation ranging from a few tenths of a decibel to 1.5 dB, and
increasing with increasing path length difference §.

The results of the re-analysis of the discrepancies at each

site for the "finite" length barriers are shown in Table II.

(See Appendix E for plots of measured versus predicted attenua-
tion for each site.) As expected, the discrepancies have all
increased, reflecting the decrease in predicted attenuation.
However, note that for most sites, the discrepancy now does

not vary significantly with height or distance. Also at most
sites, the slope of the regression line is not significantly
different from one although the intercept may or may not be
significantly different from zero. These factors indicate that
the model of barrier attenuation used to obtain the predicted
reductions does properly account for changes in location, however
there is a constant bias at all locations. Further, this constant
bias is not uniform from site to site.
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Table 111 Fesults of Discrepancy Analysis for Finite Length Barriers

Average Standard Humber Varies Varies Relg.;ﬁ:siun Regression
se || THonor | "aA T | sves | welontr | otstancer | e | Chonar | slops | MHemdt
01 -0.8 Yes 0.9 18 llo Yes 2,0 Ho 0.7 Yes
'H 1.2 Yes 0.9 18 tio Ho 4.3 Yes 0.7 No
0l 1.8 Yes 0.8 14 1] Ho 5.1 Yes 0.7 o
04 -1.4 Yes 1.3 18 Ko No -0.7 No 0.9 Ko
05 3.5 Yes 1,9 18 lo Yes 1.9 No 1.2 Ne
N 06 2.0 Yes 1.5 18 Ho o 0.9 Ha 1.2 Na
® 07 -0.8 Ko 1,2 18 He No 0.5 Ko 0.9 No
00 0.4 Mo 1.8 18 Ho No -0.5 No 1.2 No
09 3.4 Yos 1.2 1B Ha No 5.8 Yes 0.7 Yos
10 1.6 Yes 1.9 i5 i1 © No 5.1 Yes 0.6 Ko

NOTE: Discrepancy 15 measyred attenuation minus predicted attenuation.
A1 statistical tests performed at 1% level of significance,
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The various factors upon which the determination of measured
and predicted attenuation values depend were examined to iden=~
tify possible sources of discrepancies. With regard to the
measured attenuation values, discrepancies may have arisen
from improper selection of propagation loss factors, or errors
in measured free-field levels due to the location of the
reference free-field station. Review of the discrepanciles,
however, reveals that at the one site in which a propagation
loss factor of 3 dB per doubling of distance was used (Site 02),
results agreed quite well. There is no physical reason for
changing the loss factor at this site. At the other sites,
switching from 4.5 to 3 dB would generally tend to make the
average discrepancies larger than at present. Further, a
change in the propagation loss factor could easily result in
a variation of discrepancy with distance.

With regard to the free-field measurements, at half of the sites
measurements were acquired on the highway side of the noise
barrier, while the remaining free~field stations were located
beyond the bharrier and set back at a distance comparable to the
shielded measurement locations. Grouping the data into two sets,
depending upon location of the free~field station, revealed

no discernable trends between the two sets of data.

Attention was then directed towards the predicted attenuations,
Since the general trend in the discrepancies is for underpre-
diction of the barrier attenuation, it was hypothesized that
the lower attenuation of truck noise relative to automobile
noise may somehow account for this underprediction. The per-
centage truck mix was correlated with the discrepancy at each
measurement point; no significant relationship resulted from

this correlation, however.
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Further analysis considered the relative location of car and
truck sources., One way of assessing the importance of the

use of different source heights is to assume no difference,

that is, to determine attenuations assuming all noise sources
are located at ground level. Of course this should result in
higher predicted attenuations, particularly at those sites with
high truck mix. Re-analysis of the data showed increases in
predicted attenuation ranging from 0,1 dB for Site 02 with truck
mix of 1.7%, to only 1.7 dB for Site 06 with a 22,.8% truck mix.
Thus the predicted attenuations are not very sensitive ko truck
source height. The resulting average discrepancies are all with-
in + 2 dB, which is not a significant improvement in agreement
considering that the assumption of a single source location is
physically unreasonable.

The predicted attenuations are all based on a "thin screen”
approximation to the barrier configuration. Barrier attenua-
tion theories for thick barriers (References 6 and 7) indicate
lower atitenuations for berms than for walls of equal height

when the berms are non-absorbing. For herms with absorptive
surfaces, however, higher attenuation may result. Unfortunately,
at the present time, these concepts are not well quantified, and
practical methods to take bherm shape and absorption into account
have not yet been developed.

