
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 



ELEVATION OF 
SITE, 1:10' 

-· --...... , ........... .._ --
I ._ • .........,. _ _....,rl_ .. ............. _ ........ _ 
._ ..,........._....._._.,........,PI• O'I 
t .._.....,._..,_....-_ \1111 
t. \,N, ............ , 

............. -"' ... . . Ollllllllllr • llt-'! --, ........... 
te)o. _ _ , 

' '--...................... , ... ,..._... 

·---·--· '' '--·--· V UO. t _ .._. 

ou.•.._..,..,, 

.. .,_1_ ... . 
tti.N tt ............ 

, I.Ntot-.. a... t l 

ELEVATION OF 
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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. 
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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 
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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 
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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 

83 

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 

15 



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 

16 

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 

! 
~ .. 
w' 

'1. 

a 
~ 
L 

::s • ~ 

0 
~) 
I • 

1-

' 
1-

' I-

1-
I 2 

1-
I Of-

1-

• 
-
-

• 

~ 
0 

~ I I I ..1.1 

(j• I S•it 
IAUIEI ~~ 

\ / 
/ 

'~" y 

10 

h I -
~ !J. 1--

~ v s 
;) / 

/ 

~ ~ v 
~ 

~ fii::::: 
..... 

1-""1 
20 40 (,IJ 80 100 120 "0 160 180 ?~ 

ANGLE, •; St.alENOEO IY IAU.ICt Af 
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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 

18 

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) 

200,000 

.... .. :z: 
~ 100,000 
..... 80 000 
• I 

• £ 60,000 
I:. • ~ 40,000 

• E 
:II -0 
> 20,000 

.! 
:0 
0 
E 10,000 0 .. 
:II 8000 
o( 

~ 6000 
ca 
0 

• 4000 
at 
ca .. • > 
o( 

2000 

1000 
10 

DNL 75 70 65 

40 60 100 200 400 4000 

Effective Distance (ft) 

19 

67 



Wortcchart 2 
Heavy Trucks (55 mph) 

DNL 75 
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Workchart 3 
Railroads - Diesel locomotives 
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Workchart4 
Railroads - Cans and Rapid Transit 
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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 
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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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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. 
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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 
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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 
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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 
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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 
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... 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 ---------
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Chapter& 

A Wotitbook for the Noise 
Assessment Guidelines 

Introduction 

The followlng problems were 
prepared to give you the opportunity 
to pn~etlce the calculations and 
procedures described In the Noise 
Assessment Guidelines. Because It 
Is so rarely used, we have not 
Included any problems dealing with 
the aircraft noise procedure. 

We have not reproduced the 
charts Of tables from the Guidelines 
so you will need to have It at hand to 
do the problems. 

Noise Assessment Guidelines Wotitbook 
ProblerYI$ 

Pl ....... t Through 7: Combining Sound lAwla In Declbole 

Calculate the Combined Soood l.8WI lor the Following Sets of Individual U!wls: 

1. 67 LDN 
61 LDN 

2. 63 LDN 
63 LDN 

__ Combined 
l.8WI 

__ Combined .._ 
4. 82 LDN 

85LDN 
5. 87 LDN 

72 LDN 
_ _ Combined 

l.8WI 
_ _ Combined 

7. 73 LDN 
nLDN 
61 LDN 
87 LDN 
__ Combined 

LIM>! 

LIM>! 

Po tlomo 4 1nd t: ~ ElfeciM Dlo"""'" 
Celcutale the EHectlve Distances tor the Following Aoada: 

8. 

9. 

Dlsw.ce In FMI trom NAL to: 
-Edge of N-t Lane 
Fat Edge of Fattheat Lane 
EHectlve Otatance 

Distance In Feet trom NAL to: 
- Edge ol Nearest Lane 
Fot Edge of Fattheat Lane 
EHectlve Distance 

Po • lo ma to Through t5: Adjuo- F10>10ra 

3. 51 LDN 
8SLDN 
_ _ Combined .._ 

8. 59LDN 
63LDN 
71 LDN 

--~nod 

22FMI 
78Feet 

60 FMI 
84 FMI 

Usl The Adjustment Factors Neceaaaty lor Each olthe Following Sltuatlona and the 
NumO<Ical Value lor Each Adjustment Factor. 

10. A Roadway Whete the Ao6d Goodient Is 1 Yo, the A...-.ge $9eed lor Both Autos end 
Trucka Ia 30 MPH and the Fraction of Nlgllttlrne TraHic Ia 10%. 

