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CALCULATION OF DAY-NIGHT LEVELS (Lgp)
RESULTING FROM HIGHWAY TRAFRIC

1. INTRODUCTION

Thls manual presents calculation procedures for estimating the
day-night sound level (Lgy) resulting from motor vehlcle

traffic on highways and other major roadways, Using the procedures
in this manual one can estimate the day-night sound levels at
individual locatlons which are exposed to the noise of automoblles,
medium trucks, heavy trucks, and motorcycles.

The procedures in this manual involve simple, easy to use charts

and graphs in order to estimate day-night levels near roadways.

This manual 1is therefore deslgned for those who do not necessarily

have any trailning in the fields of acousties or noise prediection;

it is intended for use by land use planners, developers, designers,

and others who wish a quick method for estimating the nolse ex~ !
posure at a locatlion near a roadway. ‘ :

This manual should not be used for those situatlions where extremely
accurate predlctlion of roadway generated nolse exposure 1s desired,
such as 1In the design of neise abatement barriers. Such detalled
analyses should be undertaken with the aid of one of the avallable
computepized predlectlon methods.l,2#

Inecluded are two prediction procedures, with different levels of
preclsion:

1. The "direct" method, which requires only minimal
Informatlon about tralffic characteristics, The effects of

¥ References are listed following Section 5.
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site-specliflic conditfons are neglected 1n order to make a
preliminary assessment of nolse exposure.

2. The "Component" method, which does take iInto acecount a
variety of site and readway condlitilons that may affect the
nolse exposure at a location of intereat. This method
permits evaluatlon of the component nolse exposure ol each
vehicle class to the total nolse exposure.

The next section provides an overvliew of the calculation procedures
and the various parameters that are important in the estimation of
noise exposure from proadways. Section 3 details the Direet method
of calculation, while Sectlions 4 and 5 detail the Component method.
The several appendlces contain barpier attenuation charts, adjust-
ments to the procedures to enable prediction of the hourly equlva-
lent sound level Instead of the day-nlght sound level, background
technical information concerning the caleulatlon procedures, and a

glossary.

Throughout the manual there are numerous graphs, charts, tables and
worksheets; these are all identifled as "flgures", with a figure
number appropriate to the section in which they occur. Examples of
the steps In the predictlon methods are interspersed throughout
Sectlons 3, Y and 5; the accompanying drawings which demonstrate
the use of the varlous graphs and charts are all identifled as
"illustrations", with an fllustration number appropriate to the
sectlon 1n which they occur.

1.2




2. TRAFFIC NOISE PREDICTION CONCEPTS

This section provides an overview of several underlylng concepts
of traffic nolse prediction. Discussed are descriptors of traf-
fic noise exposure, the type of information needed to make the
predictions, and suggested sources of this lnlormation.

2~1 Nolse Exposure Descriptors

. The two methods detailed in this manual provide estimates of the

neise exposure In the vieinity of highways in terms of the day-
night sound level, Lg,. The day-night sound level 1s a

measure of the noise exposure at a specifle location over a 24-
hour peried. It represents an "“energy average" of the A-welghted
sound levels occurrilng over this periocd, except that a 10 dB
adjustment 1s added to those scund levels during nlghttlime hours
{10 p.m. to 7 &.m.), to account for the greater sensitivity of
people to nolses which occur at night.

For an existing highway, the day-night sound level could be
measured at the locatlion of Interest with a sound level meter which
monitors the noise level over a full 24-hour period, and then
constructs the energy average (with the 10 dB added to the
nighttime levels), Where this approach is not feaslble, it is
possible to calculate the day-night sound level by estimating the
contribution to the total neise exposure of Iindlvidual vehicles
that travel on the highway. To facilitate such predictions, all of
the vehleles travellng on the highway are generally categorized
into several classes of vehicles, such as automoblles, medium
trucks, heavy trucks, and motbrcycles.

The nolse exposure contribution of each vehicle class is described
in terms of the spund exposure level, SEL, For each vehicle

2-1
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passhy, the sound exposure level represents the sum of the

A-welghted sound levels occﬁvring over the passby duration. For

cach vehlele class, a partial day-night sound level can be

determined by summing the sound exposure levels for all of the :
vehicles of that particular class. 'Tmen, the total day-nlght socund !
level 1s simply a summation of the partlal day-night sound levels '
determined for each eclass of vehlicle uslng the roadway. This
approach for predlcting the day-night sound level 1s contained
Implicitly within the Dlirect methed, and detailed explicitly within
the Component method of highway noise predilction In this manual,

2-2 Parameters of Highway Noise Prediction

What information 1s needed to prediet highway nolse exposure?
The 1mportant factors, or "parameters", can be dlvided into

" traffic, roadway, and site categories, as described in the ]

following.
2~2.1 Traffic Parameters

As described above, the day-night sound level is a measure cof the
24-hour noise exposure in the viecinity of a roadway. Accordingly,
knowledge of the 24-hour traffiec volume on the roadway 15 necessary
for the prediction. Traffilec englineers use the term average dally
traffic, ADT, to specify 2U-hour veolumes. Alsc, since the
day-night sound leyel involves an adJustment applled te noise
levels occcurring during nighttime hours (10 p.m. to 7 2.m.), the
portion of the 2f-hour traffiec that ccecurs durlng the nighttime
period must be known as well.

Since different vehieles produce different levels of nolse, it is

customary to categorize vehieles into classes wlth similar nolse
generating characteristics. 1In addition to the total ADT, the

2-2
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vehicle volumes should be known, at a minimum, for the two classes
of automobiles and heavy trucks. If possible, 1t is also desirable
to know the vehicle volumes for medium trucks and for motorcycles
if they are thought to be a contrlbutor to the total nolse

exposure.

The typleal nolse level produced by each vehilcle c¢lass will depend
on a varlety of factors, one of the most important of which 1s the
operating speed. Also, since the sound exposure level for each
vehicle elass 1s based upon the duratlon of each passby, vehicle
speed again is a requlred parameter.

- The procedures in this manual are primarily directed towards estl-

mating the nolse exposure from uninterrupted, freely flowing traf-
fle. The presence of stop signs will interrupt the traffilc flow
and may signifilcantly affect the nolse level since all vehicles on
the roadway will be slowlng down, stopping, and then accelerating
from a stopped'condition.

2~2.2 Roadway Parameters

The characteristics of the roadway 1tself may influence the nolse
levels observed in the vicinity of the roadway. It 1s known that
uphill gradilents will increase the nolse from heavy trucks, and
that the surface condition of the roadway may either increase or
decrease the nolse generated at the tire/road Iinterface.

The geometrical configuration of the roadway and 1its wldth will
affect the nolse levels observed nearby. It will be noisler when
the roadway "wraps around" a particular locatlon because of 1ts
curved alignment, than 1f the roadway is straight. The width of
the roadway will determine the distribution of nolse sources

2-3
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relative to a particular location and 1s therefore also an
Important parameter,

2-2.3 Site Parameters

The nolse exposure produced by vehicular traffic on a highway will
depend upon the traffic and roadway characteristics described
above. As this highway nolse propagates (or travels) to the
ohserver, the characteristics of the propagatlon path itself will
influence the nolse levels actually observed. For ground-level
observers, terraln characteristics may have Important effects on

. the observed nolse level; when the terrain 1s hard and flat

(conerete, asphalt, packed dirt, ete.) the resulting noise level
may be considerably higher than when the terraln is soft and
irregular {grassland, shrubery, etec.).

Vertical obstructions located between the roadway and the observer
may provide significant shlelding and thus reduce highway nolse
exposure 1f they arc high enough and wide encugh. Examples include
barrier walls and earth berms (often built specifically to reduce
highway noise impact), buildings, and vegetation. These objects
can have a significant lmpact 1n terms of reducing the nolse
exposure at a location of interest.

2-3 The Direct Versus the Component Methods

Figure 2-1 summarizes the various traffile, roadway, and site
parameters needed for the accurate prediction of day-night levels
in the vicinity of a highway. All of these paramcters are utilized
in the Component method of nolse exposure prediction. Also shown
on the flgure are those parameters which are used in the Direct '
method.

2-4
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TRAFFIC ROADWAY SITE

PARAMETERS PARAMETERS PARAMETERS ]
@ Average Daily Traffie O Alignment @ Distance to Roaodway
@ Nighttime Traffic Volume O Width ® Terrain Characteristics : 5
® Average Speed O Gradient O Shielding Elements - ‘
@ Heavy Truck Volume O Surfoce Condition O Barriers
O Medium Truck Volume O Buildings :
O Motoreyele Volume O Vegetation
O Interrupted Flow !J

® Parameters Used In Direct Method
© O Parameters Used In Component Method

FIGURE 2-1. PARAMETERS OF HIGHWAY NOISE PREDICTION
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Clearly, the Direct method will not be as accurate as the Component
method, since 1t ignores several important characteristies. It is
intended to be used as a quick-look method to obtain a very rough
eatimate of traffic noilse exposure which will probably be accurate
to within approximately 3-5 dB, 1f shilelding effects are not
itmportant, If shieldlng effects are lmportant, the Component
method must be utilized since these effects could account for more
than 19 dB of noise reduction at the observer location.

