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1. INTRODUCTION

Estimates of the U, 5. Environmental Protection Apency indicate that
103 million Americans expericnce environmental or community noise from
various sources including construction sites.! In the aassessment of
possible impact of urban construction site noise, it 15 necessary to have
an estimate of the attenuation of sound along the propagation path between
the source and the receiver, The attenuation of noise from construction
sites in urban arcas depends on a number of parameters of which street

geometry is the most significant.

The current report addresses construction site noise propagation along
urban street corriders for twe differont city block configurations, as well
as five different congtruction site orientations relative to a major street
intersection. The cenceptual propagation model and the computer programs
used to estimate urban street corridor sound propagation are presented
along with the resultant sound fields determined for the ten configurations

studied,
2, THE URBAN PROPAGATION MODEL

Urban sound propagation is complicated by many factors including
spherical divergence, excess ground and atmospheric attenuation, multiple
reflections from building surfaces, shielding by buildings, and scattering
from the bullding surfaces. Multiple reflection of sound in city streets
ereates both local reverberation and the ability of sound to propagate
around corners. The shielding effect of buildings constrains the sound
radiated by Individual sources to propagate along street channels while
subatantially redueinp the sound incident on building surfaces not exposed

' to the street channel., The scattering of sound from building surfaces

alters the distribution of sound energy along strects from that predicted
from multiple reflection alone and markedly increases the extent by which
sound propagates around corners,

In calculations of the contribution of multiple reflection in urban i
sound propagation, it is useful to employ the peometrical acoustics
1imit which requires the acoustic wavelength to be much smaller than
the typlcal geometric length scales associated with the propagation problem.
In a gross sense, this requirement 4is usually satisfied in urban areas as
the wavelengths of importance to A-weighted sound levels are typically
about 1.3 m (250 Uz.) to .17 m (2000 Hz.} while street dimenslons are
generally 15 m (50 ft} or more. With this simplifying assumption, sound
propapation due to gpecular reflection in idealized streect channels has
been studied by several researchers [2-7). Good quantitative agreement
between the geometric acoustics approximation and acoustic data from
physical scale models for smooth, acoustically hard street chammels has also
been demonatrated {2, 7). However, application of this theory to field data of



sound propapation in actual city streets (e.gp., Refs. B and 9} indicates
that the predicted sound levels (using wall sbsorption coefficlents
conaistent with exterior building materials) are substantizlly higher than

those measured [10, 11],

The discrepancy between field data and the specular reflection,
peometric acoustics model of urban sound propagatien is attributable to the
scattering of sound from buildinp surfaces. A closer examination of most
building surfaces reveals that the surfaces often contain many
irregularities formed by doorways, window recesses, and other facade
elements. The depth and width of these surface protrusions (and/er
recesses) are typleally on the order of the acoustie wavelengths of )

" dnterest, Thus, reflection from actual building surfaces is complex and

involves not only a specular compenent of reflection, but also a scattered
component,

The effect of rectangular surface irregularities in modifying the
sound distribution in street channels relative to the smooth wall
tdealization has been demonstrated in studies using acoustic models [5, 7].
These studies revealed that the presence of surface protrusions
significantly reduced (5-10 dB) the sound levels in the street channecls at
distances of about three or more streets away from the source while the
sound levels near the source were slightly increased (1-2 dB) [7]. This
trend was found to be more nearly conaistent with the urban sound

propagation field data reported.