These effects would, however, help explain some of the measure-
ment results, since the data of Table III generally indicate a
larger average discrepancy for the earth berms than for the
vertical walls, or berm and wall combinations. Figures 4, 5,

and 6 show the individual measured versus predicted attenuations
for wall, wall and berm, and berm sites, respectively. Shown on
the figures are the ideal and computed least sguares' regression
lines. The average discrepancies are 0 dB for the wall sites,

1.3 8B for the wall and berm sites, and 2.4 dB for the berm sites.
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A final evaluation of the predicted attenuations {(based on
ground level and eight foot high sources) was conducted
using measured attenwation levels in terms of Ly and Lgp
values. Table IV compares the average discrepancies at each
site as determined using Ly, Lgy and Leq values of measured
reference and shielded levels. The table shows that the L10
discrepancy is generally higher than the Leq discrepancy,
while the Lgg discrepancy is generally lower. (Note that the
Kurze~-Anderson line source model, upon which the predicted
attenuations are based, was derived for Leq attenuation.)
Stated another way, the measured attenuations are highest for
Llo' lower for Log? and lower still for LSO' These results

are reasonable, since the attenuation provided by a harrier

is highest for those sections of roadway closest to the observer,

and decreases for sections farther up and down the roadway.

Since the Llo’ Leq and Lso levels are influenced by respectively
larger and larger sections of the road, the Lyg level should he

attenuated most, and the LSO level attenuated least. As an

indication of the relative magnitude of the attenuation differences,

the discrepancy averaged over all sites is zero 4B for Lege
1.1 4B for Leq' and 1.8 4B for Lip
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Table IV

Comparison of Average Discrepancies

Site

Average Discrepancy in dBA

Determined from Different Noise Measures

L
eq

Lsg

01
02
03
04
05
06
07
08
09
10

3.0
3.1
-0.1
1.2
4.0
2.4

-0.8
1.2
1.8

~1.4
3.5
2.0

-0.8
0.4
3.4
1.6

-1.2
0.2
1.3
-1.9
3.0
0.1
2.7
-1.5
2.3
0.2
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6. SUMMARY OF RESULTS AND CONCLUSIONS

Use of the Kurze-Anderson infinite line source model of barrier
attenuation provides predictions of attenuation which agree
with measured attenuvations equally well at all locations behind
the barrier. Averaged over all sites with similar barrier con-
figurations, the average difference between measured and pre-
dicted attenuations in terms of Leq values is 0 dB for vertical
walls, 1.3 dB for walls on berms and 2.4 4B for berms,.

At any one site, there is an average discrepancy which appears
to be site~dependent (The discrepancies are within + 2 dB for
all but two sites.) The range of individual discrepancies has

a standard deviation of 1 to 2 dB.

The model provides attenuation predictions which are about 1 dB
higher than attenuations measured in terms of Lgo values, and
less than 1 dB helow attenuations measured in terms of Llo values.

Based con these results, it is concluded that the Kurze-Anderson
model predicts the attenuation of vertical barrier walls with
reasonable accuracy, when hoise levels are expressed in terms
of Loy For vertical walls on berms and particularly for berms
alone, the attenuation may be underpredicted. Finally, when
noise levels are expressed in terms of LlO' the predictions

may slightly underestimate measured barrier attenuations (by

less than one 4B).

It is recommended that the model be modified to properly take
into account wide barriers, and the absorptive characteristics
of the surface of these barrier configurations.
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APPENDIX A
NOTISE DATA ACQUISITION AND REDUCTION TECHNIQUES

At each shielded measurement location (behind the barrier), noise
levels were monitored using instrumentation systems specially
developed by BBEN. These systems were also used at the free-field
reference stations located beyond the barrier.

Each monitoring system consists, basically, of a microphone
and preamplifier, a special noise monitoring unit and a digital
tape recorder, This instrumentation is illustrated in block
diagram form in Figure A.l. As c¢an be seen in the diagram,

the noise signal is A-~weighted, converted to a digital format,
and the output distributed to one of 64 contours, each 1.25
decibels wide. The noise environment is sampled at a rate of

elght times per second.

During each measurement run, noise levels were monitored for
ten minutes. At the end of this period the contents of the

64 counters, as well as the time of day, are recorded onto a
digital tape cassette. Each tape cassette was processed later
by computer as shown in Figure A,2 to yield an output listing
of noise level statlsotics and noise exposure levels.

Measurements at the free-field stations located on the highway
gide of the barrier were made with a conventional analog re-
cording system, which included a cardioid microphone (see block
diagram in Figure A.3). The noise recordings were analyzed by

a real time spectral analysis system, illustrated in block
diagram form in Figure A.4, The primary elements of this system
are a real time spectrum analyzer under control of a digital
computer, During analysis the computer samples the contents of
the one-third octave band filters at the rate of five times per



gsecond. A statistical distribution is produced for each spectral

value, and the various statistics of interest are listed. From
the spectral data the statistics of the A-weighted levels are
computed and also displayed.

