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Foreword 

In choosing amongal1ernative 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 staff, Interested builders, 
developers. and loUt officials with an 
easy-to-use metllod ol evaluating noise 
problems with a minimum ol time and 
effort 

We beloeve that this set of tools woll 
simplify the process of belancing the goal 
of environmental protection with those of 
efficiency and reduced housing costs. We 
hope you wlllllnd them uselul, and invite 
your comments. 

Benjamin F. Bobo 
Acting Assistant Secretary lor 
Polley Developmenland Research 

~~~\~ 
Assistant Secretary for 
Community Planning and 
Development 
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IV 

The Department of Houslng and Urban 
Oevolopment, in its eiiOitS to provide decent 
houSing and a suitable IMng env'oor.ment. Is 
c:oncemed wilh noise as a majof aource ol 
8I1YWOill'll8nt polution and has issued St.b­
part B 0t1 Noise Abatement and Control to 
Part S I ol rrtle 24 ol the Code ol Federal 
Regulations. 

The policy established by Subpart B em­
bodies HUO objectives to mal<e the IISSOS$· 

ment of the suitability ol the noise etllliron· 
men1 at a site: (1) easy to par1otm:(2) 
unilonnly appi able to dille<enl noise 
souroes; and (3) as c:onsis1ent as possiJie 
with the assessment policies ol OCher Federal 
departments and agendo$. In furtherance of 
these objectives, the Office ol Polley Devei­
Ojlment and Research has sponsored 
research to provide site analysis techniqoes. 
These Noise Asse$sment Guklelnes do no1 
constltUie established policy o1 the Oepan­
ment but do provide a meh:>dology whose 
use IS eoc:ouraged by HU0 IS being con­
sistent with Its Olljecti-;es. The Guk1ellnes 
provide a means for assessing separately 
the noise produced by airport. highway. and 
railroad operations, as welt as the means for 
aggregating their CCliOOined ellect 0t1 the 
overall ncise environment at a sJte. 

This booklet has been prepared by Bolt 
Beranelt and Newman Inc:., under Coneract 
No. H·2243R for the U.S. Oepanment ol 
Housing and Urban Development. h IS a 
revision of an earlier edition published In 
August 1971 . With the exception ol changes 
made by the Department, the contractor Is 
solely responsible for the &CC~Kacy and 
completeMSS ol the data and lnformabon 
c:ontalned heren. 
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Introduction 

These guidelines are j)feMnted as part ola 
CXlllbnUing effort by the Oepal1rnett ol Hous­
ing and Urban Development to provide 
decent hooslng and a suitable living en­
vironment lor all Americans. 

The procedures described here have been 
de'leloped so that people Wllhout tec:hnicaJ 
tra.nong wll be able 10 assess the exposure o1 
a hoosing s~e to present and luture nolle 
cond~ions. In this context, the she may hold 
only one small building, In which case the 
noise assessment is stralght!orward Larger 
sites may hold larger buildings, Ot many 
buildongs, and the noise level may be dd· 
ferent at different parts ol the s~e (0< build­
Ing). Assessments ol the noise exposure 
shoold be made at representative locations 
around the site where significant nolle is 
expected. These are deslgnaled as "Noose 
Assessment Locations." abb<eviated NAI.In 
the loftowing text. 

The only materials required are a map ot 
the area. a ruler (straight edge), a proerector 
and a penc:l. WOtksheels and WOt1dng 
figures are provided separately. 

All o1 the information you need can be 
easily obtained-usually by telephone. For 
convenience, this lnfoonation is listed at the 
beginning ol each secdon under he«<ings 
that Indicate the most li<ely source. Whole 
you are obtaining this lnformatloo. be sure to 
ask abou1 any approved plans for luture 
changes that may affect noise levels at the 
site - for example: land-use cllanges. 
changes In airpofl runway lraffic. wldenong ol 
roads, and so forth. In d evalualions. you 
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should assess the coo oditioo, that w11 have the 
most sevent ()(most lasting eflect on the use 
olthesrta. 

Wherever possible, you shoold try to 
assess noise environments expected at least 
ten years In the luture 

The degree o1 80Cllll)labilil o1 the noose 
environment at a site is delem1ined by the 
outdoor day·nlghl avarege sound level 
(DNL) In decibels (d6). The assessment of 
site acceptabilhy is presented forst as an 
evaluation ol the site's exposure to ltltee 
major aources ol noose - aJrcraft, roadways, 
and reitways. These are then combined to 
assess the total noise at a she. Worl<&heels 
are provided at the back of these Guidelines 
to use In 800'VIlalizing your evaluations. 

The noise environment at a site w11 come 
under one olltltee categories: 
Ac~ (DNL nolexoaeding 65 dec:l· 
bels) The noise exposure may be oi&Otne 
concem but common building construc:tions 
will make the Indoor environment accepUible 
and the outdoor erwiroo oman1 wil be rea· 
sonably pleasant lor recreation and play. 
Normelly Un8c cep Wb1t (DNL above 65 but 
not exceeding 75 decibels) The noise expo­
sure is significantly IT'IOt8 severe; barriers 

may be necessary be!""" the site and 
prominent noise SOUIQII 10 nWce the outdoor 
environment acceptable; special building 
constructions may be necessary to ensure 
that people Indoors are sufficlently protected 
from outdoor noise. 
Un8c cep Wblt (ONL above 75 decibels) The 
noise exposure at the she Is so severe IN! 
the oonstruc:tlon cost to make the Indoor 
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noise enwonmenr acoeptable may be pro­
hOIJve and the outdoor enwonment would 
stiH be Unaoceptable. 

WhenmeasuringthedistancetrOtntheslte 
to any noise source, measure from the 
source to the nearest points on the site where 
buitdongs haVIOQ IIOISe-senslllve uses ara 
located These points define the Noise 
Assessment Locations lOt the site. The 
relevant measurement location lOt buildings 
is a point 2 meters (6.5 feet) from the facade 

H at any point during the HS ISS '"" M the 
site's exposure to !'lOlSe is lound 10 be 
Unacceptable Ot Normally Unacceptable, 
every effort should be made 10 Improve the 
cond~ion, e.g .. the location of the proposed 
dwellings can be changed Ot 80<08 sNelding 
can be pnovlded to bloclc the 1'10158 from !hat 
source. 

Where quiet outdoor space os desired at a 
s~e. distances should be measured from the 
Important noise sources to the outdoOt area 
in questiOn and the COiilbio Mid noise expo­
sure should be assessed 

Frequently. the locatoons ol dwellings have 
not yet been 8jl8Cified at the lime t!le noise 
assessment ol a sne Is made. In these 
instances, distances used In the noise 
assessl1'l«1t should be measured as 2 
metets tess then the do$tanCe from the build­
ing setbacl< tine to the major soun:esol noise. 



Combining Sound ~Awls In Decibels 

The noise environment at a arte Is dele<· 
mined by combining the c:onlrib<Aions of dif· 
le<ent noise sources. In lhe$e Guidelines. 
WOftccharts are provided to estimate the oon­
tribution of aircraft, automobi~. trudc. and 
train noise to the total day·nlght average 
eound level (DNL) at a Site The DNL conlrl­
butions from each source ere·~ In 
decibels and entered on w~ A. The 
c:omboled DNL from all the -Is the 
ONL fo< the Site and Is the value used to 
determine the acceptability 01 the noise 
environment. 

Soond levels in decibels ere not combined 
by simple eddlticnt The following table 
shows how to combine soond le\lels: 

T­
Doft«ence ., 
Sound~ 
0 
1 
2 
3 
4 
5 
6 
7 
6 
9 

10 
12 
14 
16 
grutor lhan 16 

AddiO 
latglr~A* 

30 
2 5 
21 
1.8 
1.5 
1.2 
1.0 
0.8 
08 
0.5 
0.4 
0.3 
02 
01 
0 

Example 1 : In petfooning a s~e evaluation, 
the separate ONL values lor alrpons, road 
traffic, and railroads have been listed on 
WOibheet A as 56, 63, and 61 decibels. In 
O<der to complete the final evaluation of the 
s~e. these separate ONL values must be 
combined. The difference between 63 and 
56 is 7; from the table you lind that 0.8 should 
be added to 63. fo< a sub4oeal ot63 8 The 
dltferenc:e between 63.8 and 61 Is 2.8; from 
the table you intefi)Ofate thatlj)pi'OJdmatefy 
1.9 should be added to 63.8 fo< a total ol65. 7 
0< 66 dB when rounded to whole numbeB. 
This example shows how noise from different 
sources may be Acceptable, indivldually, at a 
she, but when combined, the total noise en­
vironment may exoeed the~ DNL 
lm~ of 65 decit:>M. 

Use the table by first finding the nt.rnef1cal 
difference In IOUnd level betueen two lewle 
being combined. ~ the table with this 
value, lind the value to be added to the larger 
of the two levels, add this value to the larger 
level to determine the total. Where mo<e than 
two,_. erelo be combined, use tne ume 
procedure lo oombine any two leYels; ..., 
use this ~ and wet ibio oe • wltl1 any 
OCher level, and ao on. Ftadional runerical 
val\Ms may be Interpolated from !he table; 
however, the ftnal result should be rounded 
to the nearest whole number. 
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Aircraft 

Necesaary lnfomlatlon 

To eor.Wale a srte's 8JC!)OSUfe to aon:ralt 
noose, you W1ll need to consider a1 8it'pOI1S 
(civil and MIIJiaiY) Within 151111les of !he site. 
The informalion requ~red for lhls evalualion is 
lisled below under headings !hat lndicale !he 
most likely source Before beginning the 
evaluaiiOI'I, you should re<:old the lollowing 
ontormalion on Wofksheel B. 

From the FAA Area Offce or the Mol~aty 
Agency in charge of the airport: 
• Are current DNL or NEF (Noise Exposure 
Forecast) oontours available? Noise oon· 
lours are available for a1rnos1 an mllocary air­
pons. These contOUrs have been '*'at :>pad 
and publiShed as patt olthe Ax lnSialalion 
Compatible Use Zone (AlCUZ) program o1 
the Department of Defense. The ~ours 