2-4 Sources of Informatlion

' Generally, the government agency (federal, state, county, or local)

responsible for malntenance of the highway under study willl be able
to provide traffic flow characteristics. Often however, the avall-
able Information may not be as detalled as desired. Guidelines are
provided in the Component method procedures for estimating those
parameters that are not readily avallable.

Roadway characterlisties may also be obtalned from the same agency.
Often an aret map may be sufficlent to determine the needed param-

eters.

The characteristlics of the site can often be obtalned from a plot
plan of the area. Frequently, a visit to the site 1s helpful 1n
resolving questlons that are not clear from site or area maps.
Visual inspection of the extent of vegetation, loecation of build-
ings, terrain characteristics, ete. can often provide the fastest
and most accurate means of obtaining this type of information. A
slte visit can also provide Information concerning the presence of
stop signs, condition of the reoadway surface, presence of roadway
gradients, etec. which may not be easily obtained from the local
agency contacted.
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3. THE DIRECT METHOD OF TRAFFIC NOISE PREDICTION

Described In this sectlon 1s a simplified set of procedures for i
estlmating the day-night sound level resulting from highway
traffic, This method 1s termed the "Direct" method because the ;
nolse exposure estimétes can be made dlrectly with a single chart i
and accompanyling tables, without consideration of the relative
contributions of individual vehlele classes and without attentleon
to varlous roadway and site related parameters whlch would
complicate the predictions.

The procedures in this sectlon are applicable to highways and other
readways with the followlng characteristies:

1, Straight or nearly stralght horlizontal
alignment, and an at-grade configuration,
2, Unobstructed view of the roadway from the !
observatlon point (over an angle of cbser-
vation of at least 150 degrees),
3. Preely flowing trafflc (1.e., no traffic
control devices whieh require all vehicles
to stop, such as stop signs*), without major
changes (less than 25%) in traffic perameters
along the roadway in the vieinity of the ob-

server.

Detailed in the following are procedures for estimating the
day-night sound level at a specific location near a roadway. Also
provided are procedures for developing simplified nolse exposure
contours in the vicinlty of the roadway.

3-1 Step 1: Gather Informatlion

In this step, site and traffic parameters are defined and tabulated

*Since stop lights permit much of the traffic to continue
without stopplng (usually 50% or more), roadways with stop lights
may be consldered to have freely-{lowlng traffic,

3-1




FIGURE 3-1,

WORKSHEET FOR DIRECT METHOQD

STEP PREDICTION PARAMETER SYMBOL |ROADWAY 1 | ROADWAY 2 | ROADWAY 3 | ROADWAY 4

i Distance to Centerline, ft De

1.1 Area Classification A

1.2 Average Daily Traffic, veh. ADT

1.2 Nighttime Percent N

1.2 Heavy Truck Percent H

1.2 Speed, mph s

STEP CALCULATION PARAMETER [ REFERENCE

2 Unadjusted Ldn’ dB Fig,3=2A,8

3.1 Adjustment 1, dB 3-5

3.2 Adjustment 2, dB 3-6
Adjusted L, . d
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o on the Worksheet in Figure 3-1. The Worksheet may be used for
L several different roadways 1T desired.
I

Step 1.1. Site Parameters. On a map of the area, measure the
i shortest distance from the observation peint to the centerline of
the roadway. Enter this distance, Dg, on Figure 3-1.

d Classify the area as belng urban or subupban/rural. (Tor hlghway
noise prediction purposes, the main distinction between urban and
" suburban/rural areas 1s whether or not the ground between the
observer and the roadway is paved. Paved terrain qualifies an area

:E - as urban, while terrain with ground cover, shrubery, ocassional
trees, etc. qualifies an area as suburban/rural). List the area
;} classification, A, on Figure 3-1.
:7 Step 1.2. Traffic Parameters, Obtain from the local Highway
tme Department the following four traffic parameters and list on TFigure
??m) 3-1:
e .
e 1. The average daily traffie, ADT, in vehilcles
i; per day. Include all vehleles using the
roadvay.
e
- 2. The percentage, N, of the ADT whieh occurs at
ﬁ; nlght. Here, night means those hours Trom 10 p.m.
e to midnight and midnight to 7 a.m.
e
- 3. The percentage, H, of the ADT whlch consists of
- heavy trucks. A heavy truck is deflned as a

A vehlicle having three or more axles, with gross
welght generally greater than 26,000 pounds.
(Some traffic agenciles maintain records concern-
ing truck percentage which include medium trucks
and heavy trucks combined together. Using this
percentage as the heavy truck percentage will
pesult in an overestimate of the nolse exposure.)

L.
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Yy, The average travel speed, S, over a typical day
in miles per hour. If this 1s not available,
use the posted speed limit as a conservative
estlmate.

When detalled information concerning the nighttime percentage and
truck mix is unavailable, values of 15% for N and 4% for H may be
used to provlde a rough estimate of the day-night level.

3-2

Step 2: Estlmate "UnadJusted" Ljgn

Pigures 3-2 A and B will be used to estimate the day-night sound

level at varlous distances from the roadway centerline for
different vehicle volumes. Slnce adjustments will be applied In
Step 3 to account for specific traffic parameters, the Lgp
estimated in this step is called an "unadJusted" Lgp.

Step 2.1. Use Figure 3-2A if the area classificatien 1s urban,
or Figure 3-2B 1f the area classification 1s subuprban/rural,

Step 2.2. On the appropriate Flgure 3-2, locate on the
bottom heorizontal scale the distance corresponding to the distance
Dp from the observer to the roadway centerline.

Step 2.3. Draw a line vertically upward at this distance until

it intersects the diagonal llne that corresponds to the average
daily traffic on the roadway. (Note that it may be necessary to
interpolate between two successive heavy diagonal lines. The fine
dlagonal lines are provided to facllitate the interpolation.)

Step
left
this
3~1.

2.4, Draw a line horizontally to the left untll the
vertical scale 1s intersected. BRead the unadJusted Lgp on
scale to the nearest 0.5 dB, and tabulate the value on Figure
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Example.

In IMlustration 3-1, position A in a suburban
area is located 180 feet from the centerline

of roadway B (as measured alang the perpendicu-
lar line from A to the roadway centerline},
Assume that this roadway is strajght, with
freely-flowing traffic, and that there are no
major obstructions located between position A
and the roadway over an observation angle of

at least 150 degrees. On rocadway B there

are 45,000 vehicles which travel the roadway
each day, of which 9,900 vehicles (22% of 45,000)
travel at night. The average speed on the road-
way is 45 m.p.h., and 2,700 vehicles (6% of
45,000) are heavy trucks.

Faor this example, the prediction parameters
are as follows:

De = 180 feet
A = suburban
ADT = 45,000

N = 22%

H = 6%

S = 46 m.p.h.

Refer to Illustration 3-2, which is a copy of
Figure 3-2 B. On this illustration a line is drawn
vertfcally upward from a distance Dg of 180 feet
on the distance scale, just past the heavy
diagonal line corresponding to 40,000 vehicles.
From this point a second line is drawn hori-
zontally to the left, towards the Lgp scale,

{Note that the tick marks on the top/bottom

and left/right sides of the illustration, and the
parallel vertical and horizontal lines on the
illustration can be used to facilitate the drawing
of vertical and horizontal lines, respectively.)
On the L4, scale the unadjusted Lgn s

seen to be 73.0 dB.
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ﬁ Roadway Centerline

lLLUSTRATION 3-1. gOAé)WAY CONFIGURATION FOR EXAMPLE
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3-3 Step 3: Determine Lg, ‘

Figures 3-2 A and B were developed on the basis of a nighttime
volume of 15 percent, a heavy truck volume of 10 percent and a
speed of 55 miles per hour. Tor other traffic conditions,
adjustments must be applled to the Lgn determined in Step 2.

Step 3.1. Refer to Figure 3-3. Select the adJustment
for the nighttime percent closest to the value of N listed on
Figure 3-1. List thls AdJjustment 1 on Figure 3-1.

~Step 3.2. Refer to Figure 3-4. Proceed down the column

corresponding to the average speed, S, and select the adJustment _
for the appropriate heavy truck percent, H. Tabulate this j
Ad Justment 2 on Figure 3-1. :

Step 3.3. The "adjusted" Ly, ls simply the sum of the
unadjusted Lgn, AdJustment 1, and Adjustment 2. i

Examplie: For the roadway of the preceeding example,
Figure 3-3 shows an Adjustment 1 of 1.0 dB
for N = 22%. 0On Figure 3-4, using the speed
columnh for 45 m.p.h., Adjustment'2 is -2.5 dB
for T = 6%. Then Lgy = 73 + (1.0} +
{-2.5) = 71.5 d8B, I?]ustration 3-3 shows a
completed Worksheet for this example.

3-4 Step 4: Development of Contours

In Step 3 the day-night sound level at a specific point was
determined. If day-night sound level contcurs are desired in the
vieinlty of the roadway, the distances from the roadway for varilous
contour lines of interest can be determined using Flgure 3-2 A or B
{whichever is appropriate to the area). Since the starting polnt
for the contour development is the adjusted Lgn at an observer
locatlon, proceed through Steps 1, 2 and 3 for any desired locatlon
before beginning Step 4.