AdJustment FactorsN ________________ _ 

Volueol Adjustment Factors: _ ___________ ___ _ 

11. A Roadway Whete There Is A Slop Sign 400 FMI trom the NAL The Gradient is !Yo, 
the Awrage S9eed for Autos Is 45 MPH (There Are No Trucks) and the Fnoctlon of 
Nighttime Traffic Is 15%. 

Adjustment FactorsN ________________ _ 

Value of Adjustment Factors: _______________ _ 
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12. A Roadway Where the Reed Gl'8dlentls 2%, the A....age Sj)80d lor Autos Ia 50 MPH 
and lor TNCka (Both Uphill and DownhiiQ Is 50 MPH and the Frac:tlon of Nlgh111me 
Traffic Is 10%. 

Adjustment Factors Needed; ________________ _ 

Value of Adjustment Factors: ________________ _ 

13. A Railroad Whel'e the Frac:tlon ol Operations Occurring at Night Is 30%, the A
Train Sj)80d Is .w MPH, the Tract< Ia Bolted and There M No INhlstlo Or Horns 
Required for Grado Crossing$. 

AdjustmentFactorsNee<loct. ____ ____________ _ 

ValuooiAdjustmentFactors: ________________ _ 

1•. A Raliroed Where the Ftaetlon of Operations Occunlng at Nighl ls 5%, the A
Train Speed Is 10 MPH, the Tracks M Woldod and There M No Whistles Or Horns 
Aequlred lor Grado Crossing. 

Adjustment Fac1ors ~=-----------------

Value of Adjustment Factors: ________________ _ 

15. A Railroad Whel'e the Fraction of Opetollons Occunlng at Night Is 20%, the A
Train Sj)80d Ia 30 MPH, the Ttaek Is Bolted and No Whistles or Horns"'- Required 
lor G.-Crossings. 

Adjustment Factors Needed: _ _______________ _ 

Value of Adjustment Factors: ________________ _ 
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Pt til ne 11 Tlrough 21: Some IIMic Pt celt tw 

Celeulate the Combined Noise LIMits f« ~of the Following Situations: 

16. A AoedWay Where the distance In Feet from the NAl to the Near Edge of the Nearest 
Lane Is 310 Feet, the Distance to the Fer Edge of theF-t Lane 1$ 358 Feet. 
There Is A Stop Sign o400 Feet from lhe NAL The Gradlenlls 1%. The A
Number of Automobiles ls17/JOO, lhe 24 Hour A-Number of Medlum Trucl<s Is 
1 ,500, lhe 24 Hour A-Number ol Heovy Trucks Is o400 Total. The Fraction of 
Nighttime Traffic Is 20%. 

The Combined Noise liMit f« This Ao41dway Is _ __________ _ 

17. A Sile Exposed to Noise fr«n Two Roads. FO< Roadway Number 1 lhe Dletance In 
Feet from the NAL to the Near Edge of the Nearesl Lane Is 125 Feel, the Distance to 
the Far Edge of the Farthest Lane Is 233 Feet. There Is A Slop Sign 250 Feet from 
the NAL The Gradient Is 3%. The A-- Speed I« Bolh Autos and Trucks Is 30 
MPH. 

The 24 Hour A-Number of Autos Is 22/)00, the 24 Hour A- Number of 
Medium Tr\ld<s Is 2,000. The 24 Hour A- Number of Heavy Trucks Is 950 Total. 
The Fraction of Nighttime Traffic Is 10%. 

FO< Roadway Number 2, lhe Dlslance 10 lhe Nell Edge of the Neeresl Lane Is 4$ 
FHI, the Distance to lhe Fai Edge oflhe Farthest Lane Is 93 Feet. There Is A Stop 
Sign 100 Feet from the NAL and the Gradient Is 1%. The A-Speed for Bolh 
Autos and Heavy Trucks Is 30 MPH. The 24 Hour A-Number of Automobiles Ia 
14/)00, for Medium Trucks 700, and f« Heovy Trucl<s 900 Total. The Fraction of 
Nlghltlme Traffic Is 20'Yo. 

The Combined Noise liMit forThlsSitels ____________ _ 

18. A Site Exposed lo Noise from Two Rellroads. For Rellroed 1, the Distance In Feet 
from the NAL to the Railway Track Is 150 Feet. There Are 35 Diesel Trains Evert 24 
Hours, No Eleclrifled Trains. The Fraction of Operations Occurr1ng at Night 1$ 25%. 
There Are 3 Diesel L.ocomotl\oes Per Train and 70 C8B Per Train. The A-Speed 
Is 30 MPH and the Track 1$ Bolted. No Whistles Or Horns Are Used. 

