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Foreword

In choosing among alternative sites for
housing, potential noise problems are
prominent among the issues that must be
examined, These Noise Assessment
Guidelines were developed to provide
HUD field sta¥l, interested builders,
developers, and local officials with an
easy-10-use method of evaluating noise
problems with a minimum of time and
effort

We believe that this set of tools will
simplity the process ol balancing tha goal
of environmental protection with those of
efficiency and reduced housing costs. We
hope you will find them usetul, and invite
your commenis.

Benjamin F Bobo
Acting Assistant Secretary for
Policy Development and Research

e e\

Stephen J. Bollinger
Assistant Secretary for
Community Planning and
Davelopment
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Preface

The Department of Housing and Urban
Development, in its efforts to provide decent
housing and a suitable living environment, is
concemed with noise as a major source of
environmental pollution and has issued Sub-
part B on Noise Abatement and Control 1o
Part 51 of Title 24 of the Code of Federal
Regulations.

The policy established by Subpart B em-
bodies HUD objectives to make the assess-
ment of the suitability of the noise environ-
ment al a site: (1) easy 1o parform; (2)
uniformiy applicable to different noise
sources; and (3) as consistent as possible
with the assessment policies of other Federal
deparments and agencies. In furtherance of
these objectives, the Office of Policy Devel-
opment and Research has sponsored
research 1o provide site analysis techniques.
Thase Noise Assessment Guidelines do not
constitute established policy of the Depart-
ment but do provide a methodology whose
use is encouraged by HUD as being con-
sistent with its objectives. The Guidelines
provide a means for assessing separately
the noise produced by airport, highway, and
rallroad operations, as well as the means for
aggregaling their combined effect on the
overall noise environment at a site.

This booklet has been prepared by Bolt
Beranek and Newman inc., under Contract
No. H-2243R for the U.S. Department of
Housing and Urban Development. ltis a
revision of an earfier edition published in
August 1971, With the exception of changes
made by the Department, the contractor is
solely responsible for the accuracy and
completeness of the data and information
contained herein.
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Introduction

These guidelines are presanted as partol a
continuing effort by the Department of Hous-
ing and Urban Development to provide
decent housing and a sultable fiving an-
vironment for all Americans.

training will be able to assess the exposure of
a housing site to presant and future nolse
conditions. In this context, the site may hold
only one small building, in which case the

buildings, and the noise level may be dif-
ferent at different parts of the site (or build-
ing). Assessments of the noise exposure
should be made at representative locations
around the site where significant notse is
expecied. These are designated as “"Noise
Assessment Locations,” abbreviated NAL in
the following text.

The anly materials required are a map of
the area, a ruler (straight edge}, a protractor
and a pencil. Worksheets and working
figures are provided separately.

All of the information you need can be
easily obtained - usually by telephone, For
convenienca, this information is listed at the
beginning of each section under headings
that indicate the most likely source. While
you are obtaining this information, be sure 1o
ask about any approved plans for future
changes thal may affect noise levels at the
site - for example: land-use changes,
changes in airport runway traffic, widening ol
roads, and so forth. In all evaluations, you

should assess the condition that will have the
mos! severe or most lasting effect on the use
of the site.

environment at a site is determined by the
outdoor day-night average sound level
(DNL) In decibels (dB). The assessment of
site acceptability is presented first as an
evaluation of the site’s axposure to three
major sources of noise - aircraft, roadways,
and railways. These are then combined io
assess the total noise at a site. Worksheets
are provided at the back of these Guidelines
1o use in summarizing your evaluations.
The noise environment al a site will come
under one of three calegories:
Acceptable (DNL not exceeding 65 deci-
bels) The noise exposure may be of soma
concem but common bullding constructions
will make the indoor environment acceptable
and tha outdoor environment will be rea-
sonably pleasant for recreation and play.
Mormally Unacceptable (DNL above 65 but
not exceeding 75 decibels) The noise expo-
sure is significantly more severe; barriers
may be necessary between the site and

wmmmm}m
noise axposure at the site is 50 severe that
the construction cost to make the indoor

noise environment acceptable may be pro-
hibitive and the outdoor environment would
still be unacceptabile,

When measuring the distance from the site
lo any noise source, measure from the
source lo the nearest points on the site whare
buildings having noise-sensitive uses are

relevant measurement location for bulldings
is a point 2 meters (6.5 feet) from the facade.

if al any point during the assessment tha
site’s exposure to noise is found 1o be
Unacceptable or Normally Unacceptabie,
every effort should be made to improve the
condition, 8.g., the location of the proposed
dwellings can be changed or some shigiding
can be provided to block the noise from that
source.

Where quiet outdoor space is desired al a
site, distances should ba measured from the
Important nolse sources to the outdoor area
in question and the combined noise expo-
sure should be assessed.

Frequentty, the iocations of dweliings have
not yet been specified at the time the noise
assessmant of a site is made. In these
instances, distances used in the noise
assessment should be measured as 2
meters lass than the distance from the build-
ing setback line to the major sources of noise.



Combining Sound Levels in Decibeis

The noise environment at a site is deter-
mined by combining the contributions of dif-
lerent notse sources. In these Guidelines,
Workcharts are provided to estimate the con-
tribution of aircraft, automobile, truck, and
train noise to the total day-night average
sound level (DNL) at a site. The DNL contri-
butions from each source are expressed in
decibels and entered on Worksheet A. The
combined DNL from all the sources is the
DNL for the site and is the value used o
determine the acceptability of the noise
environment.

Sound levels in decibels are nof combined
by simple addition! The following table

shows how to combine sound levels:
Table
Difterence in Add o
Sound Lavel Larger Level
o 30
1 25
2 241
3 18
+ 1.5
-] 1.2
) 1.0
T 08
8 06
9 05
10 0.4
12 03
14 02
18 0
greater than 16 o

Use the table by first finding the numerical
difference in sound level between two levals
being combined. Entering the table with this
value, find the value to be added 1o the largar
of the two levels, add this value to the larger
level to determing the total. Where more than
two levels are 1o be combined, use the same
procedure o combine any two levels; then
use this subtotal and combine it with any
other level, and s0 on. Fractional numerical
values may be interpolated from the table;
however, the final result should be rounded
to the nearest whole number.

Example 1: In performing a site evaluation,
the separate DNL values for airports, road
traffic, and rallroads have been listed on
Worksheet A as 56, 63, and 61 decibels. In
order to complete the final evaluation of the

be added to 63, for a subtotal of 63.8. The
difference between 63.8 and 61 is 2.8; from
the table you interpolate that approximately
1.9 should be added to §3.8 for a lotal ol 65.7
or 66 dB when rounded to whole numbers,
This example shows how noise from different
sources may be Acceptable, individually, ata
site, but when combined, the lotal noise an-
vironment may exceed the Acceptable DNL
limit of 65 decibels.

51



Aircraft

Necessary Information

To evaluate a site’s exposure to aircraft
noise, you will need 1o consider all airports
{civil and military) within 15 miles of the site.
The information required for this evaluation is
listed below under headings that indicate the
maost likely source. Before beginning the
evaluation, you should record the loliowing
information on Worksheet B

From the FAA Area Office or the Military
Agency in charge of the airport:

® Are current DNL or NEF (Noise Exposure
Forecast) contours available? Noise con-
tours are available for almost all military air-
ports. Thesa contours have been developed
and published as par of the Air Installation
Compatible Use Zone (AICUZ) program of
the Department of Defense, Thae contours
are published normally as part of an AICUZ
report. Noise conlours are also available for
supenmposed on a map with an appropri-
alely marked scale (see Figure 1, page 4).
* Any available information about approved
plans for runway changes (extensions or new
runway's).

From the FAA Control Tower or Airport
Operations (it ONL or NEF contours are not
avarlable)

* The number of nighttime jet operations
(10p.m.-7am.)

* The number of daytime jel operations
(7am. -10p.m.)

* The flight paths of the major runways.

* Any available information about expected
changes in airport traffic, e.g., will the num-
ber of operations increase or decrease in
the next 10 or 15 years.