In the field, calibration signals were recorded on the data
tapes (both digital and analog) at intervals during the record-
ings using an acoustic calibrator, The calibration signals
were later analyzed during data reduction as a check on system
performance and as a calibration standard for the noise record-

ings.

burinag selected measurement runs, in addition to the digital
monitoring units, analog systems were used at the reference
station and at one of the shielded stations. The analog
records were processed using the spectral analysis system of
Figure A.4. The resulting data were used to evaluate the
frequency dependence of the measured barrier attenuation, as
described in Appendix F.
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APPENDIX B
MEASUREMENT SITE CROSS SECTIONS

This appendix contains cross sections of the highway-barrier-
measurement station geometry for each of the 10 measurement
sitas, For those sites where the free-field reference station
was located beyond the barrier, the projection of the reference
location onto the cross section is shown.

Note that a distorted scale is used on the drawings; the vertical
dimension is expanded ten times that of the horizontal.
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i APPENDIX C
MEASUREMENT SITE TRAIFIC CHARACTERISTICS

For each measurement site, the traffic flow characteristics
observed during each measurement run are tabulated on the
following pages. The truck mix refers to the percentage of
heavy trucks (trucks with three axles or more) out of the
total vehicle flow. Although each run lasted for ten minutes,
the counted volumes were multiplied by six to give hourly
values.
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Z-2

SITE 0) - 23 Jan 1975

NEAR LANES FAR LANES
AVERAGE

RUN TIHE TOTAL VOLUME (VPH) TRUCK MIX (%) TOTAL VOLUME (VPH) TRUCK MIX (%) BPEED (MPH)
1 1142 {3528) 12.6 3504 12,0 54
2 1208 (30483 1.4 3036 11,1 51
3 1201 3030 10,9 3216 9,1 52
4 1428 3630 10.4 3546 8.6 53
5 1453 h3k4 6.5 3480 7.4 55
6 1512 4326 7.6 4pod 8.8 53
7 1532 U686 7.7 4476 6.2 4g

(xx) Indicates volumes

estimated from Far Lane traffic




SITE 02 - 28 Jan 1975

NEAR LANES FAR_LANES
- Rt TIME TOTAL VOLUME (VPH) TRUCK MIX (4 AVERAGE
A T, 4 TOTAL YOLUME (VPH) TRUCK MIX (%) SPEED (MPH)
1 2417 3282 3.1 3102 2.3 65
2 1500 3588 1.7 Y12z 1.6 64
3 1527 3744 3.0 4568 1.7 60
T A LUK 4590 1.8 5562 1.6 54
5 1604 7ez 1.9 5616 1.3 56
5 1622 4290 2.0 6066 0.4 56
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SITE 03 - 20 Feb 1975

NEAR LANES FAR LANES

RUN TIME TOTAL VOLUME (VFH) TAUCK MIX (%) TOTAL VOLUME (VPH) TRUCK MIX (%) sgg}“(%u)
1 144 4818 4. 5388 5.9 by
2 1454 4890 5.6 5754 3.5 51
3 1511 4512 3.7 5508 3.6 50
4 1525 4794 2.4 6462 2.2 51
5 1543 5370 2.5 7182 1.8 51
6 1559 5700 4.1 Boo4 1.9 50




SITE 04 - 3 Feb 1975

NEAR LANES FAR LANES
AVERAGE
RUN TIME TOTAL VOLUME (VPH) TRUCK MIX (%) TOTAL VOLUME (VPH) TRUCK MIX (%) BPEED (MPH)
1 1518 2346 5.0 9102 7.3 52
2 1542 2496 8.2 1392 9.9 52
L]
&
3 1610 2202 6.5 1728 9.0 50
4 1630 2190 9.5 1980 5.2 48
5 1650 3426 5.3 2178 8.8 50
6 1726 3540 5.3 1800 6.3 52
7 1743 a3ne 7.0 1422 6.3 51
wfggﬁm&&;ﬁuﬁé&E;lm;;;}a:&d@udﬁﬂéﬁ.'m.id,.:;'uxn.‘u;.«.::". S o s e AR ot i 2l e T8 D 6T P S e e




SITE 05 - 7 Feb 1975

9-2

NEAR LANES FAR LANES
AYERAGE

RUN TIME TOTAL VOLUME (VEH) TRUCK MIX (%) TOTAL VOLUME (VPH) TRUCK MIX (%) BDEED (MPH)
1 0955 678 16.8 690 15.7 53
2 1010 654 4,7 612 14,7 53
3 1030 660 18.2 564 18,1 53
4 1044 672 15.2 600 17.0 53
.5 - 1058 8oy 18.7 702 20.5 &4
6 1119 756 16.7 654 12.8 &Y