As part of a stidy to develop a more sultable urban propagation model
which would include surface scattering, an empirical Investigation of
reflection and seattering from surfaces with rectanpgular protrusions was
conducted [11]. This investigation determined that the amount of energy
specularly reflected from such surfaces was dependent on ineident angle. f
The anpularly dependent reflection coefficient (defined as the ratio of the
reflected energy to the incident energy) as determined In this study 1s
presented in Fig. 1, In addition to determining an angularly dependent
reflection coefficient, the magnitude and angular dependence of the
seartered sound was also obtained, For the range of protrusion
configurations typically occurring on aetual building surfaces, it waa
further shown that reflected and scattered energy were not significantly
dependent on the details of the surface geometry or on frequency for octave

banda of noise between 250 and 2000 hertz,

Using the results of this surface reflection investigation, a .
comprehensive model of urban sound propagation was developed [11]. This -
model is conceptually similar to the geometrical aconstic limit model
discunsed earlier; however it incorporates angularly dependent reflection
from building surfaces and accounts for the energy scattered upon
reflection. As part of the development of this model, quantitative
agreement was demonstrated between predicted sound level, field data, and
acouatical model data. The propagation model was used to develop a number

+
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of computer programs applicable to propagation cases arising from the
common "grid. pattern" atreet confipuration. These casea include
propagation from a single Intersection, propagation from one intersection
throuph ancther, and propagation into the street of the second
intersection. For sinpgle intersections, the cases of four-way, tee and
open (half of o four-way) intersections were also prograrmed. With these
cases, the sound levels in streets surrounding the street containing a
nolse source can be determined, as 1llustrated in Fig. 2, In applying
these computer programs it should be noted that the following assumptions

are necessary:

+ the streets are continuously lined with buildings

+6pacings between adjacent buildings are not preater than
1/4 street widths

+building hedight 13 a least 1 street width

«street width is at least 1 order of magnitude greater than
the acoustic wavelength of interest

3. COMPUTED VALUES OF NOISE ATTENUATION FOR URBAN CONSTRUCTION SITES

The computer programs discussed in Section II were used to estimate
nolse propagation from construction sites for two different grid pattemrn
urban street geometries, The first case considered was square city blocks
which wera 180 m (GO0 ft) on end. The second case was rectangular city
bloecks which were 90 m (300 £t} wide and 180 m (600 ft) long, For the
first case three site locations were used. These sites and the street
peometries are presented in Fipgs., 3 and 4. The site 1llustrated in Fig. 2
was located in a street channel while those of Fig. 4 were located in an
undeveloped (no buildings) biock. For the second block configuration case
two site locations were used as illustrated in Figs., 5 and 6. The site in
Fig, 5 waa loeated at a fourway intersection and the site of Fig, 6 was in
a partially developed block such that buildings were assumed to be present
everywhere in the hlock accept in the 60 m (200 ft) by 60 m site,

In applying the urban propagation computer programs to some of the
specific constructlon nolse propagation cases of Fips, 3 through 6, some
approximations to site and street geometry were requirad, TFor the
propagation cases of Fig. 3, attenuations in all streets except Street 1b
could be computed directly, Because the existing computer programs de not
inelude propagntion through two intersections, it was necessary to
determine attenuations in Strecet 1b by assuming the intersection of Street
2 waoe not present snd that the only intersecting street between the site
and the receiver street (1b) was the Street 3 intersection. Although the
error associanted with this approximation can not be quantitatively assecased
within the scope of present effort, it is antieipated that this
approximation would intreduce no more than a 1 or 2 dB error in the
attenuation values in Street lb relative to the actual geometric
configuration, In order to compute attenuantions for the sites of Fig. 4,
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it was neceasary to nssume the geometry illustrated in Fig., 7. Although
the absence of buildings on either side of the bloeck containing the
conatruction site physically appears quite different from the geometry of
Fig. 4, acoustically, the absence of these buildings will cause enly
minimal effects In Streets 1 and 3 since, because of their orlentation,
these buildings do not contribute to the specularly reflected energy in the
atreets of interest. The assumed geometry of Fig. 7 is anticipated to have
fio more than about 1 @B effect on the attenuation values in Streets 1 and 3
relative to the actual site geometries of Fig. 4., An analogous geometry to
that of Fig. 7 was used to determine attenuation values for Street 2 of

Fipg. 4.