In making your evaluation, use the data lor
the heaviest air traffic condition, whether
prasent or future.

Evaluation of Site Exposure
to Aircraft Noise

If current DNL (or NEF) contours are avail-
able (as in Figure 1 page4), locate the site on
the map by referring to the marked distance
scale. Il there are no other noise sources in
the area, you do not need 1o do anything else
If there are other noise sources affecting the
site, you will need 1o find the precise DNL
value 50 you can combina it with the other
sources. Obtain the DNL at the appropriate
MNAL on the site by interpolation between the

contours on efther side of the NAL. It NEF
conlours are used, estimate DNL by adding
35 decibels to the NEF values. Note that
contours are usually provided in 5 decibel
increments. (See Example 2 on page 4.)
When supersonic aircraft operations are
present, DNL contours are required for the
assessment.

i DNL or NEF contours are nof available,
the DNL at a site may be estimated in sevaral
different ways:

* An FAA Handbook (Reference 1) can be
used to estimate DNL contours for sites in
sation sl ; jot
# A handbook available from EPA (Refer-
ence 2 at the back of this Guide) can be used

to calculate DNL at individual points.
* A procedure lor constructing approximate
DNL contours for sites near commarcial jet

Figure 1
Example of DNL Contours

Thousands of Feel
. -
n’ 02468

Example 2: The illustration in Figure 1 at the
top of page 4 shows the NAL's on a map that
has DML contours. We find that NAL number
1 hes between the 65 and 70 dB contours and
that NAL number 2 lies outside the 65 dB
contour,

W find the DNL at NAL number 1 by inter-
polation from the distances between the NAL
and the 65 and 70 dB contours.,

By scaling off the map, we find that the
distance from the NAL measured perpen-
dicularty to the contours, is BOO feet to the 85
dB contour and 2400 feat to the 70 dB con-
tour. The distance between the 65 and 70 dB
contours is 2400 + 800 =3200 feet. We find
the DNL at the NAL numbser 1 to be 65
decibels plus 800/3200 x 5 decibels = 66.3
decibels.

Example 3: The lllustration in Figure 2 at the
bottom of page 5 shows an airpor tor which
DML or NEF contours are not available. The

nirpnrtlhu 10 nighttime and 125 daytime jet

ToMmmm.w
determine the effective number of operations
as follows:

10 {nighttime) x 10 = 100
Add 1o this the actual number of daytime
operations:
100 + 125 (dayfime) = 225

To determine the distances A and B in
relation to the runway (see Figure 3, page 5),

enter the effective number of operations on
the horizontal scales of the charts in Figure 3,



airports without supersonic aircraft is as distance D" from the NAL to the flight path, as
follows: - in Figure 2. Scale the distance D' from the 65
Determine the “effective” number of jet dB contour 1o the flight path. Divide D by D'
operations at the airport by first and enter this value into the following table to
the number of nighttime jet operations by 10.  find the approximate DNL at the NAL.
Then add the number of daytime jetopera-
tions to obiain an effective total (see Example  Table 2
3, page ). ﬁ_ DHL
On amap of the area showing the principal a8
runways, mark the location of the site and, Ug 65
using the diagram and charts of Figure3on | 12 o
page 5, construct approximate DNL contours 1,41 B2
of 65, 70, and 75 dB for the major runways }-g 61
and flight paths most likely 10 affect the site. 2 o ',E
{see Figure 2, page 5) 2.24 58
251 57
Although a site may be Acceptable for 2 2 -
exposure 1o alrcraft noise; exposure o other
sources of nolse, when combined with the
able. Therefore, il necessary, values ol air-
craft noise exposure less than 65 dB can be
estimated from Table 2. Scale the shortes!
Figure 2
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read up to the DNL curves; read across the
chart to the left 1o obtain distances A and B
from the vertical scales on the charts.

We find Irom Figure 3, for example, that for
225 efiective operations, distance A is 4200
feet for the 65 dB contour and 2000 feet for
the 75 dB contour, Distance B s 31,000 feet
for the 65 dB contour and 11,000 leet for the
75 dB contour,

Example 4a: The NAL shown in Figure 2 is
outside the 65 dB contour, The distance D*
from the NAL to the flight path is 9700 feet.
The distance D' from the 65 dB contour 1o the
flight path, measured from
the contour, is 3700 feet. The ratio D°/D' is
9700/3700 = 2.62. From Table 2 we find the
DNL from the airpor to be 56.6 dB. We do not
know whather the site is Acceptable or not,
however, since we must also assess the
contribution of roadway and train noise io the
total DNL at the site.

Example 4b: We observe thal the perpen-
dicular distance (D7) from NAL number 2
(Figure 1) to the flight path is more than 3
times the distance (D') from the 65 dB con-
tour to the flight path. From Table 2 we find
that the contribution of the airport 1o the DNL
at NAL numbser 2 is less than 55 decibels. We
need not consider the airport furthar in
accessing the noise environment at this sile.



Roadways

Necessary Information

To evaluate a site's exposure to roadway
noise, you will need to consider all roads that
might contribute to the site’s noise environ-
ment; roads farther away than 1000 feet
normally may be ignored.

Before beginning the evaluation, deter-
mine if roadway noise predictions already
exist for roads near the site. Also try to obtain
all available information about approved
plans for roadway changes (e.g., widening
existing roads or bullding new roads) and
about expected changes in road traffic (e.g.,
ndll#phnfﬁcmﬂsmaﬂku‘amor
decrease in the next 10 to 15 years).

It noise predictions have been made, they
should be availabie from the City (County)
Highway or Transportation Department. if not,
record the following information on page 1 of
Worksheet C:
® The distances from the NAL's for the site to
the near edge of the nearest lane and the far
edge of the farthest lane for each road.

» Distance fo stop signs.,

» Road gradient, if 2 percent or greater,

® Average speed.

® The total number of automobiles for both
directions during an average 24-hour day.
Traffic engineers refer to this as ADT, Aver-
age Daily Traffic {or sometimes AADT,
meaning Annual Average Daily Traffic).

® The number of trucks during an average
24-hour day in each direction,

If possible, separate trucks into "heavy
trucks" - those weighing more than 26,000
pounds with three or more axles - and
"medium trucks” - those between 10,000
and 26,000 pounds. (Each medium truck is
counted as equal to 10 automobiles. ) Trucks
under 10,000 pounds are counted as auto-
mobiles, Count buses capable of carrying
more than 15 seated passengers as "heavy"
trucks — others, as “medium” trucks. If it is

not possible to separate the trucks into thosa
that are heavy and those that are not, treat alf
trucks as though they are "heavy.”
Mote: If the road has a gradient of 2 per-
cent of more, record the numbers for uphill
and downhill traffic separately since these
figures will be needed later; otharwisa, sim-
ply record the total number of trucks. Mast
often you will have to assume thal the uphill
and downhill tratfic are equally split.

® The fraction of ADT that occurs during
nighttime (10 p.m. to 7 a.m.). if this is
unknown, assume 0.15 for both trucks and
autos.

Evauation of Site Exposure
to Roadway Nolse

Traffic surveys show that the amount of
roadway noise depends on the percantage of
trucks in the total traffic volume. To account
for this effect, you must evaluate automobile
and truck traffic separately and then combine
the results.

The noise environment at each site due o
traffic noise is determined by utilizing a series
of Workcharts to define the contribution of
automobiles and trucks from one or
more roads at that site. Each noise source
yields a separate DNL value.

Workchart 1 provides a graph for assess-
ing a site with respeact to the noisa from auto-
mobiles, light and medium trucks; Workchart
2 provides a similar graph for assessment of
heavy truck noise. These values are com-
bined for each road affecting the noise
environment at the site to obtain the total
contribution of roadway noise. Remember,
the noise from aircraft and railways must also
be considered before determining the suit-
ability of this site's noise environment.
Effective Distance
Before proceeding with these separate eval-

uations, however, determine the “effective
distanca” o each road from the dwelling or
outdoor residential activity (the NAL's for the
site) by averaging the distances to the near-
est edge of the nearest lane and to the farth-
est edge of the larthest lane of traffic. (See
Example 5, page 6, and Figure 4, page 7.)
Note: For roads with the same number of
lanes in both directions, the effective dis-
tance is the distance to the center of the
roadway (or median strip, if present).