SITE 06 ~ 11 Feb 1975

NEAR LANES FAR_LANES
AVERAGE
RUN _ TIME TOTAL VOLUME (VEH) TRUCK MIX (%) TOTAL VOLUME (VPH) TRUCK MIX (%) SPEED (MPH)
1 1212 750 21.6 588 23.5 62
2 1229 606 23.8 636 25.5 62
- :
4 3 1247 690 27.8 654 4.7 62
4 1301 672 241 ThY 15.3 &6
5 1317 582 27.8 750 22,4 64
6 1333 672 a1.h 702 25.6 66
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SITE 07 - 13 Feb 1975

NEAR LAKES PAR LANES
AVERAGE

HUN DIME TOTAL VOLUME (VPH) TRUCK MIX (%) TOTAL VOLUME (VPH) TRUCK MIX (%) BPEED (MPit)
1 1403 a502 6.7 2658 4.5 66
2 1421 2940 .7 3066 b.7 64
3 1440 2856 4.8 2928 I,9 63
4 1500 2790 4,1 2994 by 50
5 1522 2952 5.3 3522 3.1 56
& 1539 3678 2.8 3342 4.3 54

by b T




SITE 08 - 21 Feb 1975

NEAR_LANES FAR LANES
AVERAGE
RUN TIME TOTAL VOLUME (VEH) TRUCK MIX (%) TOTAL VOLUME (VEH) TRUCK MIX (%) SPEED (MPH)
1 125Hh 1158 2.6 1488 4.0 53
2 1309 1182 2,5 1530 5.1 58
A _
-
3 1326 1038 1.2 1464 2.5 58
Y 1340 1320 3.2 1704 2.5 54
5 1403 1410 2.1 1614 2.2 58
6 1416 1380 h,3 1630 1.8 59

AT [ g T N L T e T L e e Akt 0 0 e s o
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SITE 09 - 26 Feb 1975

NEAR LANES FAR LANES
AVERAGE
RUN TIME TOTAL VOLUME (VPH) TRUCK MIX (%) TOTAL VOLUME (VEI) TRUCK MIX (%) SPEED (MPH)
1 1141 1044 2,3 1110 5.4 53
2 115K 1230 h.9 1338 5.4 56
3 lz08 1038 h.o 1134 5.3 56
4 12k6 1380 4.3 1410 4.3 55
3 1258 1175 8.2 1200 h.o 55
& 1317 1296 6.0 1314 7.3 37
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SITE 10 - 12

March 1975

NEAR LANES FAR LANES
AVERAGE

RUN TIME TOTAL VOLUME (VPH) TRUCK MIX () TOTAL VOLUME (VFH) TRUCK MIX (%) SPEED (MPH)
1 1011 2016 T4 2028 5.3 58
2 1031 1734 4.8 1596 $.0 59
3 1058 2004 3.9 1869 12.6 58
4 1118 1866 5.8 1824 7.9 58
5 1156 1884 8.3 138k .5 59
6 1215 1770 5.8 2160 9.4 59
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APPENDIX D
MEASURED NOISE LEVELS

Presented in this appendix are the noise levels measured at each
free-field and shielded measurement location. The distances
listed are equivalent lane distances to the roadway; heights are
relative to grade level at the measurement station (for reference
stations on the highway side of a barrier, height is relative to

roadway grade).
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BITE 01

| _REF. STATION, DIST = 118 ETATION 1, DIST = 89 BTATION 2, DIST = 137 STATION 3, DIST = 18]
RUN M | Lep ] Baof U [ M| Teg ] Mo | Tso H2. | Leg | o] B0 AT, ) Bt Yo | so
DIBTANCE AND HEIONT' IN FEET: Ly Lygs Lgy IN dBA

1 10 76,1 19.3 1h.3 b 66.6 69.1 65.7 3 66,8 69.h 65,1
2 10 75.3 78.2 T3.5 & G65.8 68.4 64,9 5 65.5 68.3 64,0 6 63.h 65.9" 62,5
3 16 75.1 78.6 1.2 B 66.0 68.7 6h.9 7. 65.5 68.4 63.7 B 63,7 66.2 63.0
i 10 759 78.8 7ha 10 67.6 70.2 66,4 4 67.0 69,3 65.2 10 65.0 67k 63.9
5 10 75.1 77.5 Tha 12 66,0 70.L4 67.0 11 6.7 69.2 65.4 12 65.1 67.4 64,3
6 10 75.5 78.1 7Th.5 i 63.9 72.2 69.0 13 68,1 T0.4 66.8 1% 66,4 68.5 65.6
7 10 75.9 78.6 7h3 b 67.3 7T0.0 66.1 3 67.5 70.3 G5.6 b k.o 67T.3 63.7