For the Case IT gite and street peometries of Fig. 5, the existing
computer proprams could be applied directly to determine attenuation values
in all streets except Streets le and 3., As was necessary for Strect 1b of
Site A Case I, to determine attenuation values in Streets lc and 3 of
F1g. 5, it wes necessary to omit the intervening intersection of Street 2
with Street 1. Again, the-effect of this approximation is (should be)
minimal. In erder to apply the computer programs to the propagation cases
of Fig. &, a similar approximation to that used for Sites B and C of Case I
(Fig, 7) was required. However, for this case, since buildings surround
the site, the width of the expanded street containing the site is one
street width (23 m) plus the site width (60 m) rather than two strects plus
one block width as was done for Case I. This assumed geometry 1s presented
in Fig. 8 as it applies to Streets 1, 2 and 3 of Site B, Case IT (Fig. 5).
As was stated in repard to the corresponding Case I approximatfon, it is
anticipated that the assumed geometry of Fig., & will not appreclably effect
the caleulated attenuatlion values {no more than about 1 dB) due to the lack
of contribution from the omitted buildings te the reflected energy in
Streeta 1, 2, and 3. A geometry analogous to that of Fig, 8 was used to
determine attenuation values in Streets 4 and 5 of Site B, Case 1T (Fig. 6).

Using the site geometries discussed above as needed, noise attenuvation
values for the various sites for each of the block confipgurations were
computed, The attenuation values for Case I are presented in Tables 1
through 7 for Sites A, B, and C. These attenuation values are applicable
to A-weighted sound level for the construction noilse spectral data shown in
Tigure 9 and to octave band levels for center frequencies from 250 to 2,000
hertz. It will be noted that distance along streets 1s presented
normalized by the street width, or 23 m (75 ft). This was done since the
rasults are equally applicable to any geometrically simdlar propagation
case (i.e., in Case I, the values given would be identical to any
configuration of squarc blocks where the ratio of block length to strest
width was 8 to 1 and tha source location was similar). was 8 to 1 and the
source location was similar), It will also be noted that the distances in
Toblea 3, 5, and 6 correspond to the distances along the street from the
g:rpendieular‘projection of the site location onto the street centerline.

¢ attenuation values of Tables 1 through 7 are also plotted in Figs. 10,
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11, end 12, For these plots, distance is taken to he the distance from the
site to the street channel plus the appropriate distance along the
channel(s). Using this distance measurement, all the attenuation values
for one site could be shown on the same plet. In addition to the urban
attenuation values, the ideal frce field attenuation rate of 6 dB per
doubling of distance is alsc Indicated in each of Figs. 10, 11, and 12,

The location of the intersection openings is also provided in the plots
along the distance scale.

The attenuation values for Black Configuration Case II are presented
in Tebles 8 through 15, The distance values for Site B were determined in
the same manner as those for Case I, Sites B and €., Attenuation versus
digtonce from the site for Case I is plotted in Figures 13 through 16 for
Sites A and B, In addition to plotted free field attenuation as in Figures
10-12, the attenuation values for Streets 1l and 4 of Site A and Streets 1
and 4 of Site B are plotted for the case of no intervening intersectiens
between the site and the receiver point. These values were included to
demonstrate the effect of the intervening iIntersections on the attenuation
values down the regpective streets. Examination of these curves in Figs.
13~16 reveals that the effect of the presence of the intersection is to
increase the attenuation after the intersection by about 1 te 2 dB relative
to no intervening intersection.