are published normally as part ol an AICUZ 
report. Noise oontours are also av8Jiable for 
many cMI airports When available, !hey are 
supenmposed on a map W1lh an apptepri­
ately matl<edscale (see Fogure 1, page 4). 
• Any available lnlormalion abou1 awoved 
plans for runway changes (extensions or new 
runways) 

From the FAA Conlrol Tower or A1rpon 
Operalions (d ONl or NEF coniOurS are­
avaJiable): 
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• The number of nighttime jet operations 
(10 p.m .• 7 am.) 

• The number ol day1Jme J8C operations 
(7 a.m - 10p.m.) 

• The ftoght paths of the major runways. 
• Any available information about expected 

changes in airport ttatflc. e g., will the num· 
ber ol operations increase or decrease in 
the next 10 or 15 yen 

In making your evalualion, use the data lor 
the heaviest air ttaffic oondnion, whether 
present or future. 

EV81uatlon of Site Expoaute 
to Aircraft Noise 

n current ONL (or NEF) ~ours are avaJio 
able (as In Rgure 1 page 4 ), locate the site on 
the map by referring to the marked distance 
scale. II there are no other noise sources In 
llle area you do not oeed to do anythong else 
n there are other noose source$ affecting the 
SOle. you w.lt need 1D hnd 1he poease DNL 

value so you can combine " Wllh the olher 
souroes. Obta1n the DNL at the appropnate 
NAL on the site by intorpcllalion belween !he 

Exomplo ol DNL ConiOU<O Av-1 I 
N 

t 

Tt'Nlusands ol Feel 

o'1 t: 8 

Example 2: The illustration In Figure 1 at the 
lOll ol page 4 shows !he NAL's on a map that 
has DNL oonlours. We hnd that NAL number 
1 lies between the 65 and 70 dB contours and 
that NAL number 21ies outside the 65 dB 
~our. 

WeflndlheDNLatNALnumber 1 by Inter· 
potation from the diStano&$ belween the NAL 
and the 65 and 70 dB oontours. 

By scaling on the map. we lind that the 
dislanoe from the NAl. measured pe!l)ell­

dic:IUtty to the contours, Is 800 feet to the 65 
dB oontour and 2400 feet to the 70 dB con­
tour. The distanc;e belween the 65 and 70 dB 
oontours is 2400 + 800 • 3200 feet We find 
the DNL at the NAL no.mber 1 to be 65 
dec:ibels plus 800/3200 . 5 decibels = 66 3 
dec:ibels. 
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~on either aide of the NAl. ~ NEF 
~are ..-d. -e DNLby eddiog 
35 decibels to the NEF values. ~ that 
contours are usually provided in 5 decibel 
increments. (See Exarnple2onpage4.) 
When supersonic alrcran operaloons are 
present, DNL oontours are required lor the 
assessment. 

H ONl or NEF ~are n« avaiable, 
the ONL at a ""• may be esbmated In aeveral 
drfferent ways: 
• An FAA Handbook (Referenc;e 1) can be 
used to estimate DNL contours for sites in 
general aV181ion airport viciniti8S. General 
a111alion 8JtpOI1S exdude COIIII..,Cial jet 
transportS but may ildude business J8IS 
• A handbool< ev8Jiat*l from EPA (Refer· 
ence 2 a! the back ol this Guide) can be used 
to calculate DNL a1 lndrvidual polnls. 
• A procedure lor constructing approximate 
DNL oontours lor s~es near oonvnerdal jet 

Example 3: The Illustration in Figure 2 at the 
bonom ol page 5 shows an aorport lor which 
ONL or NEF oontours are 001 av111table The 
8Jrport has 10 llighllill& and t 25 dayllme jet 
operations. 

To oonstruct the approximate ~ours. we 
determine the effective number ol operations 
as follows: 

10 (nlghttit'Mi) )( 10 - 100 

Add to this the actual runber ol daylme 
operations 

100 + 125 (daytime) • 225 

To detennlne !he distances A and BIn 
relation to the runway {see Figure 3. page 5), 
en1er the elfec:tJY8 nurrber ol operallona on 
the horizorul scales olthe charts 11'1 FlgiQ 3: 



altpo<ts without supersoniC am:rallls as 
lolows: 

Oelennone the "effective" no.rnber o1 J81 
operations at the 8lrpon by first multiplying 
the number of nighttime jet operations by 1 0. 

Then add the number of daytime jet opera­
tions to obtain an effective total (see Example 
3, page4) 

On a map olthe area showing the pnndpal 
ruroways, marlt the location olthe site and, 
using the diagram and cnans o1 FigUre 3 on 
page 5, construct approximale ONL com ours 
of 65, 70, and 75 dB for the major runways 
and noght paths most hkely to affecllhe si1e. 
(see Figure 2. pege SJ 

Although a Site may be Accepeable lor 
exposure to aircraft noise. exposure to olller 
sources of noise, when combined w~h the 
aircraft noise. mey make the s~e Unaocept­
able. Therefore, K necessary, values ol air­
craft noise exposure less than 65 d9 can be 
estimated from Table 2. Scale the shortest 

Flgure2 
Exompio of Ajlpn>xl""'le 
DNL c-ourelor on Air­
POrt with 225 EIIK1lve 
.....,_ o1 ()pooelkMIS 

N 
o, 

I 

distance o'from the NAL to the llighl path, as 
In Flgute 2. Scale the dlslanoe o' from the 65 
d8 contour to the fhght path. llMde OZ by 01 

and enter this value Into the follOwing table to 
find the approximate ONL at the NAL 

T-2 

8t DNl .. 
1.00 6li 
1.12 64 
1.26 63 
1.41 62 
1.58 61 
1.78 60 
200 58 
224 58 
2.51 S7 
2.62 58 
316 ss 

--- Runways 
--~ 

Thousands of Feet i - _.NAL 0 S 10 IS 20 

---
- - 3/,000ff----.1 

read up to the DNL curves; read across the 
d'lart to the left to oblain distances A and B 
from the vertical scales on the d'lai1S. 

We find from Flgufe 3,1or example, thai lor 
225 effectiVe operatiOflS, distanoe A IS 4200 
feel for the 65 dB contour and 2000 feet for 
the 75 dB comour. Dislance B is 31.000 feel 
for the 65 dB contour and 11,000 feel for the 
75 dB coniOur. 

Example 4a: The NAL shown In F'ogure 21s 
outside lhe 65 dB comour. The distance OZ 
from lhe NAL to the ftoght path is 9700 feet. 
The distance o• from the 65 d9 cor-.. 10 lhe 
flight path, measured perpendiculatty from 
the contour. is 3700 feet. The ratioo'ID' is 
9700/3700 • 2.62. From Table 2 we find the 
ONL from the airport to be 56.6dB. We do not 
know whether lhe ~e Is AccepCable or not. 
~. sW1ce we must also assess the 
contnbutJon ol roadway and lnlin noise 10 the 
total ONL at the site. 
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Example 4b: We observe that the perpon­
dicufar distance (o') from NAL number 2 
(F"ogure 1) to the noght path is more than 3 
tmes the dcstance (01

) from the 65 dB con­
lOOt' to the ftoght peth. From Table 2 we lind 
that the contributiOn o1 the airport to the DNL 
at NAL number 2 is less than 55 declbels. We 
need not consider the airport further In 
accessing the noise environment at this s~. 
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RoadWays 

Nece .. ary lnfonnatton 

To evaluate as~e·s exposure to roadway 
noise, you will need to consider all roads lhal 
might contribute to lt1e ~e·s noise environ­
ment; roads farther away than 1000 feet 
normally may be ignored. 

Before beginning the evaluation, deter· 
mine ij roadway noise predictions already 
exist for roads near the s~e. Also try 10 obtain 
all available lnfonnation about approved 
plans for roadway changes (e.g., widening 
existing roads or building new roads) and 
about expected changes In road traffic (e.g., 
will the traffic on this road Increase or 
decniase In the next 10to 15 years). 

If noise predictions have been made, !hey 
should be available from 11\e City (County) 
Highway 0< Transportation Depar1menl If no~ 
record lhe following infa<mation on page 1 of 
Worksheet C: 
• Thedistanceslromlhe NAL'sla<lhe~eto 
the near edge of the nearesllane and the far 
edge of the farthest lane for each road. 
• Distance to stop signs. 
• Roed gradient, n 2 percenl 0< greater. 
• -Average speed. 
• The total number of automobiles fa< both 
directions during an average 24·hour day. 
Traffic engineers refer to this as AOT, Aver· 
age Daily Traffic (a< sometimes AAOT, 
meaning Annual Average Daily Traffic). 
• The number of trucks during an average 
24-llour day in each direction. 

If possible, separate trud<s into "heavy 
trucks" - those weighing more !han 26,000 
pounds with three or ma<e axles - and 
"medium trud<s"- those between I 0,000 
and 26,000 pounds. (Each medium lruck Is 
counted as equal to 10 automobiles.) Trud<s 
under 10,000 pounds are counted as auto· 
mobiles. Count buses capable of ca..ying 
ma<e than 15 seated passengers as "heavy" 
trucks - others, as "medium" trud<s. If ~is 
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not possible to separate the trud<s Into those 
that are heavy and those that are not, treat all 
trucks as though they are "heavy." 
Note: II the road has a gradient ol2 per· 
cent of more, recO<d the numbers for uphill 
and downhill traffiC separately since lhese 
"gures will be needed later: otherwise, sim· 
ply record the total number of trucks. Most 
often you will have to assume that the uphHI 
and downhill traffic are equahy spin. 
• The fraction of AOT lhat occurs during 
nighttime (I 0 p.m. lo 7 a.m.). lf this Is 
unkllown, assume 0.15 fa< both !rucks and 
autos. 

Eveuatton of Site Expotute 
to Roedw8y Nol .. 

Traffic surveys show that the amount ol 
roadway noise depends on 1t1e percentage of 
trucks In the total traffic volume. To aocount 
for this effect, you must evaluale automobile 
and truck traffic separately and then combine 
the resu~s. 

The noise environmental each site due to 
traffic noise is determined by utilizing a series 
of Worl<chatts to define the contribution ol 
automobiles and trud<s from one 0< 

ma<e roads at that srte. Each noise source 
yields a separate ONL value. 

Worl<chan 1 provides a graph for assess­
ing a srte with respect to the noise from auto­
mobiles, llght and medium trucks: Worl<chan 
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 oblafn 1t1e total 
contribution or roadway noise. Remember. 
lhe noise from aircraft and railways must also 
be considered befa<e determining the suit· 
ability of this site's noise environment. 

Effective Distance 

Before proceeding wi1h these separate eval· 