SITE 02

| _REF. STATION, DIST = 60 STATION 1, DIST = 1310 BTATION 2, DIST = 138 STATION 3, DIST =192
RUN HT. ng Lig[ Igo BT, | L | Loy | B BT, | Ly, LI.L_Q..J_..L.E M. | Lo | Ly | Dgg
DISTANCE AND REIGHY IN FEET: Lgg» Dyge Lgg IN GBA

1 Y 79.2 81,9 76.8 12 66.1 68.h 6Lk 12 65.9 68,3 6h.2 13 65.4 67.4 63.8

E 2 b 78.5 8.2 T7T.0 9  63.2 65.1 62.7 9  63.2 65.0 62.7 10 62,8 64,6 62,3
3 b 719.5 BL.9 T7.5 6  63.8 66.0 62.8 6 '63.7 66.0 €2.7 T 6k.h 66,9 63.3

Y 4 Bo.,4 82,9 78.8 3 64.9 66,9 6h,2 L 6k.0 66,0 63,2 L 65.3 67.3 6L.3

5 L 80.3 B2.9 78.8 1 6h.0 65.9 63.4 2 63.4 65.1 62.7 1 64,7 66,4 6h,0

6 h 80.3 82.¢ T8.6 15 66,5 68.4 65.9 15 65.5 67.3 6h4.9 16 6h.5 66.2 63.9




SIIE 03

REF, STATION, DIST = 689 STATION 1, DIST = 129 BTATION 2, DIST = 178 STATION 3, DIST = 218
RUN H2. | Leg | o] Lsp BT | Leg | T l Lsg T | Zeq | Mo | Lso 2. ,Lijbm Lsg
DISTANGE AND HEIGHT IN FEET; L., Ljgs Lgg 1N dBA
1 L.5 80.9 83.8 79.2 2 62,7 65.% 6l.6 1 627 65,5 61.3 1 6L.3 6h.2 59.9
f. 2 k.5 81.8 BLB 79.7 L 63,0 66.0 61.3 3 63.0 65.8 61.6 3 2.6 65.3 6l.3
3 4.5 B1.5 84,5 79.7 6 62,2 64.7 60.9 5 62,6 64.9 61.6
4 4.5 81,3 Bkl 79.8 9 63 65.8 62.3 8 63.7 65.9 63.1
5 k.5 81,7 B 80.0 12 64,3 66.4 63.3 12 648 66.7 6b.2
6 4.5 82,0 846 80.2 15 65,3 67.5 6h,5 1k é5.5 67.k 6k.9




SITE oL

REF. STATION, DIST = 69 STATION 1, DIST = 60 STATION 2, DIST = 98 BTATION 3, DIST a 204
RUN AT ) Leg | Dl Lsg W1, | Log | B0 | Lso HT, | Lyg (Lo | Do HT. | Ly | Lyg§ Esp
DISTANCE AND HEIGHT IN FEET; Ly, Iygs Dy IN dBA
1 6 T79.3 B2.8 T6.T
v 2 15 72,7 75.T T70.3 15  T2.4 5.6 T0.5 15  65.1 67.5 62.9
“ 3 2 71,1 T73.8 68,1 12 70.2 T0.T 65.5 12 63.5 66.1 6L.T
h 9 69.6 T3.0 67.h 5 65.8 6B.T 64,4 9 62.8 65.8 61L.2
6 69.2 Ti.T 66.9 6 66,1 6B,2 64,7 6 63.6 66.5 61.9
3 68.2 Ti.1 66,0 3 66,2 68.8 o648 3 64,0 A7.1 61.B
7 & T8.6 82.% T76.0 1 66.9 T0.2 64.9 1 64,9 67.7 6£3.4 1 62.2 65.0 $9.8
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SITE 05

REF. STATION, DIST = 1LT STATION 1, DIST = 1KT STATION 2, DIST = 173 STATION 3, DIST = 228
RUN HT. Leq LlO L50 Hr, Leq LlD | LED HT. Leq LlO L50 HT. Leq L.IO L50

DISTANCE AND HEIGHT IN TEET; Leq’ LlO' L50 IN dBA

1 L 76,1 T79.9 72.0 11 68.1 T2.0 6h.6 1l 66.B T0.6 63.6 15 66,6 7T0.1 63.7

T 9  65.9 69.3 6L.1 5 65.7 68.3 60.8 12 65.7 69.2 61.0
3 7 648 68.3 62.1 7 61.0 6i.3 58,5 g 6Lk 67.6 62,3

b 5 63.5 &7.7 59.7 5 59.9 63,7 56.7 & 647 6B.5 6€1.0

5 3 62.7 65.9 59.3 3 59.3 624 56.6 3 6k.2 67.7 60.8
boo7hk 78.% TL.2 1 57T.7 61.0 5h.8 1 57.5 60.3 55,9 1 62,7 66,1, 59.8