For Rallroad 2, the Distance In Feet from the NAL to the Railway Track Is 310 Feet. 
There Ala 20 Diesel and 2 Electrified Trains Each 24 Hours. The Fraction of 
Operations Occurring at Night Is 15%. There Are 2 LocomotiVes Per Diesel Train and 
4$ Qn fO< Each Diesel Train and 15 C8ls Per Electrified Train. The A-Train 
Speed Is 40 MPH and the Track Is Bolted. No Horns Or Whistles Are Used. 

The Combined Noise 1.e11e1 for This Site Is-------------

19. A Site Exposed to Noise from TWo Railroads. For Rellroed 1, the Distance In Feet 
from the NAL IO lhe Railway Track Ia 75 Feet. There Are 34 DieM~ Traina Evert 24 
Hours, No Electrified Trains. Twenty Percent of the Operations Occur al Night There 
Are 5 Locomotives Per Train and 75 car. Per Train. The A-age Train Speed Ia 35 
MPH and the Track Is Welded. No Horns Or Whistles. 

For Railway 2, the DISiance In Feet fr«n the NALIO the Railway Track Is 120 FH1. 
Thera Are 12 Diesel Trains In 24 Hours, No Electrified Trains. T-.ty.flw Percent of 
the Operations Occur at Night. There Ale 4 LocomotiVes Per Train and 40 cars Per 
Train. The ,o,....,age Train Speed Is 20 MPH and the Track Is Bolted. No Horns Or 
Whistles Ale Used. 

The Combined Noise liMII for This Site Ia. -------------

20. A Site Exposed to Noise from Three Roads. For Road 1, the Dis lance In Feet from 
the NAL to the Near Edge of the Noaresl Lane Is 100 Feet, to the Far Edge ol the 
Farthesl Lane, 208 Feet. There Is No Stop Sign and the Gradient Is 1%. The A
Speed for Autos Ia 55 MPH. (There Ara No Tr\ld<s Allowed On This -~The 24 
Hour A-Number of Autos Is 40/)00. The FractloQ of Nighttime Traffic Is 15'Yo. 

For Road 2, the Distance from the NAL to the Near Edge of the N-t Lane Is 4$ 
Feet, to lhe Far Edge of the Farthest Lane T5 Feet. There Is A Stop Sign ITS Feet 
from the NAL and the Road Gradient Is 4%. The~ Speed for Both Autos and 
Trucl<s Is 40 MPH. The 24 Hour A-Number of Autos Ia 15/)00, fO< Medium 
Trucks 900 and for Heavy Trucks 320 Tolal. The Fraction of Nighttime Traffic Is 20%. 

For Road 3, the Distance from the NAL to the Near Edge of the N-1 Lane Ia 52 
Feet, lo lhe Far Edge of the Farthest Lane 92 Feet. There Ia A Stop Sign 400 Feel 
from the NAL and the Gradient Is 1%. TheA-·Speed for Bolh Autos and Trucl<s 
Is 25 MPH. The 24 Hour A- Number of Autos IS 5/)00, for Medium Trucl<s 1.0S0 
and for Hee.vy Trucl<s 175 Total. The Fraction of Nlghtllme Trafflc Ia 20%. 

The Combined Noise ltM!I forThisSIIela _____________ _ 
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Z1. A Site Expoaecl to Nolse from A Rallmed. The Distance from the NAL to the Railroad 
Is 110 Feet. There Me 30 Diesel Ttall\8 Eveoy 24 Hours, No Eleclrlfled Trains. T_,ty 
Percent of the Operations Occur at Night. There Are 3 L.oc:omottves Pe< Train and 50 
cars Pe< Train. The A- Train S~ Is 30 MPH, tho Track Is Bolted and There Is 
A Grade Crossing Whate Horns and Whistles Me Used 100 Feet from tho NAL 

The Combined Noise l8vel at This Site Is _ ___________ _ 

Pi- 22 Thro<lgh 24: S.men- ldentllyt"V the V•l- lor H, R, R', D and 0 ' 

Identity the Values lor H, R, R', 0 and 0 ' lor Each of the Following Barrle<S: 

22. 