Example 5: The s~e shown In Fl!jUre 4 Is 
exposed to noise from lhree major roads: 
Road No. I haslourlanes,eachl2feetwide, 
and a 30-foot wide median strip whictl 
aocommodates a railroad track. Road No. 2 
has fourlanes, each 12 leet wide. Road No.3 
has six lanes, each 15 feet wide, and a 
median strip 30 feet wide. 

The dlslance from NAL No. I to lt1e near 
edge of Road No. 1 is 300 feet. The distance 
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uatioos, however, determine 1t1e "effective 
distance" to each road from the dwelling O< 

outdoO< residential activity (the NAL's for the 
sne) by averaging the distances to the near­
est edge of the nearest lane and to the farltl­
esl edge of the farthest lane of traffic. (See 
Example 5, page 6, and Figure 4, page 7.) 
Note: For roads wi1h the same number of 
lanes in both directions, the effective dis· 
tance Is the distance 10 lt1e center of the 
roadway (or median strip, if present). 

Automobile Traffic 

Worl<chart 1 was derived wi1h the following 
assumptions: 
• There Is llllfH)f-sigllt exposure from the sne 
to the road; I.e., lhere is no barrlerwhictl 
effectively shields the site from 1t1e noise o1 
the road. 
• There Is no stop sign w~in 600 feet of the 
~e; traffic lights do not oount because lhere 
Is usually traffic moving on one street or 1t1e 
olher. 
• The average automobile traffic speed Is 55 
mph. 
• The nightime portion of ADT •• 0.15, 

If each road meers these lour conditions, 
proceed to Worl<chart I lor the evaluation. 
Enter the horizontal axis wnh 1t1e effective 
distance from the roadway to the NAL; drew a 
vertical line upward from this point. Enter 1t1e 
vertical axis w~ the effective automobile 
AOT: draw a horizontal line across from this 
point. (The "effective" automobile ADT is the 
sum of automobiles, light trucks, and 10 times 
the number ol medium trucks In a 24-hour 
day.) Read the ONL value from Worl<chart I 
wherelhe vertical and horizontal lines Inter· 
sect. Reoord this value in column 16, Work· 
sheet C. 

But: 

II any ollhe lour condrtions Is dfllerent, make 

10 the far edge of Road No. 1 Is 300 feet, plus 
the number of lanes times the lane width, 
plus the width of the median strip. Thus, 1t1e 
distance to the farthest edge of the road Is: 

300 + (4 x 12) =378ft 

The effective distance is 

378 + 300 = 339ft 
2 

This is lhe value to be entered on line1c 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 
~sed for all roadway examples In lhlsbooidel. 



FlguN4 
Plin Vlewofii"-11-'"1!-~­
Be -.u""' from tho NoiM A II IM ~ Loca­
tion (NAL) allhe Dwelling -nos! to tho Source 

NOT TO SCALE 
300' 

"oad No. t 
lEffec:tlvt 
011t11n« is 
339FT I 

150' 

Rold No. 2 
(Effttti"ft 
Ottt~ ts 

n• Fn 

210' 

111' 

Rood No, 34---4,.1 
(Effective 
Ottltnet •• 
270 FTI 

t To 
A lfport 

lhe nee 1 s s ary adJu$lmet1ls (on page 2. 
WOIIIslleet C) listed below and then use 
WOII<chart 1 lor lhe final evaluation. 

Flgu .. 5 
U..a!Wori<chm 1 To Ev-~~~ 
TreflfcNoiM 

First, a lew general words about adjl.lst· 
ments as IIley are applied In these Guide­
lines. Each WOO<dlart has been denYed lor a 
basel.ne c:oncfllion wt1lch os often found In 
practical cases. Where conditions diller !tom 
ltle baseline, they are acoounted lor by a ! 
series ol one or more adjustment factors I 

AUTOS (5Smph) 

The adjustment factors are used as nU- l 
tipliers tMnes the aver.ge nunber of vehoc:les l 
operatingdunnga 24-hourday. Hmoretllan j"'•IE::tc 
one adjustment is required, h Is not neces· 
sary that each be mu"lplled times t11e basic f 
traffic now separately; 111 adjustment t.ctO<S f 
are mulbpijed together, and lhem multiplied 
times the original traffic now dala. This will 
become clearer as you examine the WOlle· 
sheets at the back of lhese Guidelines and 

EDmple S: Road No. 1 mee!S the lour condi­
tions thet allow lor an lmmed>ate evaluation. 
In obtaining t11e information necessary tor 
this evaluation, It was found that the auto­
motrile ADT is 18,000 vehicles (Line 5c of 
Worilsheet C). On WOII<chart 1 we~ on 
the wrtiCII scale lhe point~ 
18,000 and on lhe horizontal scale the point 
napresentlng 3391eet (-Figure 5). (Note 
lhat 'N8 must estimate lhe location ollhls 
point.) Using a stralght-«<gewe draw W.IO 
connect these two values and lind that the 
NAl exposure to automobile noise !tom lhis 
road Is a DNL of 58 d8, as read !tom lhe scale 
at the top of the graph. 

Eump1e 7: Road No. 2 has a stop sign at 390 
feet ltom NAL No.2. The automobile ADT Ia 
reported as being 32,500 vehicles (line 5c of 
WOIIIslleetC). From Table 3we Interpolate 
be~n 300 and 400 feet to lind lhe adjust· 
me<'<! facto< lor slllp-and-go tralfic 10 be 0.69. 
The adjo !Sled tra1fic ADT Ia 

0.69 x 32,500 • 22,425 veh/clespMdey 

and with an effective distance ol17 4feet 
1tom NAL No.2, we find !tom WOII<chart 1 
the! the appiOldmate value of DNL is 64 dB. 
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wOIIc t!vough the examples. After you have 
become lamoliar with the Guidelines, you wilt 
be able 10 w011< examples directly !tom the 
wOII<sheets without referring back 10 lhe text. 
To simplify your wOII<, all the adjustment 
factO<& ate summarized at the backof!MM 
GUidebnes. 

Adjuatmenta 10< Automobile Trame 

Stop·and·Go Traffic: 
If there IS a stop sign (not a trallic signal) 
withn soo •-otlhe NAL so that the now of 
traffic os completely inlenvpted on the road 
under COO$Ideratlon. find lhe stop-and-go 
adjustment factor for automobiles !tom 
Table 3 Enter this value in oobm 9 on 
Wori<sheetC 

T-3 
Disla11C8 from NAL 
to Stop Sign 
In Feet 

0 
100 
200 
300 
400 
500 
600 

Avetage T11ffic Speed 

A.-.ot>ile 
Slop-ao'<l-Go 
Aquslment fiiCIO< 
010 
0 25 
0 40 
055 
070 
085 
100 

H lhe average aU!OmObole speed os other then 
55 mph, enter the appropriate acfJUStrnenl 
from Table 4 In COlumn 10 of Wooi<sheet C. 

T-4 

~="SpMd 
20 (mph) 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 

0 13 
0.21 
0.30 
040 
0 53 
0 87 
0 83 
1.00 
1 1~ 
1.40 
182 

EDmple a: 54 rppose that the stop sign on 
Road No. 2 _.e napiaced by a tra1fic elgnaJ 
for which no stop-and-go adjustment is made 
and lhat the ADT increases to 75.000 
vehlcles. In addition. assume that the aver· 
age $peed Ia 45 mph inslead of 55 mph. You 
acljust the ,_ automobile ADT ol75,000 
vehicles by the Auto Speed Adjustment 
Factor from Table 4 

0.67 X 75,000 • 50,250 veh/e/es 

and at an eftectiYe dislanoe ol17 4 feel lind 
ltom WOII<chart 1 !hal the approximate value 
of DNL Ia 67 dB. 
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NIQhOmeAd~ 

ONL values 8111 affected by 1he po opoo1ion of 
tralloc volume tnatoocurs during "daytlne" (7 
a.m to 10p.m.) and "rMghttime"(10p.m.ID7 
a.m.). The graph on Woritchart 1 IISSUIT1II$ 

that15 percent of lhe local AOT oo:urs <luring 
nighttime. If e cldferent proportion of lhe traffic 
oocurs at nfgnt, flnclthe appropriate nighttime 
adjustment factor from Table 5. Reoor<l your 
answer In column 1 1 of Worl(sheet C. 

T-5 
NlglmJme 
Ff'8CIIOn 
oiADT 

0 
0.01 
0.02 
oos 
0.10 
0 15 
0.20 
0.25 
030 
035 
040 
045 
0.50 

0.43 
0.46 
0.50 
0.62 
0.81 
1.00 
1.19 
1.38 
1.57 
1.n 
1.96 
2.15 
2.34 

Once you have sele<:tad alllhe appropriate 
adjustment !actors ancl enterad them on 
page 2 of Woritsheet C, multiply alllhe 
factors together, then mu~iply by lhe auto­
mobile ADT (column 12) for 24 hours, louncl 
on page 1 oiWOIItsheetC. Theresu!ting 
ad,ustad AOT sllookl be e<11e<ad in ooUnn 
13 This is 1he ADT value 10 be used, in 
oonjUnCtlon With 1he affeclive distance lrom 
1he NALIO the mad, 10 fincllhe ONL value 
from Woritchart 1. Enter this ONL vaJue in 
column 14 o1 w~ c. Flemerrtle< this os 
1he ONL from automobile (as wea as' light an<! 
me<11um trucl<) noise; you must still fin<llhe 
ONL contribution from heavy truck noise in 
or<ler to obtain lhe local ONL pro<luce<l by the 
roeeway you are assessing. 

Exemple e.: Roacl No. 3 Is a li:Mad aocess 
highway with no stop signs ancllhe average 
speeclls 55 mph. Currer~~ trelfic <!ala lnclicale 
en automobile AOT ol40,000 Y8hicles of 
which 15 pen:ent occurs during 19 iti1• 
holn (10 p m. 10 7 a.m.). With an elfec:INe 
distanoe of 270 teet 10 NAl No. 2. WOIIcchwt 
1 is use<! 10 show tllallhe ONL for existing 
8Uiomollole tralfie is be1\u a en 63 an<! 64 ct8. 
Rouncl oil 10 64 ct8. 
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Allenuallion ol ~by 8anitKs: 

This ldjusl1ner( reduces the noise procluc;ecj 
by automobiles and IIUd<s on 1he same roac1 
lnslructoons for this acljustr'nefll appear after 
the noise assessment for truck traffic below. 

TnH:tc Treflle 

Wherever possible, separate the average 
<!ally volume oltrucl<s Into heavy trucks 
(more than 26,000 pouncls vehicle weight 
ancl three or more axles); medium trucks 
(less than 26,000 pouncls but greater than 
1 0,000 pouncls), liglllrud<s ( OOIJilleCj as if 
IIley 8111IIUIOmOblles) You shoulc! already 
have 8CCOUntad for meclium anclligttt IIUd<s 
in your auiOmoOile evalualion. Do not lotgel 
f>at buses lllat can cany more than 15 seele<:t 
passengtfS are coootad as heavy trucks. 
Heavy ltUCka (indoding buses) must be 
analyzad separelely because lhey have 
qu~e dillerent noise oharacterisllcs. H ~is not 
possible to separate the IIUd<s into those that 
are heavy ancllhose that ara not. treat aw 
!rucks as though they are "heavy." 

Woritchan2, which is used 10 evaluale lhe 
sile's elq)O$Ure to heavy truck noise, was 
<le<ivad whh the following assumptions: 
• There Is llne-ol·sight exposure from lhe sije 

10 the road; I e .. thefe is no barrier which 
effectively shields the ~e lrom the road 
noise 

• The mad grecltent is less than 2 percent. 
• Thereos no tiOP sogn (traffic signals are 

pennisslbie) Wlllw1600 feet ollhe site. 
• The -. truck traffic speecl is 55 mph. 