Inspection of the attenuation plots in Iigs. 10-12 and Figs. 13-16
leads to several conclusions relevant to urban propagation of comstruction
noise. On those streets where a line-of-sight is maintained with the site
{t.e. Street 1 of Case T, Site A and Streets 1 and 4 of Case II, Site A)
the observed sound level is substantially higher than the corresponding
free~field sound level, This elevation in level ranpges from 2 to 10 dB,
depending on distance from the site for these streets. Further, for these
streets, the attenuation versus distance values are nearly identical,
falling within about 1 to 2 dB of each other. TFor those streets in which
the site is offset from the street channel (l.e. Streets 1 and 2 for Case
I, Sites B and C, and Streets 1 and 4 for Case II Site B) attenuation
versus distance is quite close to attenuation versus distance due to
spherical divergence (6 dB/doubling of distance). For these streets, the
attenuation values are typically within 3 dB of the free~field values and
within 5 dB of each other. Finally, for those streets in which the sound
propagates initially down a street channel and then around & corner
{1,e, for Case I, Streets 2 and 3 for Site A, Street 3 for Sites B and C;
for Case 1Y, Strecets 2, 3, and 5 for Sites A and B) the attenuation values
inerease very rapidly with distance from the site, In most cases this
attenuation is between 35 and 40 dB at distances of less than 20 street

widths from the site, -

Application of the attenuation values in Tables 1-15 and in
Figs. 10-16 can be readily made to determine sound levels in streets due to
a particular known source. The steps required to determine these sound

levels are:

.
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1. Calculate the source nolse level at one street width, This is
done by subtracting 20 times the logarithm (te the base ten) of
the street width divided by the distance for which the
free-field source level 13 specified.

2. Determine the normalized distance between the site and the
recelver point of interest by dividing the distance by the
strect width,

.3 Using the normalized distance, find the attenvation value

corresponding to that distance.

4, Subtract the the attenuation value from the source noise level
at one street width to determine the noise level at the point of
interest.

As an example of this procedure, suppose it is desired to determine the
A-weipghted sound level 270 m (500 f£t) from the construction site of

Fipure 5 in Styreet 4b, Further, the source is known to have an A-weighted
sound level of 82 dB at 15 m (50 ft). Yollowing the steps sutlined abave:

1. The source level at one street width is (expressed in feet) -

75 ft
82 - 20 LOG R 78.5 4B

2. The normalized distance betveen site and receiver point is
{in feet) -

200 ft
7 e - 12 STREET WIDTHS
K From Figure 13, the attenuation at 12 street widths for

Street 4b 1s about 12 dB
4, The A-weighted sound level at the receiver point is therefore -

78,5 - 12,0 = 66.5 dB

A more direct approach to applying the attenuation values of
Tigs. 10-16 {5 simply to adjust the scales of the plots to cotrespond to
the specific case of interest. Assuming the same source noise levels as in
the above example, the attenuation values of Fig. 14 have been cohverted to
A=weighted sound levels as a function of distance in meters and are
presented in Fig. 17, It will be noted the 0 dB attenuation value at one
strect width in Fig. 14 corresponds to the A-weiphted sound level of
78.5 dB at 23 m in Fig. 17 as determined in the previous example.

In addition the propapgatien cases of Fips. 3-6, an attempt was made to
asgess the penctration of sound into and through city blocks due to
alleyways in the blocks. An example of the peometry used to attempt such
an assessment is piven 4n Fig., 18 for Block Configuration Case IIL, Site A,
It should be noted that the assumed alleyway width 1s 4.6 m (15 £t), which
is not an order of mapnitude greater than the lonpest acoustic wavelength
of intereat, that is, 1.3 m for 250 hertz, This criterin is only met at

1;
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1000 hertz and above., Thersfore, the attenuation values detetmined by the
propagation model can nat be confidently applied to 250 and 500 hercz
octave~band sound levels or to A-weipghted sound levels for the construction
noises represented in Tig. 9. 1In order te have reliasble prediction of .
attenuation values at these frequencies for a 4.6 m alleyway, the existing
propagation model would have to be verified emperically for this case
and/or expanded to include the wave properties of sound propagatien for
this narrow channel width,