Automaobile Tratfic

Workchart 1 was derived with the following
assumptions:

» There is line-of-sight exposure from the site
to the road, i.e., there is no barrier which
effectively shields the site from the noise of
the road.

= There is no stop sign within 600 feet of tha
site; traffic lights do not counl because there
is usually traffic moving on one street or the
other.

* The average automobile traffic speed is 55
mph.

# The pightime portion of ADT is 0,15,

If each road meets these four conditions,
proceed to Workchart 1 for the evaluation.
Enter the horizontal axis with the effactive
distance from the roadway to the NAL; draw a
vertical line upward from this point. Enter the
vertical axis with the effective automobile
ADT; draw a horizontal line across from this
point. (The "effective” automobile ADT is the
surm of autormobiles, light trucks, and 10 times
the number of medium trucks in a 24-hour
day.) Read the DNL value from Workchart 1
where the vertical and horizontal lines inter-
sect. Record this value in column 16, Work-
sheet C.

But;
If any of the four conditions is different, make

Exampile 5: The site shown in Figure 4 Is
axposed to noise from three major roads:
Road Mo, 1 has four lanes, sach 12 fest wide,
and a 30-foot wide median strip which
accommodates a railroad track. Road No. 2
has four lanes, each 12 feet wide. Road No. 3
has six lanaes, each 15 feet wide, and a
median strip 30 feat wide.

The distance from NAL No. 1 to the near
edge of Road No. 1 is 300 fest. The distance

to the far edge of Road No. 1 is 300 feet, plus
the number of lanas times the lane width,

plus the width of the median strip. Thus, the
distance to the farthest edge of the road Is:

300 + (4x12) = 378 1t
The effective distance is

378 + 300 = 3391
2

This is the value to be entered on line 1c of
Worksheet C. The effective distances from
the appropriate NAL's to Road No. 2 and
Road No. 3 are found by the same method.

The distances shown in Figure 4 will be
used for all roadway examples in this booklet.
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the necessary adjustments (on page 2,
Worksheat C) listed below and then use
Workchart 1 for the final evaluation.

First, a few general words about adjust-
ments as they are applied in these Guide-
lines. Each Workchan has been derived for a
baseline condition which is often found in
practical cases. Where conditions differ from
the baseline, they are accounted for by a
series of one or more adjustment factors.

The adjustment factors are used as mul-
tipliers timas the average number of vehicles
operating during a 24-hour day. i more than
one adjustment is required, it is not necas-
sary that each be multiplied times the basic
traffic flow separately; all adjustment factors
are multiplied together, and them multiplied
times the original traffic Now data. This will
become clearer as you examine the Work-
sheets at the back of these Guidelines and
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work through the examples. After you have
become familiar with the Guidelines, you will
be able to work examples directly from the
worksheets without referring back to the text.
To simplify your work, all the adjustment
tactors are summarized at the back of these
Guidelines.

Adjustments for Automoblie Tratfic

Stop-and-Go Traffic:

It there is a stop sign (not a traffic signal)
within 600 feet of the NAL so thai the flow of
traffic is completely interrupted on the road
under consideration, find the stop-and-go
adjustment factor for automobiles from
Table 3. Enter this value in column 8 on
Worksheet C

Table 3
Distance from MAL Automobile
fo Stop Sign Stop-and-Go
in Feet Adyustment Factor
1] 0.10
% 7
0.40
300 0.55
400 0.70
500 0.85
600 1.00
Average Traffic Speed

Table 4

Average Auto Spead
Traffic Speed Adyustment Factor
20 (mph) 0.13

25 021

30 030

35 0.40

40 053

45 0.67

2 8

60 1.19

65 1.40

70 1.62

Exampie 6: Road No. 1 meets the four condi-
tions that aliow for an immediate evaluation.
In obtaining the information necessary for
this evaluation, it was found that the auto-
mobile ADT is 18,000 vehicles [Line 5¢ of
Worksheel C). On Workcharn 1 we locate on
the vertical scale the point representing
18,000 and on the horizontal scale the point
representing 339 feet (see Figure 5). (Note
that we must estimate the location of this
point.) Using a straight-edge we draw lines to
connec! these two values and find that the
NAL exposure to automobile noise from this
road is a DNL of 58 dB, as read from the scale
at the top of the graph.

Example 7: Road No. 2 has a stop sign at 390
feet from NAL No. 2. The automobile ADT is
reported as being 32,500 vehicles (line 5¢ of
Worksheet C). From Table 3 we interpolate
betwean 300 and 400 fest to find the adjust-
ment factor for stop-and-go traffic to be 0.69.
The adjusted traffic ADT is

0.69 x 32,500 = 22,425 vehicies per day

and with an effective distance of 174 feet
from NAL No. 2, we find from Workchart 1
that the approximate value of DNL is 64 dB.

Example 8: Suppose that the stop sign on
Road No. 2 were replaced by a traffic signal
for which no stop-and-go adjustment is made
and that the ADT increases to 75,000
vahicles. In addition, assumae that the aver-
age speed is 45 mph instead of 55 mph. You
adjust the new automobile ADT of 75,000
vehicles by the Auto Speed Adjustment
Factor from Table 4

0.67 x 75,000 = 50,250 vehicles

and at an aflective distance ol 174 teet find
from Workchart 1 that the approximate value
of DML is 67 dB.



Neghtime Adjustment.

DNL values are affacted by the proportion of
traffic volume thal ocours during “daytime™ (7
a.m. o 10p.m.} and “nighttime” (10p.m.10 7
a.m.). The graph on Workchart 1 assumes
that 15 percent of the total ADT occurs during
nighttime. If a different proportion of the traffic
occurs at night, find the appropriate nighttime
adjustment factor from Table 5. Record your
answar in column 11 of Worksheet C.
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Once you have selectad all the appropriate
adjustment factors and entered them on
page 2 of Worksheet C, multiply all the
factors together, then multiply by the auto-
maobile ADT (column 12) for 24 hours, found
on page 1 ofl Worksheet C. The resulting
adjusted ADT should be entered in column
13. This is the ADT value to be used, in
conjunction with the effective distance from
the NAL to the road, to find the DNL value
from Workchart 1. Enter this DNL value in
column 14 ol Worksheet C. Remember this is
the DNL from automobile (as weill as light and
medium truck) noise; you must still find the
DML contribution from heavy truck notse in
order 1o obtain the total DNL produced by the
roadway you are assessing.

Attenuation of Noise by Barriers:

This adjustment reduces the noise produced
by automobiles and trucks on the same road.

Wherever possible, separate the average
dally volume of trucks into heavy trucks
(more than 26,000 pounds vehicie weight
and three or more axles); medium trucks
{less than 26,000 pounds but greater than
10,000 pounds), light trucks (counted as if
they are automobiles). You should already
have accounted for medium and light trucks
in your automobile evaluation. Do not forget
that buses thal can camry more than 15 seated
passengers are counted as heavy trucks.
Heavy trucks (including buses) must be
analyzed separately because they have
quite different noise characteristics. If itis not
possible 1o separate the trucks into thase that
are heavy and those that are not, treat alf
trucks as though they are “heavy.”

Workchart 2, which is used to evaluate
site's axposure to haavy truck noise, was
derived with the following assumptions:

# There is line-ol-sight axposure from the site
to the road; i.e., theve is no barrier which
affectively shields the site from the road
noise.

» The road gradient is less than 2 percent

* There is no stop sign (fraffic signals are
permissible) within 600 feet of the site.

* The average truck traffic speed is 55 mph.

* The nighttime fraction of ADT is 0.15.

If the road meets these five conditions,
proceed o Workchart 2 for an immediate
evaluation of the site’s exposure to heavy
truck noise from that road.

But:
if any of the conditions is different, maka the

if there is a gradient of 2 percent or more, find
the appropriate adjustment tactor, for heavy
trucks going uphill only, as shown in Table 6
List this factor in column 17 of Worksheet C.