3-10




FOR NIGHTTIME PERCENT

ADJUSTMENT 1

FIGURE 3-3.
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ILLUSTRATION 3-3,

R R e R e

USE OF WORKSHEET FOR EXAMPLE PROBLEM

STEP PREDICTION PARAMETER SYMBOL | ROADWAY 1 | ROADWAY 2 | ROADWAY 3 | ROADWAY 4
1.1 Distance to Centerline, ft D 180 ‘,-
1.1 Area Classification A SURVARAN E
1.2 Average Daily Traffic, veh, ADT ‘1‘5:000 :
1.2 Nighttime Percent N ‘ aa
1.2 Heavy Truck Percent H A
1.2 Speed, mph § S0
4
STEP CALCULATION PARAMETER |REFERENCE 4
2 Unadjusted L, dB Fig.3~2A,8 73.0 v:l
. kK
3.1 Adjustment 1, d8 3-5 ] 6 :'I‘J
3,2 Adjustment 2, dB 3-6 -2 1
3.3 Adjusted | f
justed Ly, d ‘zg
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Step 4.1. Locate on the left vertical scale the adjusted
Lgp value determined in Step 3 above. Draw a line horizontally
to the right. '

Step 4.2, Locate on the bottom horizontal scale the distance
corresponding to the distance Dp from the observer to the roadway
centerline, and draw a line vertlecally upward.

Step 4.3. These two lines will intersect at or near a diagonal
line corresponding toc a particular value of average daily trafflec.
This trafflc volume can bhe considered an "effective" traffiec volume

~that may be used for the contour development.

Step 4.4. TFor each contour value desired, prolect a line
horizontally to the right to the diagonal line corresponding to the
effective value of average dally traffic. (Note that for Lgp
values in even 5 dB intervals - - 65, 70, 75, ete. - - horizontal
lines are already provided on the figure.) At this Intersectlon
with the dlagonal, draw a line vertically down to the distance
scale. This dilstance corresponds to the dlstance from the roadway
centerline at which the particular contour value of interest may be
located.

Example. For the same roadway as above, the adjusted
Ldn 75 71.5 dB at 180 feet. On Illustration
3-4 a horizontal line at 71.5 dB and a verti-
cal line at 180 feet are drawn, intersecting
at an effective ADT of Jjust over 30,000
vehicles., As shown on the illustration, the
contour distances ito Ly, values of 75, 70
and 65 dB are obtained by drawing vertical
lines downward to the distance scale, from
the points at which the horizental lines on
the illustration at 75, 70 and 65 dB ‘intersect the
effective ADT of just over 30,000 vehicles.
These contour distances are as follows:

3-14
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Lan CONTOUR DISTANCES

D¢, Disiance from Roadway Centerline in feet
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Lap Contour, dB Bistance from Centerline, ft

75 105
70 230
65 ‘ 480

These contours are drawn on Illustration 3-5.

Three points of interest should be roted. First,
ITlustration 3-4 shows that there is no 80 dB
contour (or, in fact, the contour lies within 50
feet of the roadway centerline), since at 50 feet
the Ly, correspanding to just over 30,000
vehicles 1s less than 80 dB. Second, the con-
tours can be drawn ocutward from the roadway

only as far as the assumptions concerning the
roadway characteristics are still valid. Thus,
the 65 dB contour is located at 480 feet only

if at this distance the roadway is still straight
and there are no major vertical obstructions,
over an observation angle of at least 150 de-
grees, Finally, the noise exposure estimates
become less accurate as the distance from the
roadway increases because of factors which

cannot easily be taken into account in this Manual.

For this reasen it is recommended that the
procedures in this Manual be used for making noise
exposure estimates (as well as contour distance
estimates) for locations that are within 1000 feet
of the roadway.

3-16
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h. THE COMPONENT METHOD OF TRAFFIC NOISE PREDICTION

Deseribed in this sectlon 1é a set of procedures for estimating the
day-night sound 1eve1‘resu1ting from hilghway traffic that is more
detaliled -- and therefore, more accurate -- than the Direct method
of traffiec noise prediction described in the preceding section.

The method of this sectlon is termed the "Component" method because
the day-night sound level component due to each category of wvehlele
utilizing the roadway 1s estimated in order to predict the total
day-nlght sound level. With thils approach, various roadway and
site-related prediction parameters which are vehicle catetory—

. dependent can be taken Into consideratlon in the predictlon proce-

dures.

The procedures in thls sectlon are applicable to highways and other
roadways whlch have a straight or nearly straight horizontal align-
ment, an at-grade configuration, and constant roadway and traffic
parameters along the section of roadway included within an angle of
observation of at least 150°, as viewed from the observer location.
Appllcation of the Component method to roadways wlth more compli-
cated horizontal and vertlcal configurations, and with changing
parameters, 15 deserlbed in Sectlon 5. [Except for these restric-
tiens, all of the tralffic, roadway, and slte parameters listed in
Figure 2-1 are addressed 1n this section.

Detalled in the following are procedures for estimating the day-
night sound level at a specific location near a roadway. Also
provided are procedures lor developlng simplifiled nolse exposure
contours in the viecinity of the roadway.

4-1 Step 1: Gather Information

In this step, site, roadway and traffic parameters are defined and
tabulated for ready reference on the Prediction Parameter Worksheet
in Flgure 4-1.
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FIGURE 4-1. PREDICTION PARAMETER WORKSHEET

PREDICTION PARAMETER Roadway 1| Roodway 2
Near Lane Distance, Dpy,

Roadway 3 §

Far Lane Distance, D, ft
Area Classification, A

Barriers;

Height Above Road, ft
Distance to Near Lane, ft
Shielding Angle, degrees
Buildings:

Number of Rows

Shielding Angle, degrees

SITE PARAMETERS

Vegetation:
Depth, ft
Shielding Angle, degrees
Gradient, %
Surface Condilion
Averoge Daily Traffic, ADT, vehicles
Nighttime Percent, N
Vehicle Cafegory 1 ( )
Percent of ADT
Total Vehicles
Vehicle Category 2 ( )
Parcent of ADT
Total Vehicles
Vehicle Category 3 ( )
Percent of ADT
Total Vehicles
Vehicle Category 4 ( )
Percent of ADT
Total Vehicles
Vehicle Cafegory 5 ( )
Percent of ADT
Total Vehicles

SHIELDING ELEMENTS

ROADWAY AND TRAFFIC PARAMETERS

Speed, 5, mph

fr

Distance to Stop 3ign,

I-2
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Step l.1. Site Parameters. On a map of the area, measure the
shortest distance from the observation point to the nearest edge of
the near lane of the roadway. Enter this distance, Dy, on Figure
k-1. Measure the shortest distance from the observation point to
the farthest edge of the far lane of the roadway. Enter this
distance, Dp, on Flgure 4-1.

Classify the area as being urban or suburban/rural (for highway
nolse prediction purposes, the mailn distinction between urhan andgd
suburban/rural areas is whether or not the ground between the
observer and the roédway is paved. Paved terrain qualifles an area

~ a8 urban, while terrain with ground cover, shrubery, cccasional

trees, ete. qualifies an area as suburban/rural). List the area
classification, A, on Figure 4-1.

The presence of any shielding elements between the observer and the
roadway shculd be determined (a site visit may be necessary for
this purpose). Note such elements on Figure 4-1, as follows:

1. Barrlers: TFor solid barrler walls {(or earthen berms)
between the observer and the roadway, tabulate the
nominal height of the barrier relative to the roadway
ground level, the distance between the barrler and the
nearest edge of the near lane of the roadway, and the
angle of shilelding as measured from the observer loca-
tion relative to the roadway. (See Flgure 4-2.)

2. Buildings: For rows of bulldings with no more than
50% open area between individual buildings, tabulate
the number of such rows and the angle of shielding
as measured from the observer leocation relative to
the roadway. (See Figure §-2.)

3. Vegetation: For bushes, trees and similar foliage of at
least 100 feet in depth, 15 feet tall, and sulfficlently

4-3
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A, Barrier Shielding Parameters
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yd
\ ~~_Building Shielding Angle

{Drawn Through First Row
of Buildings}

Observer

B. Building Shielding Parameters

_ Roadway
__ Centerline

Approximate
Depth

] 1~
LA

[~ L
R
\ ~~ ~ Yegatation Shielding Angle
{Drawn Through Approximate
Middle of Vegetation)
Observer

C. Vegetation Shielding Parameters

FIGURE 4-2, PREDICTION PARAMETERS FOR SHIELDING ELEMENTS
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Step 1.2.

dense so that no visual paths between the observer and
roadway exlst, tabulate the depth between the observer

and roadway and the angle of shielding as measured from

the observer location relative to the roadway. ({See
Figure 4-2.) Consider only evergreen foliage.

Roadway Parameters. If there 1s a gradient to the

roadway in the viecinity of the observer, tabulate the gradient to
the nearest percent on Figure #-1,

Neote the surface condition of the roadway (as determined by field

N:

Step l.3.

Department the following traffic parameters and llst on Figure 4-1

" inspection) on Figure 4-1, Use the following designations:

Normal. Moderately rough asphaltic and concrete
surface.