SITE 06

i-a

REF, SPATION, DIST = 1k STATTON 1, DIET = 1h0 STATION 2, DIST = 166 _STATION 3, DIst = 218

RUN HT. Log L;g - HP. [ L .510 Lgq HT. | B Lig | Eso HL )L | Ly | L
DISTANCE AND HEIGHT IN FEET; Lo, Ly, Lgg IN dBA

1 & 73.1 T77.8 68.4 1 60,8 64.B 56.3 1 62,2 64.8 460.8 1 58.3 G2.2 55.4
2 6 TL.5 T76.0 66.8 2 60,2 64,3 55.1 3 63.h 65.7 627 3 59.5 63.T 55.9
3 l6 7.8 76.2 67.6 4 60.5 6k.1 58.5 5  63.4 65.4 63.1 6 6L.6 65.0 60,3
R 6 Th.3 T7.9 68.5 6 64T 67.5 60.7 7 6h.9 67.2 62,8 9 66,0 68.5 61.8
5 6 T72.9 T7.3 68.9 8 64,2 T70.0 3.2 g 65.5 68.1 6h.2 12 65,7 69.1 63.1
6 6 T3.h 76,7 69.8 10 70,6 73.b4 67.1 11 68.0 T0.2 66.2 15 68,7 Ti.9 65.0

A e A
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SITE 07

REF. SPATION, DIST = 37 STATION 1, DIST = 66 STATION 2, DIST = 101 STATION 3, DIST = 140
ruw | P Leg | Tio] Lso KT, | Lag | o | Bso M ) Leg 110 Lso BT} g | Lo | o

DISTANCE AND HEIGHT IN FEET; I’eq’ Lyge L50 IN dBA

1 6 9.7 B3.0 76,8 20 6T.1 70.2 65.4 20 64, 67.0 62.3 20 61.8 64.9 59.9
o| 2 6 B8p.9 842 T77.8 17 64,9 67.4 63.7 16 63.1 65.5 61..8 16 61.5 63.8 &0.2
N 6 00.6 83.9 1.6 W 63.7 66,5 627 12 62.7 655 617 | 14 6LL 645 60.3
4 6 B80.0 B83.0 T6.2 i1 61.9 6h.2 6.0 9 6l.1 63.5 60.1 11 53.8 62,4 58.5
5 6 79.8 83.0 T7.1 B 613 63.5 60.6 6 60.2 62.3 59.2 8 58.% 60.9 57.5
6 6 79.8 82,7 TT.6 5 59,0 61.1 58.5 3 58.3 60.5 57.6 5 56,0 58,5 55.0




SITE 08

| _REF. STATION, DIST =114 STATION 1, DIST = 173 STATION 2, DIST = 200 BTATION 3, DIST = 227

RUN HD. } Ly | Do Lsy HLo | Yag [ Tao | Lep | HE. | By fDyg | Igy HT. } Leq | o | Lso
DISTANCE AND HEIOHT IN FERT; L.y Lygy lgg IN dBA

1 L5 ok T3.8B 66.7 9 64,9 67.9 63.3 6 62,2 648 6L.0 6 61.3 63.7 60.2

u 2 b5 T1.3 73.7 67.3 7.5 65.3 67.1 62,0 4 6.6 64,7 6D.2 2 62.9 63.9 59.3

® 3 L.5 69.7 T72.9 66.2 6 62,4 64,6 60.6 2 62,3 641 60,2 L 63,6 63.7 %9.9

L 4.5 TLT Th.3 67.8 k.5 63.2 65.6 60.4 6 63.9 66.2 6L.5 6 63.0 65,0 61.0

5 L5 71,9 75.3 &7.2 3 59.7 62,7 58.3 4 59,6 62,4 58,3 L 58.% 61.1 56.9

é k.5 73,4 T6.9 68,7 1.5 60,8 64,3 59.0 2 6l.2 64.7 59.2 2 60,5 64,0 58.3

i'.‘-g“‘-"‘l“.“-’x‘-,'-ié‘:g;_'{.‘—&;: S b S AN et A et




sITE 09

REF. STATION, DIST = 1h47 STATION 1, DIST = 150 STATION 2, DIST = 178 STATION 3, PIST = 206
RUN HI. | Lo | bypl Esy BT, [ b | Ly | Leg HL | Lo | Lo | Bso o [ 3] Lo | Leg