Table & .
Percent ol Adpustment
Gradient Factor

2 1.4

a L7

4 20

5 23

6 or more 25

Example 8a: Road No. 3 is a limited access
highway with no stop signs and the average
speed is 55 mph. Current traffic data indicale
an automobile ADT of 40,000 vehicles of
which 15 percent occurs during nighttime
hours (10 p.m. to 7 a.m.). With an effective
distance of 270 feet 1o NAL No. 2, Workchart
1 is used to show that the DNL for existing
automobile traffic is between 63 and 64 dB.
Round off 1o &4 dB.

Example 9b: However, iraffic projections
astimate that in 10 years the ADT will
increase to 100,000 vehicles at an average
speed ol 55 mph and nighttime usage will
increase to 25 percent. For future traffic, you
must adjust the future ADT of 100,000 for the
effect of increasad nightfime use. From Table
5, you find an adjustment factor of 1.38. The
adjusted ADT is

1.38 x 100,000 = 138,000

and al an effective distance of 270 leet you
find trom Workchart 1 that the DNL will
incraasa to 69 dB; therefora, provision for
axtra noise control measures should be
axplored. We will examine in Example 13 the
effect of terrain as a shielding barmer that
provides sound attenuation.

56

Example 10: Road No. 1 on Figure 4 meels
the four conditions that allow for an imme-
diate evaluation. The ADT for heavy truck
flow is 1200 vehicles. Workchan 2 shows that
the exposure lo truck noise from this road al
an efectve distance of 330 feet is a DNL of
63 dB at NAL No. 1



Average Traffic Speed:

Make this adjustment if the average speed
differs from 55 mph. i the average truck
speed differs with direction, treat the uphill
and downhill traffic separately. Select the
appropriate adjustment factors from Table 7
below, entering them in column 18 of Work-

sheet C.

Table 7

Average Traffic Heawvy Truck

auﬁﬂ Speed Adjustiment
PH Factor

50 or less 0.81

55 1.00

60 1.17

65 1.28
Once you have found the speed adjust-

ment factor, you can combine the uphill and
downhill traffic. For uphill traffic, multiply the
gradient lactor times the speed adjustment
factor imes uphill traffic volume (truck ADT
column 18) (assuming one half the total 24-
hour average number of trucks unless
specific information to the contrary exists),
entering the product in column 20. Multiply
the speed adjustment factor for downhill
traffic times the downhill traffic volume (truck
ADT/2 column 18). Add the values for uphill
and downhill traffic, entering this sum in
column 21. You may now complete the
assessment of heavy truck noise without
regard to uphill and downhill traffic
separation.

Stop-and-Go Traffic:

i there is a stop sign (remember, not a traffic
signal) within 600 feet of an NAL for the site
on the road being assessed, find the adjust-
ment factor determined according to Table 8.
Enter it in Column 22 of Worksheet C.

Tebie 8

Heawvy Truck Heavy Truck
Traffic Volume Stop-and-Gao
per Day Adjustment Factor
Less than 1200 18

1201 to 2400 20

2401 10 4800 23

4801 10 9600 28

9601 10 19,200 38

Maore than 19,200 45
Nighttime Adjustrent

Afier all the above adjustments are made, do
not forget to adjust for nighttime operations if
they are not 15 percent of the total ADT,
using the factors obtained from Table 5 just
as for automobiles. Enter this value in column
23 of Worksheet C.

At this point, multiply the adjustment fac-
tors for nighttime and stop-and-go traffic
times the heavy truck traffic volume in
column 21 to find the adjusted heavy truck
ADT, entering the product in column 24. Usa
this value and the effective distance from the
NAL to the road to find the truck DNL from
Workchart 2, entering your answer in column
25 of Worksheet C. If no shielding barriers
are 1o be considered, combine the DNL from
heavy trucks with the DNL from automobiles
{column 14). The result is the DNL from the
road being assessed and should be entered
on Worksheet C.

But:

It a shielding barrier is to be considered for
the site, make the analysis described balow
separately for automobiles and then for
heavy trucks before combining the DNL
values. This step is necessary since barriers
are far more effective for automobiles than
for heavy trucks. Once you have found the
amount of attenuation provided by the barrier
for automobiles, enter it in column 15. Find
the value of barrier attenuation for heavy

trucks and enter it in column 25, Sublract
these attenuation values from the DNL
values oblained previously (columns 14

and 24). entering the reduced DNL values

in columns 16 and 27. Combine the
automobile and heavy truck DNL values,
reduced by the attenuation provided by the
barrier, to find the final DNL produced by the
roadway at the site.

Remember to combine the contributions to
DML of alf roads that affect the noise environ-
ment at each NAL for the site to obtain the
total DNL from all roadways. Enter this DNL
on both Worksheet C and the summary
Worksheet A,
Attenuation of Noise by Barriers
Noise barriers are useful for shielding sensi-
tive locations from ground level noise
sources. For example, a barrier may be the
best way to deal with housing sites at which
the noise exposure is not acceptable be-
cause of nearby roadway traffic.

A barrier may be formed by the road pro-
file, by a solid wall or embankment, by a
continuous row of noise-compatible buildings,
or by the terrain itself. To be an effective
shigld, however, the bamier must block all
residential levels from line of sight ta the
road; it must not have any gaps that would
allow noise to leak through.

Some Preliminary Matters:

In evaluating noise barrier performance, you
will be working with different kinds of “dis-
tances"” between the sound source, the
observer, and the barrier.

Actual Distance - the axisting distance
that would be measured using a tape mea-
sure with no corrections or adjustments. This
may mean one of two things, depending on
the application; either the:

* slant distance — the actual distance,

Example 11: Road No. 2 has a stop sign at
390 feet from NAL No. 2. There is also a road
gradient of 4 parcent. No heavy trucks are
allowed on this road, but a schedule shows
an average of 12 large buses pass along the
road per hour between 7 a.m,. and 10 p.m.,
although no buses are scheduled during the
remaining nighttime period. The buses are
equally divided in each direction along the
road. (Remember large buses, those that
carry over 15 seated passengers, count as
heavy trucks.)

We find the ADT for the “heavy trucks” (the
buses in this case) by multiplying the average
number of vehicles per hour by the number of
hours between 7a.m. and 10 p.m, Thatis, 12
X 15 = 180, or 90 vehicles in each direction.
We find from Table 6 that the gradient adjust-

ment factor for uphill traffic is 2.0. We find the

truck volume adjusted for gradient is
uphill: 90x2.0 = 180
downhill: = G0
tofal (column 21) = 270vehicles

From Table 8, we find the adjustment factor
for stop-and-go traffic to be 1.8.

We also remember that we have no buses
in the nighttime period and find the factor in
Table 5 on page 8 for zero nighttime opera-
tions to be 0.43.

Our final adjusted ADT is (column 24)

1.8 x 0.43 x 270 = 209 Vehiclas

From Workchart 2, with an effective distance
of 174 feet, we find a DNL of 59 dB.
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Example 12a: Road No. 3 is a depressed
highway and the profile shields all residential
levels of the housing from line of sight to the
traffic. The average truck speed is 50 mph.
The ADT for heavy trucks is 4400 vehicles.
We adjust lor average speed (from Table 7)

4400 x 0.81 = 3564

and find from Workchart 2 that, with an effec-
tive distance of 270 feet, the DML from truck
noise would be 69 dB if no barrier existed.
We proceed to analyze the barriar
attenuation.



measured along the line of sight between two
points; or the
» map disfance - the actual distance,
measured on a horizontal plane, betwean the
two points, as on amap or on the project plan.
For an observer high in an apartment
tower, the slant distance to the road may be
much longer than the map distance.
Barrier effectiveness is expressed in terms
of noise attenuation in decibels (dB), deter-
mined with the aid of Workchart 6, This
numerical value is subtracted from the
previously calculated DNL in order tofind the
resultant DNL at the Noise Assessment
Location.
Note: A noise barrier can be considered as
a means of protecting a site from noise even
if it cannot wrap around the site 1o shield
from view practically all of the source of noise
al every sensitive location on the site. i must
be recognized, however, that such a barrier
is much less effective than an ideal barrier.
{See Workchart 7 and Step 6 balow.)
Barriers of reasonable height cannot be
expected to protect housing more than a few
slories above ground level. Barriers will
generally protect the ground and the first two
or three floors, but not the higher floors. I
there are to be frequently occupied balconies
on the upper levels, one solution is to move
the building farther from the noise source and
face the sensitive areas away from the noise.