Smooth. Very smooth, seal-coated, asphaltic pavement.
Rough. Rough asphaltic pavement with large volds (at
least one-half Inch iIn dilameter), or grooved concrete.

Traf'fic Parameters. Obtain from the local Highway

a8 Indicated:

1.

The average dally traffic, ADT, in vehicles per day.
Include all vehicles usling the roadway.

The percentage, N, of the ADT which cccurs at night.
Here, night means those hours from 10 p.m., to mid-
night and midnight to 7 a.m. (When such information
ls unavallable for a particular roadway, refer to
Figure 4-3 which provides typilcal values of nighttime
percentages for various types of roads in different
areas.)

The percentage of the ADT for each category of vehlcle

45
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FIGURE 4-3, TYPICAL NIGHTTIME PERCENTAGE FOR
DIFFERENT ROADWAYSt
Population of Urbanized Arcas*
Less 'Than 100,000 to Greater Than
Roadway Type 50,000 250,000 250,000
Freeways and
Expressways 15% 17% 17%
Arterials 12 12 15
Collectors
In Central Citles 5 5 15
In Suburbs 12 12 15
tSource: Derived from data in Reference 3.

¥*For rural areas, use nighttime percentage for popula-

tlon of less than 50,000.
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utilizing the roadway. Generally, the vast majority

of vehicles on a roadway can be grouped into three
categorles: automobiles and other light vehleles, medium
trucks, and heavy trucks. Medlum trucks are defined as
vehicles having two axles and slx wheels, generally with a
gross welght between 10,000 and 26,000 pounds. Heavy
trucks are deflned as vehlcles having three or more axles,
generally with a gross welght greater than 26,000 pounds.
Note that most buses will fall in the medium truck cate-—
gory. Also note that the number of motoreyles utllizing a
roadway is usually sufficiently small so that they may be
excluded from the categorlizatlon. However if motorecycles
are a slgniflecant contributor to the roadway noise expo-
sure, and particularly if it 1s known that there are modi-
f'ied motoreycles using the roadway, separate categories can
be established for both motorcyecles and modified motor-
cyles; the procedures below permit the evaluation of these
vehicles as separate categories when so desired. (When
such detalled vehicle mix informatlon 1s unavailable for a
particular roadway, refepr to Figure Y4-4 which lists typleal
vehicle category mlixes for various types of roadways in
different areas.)

On Pigure 4-1, multiply the percentage for each vehicle
category by the ADT to obtain the dally number of ve-
hicles in eaeh category utilizing the roadway, and list
on Plgure 4-1.

The average travel speed, §, over a typlical day in
miles per hour. If this is not avallable, use the
posted speed limit as a conservative estimate,

The presence of stop signs. If there 1s a stop sign

along the roadway within 600 feet of the observation
point, note this on Figure i-1, '

4.7
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FIGURE 4-4.

TYPICAL VEHICLE MIX FOR DIFFERENT ROADWAYST

Urban Areas Rural Areas
Freeways and Freeways and

Vehiclie Type Expressways Arterlals |Collectors| Expressways jArterials [ Collectors
Automobilles 88% 91% 91% gox B7% 947
Medium Trucks 9 Y Yy 16 8 4
Heavy Trucks 2 4 b 3 L 1
Motorcycles 1 1 1 1 1 1
Modified Motorcycles 0.1 0.2 0.2 g.1 0.1 0.2

1+ Source:

Note:

for modifled motorcycles.
to exactly 1007,

Derived from data in Reference 4,

All percentages are rounded to the nearest 1% except

Accordlngly columns do not adad

et e o e o
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Example. I1lustration 4-1 shows a suburban roadway on which
there are 45,000 vehicles per day, with 22% at night.
The observer is 160 feet from the near lane. There are
two rows of closely spaced houses between the observer
and road, and in front of these buildings a 15 foot
high barrier has been built 10 feet from the edge of
the roadway. The barrier extends along the entire
raadway, and the buildings shield one-half the roadway
(t.e., the building shielding angle is 90°), The road
is 40 feet wide, has a gradient of 2%, and an average
speed of 45 mph. The ADT is composed of 3% heavy
trucks, 7% medium trucks, 0.8% unmodified motorcycles,
and 0.2% modified motorcycles. These data are entered
on the Prediction Parameter Worksheet, as shown in
ITlustration 4-2.

4.2 Step 2: Determine Vehlele Category Sound Exposure Levels

Figure 4-5 will be used to estimate the sound exposure level (SEL)
for each vehlele category at a distance of 50 feet from the vehicle.

Step 2.1. Automoblles, motorcycles and heavy trucks. On

Figure 4-5, locate on the hottom horlzontal scale the speed corres-—
ponding to the average travel speed, S, For each vehlcle category
draw a llne vertlcally upward at this speed until.it intersects the
curve corresponding to the sound exposure level for the vehicle cate-
gory of interest. Draw a line horlzontally to the left until the left
vertlcal scale is intersected. Read the SEL value on this scale to
the nearest 0.5 dB, and tabulate on Figure 4-6, the Noise Prediction
Worksheet.

Step 2.2. Medlum trucks and modifled motorcycles. Far these
vehicles, proceed as 1n'Step 2.1. For medium trucks, determine the
SEL for automoblles and add 10 dB to this value; tabulate on Flgure
4-6. TFor modified motorcycles, determine the SEL for motoreycles
and add 14 dB; tabulate on Figure 4-6.

4-g




S S T |

1 L1

S DO

-]

L)

i}

-1 L.}

1

L b

Lood

[ S

L

[

“

]

Roadway Centerline

40 ft,

l

10 ft.
2 2 A T 7 B e O 2 e Pl e e P O W‘;—

= 160 ft,
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ROADWAY CONFIGURATION FOR EXAMPLE
PROBLEM :
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[ILLUSTRATION 4-2,

USE OF PREDICTION PARAMETER WORKSHEET

S

PREDICTION PARAMETER Roadway ] [ Roadway 2 [Roadway 3 | .
Near Lane Dislance, Dpy, ft 160
Far Lane Distance, Dp, ft A00
Area Classitication, A Své.
Barriers:
2 .
5|, Height Above Rood, ft 'y
o ‘Z Distance to Near Lane, ft /0
g %’ Shielding Angle, degrees /80
£ {2 [ouildings
LE' (ZD Number of Rows 2
(7]
é Shielding Angle, degrees 90
“E" Vegetation:
Y |Depth, ft -
Shielding Angle, degrees -
Grodient, % 2
Surfoce Condition N
Average Daily Traffic, ADT, vehicles 4 000
Nighttime Percent, N a2
| Vehicle Category 1 (AuToS )
E Percent of ADT %9
g Total Vehicles 40,050
= Vehicle Category 2 (HEAVY TR. )
S Percent of ADT 3
o Total Vehicles 135D
I |Vehicle Caicgory 3 (MEDIUM TR,)
5 Percent of ADT a
<zt Total Vehicles 315D
% Vehicle Category 4 (MoTeR CYCLES)
g Percent of ADT 0.8
6 Total Vehicles - 360
® [Vehicle Category 5 (MoD, MOTOR..)
Percent of ADT 0.2
Total Vehicles 90
Speed, S5, mph ys
Distonce to Step Sign, ft -

S
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SEL, Sound Exposure Level in dB

20

Heavy Trucks

85

80

e

les
Mm;vr\iﬁfied Mmorcyc\es)

* 75

70

0 35

FIGURE 4-5,

Aumm"b:-esm Truaﬁ/
MediV
“""(A 38 10 4p for

40 45 50 55 60
S, Speed in mph

VEHICLE SOUND EXPOSURE LEVELS AT 50 FEET
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Example. For an average speed of 45 mph, I1lustration 4-3

shows an SEL of 71.5 dB for automobiles, 79.5 dB for
unmodified motorcycles and 89.5 dB for heavy trucks.
The SEL for modified motorcycles is 14 dB greater than
that for unmodified motorcycles, 93.5 dB. The SEL for
medium trucks is 10 dB greater than that for automo-
biles, 81.5 dB. These values are entered in the Noise
Prediction Worksheet, as shown in Illustration 4-4.

4-3 Step 3: Determine Component, Unshielded Day-Night Levels at
- 50 Feet

Using the vehlcle category sound exposure level, adJustments will be

" applied for roadway and traffic parameters to obtain the component

day~night sound level at 50 feet, with no shielding taken into
account,

Step 3.1. Use Tigure 4-7 to determine the adjustments for the

roadway gradient, the roadway surface, and the presence of stop signs.
Tabulate these adjustments on Figure 4-6 for each applicable vehlecle
category. (Note that (1) the gradient adjustment 1s non-zero only for
neavy trucks; (2) the surface adjustment applies to all vehicles; and
(3) there are different stop sign adjustments for automoblles/medium
trucks versus heavy trucks/motorcycles.)