Although there are limitations on applying the results, the calculated
attenuation values for the alleyway configuration of Fig. 18 are plotted in
Fig. 19. Also plotted in Fig. 19 are the attenuation values in Streets 1
and 4 of Site A Case II in the vicinity where the alleyways intersect each
respective street, It will be noted that the alleyway attenuation values
increase with distance in much the same manner as noted earlier for
Streets 2a, 2b, 3a and 3b of Site A Case IT (Fig. 13). The attenuation
values of Fig. 19 indicate, that at least for higher frequencies,
penetration of noise into the bloeck along alleyways may be significant and
may result in some nolse impact. Hewever, because of limitations of the
propagation model in predicting A~vweiphted attenuation for such narrow
channels, no definitive statement about noise levels along alleyways can be

made based on the values of Figure 19.
4. SUMMARY OF RESULTS

The urban sound propagation model described in Seetion IT of this
report has been applied to several urban configurations to determine
attenuation in street corriders near constructiocn sites. The resultant
sound level attenuation values presented in Section III can be summarized
with several peneral observations. The first of these obsecrvations is that
the sound levels and attenuation rate in the straet corridors are dependent
on the position of the construction site relative to the corridor opening.
When the gite is located directly in the street opening, the sound level
attenuation rate is about 3.5 8B per doubling of distance along the straet.
This rate can be approximated by n cylindrical divergence model of channel
propagation with some excess attenuation as has been indicated in previous
studies [2, B], Further, because this rate is lewer than the spherieal
divergence (6 dB/DD) rate that would occur in a idealized open araa, the
gound level in the street 1s higher than would be expected in an open area
by as mueh as 10 dB at distances greater than about ten street widths.

When the site is offset from the street corridor opening, the sound level
attenuation rate is approximately 6 dB per doubling of distance along the
street and hence more closely approximates the attenuation rate associated
with spharical diverpence. For these cases, although the attenuation rates
are similar, the sound levels in the streets are typleally offaet slightly
higher than would be expected in a free-field environment by as much as 4 dB.
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The second sct of observations ceoncerns propagation through and around
intervening intersections located between the site and the street of
interest. When the propagation path is directly through the intersection,
the sound levels in the street past the Intersection are only slightly -
lower (1 to 2 dB) than would be expected 1f the intersection were not
present., However, when the propagation path includes turning a corner at
the intervening intersection, the sound levels in the street around the
corner are substantially lower than the sound levels in the street for
which the propagation path 1s directly through the Intersection. The
difference In sound level between these two streets 1s initially about 2 to
5 dB near the intersection decreasing to as much as 15 to 18 dB before the

next intersection,
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Table 1: Case I, Site A, Street 1 - Attenuation Relative to Free
,Fleld Sound Level At 1 Street Width (75 ft.) as a Function
of Distance From the Site.

Street la Street 1b
. Distance Attenuation Distance
{Street Widcths) (dB) (Street Widths)
5.2 7.3 14,2
5.5 7.5 14.5
6.0 8.0 15.0
. 6.5 B.2 15.5
o 7.0 8.8 16.0
- 7.5 9.0 16.5
I 8.0 9.4 17.0
T 8.5 9.6 17.5
i 9.0 10.0 18.0
i 9.5 10.4 18,5
: 10.0 10.7 19.0
L 10.5 11.0 19.5
o 11.0 11.3 20.0
4 ' 1.5 1.6 20,5
i 12.0 11,7 21,0
% 12.5 12,0 21.5
g
q
&
}
i .
|
‘ 29
S M AN S i L 10 il My e AR T T e A e S e e, e v i S i b § s ©

Attenuartion
(dB)

12.7
12.9
13.2
13.4
13.8
13.9
14.4
14.3
14.8
14.8
15.1
15.3
15.3
15.8
15.9
16.0



Table 2 : Case I, Site A, Streets 2 and 3 =~ Attenuation Relative to
Free Field Sound Level at 1 Street Width (75 ft.) as a
Function of Distance into Side Street