Steps to Evaluate a Barrier

1. For the observer's position, usa the mid-
height of the highest residential level. For tha
source position, use the following heights
(see Figure 7):

® aulos, medium trucks, railway cars - the
road or railway surface haight

* heavy trucks - B feet above the road
surface

* diesel locomotives or trains using homs or
whistles at grade crossings - 15 feet above
the rails.

y
Source Heights to Be
Used In Roadway Barrier Designs
Source Trucks
d Barner

Road

Autos
Sourca Barrier

Road

Get accurate values for the following
quantities: h, the shortest distance from the
barrier top to the line of sight from source to
observer; A and D, the slant distances along
the line of sight from the barrier to the source
and observer, respectively (see Figure B).

Figure 8.

Ganaralized

o Geomatry

ORSERVER h I THE ANOUNT BY

WHICH THE BARRIER

LIHE-OF - SI0HT FROM
OBSERVER TO SOURCE

M40 IS THE BLANT DRSTANCE [
FROM SOURCE TO OBSERVER

soURCE
BARMIER

Specifically, R and D are the two segments
into which h breaks the lina of sight. Note that
h is not the height of the barrier above the
ground but the distance from the barrier top
to the line of sight,

2. Enter at the top of Workchart 6 with the
value of h on the left-hand scale; move right
to intersect the curve corresponding to A (or
D, whichever is smalfer).

3. Move down to intersect the curve corre-
sponding to the value of D/R {or R/D, which-
ever is smaller).

4. Move right to intersect the vertical scala in
order to find the barrier shielding value A in
decibeals.

5. Interruption of the line of sight with a barrier
between the nolse source and an observer
reduces the amount of sound attenuation
provided by the ground. Find the amount of
this loss B from the table on Workchart 6 by
entering the table with the value of D/R. Find
the barrier attenuation value S correspond-
ing to an ideal barrier that completely hides
the noise source from view by subtracting B
from the value of A obtained in Step 4.

6. If the barrier exists along only a part of the
road so that unshielded sections of the road
would be visible from the site, the barrier is
less effective than an ideal barrier, On a plan
view of the site, locate the two ends of the
barrier and draw lines from these points to
the Noise Assessment Location. Use a pro-
tractor 1o measure the angle formed al the
MNAL by the two lines. Enter the horizontal
scale of Workchart 7 with the values of this
angle; read up to the curve having the valua
of S determined from Step 5 (interpolating if
necessary); read left across to the vertical
scale labeled "actual barrier performance” to
find the value of FS to use for the actual
barrier in question.

7. Subtract the barrier attenuation value S {or
FS it adjusted for finite barrier length accord-
ing to Workchart 7) from the value of DNL
previously determined to reevaluate the site
with the noise barrier in place.
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Example 12b: (Refer to Figure 9.) Six stories
are planned for the housing where the site
has an elevation of 130 feet. The effective
elevation for the highest story is found by
multiplying the number of stories by 10 feet,
adding the site elevation, and subtracting 5
feet.

(6= T0) + 130~ 5= 185 fesl

The barrier, which in this case is formed by
the road profile: has no “height” other than
the elevation of the natural terrain above the
noise sources traveling on the roadway. The
important dimensions are indicated in
Figure 8.

Some people with a technical background
will be able to fit the geometric diagram ta the
site situation readily, working from the project
drawings and a scratch shesel.

But if you are not confident of your geom-
etry, Workchart 5 gets you the valuesof R, D,
and h from the map distances and elevations
of the site. We illustrate that procedure in this
example.

First, enter the elevations of the source (S),
the observer (0], and the top of the barrier (H).
as well as the map distances from the barrier
to the source (R') and chserver (D), atthe top
right of Workchart 5. Then, follow the steps
on that Workchart to derive the values of h, R,
and D that are needed in using Workchart 6.

Entering Workchart 6 at the upper left with
the value of h (5.5 feet), we move horizontally
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to the right until we meet the valueof Ror D,  Example 13: An alternative approach, which If we carefully scale the dimensions

whichever is smaller: in this example, R = 62
feet. From that point we drop vertically down-
ward until we meet the value of R/Dor D/R,
whichever is smaller: in this case, R/D =
0.29. From that point, move horizontally to
the right 10 find the value for A = 9dB. Enter-
ing the table for determining loss of ground
attenuation effect due 1o the barmer with a
valua for D/R of 3.5, the reduction in
attenuation (B) is found to be 3 dB.
Substracting 3 dB from 8 dB provides a net
attenuation of & dB. With & dB of attenuation,
the original DNL of 69 dB (Example 12a) Is
reduced to 63 dB.

is somewhal more direct, is illustrated here
for the noise of automobiles on Road No. 3.

A preliminary step is to make an accurately
scaled sketch of the general geometry
infroduced on page B. K must include the
posiions ol the source (this time at the road
surtace), the obsarver, and the top of the
barrier, and will show the distances h, R, and
D. Such a skeich is shown superimposad on
the profile of the road and its neighborhood
in Figure 12,

directly from this sketch, we find the following
values for h, A, and D:

RA=63 leet

R/ID=03
D=214 fest
h=11 feet

The bamier aftenuation is found, by enter-
ing Workchart & with these values, 10 be
A=12dB. Itis larger than that found
for trucks because the noise source is lower
and is, therelore, better shielded by the
barrier. The loss from ground attenuation is
again B=3dB for a net attenuation of 12-3 =
8 dB. In Example Sb, we found that the DNL

1
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for the projected traffic volume of 100,000
vehicles per day was 89 dB it no considera-
tion was given the shielding provided by the
terrain. Subtracting the 9 dB altenuation from
69, we find the partial DNL for automobiles is
60 dB.

In order to find the combined truck and
automobile noise for Road No. 3, we com-
bina the 63 dB of truck noise with the 60 dB of
automobile noise using Table 1. We find that
1.8 should be added to 63 dB, for a combined
DNL of 648 dB, or 65 dB when rounded to
the nearest whole number,
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Example 14: Where no natural barrier exists,
Woaorkchar 6 can be used in reverse to esti-
mate the height ol a barrier needed to obtain
a required attenuation. In example Sh we
found thal, without any attenuation from ter-
rain or a barrier, the automobile traffic pro-
duced a DNL of 69 dB, and in Example 12a
the heavy truck traffic produced a DNL of 69
dB When combined, the total DNL is 72 48,
NAL and Road No. 3, as shown in Figura 12,
but instead was level between the NAL and
the edge of the road, as shown in Figure 13,
We want to find out how high a wall, infinite in
length, would be required at the edge of the
road lo reduce the combined truck and auto-
maobile noise 1o less than 65 dB. We have
found in the previous examples that a barrier

of a given hesght will provide more attenua-
tion for aulomobiles than it will for trucks. Asa
first step in our analysis, we will find the
height of a wall that will reduce the truck
noise 1o just below 65 dB, say 64 dB, and then
find oul whether the additional attenuation it
prowdes for automobile noise will be suffi-
cient 10 reduce the combined truck and
aulomobile noise 1o less than 65 dB. We
begin by finding the height of wall that will
provide 5 dB attenuation for truck noise.
We estimate thal the ratio of R/D is about
the same as R'/D', the ratio of horizontal
distance in Figure 13, which is equal 1o 0.29.
Before entering Workchar 6, we find from the
loss of ground attenuation table that for D/R
= 3 4 we will lose 3 dB aftenuation from an
ideal barrier, In order o have a nel attenua-
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bion of 5 dB, we must have an eal barrier
that provides 5 + 3 = 8 dB attenuation,

Entering Workchart 6 on the right side
scale A at B decibels, we mave across o the
diagonal lines, finding 0.29 by interpolating
between the lines marked al 0.2 and 0.5
Maoving directly up to a point midway between
the R lines of 50 and 70, we find our esti-
mated R of approximately 60. Moving across
1o the left we find that the line of sight
between the observer and the truck source
height must be broken by a value of h equal
10 4.5 feet.