Step 3.2. Use Figure 4-8.A and B to determine the conversion

factor, K, from SEL to Lgn for each category of vehicle. Figure

4-BA is to be used when the ADT is greater than 5000 vehieles; Figure
4~BB 15 to be used when the ADT is less than 5000 vehicles. Locate on
the bottom horizontal scale the 24-hour volume corresponding to the
ADT of the particular vehlele category. Draw a llne vertleally upward
at this volume until it intersects the diagonal 1line that corresponds
to the nighttime percentage, N. (Note that it may be necessary to
interpolate between two successive heavy diagonal lines. The fine

414
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SEL, Sound Exposure lLevel in dB

S, Speed in mph

ILLUSTRATION 4-3, USE OF SEL CHART
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FIGURE 4-7. ADJUSTMENTS FOR ROAD/TRAFFIC CONDIT{9§§,————w
| -

)

¢
N

Ao

Gradient, %

Roadway Gradlent Adjustment

Ad justment for

AdJustments for
Other Vehlcles

Heavy Trucks

1 0 c
2 1.0 0
3 1.5 0
4 2.0 0
5 2,0 0
6 and above 2.5 0
B. Roadway Surface AdJustment
Surface Conditions Adjustment for All Vehicles
Normal 0
Smooth -5
Rough 5
C. Stop 3ign AdJjustment for Automobiles/Medium Trucks
Dlstance to Stop Sign, ft. Adjustment, dB
30 or 1less -0
31 to 50 -8
51 to 85 -7
86 to 120 -6
121 to 170 -5
171 to 230 -4
231 to 310 -3
311 to 410 =2
411 to K25 -1
526 or more 0
D. Stop Sign Adjustment for Heavy Trucks/Motorcycles

Daily Vehigle Volume Adjustment, dB

999 or less 2
1,000 to 3,999
4,000 to 7,999
8,000 to 11,999
12,000 to 19,999
20,000 or more

=~ oW W
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K, SEL Conversion Factor, db

B T T T I

5 10 20 50 100 200 250

ADT, Average Daily Traffic in Thousands of Vehicles

FIGURE 4-8A, CONVERSION FACTOR FOR SEL TO Ldn
(For greater than 5000 vehicles per day)
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diagonal lings are provided to facilitate the interpolation.) Draw a
line horizontally to the left until the left vertical scale is inter-
sected. Read the value of X on this scale to the nearest 0.5 4B, and
tabulate the value on Figure 4-6. Determine the appropriate value of K

for each vehlecle category on the roadway.

Step 3.3. For each category of vehicle, determine the component
day-night level by adding together the socund exposure level, the
gradlent adjustment, the surface adjustment, the stop slgn adJustment,
and the Lgp conversion, K. Tabulate these component Lgp

. values on Figure 34-6.

Example. Since the roadway gradient is 2%, a gradient adjust-
ment of 1 dB is applied to heavy trucks. The surface
is normal and there are no stop signs in this example,
so these adjustments are zero. SEL conversion factors
are found for each vehicle type as shown in 11lustra-
tions 4-5A and B. MNote that the same nighttime per-
ceniage line, 22%, is used for each vehicle. These
factors are entered on the example worksheet, I1lustra-
tion 4-4, and the component Ly, for each vehicle
category (Line 6) is determineg by summing Lines 1
through 5.

4-4 Step Y4: Determine Component, Unshielded Day-Night Levels
at the Observer Location

, Figures 4-9 and 4-10 will be used to determine the reduction in nolse

level between a location 50 feet from the roadway and the actual
observatlon point.

Step 4.1. On Figure 4-9, locate on the two outer vertical

scales the dlstances corresponding to the near lane distance Dy

(right hand scale) and the far lane distance Dy (left hand scale).
Draw a line connecting these two polints. At the point of Intersection
with this line and the middle vertical scale, read the effective

420
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distance, Dg, and tabulate on Figure #-6. (The effective distance

is that single distance from the observer at which all the traffle
nolse sources, although actually spread over the width of the roadway,
are consldered to be located for nolse prediction purposes.)

Step 4.2. On PFigure 4-10, loecate on the bottom hortzontal

scale the distance corresponding to the effective dlstance Dg.

Draw a line vertically upward at this distance until 1t intersects
the diagonal line on the figure, corresponding to the approprlate
area classification. Draw a line horizontally to the lelt until
the left vertical scale 1s intersected. Read the noise level reduc-

- tion, NLR, due to distance on thls scale to the nearest 0.5 dB, and

tabulate this value on Figure 4-6 for each vehlcle category.

Step 4.3. Determlne the component day-night sound level at the
cbservation polint by subtracting the noise level reduction from
each component day-night level at 50 feet, and tabulate the value
for each vehicle categery on Flgure 4-6.

Example. Illustration 4-6 shows how an effective distance from
the roadway to the observer of 180 feet is determined
for this example, While the distance may be difficult
to estimate exactly from the figure, as long as the
selected distance is within 5% of the correct value
the distance noise level reduction determined in Figure
4-10 will be within 0.5 dB of the true correction.
Thus, 1n this example, 2 reading of between 170 feet
and 190 feet would yield acceptable results.

The effective distance is used in [1lustration 4-7 to
obtain a distance noise level reduction of 8.5 dB. The
effective distance and the noise level reduction are
entered on the Noise Prediction Worksheet example,
I1lustration 4-4. The unshielded component Lgp
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(Line 9) is then found for each vehicle type by
subtracting the distance noise level reduction (Line
8) from the component L4, at 50 feet {Line 6).

4-5 Step 5: Determine Shlelding AdJustments

‘The reduction in day-night sound level due to the shielding pro-

vided by elther buildings, vegetation or barriers will be estimated
in the followlng. 1In addition, the combined noise level reduction
from combinations of these shielding elements between the observer
and the roadway wilill be estimated. However, this combined noise

" reduction of multiple shilelding elements can be estimated for

elther of the following two situations only:

1. VWhen two or more shielding elements are present, the
shlelding angle for each element is very nearly 180°;

or

2. When two or more shielding elements are present, the
shielding angle for each element except the element
closest to the observer is very nearly 180°.

When other shielding element combinations occur, the procedures of
Section 5 may be utllized to divide the roadway into segments, each
of which 1is completely shielded by one or more elements.

Step 5.1. Builldings. For one or more rows of buildings lo-
cated between the roadway and observer, determine the resulting
nolse level reduction from Figure 4-11. Thils total reduction
applies only i the bulldlng shilelding angle 1is very nearly 180°.
For lesser angles, use TFlgure 4-12 to determine the actual nolse
level reduction. Locate on the bottom horizental scale the angle

h-28
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NOISE LEVEL REDUCTION#

BUILDINGS AND VEGETATION

FOR

AI

Buildings

Number of Rows

1
2
3
Y
5

or maore

Neoise Level Reduction, dB

Vegetation

Depth, ft.

99 or less

100
111
131
151
171
191

to 110
to 130
to 150
to 170
to 190

or more

Nolse Level Reduction, dB

oW -, oO

* TFor bullding or vegetation shielding elements with shielding
angle of 180°.
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corresponding to the shielding angle.* Draw a line vertically up-
ward at this angle until 1t intersects the curve that corresponds
to the total possible nolse level reduction determined in Figure
4-11. Draw & line horizontally to the left until the left vertical
scale 13 intersected. Read the actual noise level reduction on
thls scale to the nearest 0.5 dB, and tabulate the value on Figure
4~f. This value applies to each vehicle category on the roadway.

Step %.2. Vegetation. For vegetation located between the
roadway and observer, determine the resulting shielding from Flgure
4-11. This total reduction applies only if the vegetation shield-

'ing angle 1= very nearly 180°. For lesser angles, use Figure 4-12

to determine the actual nolse level reduction. Locate on the
bottom horiéontal scale the angle corresponding to the shilelding
angle. Draw a line vertically upward at this angle until it inter-
sects the curve that corresponds to the total possible nolse level
reduction determined in Figure 4-11. Draw a line horizontally to
the lef't untll the left vertical scale 1s intersected. Read the
actual nolse level reduction on this scale to the nearest 0.5 dB,
and tabulate the value on Figure 4-6. This value applles to each
vehlele category on the roadway.

Step 5.3. PBarriers. Appendlx A contains a set of charts which’
will be used to estimate the nolse level reductlon due to barriers
located between the roadway and observer. A sample chart 1s shown
in Figure 4-13., ©Each chart represents a cross-sectional view of
the roadway and surrounding area, at the roadway location which 1is
closest to the observer. Different charts are provided for a
varlety of source/roadway/barrier configurations. Each chart 1is
uniquely defined by three parameters as follows:

1. Source distance, Dg. This 1a the distance between the
source and the barrier. Sets of charts are pro-

¥ The bottom horlzontal scale labelled '"shielding ratio™ will bte

utilized in the procedures of Sectlon 5, and can be ignored 1n this
section.
§-31
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vided for source distances of 15, 25, 50, 75, 100,
150, and 200 feet.

2. Barrier height, Hg. This is the nominal height of
the barrler, measured relative to roadway grade level.

Sets of charts are provlded for barrler helghts of 0%,
5, 10, 15, 20, and 25 feet.

3. Source height, Hg. Two source heights are utilized
in the charts: O feet, representing the source height
for automoblles, medium trucks and motoreycles; and
8 feet, representing the source height for heavy

trucks.