Distance Streets 2a & b Streets 3a & b
(Strect Widths) Attenuation Attenuation -

(dB) (d1)
+25 ' 9.1 18.0
.5 10.5 19.9
1.0 13.0 22.7
1.5 14.5 24.1
2.0 15.5 ’ 25.8
2.5 16.8 ' 27.0
3.0 17.8 28,2
3.5 18.5 29.1
4.0 19,5 30.0
: *’h5 20,2 30.9
: 5.0 21,0 31.5
i 5.5 21.6 32.0
i 6.0 22.3 32.6
i 6.5 23.0 33.2
7.0 23.4 33.7
745 24,0 34.1
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Table 3: Case I, Site B, Streets 1 and 2 - Attcnuation Relative to
Free Field Sound Level at 1 Street Width (75 ft) as a
Function of Distance from the Site as Measured Aleng the

Street
Street 1la & 2 Strect lb
Distance Attenuation Distance Attenuation
{Street Widths (dB)’ (Street Widths) (dB}
2.6 5.0 12.6 20.9
2.8 8.7 12.8 21.0
3.3 10.5 13.3 o 21.3
3.8 12.6 13.8 21.6
4,13 12.7 14.3 21.8
4.8 13.7 14.8 21.8
5.3 4.8 15.3 21.7
5.8 15.0 15.8 21.8
6.3 15.2 16.3 21.8
6.8 15,9 16.8 21.8
7.3 16.5 17.3 22.0
7.8 16.7 17.8 22,2
8.3 17.2 18.3 22.3
8.8 17.5 18.8 22.4 ;
9.3 17.8 19.3 22.4 ;
9.8 18,0 19.8 22,6 :

k)
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Table 4 : Case I, Site B, Street ] — Attenuation Relative to Free
Field Sound Level at 1 Street Width (75 ft) as a Function
of Distance into the Side Street

Strect 3a Street 3b

Distance Attenuation Attenuation
(Street Widthsa) (dB) . (dB)
25 23.8 24.5
W5 25.7 26.4
1.0 28.0 29.1
1.5 3044 30.1
2.0 31.8 31.2
2.5 33.4 az.7
3.0 33.6 . 34.0
3-5 3503 34-1
4.0 35.8 35.1
4.5 36.3 35.3
5.0 7.2 35.7
5.5 a7.6 36.8
6.0 38.1 37.0
6.5 38.5 37.7
7.0 9.1 37.8

7.5

39.5 38,2
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Table 5: Case I, Site C, Street 1 - Attenuation Relative to Free Field
Sound Level at 1 Street Width (75 ft.) as a Function of

Distance from the Site as Measured Along the Street

Street la Street lb
- Distance Attenuatio Distance Attonuation
(Strect Widths) {dB) . (Street Widths) (an)
2.6 13.6 12.6 24,9
2.8 14,7 1z2.8 25,0
3.3 16,2 13.3 25,3
3.8 16.4 13.8 25,4
4,3 17.6 14,3 25.7
: 4.8 17.5 14.8 25.5
% 5.3 18,6 15.3 25.5
s 5.8 19.4 15.8 25.5
K 6.3 20,2 16.3 25.7
5 5.8 20.6 16.8 25.9
; 7.3 20.7 17.3 26.1
b 1.8 21.1 7.8 26.1
8.3 21.3 18.3 26.2
£ 8.8 21.7 18.8 26.3
“ 9.3 22.0 19.3 26.4
% 9.8 22.5 19.8 26.6
4
E
A;;_"
;';'3
i
Ji .
}
i
#
I3 .
H
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Table §; Case I, Site C, Street 2 - Attenuation Relative to Free
Field Sound Level at 1 Street Width (75 ft.) as a Function
of Distance from the Site as Measured Along the Street

Street 2

Distance Attenuation
{Street Widcths) (dB)
5.25 12.4
5.5 12.7
6.0 12.7
6.5 13.8
7.0 14.1
7.5 14.4
8.0 15.5
8.5 15.6
9.0 15.8
9.5 15.9
10.0 16.1
10.5 16.5
11.0 16.7
11.5 17.2
12.0 17.4
12.5 17.5
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Table 7 : Case I, Site G, Street 3 - Attenuation Relatlve to Free
Fleld Sound Level at 1 Street Width (75 ft.) os a