We can defermine the height of the wall H
In several ways. By drawing h=4.5 feel o
scale on Figure 13, we can scale the lotal wall
height H to be approximately 20 feet. Those
who feel comfortable with geometry can

caiculate H by using the similar triangle rela-
tionships in Figure 13 to delermine that H is
19.1 feat.

Now we must flind how much a wall 19 feet
high will attenuate automobile noise,
remembering that the source height for
automobiles is al the road surface elevation
of 125 feet. By scaling the drawing, or by
geometry, we determine that the fine of sight
between the observer position and the auto-
mobile source is broken by avaiue ot hthat is
approximately 13 leet. Entering Workchant
6 at 13 feet we find, for R=60 feet and
R/D=0.29, that the polential barrier attenu-
ation is 12dB. We mus! reduce this by 3 dB
for loss of ground attenuation to find the
actual shielding of aulomobile noise to ba 9

61

dB. The onginal 63 dB of automobile noise is
reduced 10 69 - 9=60 dB.

Finally, we combine the heavy truck noise,
attenuated by the wall 10 69 - 5 = 64 dB, with
the automobile noise reduced to 60 dB, o
find a combined DNL of B5.5 dB. or 66 dB
ever, that this is for an infinite wall, Further
adjustments would have to be made onca the
actual length was known.

13



Railways

Necessary Information

To evaluate a site’s exposure to railway
noisa, you will need to consider all rapid
transit lines and railroads within 3000 feet of
the site (except totally covered subways).
The information required for this evaluation is
listed below under headings that indicate the
most likely source.

Before beginning the evaluation, you
should record the following information on
Worksheet D

From the area map and/or the {County)

Engineer:

# The distance from the appropriate NAL on
the site to the center of the railway track
camying most of the traffic.

From the Supervisor of Customer Relations
for the raitway:

® The number of diesel trains and the
number of electrified trains in both direchons
during an average 24-hour day.

# The fraction of trains that operate during
nighttime (10 p.m. - 7 a.m.) i this is unknown,
assume 0.15.

& The average number of diesel locomaotives
per train. If this is unknown, assume 2.

® The average number of railway cars per
diesel train and per electrified train. If this is
unknown, assume 50 for diesel trains and 8
for electrified trains.

* The average train speed. If this is un-
known, assume 30 mph.

& [s the track made from weided or bolted
rails?

From the Engineering Department of the
railway:

* |sthe site near a grade crossing that re-
quires prolonged use of the train's horm or
whistle? if so, where are the whistie posis
located? (Whistle posts are signposts which

tell the engineer 1o start blowing the hom or
whistle. Every grade crossing has whistle
posts and they are listed on the railroad's
“track charts.” If traffic on the rack is one-
way, there will be only one whistle post. The
grade crossing itsalf is the other “whistle
Electrified rapid transit and commuter trains
that do not use diesel engines should ba
trealed tha same as railway cars.

Note: Buildings closer than 100 feetto a
railroad track are often subject 1o excessive
vibration transmitted through the ground.
Construction at such sites is discouraged.

Evailuation of Site Exposure to

Rallway Noise

Railway noise is produced by the combina-
tion of diesel engine noise and railway car
noise. These Guidelines provide for the
separate evaluahon of desel locomotives
and railroad cars, and then the combination
ol the two, in order to obtain the DML from
trains. When rapid transit or electrified trains
that do not use diesel engines are the only
Iraing passing near a site go directly to the
second par of the evaluation since these
trains are treated in the same manner as
rallway cars,

Diesel Locomaotives

Workchart 3 was derived with the following
assumplions:

* A clear line ol sight exists between the
railway track and the Noise Assessment
Location.

& There are two diesel locomaolives per train,
* The average train speed is 30 mph.

* Nighttime operations are 0. 15 of the 24-
hour lotal,

* The site is not near a grade crossing re-

Loy Y M-

quiring prolonged use of the train's hom or
whistle

Iﬂhn- " -
proceed 10 Workchart 3 for an immediate
evaluation of diesel locomotive noise.
BI.F‘I'.'

It any of the conditions is different, make the
necessary adjustments listed below and then
use Workchart 3 for the evaluation.

Figure 14,
Use of Workchart 3 to Evaluate Diessl
Locomaotive Noise

Raliroads - Diesel Locomotives
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Adjustments for Diesel Locomotives
Number of Locomotives:

If the average number of diesel locomotives
per train is not 2, divide the average number

by 2. Enter this value in column 9 of Work-
sheet D,

Example 15a: The distance from NAL num-
ber 1 to Railway Number 1 is 339 feel. Two
percent of the 35 daily operations occur al
night; there is clear line of sight between the
tracks and the NAL, and no homs or whistles
are used. No information is available on train
size or spaed, therelora we will assume 2
@ngines per train and a speed of 30 mph.

Since the percentage of nighttime opera-
tions is different from 15 percent, we must
adjust the actual number of daily operations,
multiplying by 0.50 according to Table 5.
0.50x35 = 17.5 = 18

Entering Workchart 3 with 18 daily opera-
tions and a distance of 339 fest, we find that

14

the contribution of diesel engine noise is a
DNL of 55 dB (see Figure 14).

In order to find the total contribution of the
trains o the iotal DNL, we must also find the
noise level produced by the train's cars.
Entering Workchart 4 (see Figure 15) with 18
daily operations and a distance of 339 feet,
we find the DNL is below 50 on the chart, or
more than 10 decibeis lower than the noise
level produced by the engines. Based on the
char for decibel addition, the combination of
the noise from the engines and the cars
adds less than 0.5 decibels to the DNL value
for the engines alone, 59 dB.

Example 15b: Suppose that a forecast of
train operations for Railway 1 indicates
that there will still be 35 trains per day, but
now 50 percent of the operations will occur at
night, the average train will have 4 engines
and 75 cars, and the average speed will be
50 mph.

W first find the contribution to DNL made
by diesel locomotives by using the following
adjustment faciors.

* number of engines adjustment: 2
* speed adjustment: 0.60
= day/night adjustment: 2.34
We multiply these adjustments logether

with the number of trains:
2X060X234X35=98

Entering Workchar 3 (see Figure 14) with
98 daily operations and a distance of 339



Average Train Speed:

It the average train speed is different from 30
mph, find the appropriate adjustment factor
from Table 9 and fist in column 10 of Work-
sheet D.

Table 9

Speed
Average Speed Adjustment
(mph) Factor
10 3.00
20 1,50
30 1.00
40 0.75
50 060
&0 050
70 D43
Horns or Whisties:

if the NAL is perpendicular to any point on the
track between the whistle posts for the

grade crossing, enter the number 10in
column 11, Worksheset D.

Nighitime Adjustment:

Remember to adjust for nightime operations,
it different from 0.15 of the total, by selecting
the appropriate adjustment factor from Table
5 on page 8. Enter in column 12,
Warksheat D.

times the number of diesel trains per day (you
have lisled this number previously on line 2a,
page 1, ol Worksheet D, and should enter

Railway Cars and Rapid Transit Systems
Workchart 4 was derived with the following
assumptions:

* A clear line of sight exists between the
railway and the NAL.

# There are 50 cars per train.

* The average train speed is 30 mph.

* Nighttime operations are 0.15 of the 24-
hour total.

* Rails are welded together.

If the situation meets these conditions,
proceed to Workchart 4 for an immediate
evaluation of railway car noise. Again, it any
of the conditions is differant, make the neces-
sary adjustments listed below and then usae
Workchart 4 for the evaluation.

this number again in column 13) to oblain the | S

adjusted number of trains per day. Enter the
adjusted number of diesel trains per day in
column 14. Use this value, in conjunction with
the distance from the NAL 10 the track {line 1,
page 1, of Worksheet D), to find from Work-
chart 3 the DNL produced by diesel locomo-
tives. List in column 15 of Worksheet D.