On each chart representing a specifle configuration, lines or

curves of constant barrler attenuation have been drawn, ranglng in
value from 5 dB up to 20 dB where applicable. The charts are used hy
first pinpointing the observer at the appropriate locatlon on the
chart based on the distance between the observer and the barrler and
the observer's height relative to roadway grade, and then selectlng
the barriler attenuation contour closest to that observer location.*#

* Attenuation charts for barriers with a height of 0 feet are
Inceluded in order to estimate the attenuation due to elevated
roadways. The procdures for thils are descrilbed 1n Section 5.

#% Note that the term "barrler attenuation" refers to the change in
noise level due to the barrier alone. Since the presence of a barriler
influences the propagation of sound between the sound source and the
observer, the net noise level reduction due to the barrier/terraln
interaction must be evaluated. This ncolse level reductlon 1s
determined by applying an adJustment to the barrier attenuation,. as
detailed in later paragraphs.
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To select the correct chart, subtract the near lane distance, Dy,
from the effectlive distance, Dg. Then add the distance from the
barrier to the near edge of the near lane. (These distances are
tabulated on Figure 4-1 and 4-6.) The resulting distance 1s the
source distance, Dp. Select the chart with the source distance,
Dg, that is closest to the actual barpier height {relative to
roadway grade level); and with source helght, Hg, corresponding to
each speclfic vehicle category utilizing the roadway. (Since
automeblles, medium trucks and motorcyles all have the same source
height, the attenuation determined from the chart for 0 foot source
helight applies to all these vehicles.)

Note that the distance scale on the bottom horlzontal axls has its

0 point at the barrler locatien. Similarly, the helght scale along
the left vertical axis has 1ts 0 polnt at the roadway grade level.
Also note that the distance and helght scales are drawn to differ-~
ent dimensions, 1.e., the cross-sectional view shown 1n each chart Is
dlstorted, by a factor of nearly 5 to 1 in the horizental versus the
vertical directions.

To locate the observer on the chart, subtract the source distance
Dg frem the effective distance Dg. The resulting distance is

the distance from the barrler (to the right of the barrier) to the
chserver, Dp. Locate this distance along the horizontal axls.

For ohserver locations with ground level that is the séme as the
roadway grade, select an observer height filve feet above roadway
level. With these two dimensions determined, mark the actual
observer location on the chart. When the observer location 1s not
at grade relative to the roadway, determine from a topographic map
of the area the ground elevations of both the roadway and the ob-
server location., Add 5 feet to the ground elevation of the ob-
server, then subtract the elevation of the roadway from thls ob-
server elevation., The resulting height (posltive if above the
roadwaey grade and negative if below the roadway grade) should be
used to locate the observer helght along the vertical left scale
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on the chart, and proceed as above to determine the position of the
‘obhserver on the chart.

Determine the harrier attenuation by selecting the curve closest to
the observer locatlon, and read the attenuation value from the con-
tour curve (barrier attenuation values to the nearest 0.5 dB can be
interpolated 1f the observer locatlon lies between two barrier
attenuation contour curves). Assign & value of 0 dB to those loca-
tions with dircct line-of-sight Lo Lhe sound source. Tabulate the
barrier attenuation on Figure 4-6 for both 0 and 8 foot sources, 1if
approprlate to.the vehicles using the roadway.

The nolse level reduction due to the barrier depends on both the
barrier attenuatlen and the type of terrain between the barrier and
ocbserver., Use Figure 4-14 to determine the adjustment to be
applied to the barier attenuation. To use the figure, divide the
effective distance, Dg, by the barrier-to-observer dlstance,

Dp. Subtract the attenuation adjustment from the barriler attenu-
ation to obtaln the nolse level reductlon, and tabulate on Figure
4-6.. {Note that the adjuqtment is always zepo for urban areas.)

This total reductlon applies only if the barrier shielding angle 1s
very nearly 180°. PFor lesser angles, use Figure 4-12 to determine

the actual noise level reduction. Locate on the bottom horizZontal

scale the angle corresponding to the shilelding angle. Draw a line

vertically upward at this angle until 1t intersects the curve that

correspends to the total possible nolse level reductlion determined

above. Draw & line horlzontally to the left until the left verti-

cal scale 1s Intersected. Read the actual nolse level reduction on
this scale to the nearest 0.5 dB, and tabulate the value on Pigure

4-6.

Step 5.4. When multiple shielding elements are present (which
satisfy either of the two conditions listed at the beginning of
this step), proceed as follows. Add together the building and
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Dp* Area (lasslfication

Dp Rural/Suburban¥ * Urban

l.2 or less 4B
‘1.3 to 2.0
2.1 to 3.2
3.3 to 5.0

5.1 or more

s ow oo

(= = I =« B = ]

#This - is the effeetive distance divided by the source to
barrier dlstance.

#*AdJustment 1s zero for depressed roadways where the teop
of the cut is the shielding element (see Section 5.1).
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vegetation noise level reduections, for each vehlele category. Add
this sum, or 10 dB, whichever 1s less, to the barrier nolse level
reduction for each category to obtain the combined nolse level
reduction for all shilelding elements. Tahulate thls combined
shielding reduction on Figure 4-6 for all vehlcle categories.

Example. From Figure 4-11, the building nojse reduction for
this example would be & dB if the two rows of buildings
spanned the entire 180° of vision between the observer
and the road., Since the true buiiding shielding angle
is only 90°, the actual noise level reduction for this
element is found on Illustration 4-8. Since there is
no 6 dB curve, the actual reduction is estimated by
jnterpolating between the 5 dB and 7 dB curves at a
point which corresponds to the 90° shielding angle.
The result is found to be 2.5 dB.

There i5 no significant vegetation between the
observer and roadway, therefore there is no noise
reduction from this element.

The barrjer attenuation for this example is found by

first determining the source-to-barrier distance, Dp.

The effective distance, Dg, was found in the previous
e --gxample- to bhe 180 feet. ?he near tane distance, Iy,

is 160 feet. The distance from the barrier to the near

lane is 10 feet. Therefore,

DB=DE"DN+10=30fEEt
The charts which most closely correspond to this
distance are for a source-to-barrier distance of 25
feet and a barrier height of 15 feet.
The barrier-to-observer distance, Dp, 1s

Pp = Dg - Dp = 180 - 30 = 150 feet
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4-6 Step 6:

The barrier attepuation for automobiles, medium trucks,
and motorcyles is found on Illustration 4-9. At a
barrier-to-source distance of 150 feet, and a barrier
height of 15 feet, the attenuation is about 16 dB.

The barrijer attenuation for heavy trucks is found on
ITNMustration 4-10. At 150 feet from the barrier, for
an observer 5§ feet above the ground the barrier
attenyation js approximately 12 dB, Note that if a
three story building is planned at the cbservation
point, then the attenuation for the third story {at
about 25 feet ahove ground) would be only 9 4B for
heavy trucks, and 14 dB for other vehicles.

The barrier attenuation values of 12 dB for heavy
trucks and 16 dB for the other vehicle types are
tabulated in the example worksheet, ITlustration 4-4,
on Line 14. 0On the next line, since D /Dg =

180/30 = 6, the barrier attenuation adjustment is 4 dB
(see Fiqure 4-14). Subtracting 4 d8 {(Line 15) from the
attenuation values (Line 14) gives the barrier noise
level reduction {Line 16}.

Since the barrier shielding angle is 180°, Figure 4-12
shows that the actual barrier reductions (Line 17) are
equal to the total reductions (Line 16).

The total noise reduction due to all shielding elements
is the sum of the building and barrier reductions.
These values are entered on Line 18,

Determine Component and Total Day-Night Sound

Levels

PAt this point, all of the information necessary to determine the

component day-night sound levels and thus the total day-night sound
level has been tabulated. The steps below complete the calcula-

tions.

Step 6.1. TFor each vehicle category, subtract the combined
shielding reduction from the unshlelded component day-night sound
level at the observer location. The resulting levels are the
component day-night sound levels at the observer location. Compar-

4-39




Ofr=k

HEIGHT ABOVE ROADWAY, FEET

o ey e

3

. DISTANCE FROM BARRIER, FEET

USE OF BARRIER ATTENUATION CHART FOR 0 FT SOURCES

ILLUSTRATION 4-9,

TTTLOTTT T e e s e e e P T ST T e e

LI L L L o T T 7 4 )% »”
ssiSource {q,/f /’>~‘;/~" (AR L
solDistance,Dg: 25 Ft. w VALY A

AL 2
astBarrier A 44 P
wifeight, Hg: 15 Rt // i bd /// //,{f_,_ L
v

a5} Source /l // g5 // » + =
wifeight®, He: O FLL| i/ (1) | L L s
25 A AL L LT T

; A== I 4 <8 e
20 v/ ardipi«inng | 1]
15 :////// —iﬁ'*’j’

B ] _—_.___..-’"
10 = o
R T e o
N \\ """""-«.______H_-.
5 \\ \\ e L
\ T A
10 \ L 1§ L
N
A5 \\ ™ N
2 AN N
251 *H,«0FT,FOR | ™ h s
: ™