: Distance
! {Street Widths)
: .25
: «5
. 1.0
& 1-5
i 2.0
Y 215
i 3.0
: 3.5
h 4.0
¢ 4-5
: © 5.0
yf' 5-5
. 6.0
s 6.5
?.; 7-0
i; 7-5
5

§

[:

4

T T e LR UM b, bk e e e e P S AR WAL T Y

i b BT e e bbb

Function of Distance into the Side Street

T b bt e s A R S o L ey e S

Street 3a
Attenuation
(dB)

26.1
28.1
31.9
34.9
36.5
36.4
39.3
41.6.
41.2
41.5
43.0
44,1
43.2
44.3
45.2
44,7
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Street 3b
Attenuation
{dB)

28.8
30.5
34,2
37.3
7.4
38.0
40.6
42.3
41.8
!‘1.9
43.6
43.8
43.8
44.6
45,0
45.3
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Table B: Case II, Site A, Street 1 - Attcnuation Relative to Free Fie]:d
Sound Level at 1 Street Widech (75 ft.) as a Function of Distance

from the Site

Street la Street lb Street lc
Distance Attenuation Digtance Attenuation Distance Attenuation
(Street (dB) (Street (dB) (Street (4B)
Widths) Widths) Widths)

.75 -2.8 5.7 B.2 10.7 11.3
1.0 ~1.9 6.0 8.4 11.0 11.6
1.5 0.1 6.5 8.7 11.5 11.8
2.0 1.6 7.0 9.0 12.0 12.1
2.5 2.7 7.5 9.4 12.5 12.4
A0 3.6 8.0 9.8 13.0 12.6
3.5 4.4 8.5 © 10,1 13.5 12,7
[ 5.1 9.0 10.5 14.0 13.0
4.5 5.6



Table 9: Case 1L, Site A, Streets 2 and 3 - Attenuation Relative
to Free Field Sound Level at 1 Street Widch (75 ft.) as
- , 2 Function of Distance into the Side Street

Streets 2a and b

Distance
{Street Widths)

- ' «3
N .5
; 1.0
i 1.5
2.0
5 2.5
K 3.0
3.5
i 4.0
a5
' 5.0
i 5.5
& 6.0
i 7.0
% 7.5
4

q

i

g

i

{

L e

!
[|

'“"m-ltu.u‘_r-.n:-‘h-‘G‘.m.r‘ﬁi‘-.-'-'—l;ﬁh-vw‘-\.q“:_h.';.“‘_

Py

Attenuation

11.2
13.4
15.0
16.8
17.9
18.8
19.7
20.9
21.8
23.0
23.6
24.6
25.6
26.2
26.9
27.7
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Streets Ja and b

Distance
(dB) (Street Widths)
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Attenuation
(dB)

15.9
17.0
18.9
20.3
21.6
22.8
23.8
24.9
26.1
27.2
28.3
29.4
30.5
3l.5
32.3
33.1
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Table 1: Case II, Site A, Street 4 -~ Attenuatlion Relative to
. Free Field Sound Level at 1 Street Width (75 ft.)
a8 a Function of Distance from the Site

Street fa Street 4b
Distance Attenuation Distance Attenuation

(Street Widths) (dB) (Street Widths) (dp)
75 -2.8 9.7 10.7
1-0 -109 10-0 10-9
1.5 .1 10.5 11.2
2.0 1.6 11.0 1l.6
2.5 2.7 11.5 11.9
3.0 3-6 '12.0 12-1
3.5 bl 12.5 12.3
4.0 5.1 13.0 12.6
4.5 5.6 13.5 12.7
5.0 6.1 14.0 12.9
5.5 6.6 14.5 13.4
6.0 7.0 15.0 13.6
6.5 7.4 15.5 13.8
7.0 7.8 16.0 14.1
7.5 8.1 16.5 14.2
17.0 14.6

|
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Table 11: Case II, Site A, Street 5 - Attenuation Relative to
Free Fleld Sound Level at 1 Street Width (75 ft.)
ag a Function of Distance inte the Side Street