£
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Adjustments for Railway Cars and Rapid
Transi Trains

Number of Cars:

Divide the average number of cars by 50 and
enter this number in column 18 of
Workchan D.

Average Speed:

Make this adjustment, if the average speed is
not 30 mph, by selecting the appropriate
value from Table 10, entering it in column 19
ol Worksheet D.

Tabile 10
Spead
Averags Spood Adpstment
{mph) Facior
10 on
20 0.44
30 1.00
40 1.78
50 278
&0 400
70 S.44
B0 ™m
90 9.00
100 1mn
Bolted Rails:

Enter the number 4 in column 20 of Work-
sheeat D,

Nighttime Adjustment:

Enter the appropriate adjustment facior from
Tabile 5 in column 21 of Worksheet D.

feet, we find that the site has an engine noise
contribution to DNL of 66 dB.
We next obtain the adjustment factors for
the noise produced by the cars:
« number of cars adjustment: 1.50
* speed adjustment: 2.78
* day/night adjusiment: 2.34
Multiplying the adjustment factors times
the average daily number of trains:

1.5X2.78X2.34 X35 = 342

Entering Workchart 4 (see Figure 15) with
342 operations and a distance of 339 feet, we
find the contribution of the cars to the DNL is
B0dB. Using Table 1 for combining levels, wa
find that the 6 dB difference between engine
noise at 66 and car noise at 60 gives a com-
bined DNL of 67 dB for these trains.

Example 16 The distance from NAL number
2 1o Rallroad Number 2 is 550 feet; there are

100 operations per day, of which 30 percent
occur at night. A clear line of sight axists
between the site and the railroad, and no
homs or whistles are used nearby. An
average rain on this track uses 4 engines,
has 100 cars, the average speed is 40 miles
per hour, and the track has bolted, not
welded, rails.
We first find the adjustment lactors for the
diesel engines:
* number of engines adjustment: 2
« speed adjustment: 0.75
» day/night adjustment: 1.57
Multiplying the adjustments together,
times the number of rains:

2X075X1.57 X100 = 236

Entering Workchart 3 (see Figure 14) with
236 operations at a distance of 550 leet, we
find the DNL contribution from engine noise
o be 67 dB.
Next we find the adjustment factors for the
railroad cars:
s number of cars adjustment: 2
* speed adjustment: 1.78
* bolted track adjustment: 4
= day/night adjustment: 1.57
Multiplying the adjustments together,
times the numbser of trains:
2X1.78X4X1.57X100=2236

Entering Workchart 4 (see Figure 15) with

{Continued next page) 15
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Figure 17.

Figure 18.
Use of

cars io be 65 dB. Combining the engine
sound levels with the car sound levels we find
the total DNL from the trains lo be 63 dB.

It would be possible to erect a 20-foot noise
barrier, running paraliel to the track at a dis-
tance of 50 feet; it could start at Road Num-
ber 2 and run 900 feal north toward the air-
pport, as shown in Figure 16. Both the raiiroad
track and the ground level al the bamer loca-
tion are at an elevation of 160 feel. Thus, we
have the following values with which to calcu-
late the potential reduction in engine noise
{using Workchart 5). (Because the distances
involved are so unegual, this situation does

16

H = 180 feet (20" above the ground)

S = 175 feat (15" above the track, see
page 19)

0 = 285 feet (from Exampie 11 in the section
on roadway noisa)

A = 50 fee!

D’ = 500 fes!

Wa find from Worksheel 5 that the values
of Rand D are no different (within the accu-
racy of the calculation) from R'and D', &
situation that will always occur when the
differences in elevation are so much smaller

than the distances from the site to the noise
source. The value of h is 4 feet; R/D = 0.1

64

Use of Workchart 6in Example 16 Workchart 7 in Exampie 16
RAILWAY NO.2-a _ 1 NOISE BARRIER _WORKCHART & IE[
BARRIER ¥ 3 :—- i .
;i; p i T |
LB ;EE |_ BARRIER I F. T
' / Eg'f 2 - " | J ] I
500 |} I!E if BARRIER [
& ‘:" i'l E
- 900" EHEFE ¥ i
: R £ L ad
5 « X T
’< ; 8 ! » 5 12 Y
77° | : -
e : . § 10 ] 10
ROAD NO.2 [f- \ | Bam - f |
AoasTEINT TO L
ROAD NO. 3+ |l E S i i g
4 LESS htn [ ] bt : - 7
1wz -l HED par /1
HHE A A
20' .' _. L~
f’i.-q I"t:l_ 3 // ,
130 160 2
SITE TRACK - o
ELEVATION ELEVATION . j
M 40 &0 BD YO0 120 140 180 180 ZNO
AMNGLE, a, SUBTEMDED BY BARRITR AT
OCBSERVER'S LOCATION
2236 operations at a distance ol 550feet, we  not lend itself to direct scaling of the We can now use these numbers to enter
find the DNL contribution from the railroad distances.) Workchar 6 to find the potential barrier per-

lormance {that is, the barrier adjustment
factor that would apply in the case of an in-
finitely long barrier). Entering Workchart 6 al
h = 4 feat, with R/D = 0.1, we find the basic
attenuation of the bamer to be 7.5 dB. How-
ever, with D/R = 10, we find from the table of
loss-of-ground-effect attenuation that we
mus! subltract 4 dB from the 7.5, or a nel
effect of 3.5 dB. However, the siluation is
even worse, since the bamer is finite in

To find the actual attenuation for this finife
barrier, we must first find the angle sulb-
tended by the barmier to the NAL. Referring
o Figure 16, we draw lines from the
NAL each end of the barrier. With
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a protractor we measure the angle batween
the two lines 1o be 77 degrees, Locale the
curve on Workchart 7 corresponding to the
potential barrier attenuation of 3.5 dB; it lies
midway between the two lowes! curves (see
Figure 18). The point on this curve corre-
sponding to a subtendad angle of 77 degrees
indicates that the actual barmer perfformance
would be only 1.5 dB. With only 1.5d8B of
attenuation, the barmier is clearty not cost-
effective. In order to achieve a usable
attenuation from the barmier, it would have to
be extended beyond the other side of Road

Number 2 o obtain a larger sublended angle.

This extension, however, would still not be
cost-effective unless the height of the barrie-
were increased substantially.
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Summary of Adjustment Factors

Combination of Sound Levels Raliroads - Diesel Engi —
Number of per Train
Tabile 1 Table5 Nighttime (applies to all sources) The number of engines divided by 2.
Difference in Add 1o Nighttire =
SoundLeve Larger Level Fraction Table § Aversge Train Speed
0 3.0 of ADT Factor
1 25 0 0.43 Spead
2 2.1 0.01 0.48 :Ww Adjustment
- 5 0.02 0.50 g Facior
: 5 0.05 0.62 0 3.00
1.2 0.10 0.81 20 1.50
- 10 0.15 1.00 - 1.00
8 g'g 0.20 1.19 50 3.;:
9 05 025 1.38 - :
0.30 157 0.50
3 o4 0.35 1.78 n 043
i 82 - is s o o
16 0.1 0.50 294 Muitiply number of trains by 10
greater than 16 0.
Alreraft Medium Trucks Railroads - Cars and Rapid Transit
{}ess than 26,000 pounds, greater than m;um b "
Table2 DNL Outside 85 dB Contour 10.000 pourts) Number of cars per train divided by 50.
D = distance from 65 dB contour to light path Muitiply adjusted automabile traffic by 10. L :
D2 distance from site o fight path Table 10 Average Train Speed
D2 DNL " Speed
D1 dB Heavy Trucks IWW ﬁ_:m
. 96 . 10 0.11
112 a4 Table® Road Gradient i g1t
1.26 83 Parcent of 30 1.00
141 &2 g ;'E
:% :ttl Factor 60 4.00
200 » 3 14 8 21
ﬁ: 3 4 20 80 9.00
; 5 22 100 11.11
g'ﬁ g 6 or more 25 Boked R
. — Muitiply number of trains by 4.
Table T Aversge Speed Whisties or Horma
Automoblie Traffic Traffic Truck Spead Mutiply number of trains by 100
Table3 Stop-and-go (mph) F-mri
mmm Automobile gﬂrhﬂ ?ﬂ
teel MﬁmmmgFm ﬁ :g
o 0.10 ;
100 0.25 = —
4 40 Table8 Stop-and-go
; Hoavy Truck Heavy Truck
o - Traffic Vohume Stop-and-Go
BOO 1.00 pear Adjustmant Factor
Less than 1200 18
1201 1o 2400 20
2401 1o 4800 23
Table 4 Average Traffic Speed 4801 1o 9600 28
A 9601 10 19,200 3B
Tm Adpstment Factor Mors than 19,200 45
20 {mph) 0.13
25 021
30 0.30
a5 0.40
40 0.53
45 0.67
50 0.83
55 1.00
60 1.18
65 1.40
70 1.62
18