• The nightttme fnlcllon of ADT is 0.15. 

" 1he road meets 1hese five coo tdi1ioc 1$, 

proceed to Woritchart 2 for an irnme<liata 
evaluation of the sote ·s exposure lo heavy 
lrucl< noise from tnat road. 

But: 
H any of the oon<!ltlons Is <lifferent, make lhe 

Exemple lib: However, lralfie projections 
esllmatelhatln 10 years 1he ADT will 
inaease 10 100,000 Y8hicles at an a.etage 
speecl ol 55 mph and n9111i1 .. usage wit 
inaeaseto 25 peteenL For 1u1tn lraflic.. you 
must adjusllhe future ADT of 100,000for 1he 
effect of increased 19 tlli1• use. From Table 
5, you flnclen acljuslment facb' ol1 .38. The 
adjustad ADT is 

1.38 X t00,000 • 138,000 

and at an effective distance ot 270 teet you 
fond from Woritchart 1 lhallhe DNL will 
Increase 10 69 ct8; lheretore, provision for 
eXIra noise control measures shoul<f be 
explorad. Wewlfl exam<ne in Example 131he 
effect ot te<raln as a shielding barrier that 
provi<les sounc1 aneooation. 
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.-..y ~S) listadbelowand 
than use Woritchart 2 for 1he evaJua1ion. 

floonl. 
U..ofW-21o 
E-HNvyTrud<-
Heavy Truc;q (55 fnllh) 

Adjuatmenta lot Heo!vy Trucks 

Road Gred/ellt: 

"there Is a gradient ol2 percent or more, fincl 
the appropfiate adjUSirnent factor, for heavy 
trucks going uplllll or-ly, as shown in Table 6. 
Ust this lactor In ooUnn 17 of Woritsheet C 

AdjusUnonl 
F"'*>r 

1.4 
1.7 
2.0 
2.3 
2.5 

Exemple 10: Road No. 1 on Fogure 4 meets 
1he four oon<lrtoons thai allow for an imrne­
cliate evatuatoon The ADT for heavy ttuc::k 
llow IS 1200 velltdes WO<I<CI\arl 2 showS that 
the eJCI)OSUre 10 1n.tCk noose from this road at 
an e11ee1tve oostance ot 339leelos a DNL ot 
63 <18 at NAl No I 



Average Traffic Speed: 

Make this adjustment ff the average speed 
diffetS from 55 mph. If 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 t8 of Work· 
sheet C. 

50a<less 0.81 
55 1.00 
60 t .17 
65 t .38 

Once you have found the speed adjust· 
ment factor, you can combine the uphill and 
downhill traffic. For uphill traffic, muftiply the 
gradient factor times the speed adjustment 
factor times uphill traffic vo4ume (truck ADT 
column t9) (assuming one haffthe total 24· 
hour average number ol trucks unless 
specffic information to the contr81)' exlsts), 
entering the product in column 20. MuftipJy 
the speed adjustment factor for downhill 
traffic times the downhill traffic vo4ume (truck 
ADT /2 column 19). Add the values tor uphill 
and downhill traffic., entering this sum In 
column 2t . You may now complete the 
assessment ol heavy !ruck noise without 
regard to uphill and downhill traffic 
separation. 

Stop·and·Go Traffic: 

If there is a stop sign (remember, no1 a traffic 
signal) wilhin 600 feet of an NAL for the s~e 
on the road being assessed. find the adjust· 
ment factordeterminad according to Table B. 
Enter it on Column 22 ol Worksheet C. 

Example 11: Road No. 2 has astopslgn at 
390 feet from NAL No. 2. There is also a road 
gradient of 4 percenL No heavy trucks are 
allowed on this road, but a schedule shows 
an average ol121arge buses pass along the 
road per hour between 7 a.m. and 10 p.m., 
aijhough 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 t5 seated passengers, count as 
heavy trucks.) 
We find the AOT for the "heavy b'UCI<s" (the 
buses in this case) by multiplying the average 
number of vehicles per hour by the numberol 
hoursbetween7a.m.and tO p.m. That is, t2 
x 15 = 180, or 90 vehicles in each direction. 
We find from Table 61hat the gradient adjust· 

Tllble8 
Heavy Trucl< 
Traffoe VoUn& 
per Day 
Less lhan 1200 
1201102400 
2401104800 
4801109600 
9601 to 19,200 
More !han 19.200 

tieevy Trud< 
Stop-8fld.Go 
Adjuslmenl Factor 

1.8 
2.0 
2.3 
2.8 
3.8 
4.5 

Nighttime Adjustment 

After all the above adjustments are made, do 
not forget to adjust for nighttime operations ~ 
they are not t5 percent ol 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, muijiply the adjustment fac­
tors for nighttime and stop-and-go traffic 
times the heavy truck traffic volume in 
column 2tto find the adjusted heavy !ruck 
ADT, entering the product in column 24. Usa 
this value and the effective distance from the 
NAL to the road to find the !ruck DNL from 
Workcllart 2, entering your answer in column 
25 of Worksheet C. ~no shielding barriers 
are to be considerad, combine the ONL from 
heavy lf\Jd<s wi1h the DNL from automobiles 
(column 14). The result is the DNL from the 
road being assessed and should be entered 
on Worksheet C. 

But 

ff a shielding barrier is to be considered for 
the s~e. make the analysis described below 
separately for automobiles and then for 
heavy trucks 00/om 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~ In column t5. Find 
the value of barrier attenuation for heavy 

ment factor for uphill trafficis2.0. We find the 
truck volume adjusted for gradient is 

uphill: 90x 2.0 = 180 
downhill: = 90 
total (column 21) = 270vehicles 

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

We also reinember 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 Vehicles 

From Workcllart 2, w~ an effective distance 
of t74 feet, we find a DNL of 59 ciB. 
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trucks and enter ~ in column 25. Subtract 
these attenuation values from the DNL 
values obtained previously (columns t4 
and 24). enterong the reduced DNL values 
In columns 16 and 27. Combme 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 ~e. 

Remember to combine the contributions to 
DNL ol a/1 roadS that affect the noise environ­
ment at each NAL for the ~e to obtain the 
total DNL from all roadways. Enter this DNL 
on both Worksheet C and the summary 
Worksheet A. 

Attenu.tlon of Nolte by Barriers 

Noise barriers are useful for shielding sensi· 
live locations from ground level noise 
sources. For example, a barrier may be the 
best way to deal wi1h housing ~es 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 ol noise-compabble buildings, 
or by the terrain ftseff. To be an eHective 
shield, however, the barrier must block all 
resldential levels from line ot sight to the 
road; ij must not have any gaps that would 
allow noise to leak through. 

Some Praliminary 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 Dlat.nc:e - the exisijng distance 
that would be measured uslng a tape mea· 
surew~h no corrections or adjustrnenls. This 
may mean one of two things, depending on 
the application; e~her the: 
• slant distance- the actual distance, 

Example 12a: Road No. 3 is a depressed 
highway and the profile shields all residential 
levels o1 the houslng from line of sight to the 
traffic. The average truck speed is 50 mph. 
The AOT for heavy trucks is 4400 vehides. 
We adtust lor average speed (from Table 7) 

«00x0.81 • 3564 

and find from Worf<chart 2that, w~ an effec· 
live distance of 270 feel, the DNL from truck 
noise would be 69 dB ff no barrier existed. 
We proceed to analyze the barrier 
attenuation. 
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measured along the line of sight between 1wo 
points; or the 
• map distance- the actual distance, 
measured on a horizontal plane, betwoon the 
two points, as on a map or on the project plan. 

For an observer high in an apal1m8nt 
tower, the slant distance to the road may be 
much longer than the map distance. 

Barrier effectiveness Is el<jl(essed in tenns 
of noise attenuatlon In deei:>els (dB), deter· 
mined with the ald of Wor1<cllart 6. This 
numerical value is subtracted from the 
previously calculated ON Lin O<der to lind the 
resultant DNL at the Noise Assessment 
location. 
Note: A nc:Mse barrier can be considered as 
a means of protecting a sfte from nc:Mse even 
ij ~cannot wrap around the sfte to shield 
from view practically all of the source of nc:Mse 
at every sensitive location on the sfte. ft must 
be recognized, however, that such a barrier 
is much less effective than an Ideal barrier. 
(See WOII<chart7 and Step 6 below.) 

Barriers of reasonable height cannot be 
expected to protect housing more than a lew 
stories above ground level. Barriers will 
generally protect the ground and the fi1811wo 
or three lloors, but not the higher floors. " 
there are to be frequently occupied balconies 
on the upper levels, one solutlon is to move 
the building larther from the nc:Mse source and 
lace the sensitive areas away from the noise. 

Steps to Evaluate a Bal'l'llw 

1. For the observer's posftion, use the mid­
height or the highest residential level. For the 
source position, use the following heights 
(see Figure 7): 
• autos, medium trucks, railway cars -the 
road or railway surtace height 
• heavy trucks- 8 feet above the road 
surtace 
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• diesel locomotives or trains using horns or 
whistles at grade crossings - 1 5 feet above 
the rails. 

FlguN7. 
Sciun:e Heights to Be 
UMCI In Aoliclw.y-DNigno 
Source 
8' 

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 0, the slant distances along 
the line of sight from the barrier to the source 
and observer, respectively (see Fogure 8). 

Figura a. 
Genet- Goomeb f 
of Acouetlc81-
oeRIIIVVI: 

l.tH(«Qf•....,. ,..., 
OUUtY£111 TO I<UtCC 

SpecifiCally, AandOarethelwosegments 
into which h breaks the line 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. 

Enmpla 12b: (Aeferto Figure 9.) Six stories 
are planned for the housing where the sfte 
ha.S an elevatlonof 130feet. The effective 
elevation for the highest story Is found by 
muhiplying the number or stories by 1 0 reet, 
adding the site elevation, and subtracting 5 
feet. 

(6 • 10/ + 130·- 5 • 1/M; leal 

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 cflmensions are Indicated In 
Figure 9. 