T
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Streets 5a and b

Attenuation
(dB)

14.7
16.6
18.2
19.6
21.0
22.1
23.2
24.3
25.3
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Table 12: Casc II, Site B, Strect 1 - Attenuatlon Relative to Free Field
Sound lLevel at 1 Street Width (75 ft.} as a Function of
Distance From the Site as Measured Aleng the Street

Street la Strect 1b Street lc
Distance Attenuation Distance  Attenuation Distance Attenuation
(Street (dB) (Street (dB) {Street (dB)
Widths) Widths) Widths)

2.6 7.7 7.6 17.4 12.6 19.4
2.8 7.5 7.8 17.2 12.8 19.5
3.3 8.8 8.3 17.7 13.3 19.7
3.8 10.6 8.8 18.2 13.8 20.0
4.3 10.8 9.3 18.2 14.3 20.2
4.8 11.8 9.8 18.1 14.8 20. 4
5.3 13.0 10.3 18.4 . 15.3 20.8
5.8 13.3 10.8 18.7 15.8 20.9



Table 13: Case 11, S5ite B, Streects 2 and 3 - Attenuation Relative to
Free Field Sound Level at 1 Street Width (75 ft.) as a
Function of Distance into the Side Street

Street 2a Street 2b Street 3a Strect 3b
Distance Attenuation Attenuation Attenuation Attenyaton
(Street Widths) {dB) . (aB) (dB) (ds)
+3 19.1 17.4 22,2 24,0
] 15.5 19,7 24.4 26.4
1.0 21.4 20.3 27.5 28.1
1.5 23,2 : 21.6 29.0 31,1
2.0 < 24.3 24,1 30.7 32.7
g 2.5 26,1 25,4 32.6 - 33,7
. 3.0 27.7 25,2 34.0 35,1
- 3.5 28.3 26.5 34.5 36.7
4.0 29.5 27.3 35,7 36.5
i 4.5 30.1 28.2 36.2 37.7
5.0 3l.2 28.6 37.1 38.3
A 5.5 32.2 29.9 37.9 38.7
g 6.0 32.6 0.4 ir.9 39,5
i 6.5 33.3 30,9 38.6 39.9
7.0 33.6 31.2 39.1 40.7
g 7.5 34.4 1.8 39.4 40,7
g‘:‘:.
u
P
i
5.
£
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Tapble 14 Case II, Site B, Street & -~ Attenuation Relative to
Free Field Sound Level at 1 Street Width (75 ft.) as a
Function of Distance £rom the Site as Measured Along

the Street
Street 4a Street 4b
Distance Attenvation Digtance . Attenuation
{Streat Widcths) {dB} {Streat Widths) (dB)
2.6 7.7 11.6 18.9
2.8 7.5 11.8 19.0
3.3 8.8 12.3 19.3
3.8 10.6 -12.8 19.8
4.3 10.8 13.3 19.9
4.8 11.8 13.8 20.1
5.3 13.0 14.3 20.3
5.8 13.3 14,8 20.4
6.3 13.4 15.3 20.5
6.8 14.0 15.8 20.6
7.3 14.7 16.3 20.9
7.8 15.1 le.8 21.1
8.3 15.5 17.3 21.4
8.8 16.0 17.8 21.5
9.3 16.4 18.3 21.6
9.8 16.7 18.8 21.9
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Table 15: Case II, Site B, Street 5 - Attenuatlion Relative to
Free Field Sound Level at 1 Street Wideh (75 ftr.) as

. Distance
(S5treet Widths)
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Street 5a

Attenuation

43

(dB)

22.9
24.1
27.0
27.9
29.5
1.3
32,7
33.3

a Function of Distance inte the Side Street

Street 5b
Attenuation
(dB)

22.0
23.4
26.0
28.3
30.1
31.7
32.5
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