301, s T \ AN N

™ Molorcyclet  — N \\

- i~

354 *H ~8FT. FOR & 7
40t T \ ENAN N
200 350 -100  -50 o 50 100 T80 200 250 300 350 400 450 500




Th—n

HEIGHT ABOVE ROADWAY, FEET

60 I'TPrTr 1Ty P T T T P17 T T 00T / ) A
s5]Source ny BSRRRAL Lk
giDistance,Dg: 25 Ft. > AL d NG
/ /" LA -
. “] 5
ss{Sarrier A A L L i
a0 Helght, HB: 15 Ftt Z 'f/ // o ol I .4’/
-
s AL AT A grcanl
ssiSource Az awsnn et iRty
o|Height”, He: 8 FL yaRV4DZ4E) AL L L 10 7
- L . -
2 \’ /jﬂ// |//(/‘ J’// ] i
(I - / 4 /‘| /"( 9 dB | gt K
LU T et
20 e | L e |
18 ”E”W---——-FTT '
10 Ll 1 - ' il
b s ° :l:“ \:\‘“‘*- ,L 12 43 |
0 b \'\ \\\_ Tﬁj\
A N \ \j\\ .\\ \\\""“-.__.__‘\
. A \ ™ ~ ‘H"""--
'10 l\ ™ \\__\ \\_\ [t
16 AL \\ \\A TN T2 L
20 VAN TN TN ~0
\ N N \\ T‘\\
25 *H,=0FT FOR \ \ \ \\ ~ L
Automohbiles \ N h
o] e NN el
Selal ] N N N
35 H.H-B F'I_']: FOkH o 4’3
A0 L ;’?“l' |mf1| ) \ \ \ d\ \\ N o
-200 150 -100 .50 0 50 100 150 200 250 300 350 400 450 500

DISTANCE FRCM BARRIER, FEET

ILLUSTRATION 4-10,

USE OF BARRIER ATTENUATION CHART FOR 8 FT SOURCES




TERILTETT T waes e b e e e e s

1

-

3

.....

ison of these values indicates the major contributor(s) to the
nolse environment for the chserver.

Step 6.2. Add together the component day-night levels, using :
the rules for "decibel addition" shown in Pigure 4-15.% Pirst,

list in ascending order all the component levels to be added. Then

add together the lowest two levels, Ly and Lp, as follows.

Determine the difference between these two levels, Lp-L3, and

based on this amount select from the second e¢olumn on Figure 4-15 ;
the amount, AL, that must be added to Lp. The sum of Lp and AL

is L3, the decibel sum of Iy and Lp. Next, add L3 to the

" third highest level in the same manner. Proceed until all component

day-night levels have been added together; the final sum is the total
day-night level at the observer location.

Example. On the example worksheet, I1lustration 4-4, Line
18 is subtracted from line 9 to give the shielded
component L4y (Line 19). The noise levels of each
vehicle type are now added together, in pairs, from
lowest to highest, using the rules shown in Figure :
4-15. First the L4y values far the two motor- _

. tycle categories are added. Since the difference !
between 45.5 dB and 37.5 dB is 8 dB, Figure 4-15 shows
that 1/2 dB is added to 45.5 to obtain the decibel sum,

46 dB. Then 46 dB is added to the Lg, for medium
trucks, 48.5 dB, etc. The entire summation can be
summarized as follows:

37.5 + 45.5 = 46 dB
46 + 49 = 51 dB
51 + 50 = 53.5 dB
53.5 + 57.5 = 59 dB

The grand total of 59 dB is the L4, estimated at
the observer due to all vehicles, and taking into
account shielding elements.

* Since day-night sound levels, in declbels, are logarithmie
quantlties they cannot be added together 1n the usual arithmetic
manner. The rules in Flgure 4-15 represent a simplified method of
adding decibel values together, two at a time.
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FIGURE 4-15. RULES FOR DECIBEL ADDITION

To add together two noise levels, Ly and Ly, where Lp is
higher than Lj:

1. Subtract.Ly from La.

2. Determine AL from the followlng table.

Lo-Ly, dB AL, dB
0 or 1/2 3

1l or 1-1/2 2-1/2
2 to 3 2
3-1/2 to 4-1/2 1-1/2
5 to T 1
7-1/2 to 12 172

13 or more 0

30 Add AL to L2-

4. Lp + AL is the decibel sum of Lj and Lp.
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4.7 Step 7: Development of Simplified Nolse Contours

For the general highway situation, development of day-night sound

"level contours along the highway would be a tedious, time consuming
To perform this task, a gridwork of observer locatlons s
vwould be defined in the vicinity of the highway, the day-night

process.

sound level would be estimated for each observer, and contours

would be drawn at the deslred Ly, intervals by interpolation ‘ ?
between the Ly, grid point values. Such a process 1s best . i
performed utilizing a computerized predictlion methed, and 1s beyond 'é
the scope of this manual.

However, if day-night sound level contours are deslred along a fairly
long roadway sectlon for which roadway, trafflec and slte parameters
do not change, the steps below may be used to prepare simplified

Lgn contours. Specifically, the following requirements must be

met before this procedure can be used:

1.

The area classification, roadway gradient, and
roadway surface condition must not change along
the entire section of roadway. :

Trafflec flow characteristics (ADT, nighttime percent,
vehlele mlx, and speed) must not change along the
entire section of roadway.

There must be no stop signs aleng the roadway section
(since the stop sign adjustment is dependent upon
the distance from the observer to the stop sign).

If shielding elements are present, they must extend
along the entire section of roadway such that the
shielding angle 1s very neary 180° for all observer
locations at whiceh contours are desired.

4-4y
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T Step 7.1. On a line perpendlcular to the roadway centerline,
“'select several locatlons at.which the Ly, will be estimated.

"Sample locations might be at the following distances from the

roadway centerline: 50 feet, 100 feet, 200 feet, 400 feet, and 800
feet. Note that it may be necessary to select additional lecations
after the day-night level has been estimated at each of these
locatlons, so that the desired range of day-night levels 1s

ineluded. Also, if shlelding elements are present, 1t 1s desirable
to select an additicnal locatlon on either slde of the shlelding '
element (for example, at 25 feet or 50 feet from the barriler,
bullding, ete.).

Step T.2. For each selected location, estimate the total
day-night sound level using the procedures in Step 1 through Step 6
above.

Step T.3. Plot the estimated day-night level values as a
functlon of the effective distance from the roadway on a sheet of
semi-logarithmic graph paper. (Semi-logarlthmle graph paper 1s: .
graph paper wlth a linear scale along one side and a logarithmic !
scale along the second. Such paper 1ls available from any drafting '
supply store.) Orlent the paper such that the logarlthmlec scale 18
horizontel, and label the bottom scale as the effectlve distance,

in feet. Along the left silde of the paper label the linear scale

as the day-night level, 1n decibels. For each location at which

)the Lgn was estimated, locate the effeective distance along the

. bottom horizontal scale and draw a line vertically upward. Locate

the estimated Ly, on the left vertlical scale and draw a line
horizontally to the right. Place a dot on the graph paper at the
intersection of these two lines.

Step 7.4, When all estimated Lgn values are plotted in

this manner, draw a smooth contlnuous curve through each of thes
polnts.

'
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. . Step 7.5. For each desired Lgp contour, locate the Lgp
_:value on the left vertical scale and draw a line horlzontally to

the right until the curve connecting the estimated Lgp points

is intersected. At this interseetion, draw a line vertlcally
downward until the distance scale is intersected. Read the
distance on this scale corresponding to each desired Lgp

contour. The actual contours are prepared by drawing lines
parallel to the roadway, at distances from the roadway centerline

"corresponding to the distances determined using this graph.

Example. Assume that the two rows of buildings were
not present in the previous example. Then the
total Ld4n at the observer would be 2.5 dB
higher, or 61.5 dB at 180 feet from the center-
1ine of the roadway. Similarly, the day-night
Tevels at other locations are as follows:

Dp, 't Lins dB
50 65
g0 63
180 61.5
360 57.5
720 53

These Tevels are plotted on IlTustration 4-11,

and a curved line is drawn through them. Then,
from this drawing the distances to various Ly

contours are as follows:

Ldqn Contour, dB Distance, ft
65 50
60 240
85 540

These Lgn contours are drawn at the indicated

distances from the roadway centerline, and para11e1'

te 1t.
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5. APPLICATION OF THE COMPONENT METHOD TO COMPLEX ROADWAY
SITUATIONS '

In Section 4 the Component method of traffic nolse predictlon was
described, with application to rocadways with a straight horlzontal
allgnment, an at-grade configuration, and constant roadway and
traffic parameters. Descrlbed in this section are the procedures
for dealing with some of the more complex sltuatlons that are often
encountered., First, procedures for estimating the day-night sound
level in the vieinlty of either elevated or depressed roadways will

. be described. Second, the techniques for deallng with segments of

roadway with changing roadway and traffic parameters will be
detailed. Finally, estimation of the total day-night sound level
at an observer location due to highway traffie nolse and the noise
of other sources in the community will be discussed.

5-1 Elevated and Depressed Roadway Configurations

For roadways whilch are uniformly elevated or depressed along a
sectlion of roadway included within an angle of observation of at
least 150°, the day-night sound level can bhe estimated using the

~same steps descrlbed in Section 4 for the Component method of

tralffic nolse prediction, with only one exception., As shown in the
cross sectlon drawlngs in Figure 5-1, the edge of an elevated
roadway and the top of the cut of a depressed roadway act as
shielding elements which reduce the noise level at the observer.
Thus, in Step 1.1 the edge of the elevated roadway and the top of
the cut of the depressed roadway should be treated as barriers and
the associated parameters should be determined as 1llustrated in
the figure.