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2. Enter al the top of Wol1<chart 6 with the 
value or h on the left-hand scale; move right 
to Intersect the curve corresponding to A (or 
D. whichever is smaller). 

3. Move down to Intersect the curve corre­
sponding to the value or 0/A (or A/0, which­
ever Is smaller). 

4. Move right to Intersect the vertical scale 1n 
O<der to find the barrier shielding value A In 
decibels. 

5. lnterruptlonof the line or sight with a barrier 
between the noise source and an observer 
reduces the amount or sound attenuation 
provided by the ground. Find the amount of 
this foss B from the table on Workchart 6 by 
entering the table wfth the value of 0/A. Find 
the barrier attenuatlon valueS correspond­
ing to an ideal barrier that completely hides 
the noise source lrom view by subtracting B 
from the value of A ob!ained in Step 4. 

6. " the barrier exists along only a part of the 
road so that unshielded sections of the road 
would be visible rrom the site, the barrier is 
less effective than an Ideal barrier. On a plan 
view of the site.locate the two endS or the 
barrier and cfraw lines from these points to 
the Noise Assessment location. Use a pro­
tractor to measure the angle lorrned at the 
NAL by the 1wo lines. Enter the honzontal 
scale ol Workchart7 with the values ol this 
angle; read up to the curve having the value 
of S determined from Step 5 (Interpolating K 
necessary); read leH across to the vertical 
scale labeled "actual barrier pertormance" to 
find the value of FS to use for the actual 
barrier in question. 

7. Subtract the barrier attenuation valueS (or 
FS H adjusted lor finite barrier length accord­
ing to WOII<chart 7) !rom the value of DNL 
previously detennined to reevaluate the site 
with the noise barrier in place. 

Some people wtth a tech meal background 
will be able to fit the geometric diagram to the 
site sftuation readtly, wod<ing lrom the project 
drawings and a scratch sheet 

But if you are not confident or your geom­
etry, WOII<chart 5 gets you the values orR, 0, 
and h lrom the map distances and elevatlons 
ofthe 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 rrom the barrier 
to the source (A') and observer (0'), at the top 
right or Workchart 5. Then, follOw the steps 
on that WOII<chart to derive the values or h. A, 
and 0 that are needed in using WOII<chart 6. 

Entering Wol1<ch811 6 at the upper left with 
the value ofh (5.5 teet), we move horizontally 
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10 the tight unt1l we "-'the value o1 R Of D, 
whiChever IS smaller: ln lhls example, R = 62 
feel Fromlh81poln1wedropvel1icalydown­
ward unttl we "-I the value ol RID Of D/R, 
~IS smaller: in lhls case, RID = 
0.29 From lhal po1111. moYe holizonlaly to 
lhe nght to find lhe value for A • 9d8. Enlef· 
111g lhe table for delemWiong loss o1 ground 
anenuabOn ellec1 due to the barrier wilh a 
value for 0 / R ol 3.5, the reduction In 
anenuanon (B) is found to be 3 dB. 
Sub$traeting 3 dB from 9 dB provides a net 
anenuallon of 6 dB. Wllh 6 dB of anenualion, 
lhe original ONL of 69 dB (EJ<ample 12a) Is 

reduced 10 63 dB. 

EnmJ* 13:Anallemativeapproach, which 
is sornewhal more direct. is illustrated here 
fOf !he noise olautomoblles on Road No.3. 

A prelomonary step is to make an acx:uralely 
sealed skeu:ll olthe Q8M<lll geome1rt 
onlrodUOed on pege 8. n rnus1 onclude the 
pos.llonS ollhe aouroe (Ills time a1the road 

surface~ the-· and the lllp olt>e 
bamer. and Will Show the dislanOeS h. R. and 
D. Such a slletch Is shown superimpOSed on 
the profile olthe road and its neighbomood 
In Figure 12. 
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F1gure 11 . 
U.. of Woti<dw1 1 to Enluatit­
In Eumplee 1~. 13- 14 

NoloeBemor WOftcehllrt 6 

~ we caralully aca1e the domensions 
dlracJty lrom this skelch, we find lhe lollowing 
values for h, R, and D: 

R• 53feet 

0 • 214 feel 
h =ll feel 

RID=0.3 

The ~ allenUIIIion Is foood, by enlef· 
lng Worlcchart 6 wilh these values, 10 be 
A• 12 dB. n is latj)er lh8n lhal found 
IOf IJUd<s beca•IS8the noise source is lower 
and Is, therefore, bette< shielded by the 
barrier. The loss from ground attenuation Is 
again B • 3d8 fOtanelattenuationof 12· 3 • 

9 dB. In Exemple 9b, we lound 11181 lhe DNL 
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Six Story 
Elevot ions Building 

o = : :~4: ~::::~:::~r.'l,;:ro~"':::::::::::::::::::::::-__ 

'i!~ii~ij 
80 20 40 60 0 100 

Feet 

130'- ,,,, .. 
s = 125' _~ ....... , - --- ..:::=--_-::o' =-2lo·-~=-:=-:-:=-::..:::..:J;~~6o~:r----

D = 214' 
Dimensions Scaled { R = 63, 
from this Sketch h = 11 , 

lor the proleeted tralfoc: volume oft 00,000 
vehiCles per day was 69 dB d no considera· 
toon was gNen 1t1e shielding provided by the 
terra~<~ Sutxractong ll1e 9dB anenuatoon from 
69. we hnd ll1e panoal ONL lor automobiles os 
SO dB 

In order to hnd 111e ccmboned trud< and 
automobol& nocse lor Road No 3, we com· 
bine 111e 63 dB o1 trud< ,_.,With the so dB ol 
automobol& noose using Table 1, We find that 
I .8 should bio added 1o 63 dB, lor a c:ombjned 
ONL ol64.8 dB, or 65 dB when rounded to 
the noarest whole number. 

12 

Example I 4: Where no narural barrier exosts, 
Wort<chan 6 can be used on reverse to esiJ· 
mate the height ol a barroer needed 1o oblaon 
a requored attenuatoon. '"example 9b we 
found that, wottoout any attenuatoon from ter· 
raon or a barner. ll1e auwmobole traffiC pro­
duoc:ed a ONL ol69 dB, and on ExafT4lle t2a 
ll1e heavy trud< tralfoc produced a ONL of 69 
dB When c:omboned, the tolal 0NL os 72 dB 
Suppose tho terraon were no1 risong between 
NAL and Road No 3, as shown on rogure 12, 
but instead was level between the NAL and 
the edge of the road, as shown in Fogure 13. 
We want to find out how high a wall, infinite on 
length, would be required at the edge of tho 
road to reduca the combined true:!< and auto­
mobile noose to less than 65 dB. We have 
lound In the prevoous examples that a barroer 

60 

of a goven heoght woll provide more attenua· 
toon lor automobolos than~ wofl lor truc:l<s As a 
forst step on our analysos, we woU find the 
height of a waN that w~l reduce !he II'UCk 
noose 10 tuSI below 65 dB. say 64 dB. and u­
lono out whether 111e addoUonal anenuatoon ~ 
prOV1des lor automobde noose wil be suffo· 
aent to redUce !he OOfTlborled trud< and 
automobole noise to less than 65 dB. We 
beg on by hnd<ng the height ol waH thai woU 
provode 5 dB attenuation lor true:!< noise. 

Wo ostomate thatlhe ratoo of RIO is about 
the same as R'/0', the ratoo of horizontal 
dostance In Figure 13, whicll is equal to 0 29. 
Be lore entenr>g Workchart 6, we lind from the 
loss ol ground anenuatoon table that for OtR 

3 4 we willlo$o 3 dB attenuation from an 
Ideal bamer In order to have a net anenua· 



FJvuro 13. 
Sketch Showing Oimenolono lor Example 14 

190° 0 0 = 185° ....__ 

130° 

~ 

!ton of 5 dB. we must have an Ideal bame< 
that PfQY1deS 5 + 3 ; 8 dB anenuatJon. 

Entenng WO<l<c/lat16 on the tight side 
scale A at 8 deabels, we move across to the 
doagonallones, lindong 0.29 by Interpolating 
between the lines marl<ed at 0 2 and 0 5 
Movong drrectly up to a poont midway between 
the A lines oiSO and 70, we ltnd our est~ 
mated A ol approxmately 60 Moving across 
to the left we fnd that the 1108 ol S!ghl 
between the obserwr and the truck SOU<ce 
height must be brol<en by a value ol h equal 
to 4 Sleet. 

We can determone the height or the wall H 
In several ways. By drawing h• 4.5 feet to 
scale on Figure 13. we can scale the total wall 
hooght H to be approximately 20 feet. Those 
who feel comfortable wi1l1 geometry can 

0 20 40 60 80 100 
I I I I I I I I I I I 

Feet y 

D _____ ___...__ ) 
X 

H IR S = I 25° + 8° = 133° 
125° T 

, 
oo = 210° 

calculate H by usrng the Sltllliar triangle rela· 
tionshops on Fogure 13 to determine that HIs 
19.11eet 

Now we musl find hOw much a wall 19 feet 
hrgh will attenuate automobile noise, 
remembering that the source height for 
automobo!es IS at the road surface elevatJon 
of t 25 feet By scalrng the drawilg. or by 
geometry. we determone thai the line o1 soght 
between the observe< po$Aiion and the auto­
mobo4e source os brol<en by a value ol h tha1os 
approXJmalely t 3 •-Enlering Wort<chart 
6 at13 feet we find, lor R-60 feel and 
R/0; 0 29. that the potential baf!ier attenu· 
abon is t2dB. We must reduce this by 3 dB 
for loss ot ground attenuation to find thjJ 
actual shielding ol automooole noise to be 9 

61 

i 

R' = 60' ~ 

dB The onglflal69 dB ol automobole noose iS 
reduced to 69 • 9 : 60 dB. 

Finally, we combme the hoavy trucl< noise, 
attenuated by the wall to 69 • 5 64 dB, w~h 
the automobile noise reduced to 60 dB. to 
fond a combined ONL of 65.5 dB. or 66 dB 
when rounded upward. R~r. hOw· 
ever. that thos is lor an onlnte waa Further 
ad11J5tments would have 1o be made once the 
actual length was known 

13 



Rallwaya 

NecesNty lntormetlon 

To evaluate a Site's exposure to railway 
noose. you wil need to consider a1 rapid 
trai\SIIIones and raJiroads 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 reooro the fOllowing information on 
Worksheet 0: 

From the area map and/or the (County) 
Englmw: 
• The Oistance from the appropnate NAl on 
the sne 1o the center of the railway track 
canylng most olthe traffic. 

From the SupeNi$or of CusiMief Rel<ltioM 
for the rellway 
• The number of dieseltHuns and the 
number ot electnfied trams 1n boCh directiOns 
dur~ng en ave<age 24·hour day. 
• The fractJOn oltrains that operate dunng 
nighnime ( 10p.m. • 7 a.m.) Hthisisunknown, 
assume 0.15. 
• The averagenumber ofdiesel locomouves 
per train. If this Is unknown. assume 2. 
• The average number of railway cars per 
diesel train and per electrified train. H this is 
unknown, assume 50 lor diesel trains and 8 
for electrified trains. 