— ag g
DISTANCE AND HEIGHT IN FEET; Leq’ 0 L50 IN dBA

1 b5 T70.2 73.3 67.9 2 57.6 60.6 63.3 3 56.9 59.8 55.7 2 557 58.7 54.3
.E 2 L.s 72.7 T5.7T 69.5 6 619 64.8 59.1 5 60.2 63.0 57.7 5 59.6 6L.T 56.5
3 4.5 T4 Th.2 @B.2 8 61.2 64,0 58.8 7 60.3 62.6 57.h4 8 61,0 61.9 56.4
b 4.5 73.3 75.5 68,7 10  63.1 66.0 60.1 9 60,8 63.6 58.2 0 59.5 62,4 57.3
5 L5 72,5 75.9 6B8.5 12 65.5 69.0 63.1 11 62.5 65.8 60.7 12 61.2 64.6 59.5

6 L.5 72.2 76,0 69.1 h sg.4 62.4 57.8 13  62.2 65.6 60.3 1% 60.6 63.7 59.0




BITE 10C

1i-a

w o W o =

REF, STATIOI D = gh STATION 1, DIST = 163 | STATION 2, DIST = DIST = 268
AT, Lso 10 | Uso oo | Lso
DISTANCE AND HEIGHT IN FERT; L, a* T10® Dso
16 75.9 61.7 3.5 61.3 63,3 66.1 63.2
16 75.6 61.8 66,3 62.7
16 76.2 61.h 62,8 59.7
16 75.7 59.6 62.9 60,1
16 77.5 Gh.a 8.9 62.0
60,9
16 76.6 58.3
568.6
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APPENDIX E
COMPARISONS OF MEASURED AND PREDICTED ATTENUATIONS

Thigs appendix contains plots of the measured versus the predicted
attenuations at each measurement site. Measured attenuvations are
based upon Le data; predicted attenuations assume both car and
truck noise sources (0 and 8 feet high, respectively), and take
into account the finite length of each barrier. Shown on the
plots are both the ideal line, and the computed least-squares'
regression line, Note that the plotted attenuations are coded
for both height above ground and distance from roadway. See
Table IXI for a summary of the statistical tests performed for

the data at each site.
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APPENDIX F
FREQUENCY ANALYSIS OF MEASURED BARRIER ATTENUATION

Most practical methods for estimating barrier attenuation rely

upon the assumption that the A-weighted noise reduction of the
barrier is identical to the noise reduction determined from dif-
fraction theory for a 550 Hz signal. Because of the spectral
content of automobile and truck nolse sources, and the spectral
shape of the A-welghting filter, the acoustic energy in the

region around 500 Hz 1is a major contributor to the A-weighted
noige level of traffic noise. Thus, the use of the 550 Hz

noise reduction for the A-weighted noise reductiocn seems reasonable.

In order to validate this assumption, the measured A-weighted
attenuation was compared with the attenuation mgasured in the
500 Hz octave band for twenty~two samples obtained at nine of
the harrier sites. '

the average difference between the A-weighted and 500 Hz octave
band measured attenuations for these twenty-two samples was 0.5
dB, which was not significantly different from 0. Figure F.l
shows the measured A-weighted attenuations plotted versus the
measured attenuations in the 500 Hz octave band. The computed
least squares' regression line through these data points is
shown on the figure:; it has a correlation coefficlent of .94,
This comparison indicates that the A-weighted attenuation is
nearly identical to the attenuation of the 500 Hz octave band.
Thus, the use of a predictive method based on a frequency of
550 Hz appears to be a valid approach to predicting the A-weighted
attenuation of a harrier.
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APPERDIX G
COMPARISON OF MEASURED AND PREDICTED ATTENUATIONS
FOR STATE HIGHWAY DEPARTMENT DATA

In Reference 8, information is provided concerning fifty
barriers that have been built along roadways in this country
to reduce traffic noise., Por thirteen of these barriers,
measurements of the resulting attenuation have been reported
by the varilous State Highway Departments.

The reported measured attenuations have been compared with
predicted values of attenuation based upon the barrier atten-
uation nomograph in Reference 2. (Note that this nomograph
incorporates the Kurze-Anderson infinlte line source model
of attenuation.)

Table G-1 presents the predicted versus measured attenuations
for the various barriers, along with the geometric and traffic
parameters used in the prediction calculations, Note that for
several of the sites, more than one observer location is
considered. As shown on the table, complete, well-defined
information concerning the noise measurements was available for
only three of the barriers.