Workchart 1
Autos (55 mph)
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75

DNL

Heavy Trucks (55 mph)

Workchart 2
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Workchart 5 Enter the values for:

Noise Barrier
To find R, D and h from Site Elevations H= ___ R=
and Distances
5= Des___
Fill out the following worksheet
{all guantities are in feet): O=
1. Elevation of barrier top minus elevation of source [H ] -~ [s ] = [! ]
2. Elevation of observer minus elevation of source [ﬂ ] . [s ] i [2 ]
3. Map distance between source and observer (R’ + D) [ ]
4. Map distance between barrier and source (R’) [4 ]
5. Line 2 divided by line 3 [2 ] o [3 ] - [E ]
6. Square the quantity on line 5 (Le., multiply it by itself); [5 ] » [5 } - [u ]
always positive
7. 40% of line 6 I' o4 ] » [s ] = [:r ]
8. One minus line 7 [ 1.0 | ]=[® ]
8. Line 5times line 4 (will be negative if line 2 is negative) [5 ] % [4 ] = [u ]
10. Line 1 minus line 8 [1 ] = [i ] g [m ]
11. Line 10 times line 8 [Iﬂ ] X [l ] - [11 ] e
12. Line 5 times line 10 [! ] % [m ] = [12 ]
13. Line 4 divided by line 8 [4 ] e lu ] = [1:: ]
14. Line 13 plus line 12 ['3 ] + [? ] = [* ] =n
15. Ling 3 minus line 4 [3 } i ll ] &= [15 ]
16. Line 15 divided by line 8 [ ]+ [® 1= [* ]
17. Line 16 minus line 12 [1& ] = [12 ] . ['l? ] = p
[Note: the value on line 2 may be negative, in linas 10, 14, and 17, that adding a negative num-  Round off R and D 10 nearest integer, h io one
which case sowill the valuss on ines 5.9, and 12;  ber is the same as sublracting: decimal place.
line 1 may aiso be negative. Remamber, then, in » + [-y)=2x-y. And subtracting a negatre number is
ke adding: x-{-yj=x+y.
23
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Workchart 7
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performance of the barmer of the same construction but of finite
length,
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Site Evaluation

Sie Location

Project Nama

Acceptabliity Pradicted for
Category DHL Operations in Year

1. Roadway Noise o

2. Aircraft Noise — . —

3. Rallway Notse e . I -

Value of DNL for all notse sources: {see page 3 for
combinabon procedure)

Final Site Evaluation (circle one)
Accepltable
Normally Unacceplable

Signature Date

Clip this worksheel to the iop of a
Worksheets B-E and Workcharts 1-7



Worksheet B
Alrcraft Noise

Hoise Assessment Guidelines

List al airports within 15 miles of the site:

2

3

Hecossary information: Alrport 1 Alrport 2

1, Are DNL, NEF or CNR contours avallable?

(yes/no)
2. Any supersonic aircraft operations?

(yes/no)
3. Estimating approximate contours from Figure 3:

a. number of nighttime jet operations

b. number of daytime jet operations

¢. affective number of oparations
(10tmes a + b)

d. distance A for 65 dB

SoB

. distance B for 65 dB

70dB

75 d8

4. Estimating DNL from Tabile 2-

a. distance from 65 dB contour o

Might paih, O

b. distance from NAL 1o fight
path, D2
. D2 divided by D

d. DML

5. Operations projectad for what year?

6. Total DNL from ail airports

27



Worksheet C Page 1
Roadway Noise

List all magor roads within 1000 fest of he site:

1.

2

4,

Necessary Information Road 1

1. Distance in feet from the NAL to
the edge of the road

&. n@ares! lana

Road 3

b. tarthest ane

¢ average (effective distance)

2. Distance 10 stop sign

3. Road gradient in parcent

4. Average speed in mph

a. Automobias

b. heavy trucks - uphill

€. haavy trucks - downhill

5, 24 hour average number of automobilas
and madium trucks in both directions (ADT)

&. automobiles

b. madium trucks

c. effective ADT (a + (10xb))

8. 24 hour average number of heavy trucks

a. uphill

b. downhill

C. tolal

7. Fraction of nighttime traffic (10 p.m. to Ta.m.)

8. Traffic projected for what year?



Worksheet C Page 2 Hotse Assessment Guidelines
Roadway Noise
Adjustments for Automaoblle Traffic
8 10 1" 12 13 14 15 16
m A Night- Auto
g Time ADT Adpusted DML Barrier Partial
Table 3 able 4 Table 5 {line Sc} Auto ADT (Workchart 1)  Aenuation DML
Road No. 1 X X X = = -
Road No. 2 X X 1 = - -
Fioad No. 3 X X X = = =
Road No. 4 X x x - - =
Adjustments for Heavy Truck Traffic
17 15 jr?u::il 20 3 gip 23 24 25 26 27
Night- Adusted DML
Gradient Ag[ and-go Tima Truck (Work- Barrigr Partial
Table & Table7 Tabla 8 Tabla 5 ADT chart 2) Attn. DL
Liphill X X
No. 1 Add X X
Dicwershil X
Uphill X X
{Hﬂﬂ!"ﬂ? Acgd X X
Downihill X
Uphill X X
{MM.B Add X X
Dawrihill X
il X X
MNo. 4 Add X X
Downihill X
Combined Automoblis & Heavy Truck DML
Total DNL for
RoadMo. 1 PRoadNo.2 _______~  RoadNo.3 Road No. 4 All Roads
Signature Date

7



Worksheet D
Rallway Noise

Page 1

List All Railways within 3000 feat of the sita:

p A

2

Necessary information:

1. Distance in feet from the NAL lo the railway track:
2. Number of trains in 24 hours:

a. deesel

b. edectrified

3. Fraction of operations occuring af night
(10pm. = Tam):

4. Number of diesel locomolives per frain:
5. Number of rail cars per train
a. desel lrains.
b. elecinfied trains
6. Average train speed:
7. Is irack weldad or bolted?

8. Are whistles or homs required
for grade crossings?

Rallway No.1 Rallway Mo.2  Rallway No. 3




Worksheet D Page 2 Noise Assessment Guidelines
Railway Noise
Adjustments for Diessl Locomotives
9 10 " 12 13 14 15 18 17
No. of Maghi- No. of
i o s Homs me Trains A%’H: DML Bamor Partial
2 Table 9 (ender 10) Table S (lne 2a) of Workchart 3 Afin. DNL
Ralway No. 1 X X X - -
Raitway No. 2 X X x = *
Radbway MNo. 3 X X X = S

Adjustments for Ralway Cars or Rapid Transit Trains

18 19 20 21 ﬁ.d <] gﬁ“ 25 ..
of cars m Fass ] Trains (Lina  Adj Mo, ‘Work - Barriar Partial
& Tabla 10 (entord]  TableS Zaor 2] ofOpns chart 4 Asin. DML
Raibway No. 1 X X X = -
Raitway Mo. 2 X X X = -
Raibway No. 3 X X X = T
Combined Locomotive and Ralteay Car DNL
Raltway No. 1 Raibway MNo. 2 Raibway MNo. 3 Total DNL for all Raliways
Signature Dem.

3