• The average tram speed. n this is un­
known, assume 30 ~-
• Is the track made frD<'n welded or bolted 
rails? 

From the Eng~ Depattment of the 
reftway; 
• Is the site near a grade crossing that re­
quires prolonged use of the train's horn or 
wh•sUe? If so. where are the wh1sUe posts 
located? (Whistle posts are Signposts wh1ch 

Example 15a: The distance from NAL num­
ber 1 10 Railway Number 1 is 339 feet Two 
percent of the 35 dally operatiOnS occur at 
night; there IS clear tine ol sight between the 
tracks and the NAL. and no horns or whistles 
are used No onfonnatiOfliS avaJiable on tra.n 
me or speed, therefore we W1ll assune 2 
engtnes per V81n and a speed ol30 ~-

S.nce the percentage o1 nighttime opera· 
11005 ts different frO<'n 15 percent we must 
edfUSI the ac1ual number ol daily operatJonS. 
mult•plylng by 0 SO accord•ng to Table 5. 

0.50x35 • li.S- 18 

Entering Workchan3 with 18 dally opera· 
tions and a distance of 339 feet. we find that 
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tel the eng.- to start blowing the horn or 
whistle. Every grade crOSSing has whistle 
postS and they are losted on the railroad's 
"track charts " H traffiC on the track is one­
way, there woll be only one whistle post. The 
grade crosSing nseH is the other ''Wtustle 
post" 

Electrified rapid transit and commuter trains 
that do not use diesel engines should be 
treated the same as railway cars. 

Note: Bu•ldings closer than 100 leettoa 
railroad track are oHen subject to excessive 
vibration transmitted through the ground. 
ConstructJOn at sucl1 snes IS diSCOUraged. 

Evaluation of Site Exposunt to 
Railway HolM 

Railway noose is produced by the combina­
tion of dleset eng.ne noose and railway car 
noose These Guidelines provide for the 
separate evaluaiJOn ol dl8Sellocomotilles 
and rallroed cars. and then the combination 
of the two, In order to obtain the DNL frD<'n 
trains. When rap;d transit or electrified tra•ns 
lhat do not use diesel engines are the only 
trains passing near a site go directly to the 
seoond pan of the evaluation since these 
tratns are treated In the same manner as 
railway cars. 

Oleaal LocomotlvH 

Workchan3 was denved wrth the lollowing 
assumptiOns 
• A clear line ol SIQht exiStS between the 
raotway track and the Noose AssesSIT8'It 
locatiOO 
• There are two diesel locomotives pertran. 
• The average train speed os 30 mph. 
• Nighn•me operations are 0 15 of the 24-
hcurtotal. 
• The site Is not near a grade crosstng re-

the contnbution of diesel engine noise is a 
ONL of 59 dB (see Figure 14). 

tn order to f•nd the total contnbution olthe 
traonsto lhe total ONL. we must also find the 
noose level produced by the train's cars. 
EntenngWorkchart4 (see F'9"re 15)willl 18 
da•ly operations and a diStance ol339 feet. 
we hnd the ONL IS below 50 on the chart, or 
more than 10 decibels lower than the noose 
level prOduced by the eng•nes. Based on the 
chan for decibel edddlon, the comblna1ion of 
the noise from the eng•nes and the cars 
edds less than 0. S decibels to the ONL valua 
for the engines atooe. 59 dB. 
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qutrlng pob IQed use olthe train's horn or 
whistle 

H the snuatJon rMets ~ coolditioo IS 

proceed to Workchal13 for an immediate 
evaluabon of d1eset locorno~ve noise. 

But. 

If any of the condrtions is different, make the 
necessary adjustments listed below and then 
use Wori<Chan3 for the evaluation. 

Flgu .. 14. 
U.. of Wort<ctwt 3to Evoeu.te DleMI 
l.ocomotJve HolM 

Adjustmenta for OleM4 Loc:omotlves 

Number of LocomOiives: 

tf the average number o1 dl8Sellocomotives 
per train Is not 2. dlVlde the average number 
by 2, Enter this value In column 9 o1 Worl<­
sheet 0. 

Example 15b: Suppose that a forecast of 
tra•n opemt10ns tor Ra11way 1 Indicates 
that there WlllsttM be 35 trains per day, but 
now SO percent of the operalions will occur at 
night, the average lrU1 Will have 4 engns 
and 75 cars. and the average speed Wll be 
50~ 

We flt'$1 find the conlrtlubon 1o ONL made 
by diesel locornotJyes by USing the following 
adJUSimenl factors 
• number ol eng.nes adjustment: 2 
• speed adjUStment: 0.60 
• day/night 8dfUStment: 2.34 

We multiply these adjustments together 
with the number of trains: 

2 X0.60X 2.34 X 35 • 98 

Entenng Wori<Chart 3 (see F'19ure 14) with 
98 daily operations and a distance ol339 



A-age Trein Speed. 

H the aveta0e lr8Kl speed IS dille<ent 11om 30 
mph, lind the appropnate adjuslrnenl factor 
from Table9 and IISI in column 10oiWOI1<· 
sheet 0 . 

AveragGS~ 
(mph) 

10 
20 
30 
40 
50 
60 
70 

Homs or Whlsttes: 

=-nt Faclor 

3.00 
150 
100 
075 
0.60 
0.50 
0 . .:1 

H the NAllS pe<pet ldoc:ular to arry poonlon the 
l1ad< between the wtliSIIe pos1s tor the 
grade c:roaing, enter the nomber 10 in 
column 11 , Worksheet 0. 

Nighttime Adjustment: 

Remember to adjust for nijjhtime operations, 
» diHerent from 0 t 5 of the total, by selecting 
the appropriate adjustment factor from Table 
5 on page 8 . Enter in column 12. 
Worksheet 0. 
Mu~oply the adJUStment factors together. 

limes the number of diesel trains per day (you 
have lost ad tills nomber previously on line 2a. 
page 1, ol WOIIIsheef 0 , and should enter 
!hiS number.., in coUnn 13) 10 otXain !he 
adJUSiad nomber of fraJnS per day. Er«er the 
adJUSiad number of diesel fraJnS per day in 
column 14 UsethisvaJue,on~IOI'IWIIII 
the distance from the NAlto the trad< (lone 1, 
page 1. of Worksheet 0), to find from WOI1<· 
chart 3the ONL produced by diesel locomo­
tives. Lest in column 15 of Worksheet 0 . 

feet, we find lhetlhe she has an engine noise 
contrl0ut100 to ONL ol66 dB. 

We neiCI obtain the adjustment factors tor 
lhe noose produCed by the cars: 
• number ol cars adjustment 1.50 
• speed edjus1ment: 2. 78 
• dayln/gd ~: 2.34 

Multiplying the adjuslmenl !aciOrS limes 
the average daily number of trains: 

1.5 X 2.78 X 2.34 X 35 = 342 

Entering W011<chart 4 (see F'ogure 15) wilh 
342 operatoons and a distance ol339feet, we 
find the oontributlon of the cars to lhe ONL Is 
60 dB. Using Table I lor combining levels, we 
find that the 6 dB difference between engine 
noise at 66 and car noise at 60 gives a oorn­
bined ONL ol67 dB tor these trains. 

~lway Cata and A4tflld Trwwlt ~ 

WOI1<chart 4 was derived wilh the lollowWlg 
assumptiOnS 
• A Clear lone ol Slght exiSis between the 
rallway and the NAL 
• There are 50 cars per traon. 
• The average train speed Is 30 mph. 
• Noghhlme operations are 0.15 oflhe 24-
hourtotal. 
• Ralls are welded togelher. 

It the situation meets these conditions, 
proceed to Wol'kchart 4 for an immediate 
evaluation of railway car noise. Again. ~any 
ollhe oondrtoons is different, make lhe - · 
sary adjustments IISied below and then use 
WOI1<chart 4 lor the evaluation. 

Flgln15. 
u.. of Wort<c:l\ar1 4 to e.--., c. 
HolM 

Aai--ear.- Rapid Tronsft 

Example 1 e: The distance from NAL n..mber 
2to Railroad Number 2 is 550 feet; there are 
100 operations per day. of which 30 peroent 
oocur at night. A Clear line of sight elCisls 
between lhe Site and lhe rallroad. and no 
horns or whl$lle$ are used neamy. N1 
awrage train on tills trad< uses 4 engines. 
has 100 cars, the average speed is 40 miles 
per hour. and the trade. has bolted, no1 
welded, ralls 

We first lind lhe adjustment factors tor the 
diesel engines: 
• number of engines adjustment: 2 
• speed adjustment: 0.75 
• day/night adjustment: 1.57 

MuHiplylng the adjustments togelher, 
times lhe number oltrains: 

2 X0.75 X 1.57 X 100 • 236 
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Adjuatrnent. for ~lway ear. and R.pd 
T111nalt Tr.lna 

Number ol CIIIS: 

DMde the average number of cars by SO and 
enter this number in column 18 of 
W011<chart 0. 

Average Speed: 

Make this adju-~ if the average speed is 
not 30 mph, by se4ecting lhe appropriate 
value from Table t 0, entering rt in column 19 
ol Worksheet 0. 

A...-geSpeed 
(mph) 

10 
20 
30 
40 
50 
60 
70 
60 
90 

100 

BOlted RallS: 

= .... Facu 
011 
0.44 
100 
1.78 
2.78 
4.00 
5.44 
7. 11 
9.00 

11.11 

Enter the number 41n column 20 of W011<· 
sheetO. 

Nighttime Adjustment: 

Enter lhe appropnate adjUStment factor from 
Table 5 on column 21 ol Worksheet 0 . 

Entering WOI1<chart3 (see Figure 14) whh 
236 operations at a diSian<:e ol550 lee~ we 
find the DNL oontribution 11om engine noise 
tobe67dB. 

Nex1 we lind the 8djusVnenl '**>rs lor the 
raJtroad cars· 
• number of catS ~2 
• speed adjust'nent: 1. 78 
• bolted lnld< adjust'nent: 4 
• day/night adjust'nent: 1.57 

Mulllplying the adjusmtnts IOgelher. 
times the number ol trains: 

2 X 1.78 X 4 X 1.57 X 100 • 2236 

Entering WOI1<chart 4 (see F'tgUre 15) wilh 
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RAILWAY N0.2...., 

500' 

goo' 

20' 

DEs~~ 
130' 16 0 

SITE TRACK 
ELEVATION ELEVATION 

2236 operalions at a distance ol 550 feet. we 
find the DNL contnbubon lrom lhe railroad 
cars to be 65 dB. Combining the engine 
sound levels with the car sound levels we fond 
the total DNL from lhe trains to be 69 dB. 

It would be possible to erect a 20-foot noise 
barrier, run111ng parallel to tile treck at a dls· 
lance of SO feet; il could start at Aoed Num­
ber 2 and run 900 fee4 nor1h toward tile..,. 
pan, as shown in F''!jU<II 16. Bolli lhe rairoad 
trad< and lhe ground level at lhe bamet loca­
liOI'I are at an elevation ol160 leet. Thus, we 
have the following valueswolh which 10 calcu· 
late lhe potential reduction in engine noise 
(using WOO<chart5). (Because the distances 
InvolVed are so unequal, this situation does 
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not lend rtself to dorect scaling of lhe 
distances) 

H • 180 leer (20' above the ground) 

s = 175feet(l5' abovethetrack,see 
page 19} 

. ;;I 
~~~ 
··~ 'l?t 
3iol 