A lack cof information concerning many of the details of the
measurements and highway configurations precludes an extremely
accurate assessment of agreement between measured and predicted
results. However, as a rough measure of the agreement between
measured and predicted values, the average discrepancy may be

determined. For the thirteen barriers (incorporating 18 measure-
ment/prediction comparisons), the average digcrepancy is -0.5 dB,
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with a standard deviation of 4 dB. This small average discrepancy
between measured and predicted values indicates relatively good
agreement. The large standard deviation is not unexpected, based
upon the lack of detailed information from which to base predic~
tions.

Perhaps more important than the good agreement hetween measured
and predicted results indicated by this rough comparison is the
conclusion that barrier attenuation be evaluated after construc-
tion, and that uniform reporting standards and procedures be
adopted by the various state highway departments in this evalua~-
tion. This appreoach could lead to the development of a data
base for the purpose of evaluating barrier effectiveness. It is
therefore recommended that all reported attenuation data include
the following minimum information:

l. Source-barrier distance

2. Barrier-observer distance

3. Source height

4. Observer height

5. Barrier height

6. Barrier length

7. Location of measurement position
g. fPraffic volume

9. Heavy truck mix

10, Average vehicle speed

11. Measured attenuation values (including clear definition of
noise level descriptor used)

12. Brief description of measurement procedure
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FREDICTED V3, MEASURED HIQHWAY HOTSE BARRIER ATTENUATION

Table G-1

Observer- Traffic HMeasured

Baprier Locatlon Source~Barrier| Barrler Hedpht Leng:h  Velume {(VPH)Y/ | Speed | Prodietod Attanuntinn (4BAY [ Attenuation

and Descriptien Distance (rt,}) | Distnnee (ft.) {et.) (t.) | Truek Rix (%) | (MPH) § futos Prucks Totnl (dBA)

Frespne, Ca, 48 24 ki a6n 500/5 56 9,5 [ 7 10-13
SR-41 48 Th 7 ] 500/5 55 1.5 0 2

Conerete Wall

Mente!ﬁ:elln, Ca, 14 L3} 12,5 2300 hE33/5 55 14,5 11 13 1012

* SR=60

Conerete Well

Ontario, Ca, 80 15 8, 3ol 2792/5 55 9.5 8.5 9 6
1-10 8¢ Ba B,5 3oh 2792/5 55 5 3.5 4

Metal Wall

Paccima, Ca, 31 110 14 1164 H208/5 85 10 g ] 13
i~h

Concrete Wall

Snporamento, Ca, 50 70 7 a0 25 /5 55 6.5 0 3 13
I1-80 60 95 7 8310 2ha5/5 55 9 0 3

Concrete Wall

Boulder, Co. 30 50 6.5 1550 3000/5 55 10 0 2 0-8
SR=157 o 75 .5 1550 300045 55 a o 2

Earth Berm

W.Hort ford, Ct, 110 L1] 20 1800 st 29 14 13 13 11
I-84 128 130 20 1804 37177/7 579 10 9 £l 11

Earth Berm*

% Predicted attenuations for these nites are based on gomplete, vell-deflned messurement information,
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Table G-1
FREDICTFD V5, MEASURED IIIGHWAY N2ISE BARRIER ATTELUATION {(Cont'd)

Chgserver- Tralfie . Meanurad
Barrier Locatien || Source-Barrler | Barrier Height Length |Voelume (VPH)/ | Speed | Proadicted Attenustion (2530 Attenuation
N and Description Disvance (g, } | Distance (It.) (re. ) {re,) {Truck Mix (%} | (MPH) [ sutcs T TcLal (dEA)
Kalamazoo, M. T2 25 10 1850 1341/16.5 57 11 9 10 7-9
Earth Berm
Minneapolis, Mn. 98 35 17 1880 8000/5 60 16,5 15.5 16 10
I-354 100 185 17 1860 8000/5 60 9,5 8.5 9 &
. Wooden Wall#® 106 335 17 14880 Booo/s 60 6.5 6 6 7
CL Minneapolis, Mn. 64 68 21 {Sec 4 &000/1,5 60 15 13 14 12
I-gk below)
Concrate Wall#
Bti ;3U1’ Mn. 4o 55 12.5 1050 6000/4 14 11.5 10 11 2.5-5
Earth Berm
Bellevue, Wa, b 60 12 735 3000/5 55 10 B.5 g 4
I-H05 12¢ 170 12 73 3000/5 55 5.9 4,5 [l
Wooden Wall
Oak Creek, Wi, Yo 25 7.5 800 1335/2.5 &4 8,5 6.5 7 g
I-04 90 125 7.5 800 1335/2,5 a4 4 2.5 i 6
Earth Berm 90 300 7.5 800 1335/2,5 &4 2.5 1.5 2 L]
GPO 112.4a3

t predicted attenustions for these sites are based cn complete, well-defined measurement informaklon

t Seetlon of continuous wnll
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