In Step 5.3, choose the barrier attenuatlon chart that best corre-
sponds to the elevated or depressed configuration. For elevated
roadways, the barrier height 1s 0 feet above roadway level; lor
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depressed roadways, the barrier height 1is the depth of the

depression. Figures 5-2 and 3 i1llustrate the use of the barrier
attenuation charts for the élevated and depressed roadway cases,
respectively. '

For depressed roadways only, where the top of the cut is the
shielding element (l.e., no additional barrlers are built at this
leocation to increase the amount of shielding provided by barriers),
the barrier attenuation adjustment defined in Flgure 4-14 is 0 for 3
all area classificatlons. :

Estimatlion of the day-night sound level for elevated and depressed

roadways 1s otherwlse identilcal as detailed in Steps 1 through 7 of
Sectlon 4.

5-2 Use of Roadway Segments

Thus far, procedures for estimating the day-night sound level have
been described for roadways with tralfic and roadway parameters
that are constant over an angle of observation from the observer
location of at least 150°. Often, a change in roadway alignment 1
may oceur due to the presence of curves, the roadway elevation

may change, and traffic volumes and vehlele mix may vary with the

presence of on and off ramps. In addiltion, multiple shielding

elements with different shielding angles may be located between the
observer and the roadway. In the general case, estimating the

day;night sound level for such complex highway situatlions 1s beyond

the scope of thils manual. It is recommended that very complex
roadway/slte geometries and traffic conditlions be analyzed with one

of the available computerized noise prediction methods.l,?

However, 1f the roadway can be divided into roadway segments, each
having constant traffle and roadway parameters, the day-night sound
level from each segment can be estimated and combined together to
provide an estimate of the total day-night sound level from the

3-3
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roadway. When 1t is possible to divide a complex roadway Inte no
more than three or four segments wlth constant traffie and roadway
parameters on each, the proéedures in the following paragraphs may
be used in eonjunction with the steps in Section 4 to estimate the
day-night sound level. When more than three or four segments are
required, it 1s advisable to use a more sophisticated prediction
methodology.

Figure 5-4 1llustrates four situations in which a roadway could be
divided into more than one segment. For each conditlon shown on
the figure, three different roadway segments are used to approxi-

. mate the actual roadway.

Figure 5-5 defines the segment angle for two different types of
roadway segments, those which have definite ends, and those which
have an indefinite end (i.e., those which continue on Tor long
distances). Estimation of the day-night sound level from a
particular segment 18 performed by first estimating the day-night
sound level as if the segment were a complete roadway(l.e.,
extended indefinitely 1n both dlrections), and then subtracting the
segment adjustment gshown in the top portion of Figure 5-5 from the
estimated level.

When a shielding element 1s present between the observer and a
roadway segment, estimation of the actual shilelding noise level
reductlion using Figure 4-12 is based on the "shielding ratio"
rather than on the shlelding angle used for very long roadways.

The shielding ratio is found by dividing the shielding angle by the
segment angle. A shielding ratlio of one means that the entire
segment 13 shielded by the shielding element,

Except for this modiflication, the procedures of Section 4 are used
as written to estimate the Lgp for each roadway segment. To
determine the segment adjustment from Figure 5-5 first locate the
segment angle on the bottom horizontal scale, and draw a line
vertically upward untll the curve 1s intersected, Then draw a line

5-6
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horlzontally to the left until the vertical scale is intersected.
Read the segment adjustment to the nearest 0.5 dB on this scale,
and subtract i1t from the segment Lgp.

Onice the segment-adjusted day-night sound level has been determined
for each segment, these day-night levels are added together using
decibel addition (Flgure I-15} to provide the total day-night sound
level from that rcadway. Flgure 5-6 1s a worksheet for performing
these calculations.

Example. For an observer located near the curved roadway
shown in the top portion {A) of Figure 5-4, the
Lgn 15 estimated separately for each of the
three segments to be 68, 70 and 68 dB. The segment
angles are 97, 60 and 80°, respectively. These
values are tabulated on Illustration §-1. Using
ITlustration 5-2, the segment adjustments are found
to be 2.5, B, and 3.5 dB, respectively. Each
adjustment is subtracted from the appropriate
Ldns and tabulated on Line 4 of Illustration
5-?. Finally, the three segment Lg, values are
added together for a total roadway Edn of 70
dB.

5-~3 Estimating the Total Day-Night Sound Level in a Community

When an observer 1s located very close to a major roadway, the

. holse from that roadway may well dominate the nolse environment for

that observer. As one moves farther away from the roadway, and as
other noise sources intrude upon the enviromment (such as alrcraft,
rallrecad trains, ete.), knowledge of the total day-night sound
level due to all sources is impertant in assessing the noise
environment at a particular location.

If the day-night sound level of each source which contributes to
the noise envlironment at a particular location 1s known, the total
day-night sound level at this location 1s simply the decibel sum of
the individual contributing day-night sound levels. Thils sum can
be obtained using the rules for decibel addition illustrated in

Figure 4-15.

5-10
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What sources may be present in typleal communities? If a second
roadway 1s an Important contributor to the nolse environment at the
observer location, estimation of the day-night sound level from
that roadway can be made using the procedures in thls manual. For
ajreraft operations from a nearby airport, Reference § provides
simplified procedures for estimating the day-night sound level from
such operations.

Often in a community one can chserve & "background" nolse level
that does not appear to emanate from a specifilc source, This level
is often the result of surface traffic on a variety of streets in

- the vicinilty of the location, Flgure 5-7 provides an estimate of

this background day-night sound level, deplicted as a function of
the population density of the area., To use the figure, locate on
the bottom horizontal scale the populatlon density corresponding to
that of the community {determine the population density of the
smallest geographic area for which such information is avallable,
such as the census tract, town, etc.}), Draw a line vertically
upward at thls density untll 1t intersects the dlagonal line. Draw
a. line horizontally to the left until the left vertical scale 15
intersected. Read the value of the background day-night sound
level to the nearest 0.5 dB. (It should be noted that the esti-
mated background day-night sound level provided in this figure 1s
based upon nolse measurements conducted at many locations through-
out the United States.b There was considerable varlabillity in

the measured day-night sound level at each population density in-
terval included In the study. Thus this figure provides only a
very rough estimate of the background noise level in a community.)

This background day-night sound level may be added with the day-
night sound levels from other contributing noise sources using
Flgure 4-15 to obtain the total day-night sound level at the
observer location,

5-13




8P ‘(3497 44BNy -Aog punosBipng

BT e i T T s,

L2 €2 00 02 17 7 12 12 27 wsm

R i - T R

i
@
7 2 ]
%

g

20 50 100

10
Population Density, Thousands of People per Square Mile

GROUND DAY-NIGHT SOUND LEVEL AS A
T

BACK
FUNCTION OF POPULATION DENSITY

A
U

FIGURE 5-7,

5-14



T T TN e S 0 T i e

ST

B T TR

st

|

I |

-
1%

L]

9
it

Example.

In a community with population density of 20,000
people per square mile, an observer is exposed to a
68 dB day-night level from a nearby roadway. At the
same location, aircraft overflights result fn an

Ldqp of 60 dB. As shown in Illustration 5-3, the
background Lqq 1s 65 dB. Adding together 60, 65

and 68 dB gives a total day-night level of 70 dB at
that tocatiaon.,
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APPENDIX A
BARRIER ATTENUATION CHARTS

This appendix contains 84 charts of barrier attenuation, for use in
the Component method of traffic nolse prediction.

The charts are organized first by source distance, Dp, then by
barrier helght, Hg, and lastly by source helght, Hg. Figure
A=l lists sequentially the page numbeps of each chart for easy

reference.
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APPENDIX B
ESTIMATION OF HOURLY EQUIVALENT SOUND LEVELS

Iﬁ this manual, two procedures are described for estimating the
day-night sound level from roadway traffic nolse. If it is desired
to estimate the hourly equivalent sound level for individual hours
of the day, elther the Direct or Component mecthods may still be
used with the following minor modifications.

1. For the hour of Interest, determine the total vehicle
volumne, as well as the percentage nix of vehicles for
that hour.

2. Multiply the total vehicle volume by 24. Use this
vehiecle volume as the average dally traffic, ADT, in
the predlection method.

- 3. . Use a nighttime percentage of 0 percent 1n the pre~
dlction method.

With these values of ADT and N, either the Direct or Component
method may be used as described 1n Sections 3, 4 or 5 to estimate
the hourly equivalent sound level. Everywhere that the term
"day-night sound level" appears 1in these'sections, the term "hourly
equivalent sound level"™ may be substituted.
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APPENDIX C
DEVELOPMENT OF THE DIRECT AND COMPONENT METHODS, AND COMPARISON
WITH OTHER PREDICTION PROCEDURES

[To be supplied at a later date.]




APPENDIX D
GLOSSARY

[To be supplied at a later date.]
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