• . 
" 

0 = 285/eet (from Example II in the SectiOn 
on roadway noise) 

R' = 50/eet 

D' =SOOfeet 

We find from WOO<sheel 5 lhat lhe values 
ol A and D are no dofferenl (within the accu­
racy ol the calculallon) lrom A' and D'. a 
s~uation thai wilt always occur when the 
differences 1n elevation are so much smaller 
than the distances lrom the Site to the noise 
source. The value ol his~ feet; AID a 0.1 

Figure II. 
11M of Wori<c:llar171n Eumplo 11 
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We can now use these numbors 10 en1er 
Workchart 6 to find the potentoa/ barrier per­
formance (thai is, the bamer adfustment 
factor that would apply in the case or an in· 
fonltely long barrier). Entering WOO<chart 6 at 
h • 4 feet. With AID = 0.1. we fond the basic 
anenuat100 olthe bamer to be 7 5 dB How­
ever. with D/R = 10, we find from lhe table ol 
loss-ol-ground-effed anenuallon that we 
must subtract4 dB from the 7.5. 0< a n8t 
effect ol3.5 dB. However, the SIIU8tiOtiiS 
even WOBe. since the barrier 1s hnote on 
length 

To find lhe actual attenuation for this linife 
barrier, we must first find the angle sub­
tended by tho bamer to the NAL Relemng 
to Fogure 16. we draw hnes from lhe 
NAL each end of the bamer Woth 



a protraclor we measure the angle between 
the two Iones to be 77 degrees. Locate the 
curve on Worl<chan 7 oorrespondlng to tho 
potential barrier attenuation of 3.5 dB; it lies 
midway between the two lowest curves (see 
Fogure18). The point on this ClJ(II900<r.,. 
spending to a subCended angle of n degrees 
indocates that the actual bamer pe<formance 
would be crt( 1.5 dB. Woth orly 1 5 dB of 
anenuatoon, the barrier is Cleal1y not cost· 
etrectJve. In order to achieve a usable 
attenuation from the bamer, it would have to 
be extended beyond the other side of Road 
Number 2to obtain a largeo subtended angle. 
This elClension. however, would still not be 
oost-effective unless the height of the bani£,· 

were increased substantially. 
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T.biei 
~In 
Sound~ 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
12 
14 
16 
~lhM1S 

AddiO 
Ulgorl.ewl 

3.0 
2.5 
2.1 
1.8 
1.5 
1.2 
1.0 
0.8 
0.6 
0.5 
0.4 
0.3 
0.2 
0 1 
0. 

Tlble2 DHlo..ldeSSd8~ 
0 1- dlsuonct 110m 85 dB <XJf*>U' 10 ftighl pad1 
o2• dls1ance trom 1111e10 ftighl path 

02 DHl 
01 d8 

1.0 65 
1.12 64 
126 63 
1.4 1 62 
158 61 
1.78 60 
2.00 59 
2.24 58 
251 57 
282 56 
3 16 55 

Automobile Trafllc 

-Stop-and-go 
MJUStment FIICIOr 
0.10 
0.25 
0.40 
0.55 
0.70 
0.85 
1.00 

Tlble4 AverogtTnll!lc:SpMd 

~::"'~ ~Factor 
20 (mph) 0 13 
25 0.21 
30 0.30 
35 0.40 
40 0.53 
45 0.67 
so 0.83 
55 1.00 
60 1.19 
65 1.40 
70 1.62 
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0 
0,01 
0.02 
0.05 
0.10 
0.15 
020 
0.25 
0.30 
0.35 
040 
0.~ 
0.50 

Medium Ttuc:b 

0.43 
0.48 
0.50 
0.62 
0.81 
1.00 
1.19 
1.38 
1.57 
1.76 
1.96 
2.15 
2.34 

(1no ._ 26,000pounds. _... .... 
10,000 pounds) 

Multiply ad;Aied-1nltlicby 10. 

Heevy Truc:Q 

Tobie 8 Ro.cl ~ 
~ol 

~ 
FIICIOr 
2 1.4 
3 1.7 
4 20 
5 2.2 
6or'"""' 2.5 

50 or less 
55 
60 
65 

Tobie I Stop- go 
Heavy TN<lk 
Trai!IC: Volume 
perDoy 
letalhM1200 
1201102400 
2401104800 
4801 10 8tiOO 
86011019200 
Mcn-19200 

0.81 
1.00 
1.17 
1.38 

Heavy TN<lk 
Stop-and-Go 
Adjustment FaciO< 

18 
20 
2.3 
2.8 
3.8 
45 

66 

Relit oeda • OleMI EnglnM 

Number of EngiNe per Tl'llln 
The number ol engines divided by 2. 

Table 9 A-.geTrlllnSpMd 

Average Speed ~ 
(mph) Factor 
10 3.00 
20 1.50 
30 1.00 
40 0.75 
50 0.60 
60 0.50 
70 0.43 - "'­~,...,_.,.,..by 10. 

Rellroeda • C... 8nd "-Pkf Tr....tt 
-.of .... 
,...,_ ol ear.,.,"'"-by 50. 

Tlble 10 A-TrlllnSf>Md 

Average Speed .=,.,. 
(mph) FIICUl< 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

0 11 
0.44 
100 
1.78 
2.78 
4.00 
5.44 
7. 11 
9.00 

11.1 1 

Bolead­
~.....-ollrMwby4. -"'­~"""""'"',_by 100 



Workchart 1 
Autos (55 mph) 
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Wortcchart 2 
Heavy Trucks (55 mph) 

DNL 75 

100,~'! •• 1 80,~ 1 
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Workchart 3 
Railroads - Diesel locomotives 
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= 40 .0 
E 
:;, 
z 
~ 20 
co 
Q ., 
01 
f! 10 ., 
> 8 < 

6 

4 

2 

--.;, 
A 

DNL 75 

' I ~ 
; I 

m. 

70 

j 

65 

I . 

-i--,-,- · r l 

1 
40 60 80 100 200 400 600 1000 2000 

Effective Distance (ft) 

69 

60 55 

iT-

• 

4000 6000 10,000 

21 



Workchart4 
Railroads - Cans and Rapid Transit 

10,000 
8000 

4000 

2000 

• c 
.2 1000 .. 
~ 800 • a. 
0 600 ... 
0 
~ 400 
&l 
E 
:II z 
>o- 200 -'i 
0 

22 

1/ 
-:1 II 

I 1 
/ 

DNL 75 70 60 

II 

-

70 

55 

I 50 

a 
1+-r-

: 

- . 

:·~ .:.. 

4000 6000 1 o, ·ooo 



Wor1<chart 5 
Noise Barrier 

Enter lhe values lor: 

To find R, D 8nd h ll'om Site EleY8tlona 
8nd Dtst.nc:es 

H• R'•----

Fll out lhe following ~ 
(al quantities are in feet): 0•----

1. Elevation ol barrier top minus elevation of souroe (H 
2. Elevation ol obselver minus elevalion of soun:e [0 

3. MapdistancebetueeooSOU'Oeand~ (R' + 0') 

4. Map distance between banier and SOIKC8 (R') 

5. Une 2 divided by lone 3 [ 2 

6. Square lhe quantlly on line 5 (i.e .. muHiply ~by ~self); [5 
always posmve 

7 40% olline 6 [ 
8. One minus lone 7 [ 
9. Une 5 times line 4 (Will be negative ~line 21snegatlve) [5 

10. Une 1 minus line 9 [ 1 

11. Une 1011me$1one8 ['0 

12. Une 5 times ltne 10 [5 

13. Llne4 divldled byline 8 [• 
14. Une 13 plus lone 12 [ 13 

15. Line 3 minus lne 4 [3 

16. Une 15divldledbyllne8 ( 15 

17. Line 16mlnusllne 12 ( 16 

) - (S 

) - (S 

(3 

] X [5 

0.4 ] X (6 

1.0 1- F 
) X (4 

1 - (8 

] X [• 

1 X ['0 

1 + [8 

] + [12 

1 [• 

) [8 

1 (12 

~: 11oe ...-on line 2 may be negao.e, in lines 10, 14,1nd 17. llaiiOding a negao.e run-
wl'icto case aowlltoe....,.. onlnas5~. on1 12. beristoe same as~· 
lne 1 may aloo bl o-.goiiYe Romoooboi,..., in x+(-y)=x.y.And~lnega!Mo-11 

... adding: •+w•·y 

71 

- [ 1 ] 

- [2 ] 

(3 ] 

[• ] 

] = [5 

] - [6 ] 

- F ] 

] - [8 ] 

] = [8 

} = (10 

1 = [" ] =h 

) = ( 12 } 

] - (13 1 
] - [" } =R 

) - ['5 

}= (16 1 
] = ['7 ] =o 

Round oft R and 0 ID -lnloOe<. h IDone 
decimal place 

23 



Workchart6 
Noise Barrier 

24 

ADJUSTMENT TO BARRIEH'\ '\}\.' 1-12 
ATTENUATION FOR LOSS "''\.~'\:'.J'r--.."<+-+-1-+-+-+-41---+--+-l 1 3 

OF GROUND ATTENUATION '\.1\.: 14 

-2- 8 "" '" 15 
LESS THAN 1.3 0 "\ "'" 16 

L3 to 2 .0 -r "\~~" ~" 1-:; 
2.1 to 3.2 -2 '\.1\. ~' 1- 19 
3 .3 1o 5.0 -3 '\ 0 1-

5 .I or more - 4 , .'\. 

'\['\ 20 

72 



Workchart7 
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@] 
(dB) 
18 

-
16 
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I I I I I I 
BARRIER S = 20 dB 

I I I 
BARRIER 15 

/ 
14 - \~/ 

/ 

12 

- y 
- 1 

10 10 

- v 
8 

6 

4 

ll 7 - v 
~/ 5 - j v/ v 

~ ~ 
v 

f- v 2 

~~ 
~ 
~ ~ ...--

2 

0 w 40 ~ 00100120140 1~ 100200 

ANGLE,a, $~TENDED BY BARRIER AT 
OBSERVER'S LOCATION 

Correction to be applied to banier potential in order to find the actual 
performance of the banier of the same constructio<l b<Jt of finffe 
length. 

73 



WOI'bhMtA 
Site Evaluation 

Project Name 

Sponoct'aNime 

1 Aoldway Noise 

3~-

vu... ol ONllor .. noise scx.n:es:(--31or 
coml>lnallon ~) 

NomWiy Unacooptallle 

OHl 
p, tdlclocl "" 
()pelatioualn Yoer 

SVMrun----------------------------------------

Clip lhla -lo lhe 1cp of a pac1<age 
c:oolalnlng WOt1csheeiS S.E and Worla:harts 1· 7 
!hal are uHd In lhe sile 81/aluadons 

26 
74 

NoiM ,., II MUIQedt ' W 

City, State 

O.le ----------------



Ust •• eirpotts within 15 miles ot the ·-e: 
1. 

2. 

3 

1. Are ONL. NEF Q( CNR oon10ura avalloblo? 
(yes/no) 

2 . lvrf ....,.,_,;c air<:raftopano~? 
(yes/no) 

3 Eltimlbng ~..,..,.,.,. ...... F1gln 3· 

• 111.11"boral ~,.. ---

c. eftectiYe ntMI1bef of ope<ebOnl 
(10timesa+b) 

d dislance A lo< 65 d8 

7Sd8 

e dislance B lo< 65 d8 

70d8 

75 d8 

4 &1imaling ONL 1rom Tllble 2 

• dlltance from 65 d8 coniOur 10 
f1ig111 poll. D 1 

b. dlltance 1rom NAL 10 f1igl11 
pelh, o2 

c. o2 divided by 01 

d. ONl 

5. 0peo Olb4 pt<>jeded lo<- ye¥1 

Alrporl1 Alrporl 2 

Signed ------------ -------

75 

-AA __ ,,.,..,. .. Gr IS A-

~-----------------

27 



llat oA l!lljOf roads within 1000 feet cl tllo llilol 

2. --------------------------------------------------

3. ---------------------------------------------

4. -----------------------------------------------

1. Distance In teet 11om 1he NAt. to 
1he edge ollhe I08d 

.. --
b ,.,._...., 

2. OisW>ce 10 $101) sign 

3 . - g<8die<1t in pe<eent 

• AuiD iiUbles 

b. r..vy lrudcs • ...,. 

c. heavy lrudcs • <lownNit 

5. 24 houraveragenumbef oiiiUIOol-1 
enc~ medium 1ruc1cs 1n boCh direction• cADn 
• • 8Ut0iii00iles 

b. modi.m lrudcs 

c .,_AOT(t + (IO>cb)l 

a. uphHI 

b. downhll 

Roedl Aoed2 _, -4 

78 

~·· .... ~•t'Q~·~·-·nwa• 



Worttsheet C 
Roadway NoiM 

9 

Page2 

12 
IvAn 
AOT = (line 5c) 

Road No. I ___ x: ___ x._ __ _ X 

Road No. 2 -------~-------X-------• 
Road No.3 ___ x._ ___ x: __ _ X 

Road No. • X • 

Adfu- torHMV)'Trudc Tmnc 

17 18 19 20 21 22 23 
~TNCk S1op Nigi:W· 

Gradient ¥ and-go Tine 
Table6 Table7 TableS TableS 

E 
____ x ____ x ___ 

No.I Add_ X X 

Oowmll ____ x ___ 

F ... ___ x._x ___ 

Add _ X X 

Oowmi. ___ x ___ = 

r 
___ x._x --- = 

Road No. 3 Add--- X X 

Oownlllil ____ x ___ 

E 
___ x ____ x ___ 

No.4 Add --- X X 

Oowmll ____ x ___ 

Combined Aullolo- l HMvyTrudc DNl 

Road No. I Road No. 2 Road No.3 Road No .• 

14 15 16 

ONL Bamof Partial 
(Wor1<chort I) Attenuation ONL 

2. 25 26 
Ad~ ONL 
Ttud< (Work· -AOT chan2) Attn. 

TOIOI ONL lot 
All Road$ 

~--------------------------

77 

27 

Partial 
ONL 

29 



Lise APP Rai?ways wilhln 3000 fMC of ct>e tile: 

1, 

~---------------------------------------------
3. ________________________________________________ __ 

NM lllllfY "•to! •nlltlou: 

1. ~In Ieee !rom Che NAL co Che railway track: -------- ------- --------

2. Numbo< ollrains In 24 hoo.n· 

b. eloclrified 

3. F-ol operations oa:urlng • night 
(10p.m. - 7a.m.): 

b e4eclnfiedlrains 

7 Ps lradlwelded Of bolted? 

8 Ate-orhoms _..., 
lot ~aosslngs? 

30 
78 

~A·•·--~=~••'~GWr•r~·n .. • 



... tu•atar DIIMI~• 

Aai~No. 1 

RllweyNo. 2 

RllweyNo.3 

RalwayNo. 1 

~ayNo.2 

RllweyNo.3 

9 10 11 12 13 
No.ol 
~ ~- No.ol Locomod .... ....... - T.-

2 T-9 (-10) T-5 (h~ 

___ x _ _ _ x __ x ___ x __ _ 

___ x ___ x ___ x _ __ x __ _ 

___ x ___ x ___ x ___ x __ _ 

18 -oi<*W 
50 

14 

~ 

___ x ___ x ___ x ___ x ---= _ _ 

____ x _ _ x ___ x __ x __ = __ __ 

____ x _ ___ x x ___ x ___ _ 

Coco able ted ' a : •••• end A.-.., C. ONL 

-II)' No. I - ---- -II)' No.2 ----- ~No.3 ----

~A•.-.. t~IMW44~0WA~dM&I~wa .. 

15 

ONL 
Wotl<clwt3 

·16 17 - Pll1iol 
Alln. ONL 

---·- - --
----·--- --

25 -Aln 

26 -ONL 

- --·----

TOiel DNL foreiiWways ---------

31 