I 
l.-30·- ....... -------150'--------' 

H: ---A= --- A'= ___ D= ___ andO' = ---

70' 50' 

H: A: A'= D= and D' = 

Barrie< 40' 10 ' 170' 90' 70 ' 
Highest Polnt of Hill 30' 150 ' 8 ' 50' 

40' 

24. 

6 1' 52' 

Cl Cl 

I 
60 ' 50' 

H= A= • A' 10: andD' 
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ro 7 7 ow 25 ,_.. 27:-c*'' loow Ulino ~It lllld 7. 

Using Wcrtcn.rts 6 ard 7 Only,~~ the Noise AtlllnUalion PnMdod by lhe 
a.m.. mustrated In ~ 22llvough 24. Add?tlonal Deta on the Angles 
S..btendod by the Ends of the ~ ard ?he NAL fO< Each Location Is ProYided. 

25. Celculate the Noise Allenuatlon Provided by the Batrler Described In Problem 22. The 
Angle S..blendod by the Ends of ?he a.n1er end the NAL I$ 150 ~-

The NoiMAIIenua?ion ProYidedls _____________ Declbels. 

26. Celcutato the Nolae Altenuotion PnMdod by lhe Barrier Deocrlbod In Problom 23. The 
Anglo Sublendod by the E-oi!IW a..ler ..-.:1 lhe NAL 1$ 90 o.-
TheNoiMAitenuationf'ro¥tdodla _____________ Declbels. 

27 Celculota the Noise Atten~».lion PnMdod by the Barrier Oeoa1bod In Problom 24. The 
Angle Sublendod by ll>e Ends of tr-.. a.mtr end the NAL Is t30 Oegr-. 

The Noise Allenualion ProYidod Is---------- ----Decibels. 

Proi>Mmt 21 Tlwougll30: - Colculotlono Uolng Wcwtu:lwts 5, a ond 1 

Colculato the Attenuation Prewldod By the a.triefsln the Fojlowing Sl?uotlons Use 
Wo<kellllts 5, 6 end 7. 

25. A Two StO<Y Building Ps Expc:wod to HolM LIMits of 68 LON from AutC>mOI>IIos. The 
- Is 15 Feet High end Ps Located 40 Foeo from lhe Souroo end 20 Feet from 
tr-.. Building. The SocRe, -·and Building Are All On LIMit Ground. The Anglo 
Sublendod by lhe Ends of tr-.. a.mer ond the Noise Assessment Location Is 110 

o.or-. 
Tile NolseAttenuallon Provided by Tills Banlerls _________ Declbels. 

Is TlllsSuffleleno? ____________________ _ 

29. A Tllree Story Building Ps Exposed to A Nojse Lew~ of 72 LON I rom Diesel 
Locomotl- and 60 LON from Rellroocl C... The Batrler ?a 12 Foeo High ond Is 
Located 40 F""t from the Source ond 85 Foet from ll>e Building The 8an1er end 
tr-.. Building Are on the Same LIMit. But the Troek Ps Oeprossocl 25 Feet. The Angle 
S..blendod by lhe Ends Of tr-.. Banler end the NAL Is 120 Oegr.-

The Nojse Attenuation Provided by Tills Batrler Is--------Decibels. 

Is Tills Sufficient? ____________________ _ 

30. A Tllree StO<Y Building Is Exposed to Noise Lo....,ls of 67 LON from Autornot>lles 
and 71 LON from Trucks. The Barrier Is 16 Feet High end Is Locoted 36 Feet from 
tho Source and 56 Feet from the Building. Tile Source, the Battler ond tile Building 
Art All AI the Same Lew~. The Ang?e Subtondod by the Barrio< EndS end the NAL Is 
130 Oegr-. 

The Noise Attenuation ProYicloc:l by This 8anlerls --------Decibels. 

lsThls&Af~i~?---------------------
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Noise Assessment Guidelines Workbook 
Answers p-

t . 88 LON (67-61 :6, Add tdB (From Teble) to 67:88 LON) 
2. 88 LON {63-63: 0, Add 3dB (From Teble) to 63:88 LON) 
3. 69 LON (69-51 :0, Add OdB to 69:69 LON) 
• . 67 LON (65-62: 3, Add UdB to 65, Round Off to NeatH I Whole Number, 

66.8 : 67 LON) 
5. 73 LON (72-65: 5, Add 1.2 = 73.2 = 73 LON) 
6. 72 LON 163·59=•, Add 1.5=&4.5, 71-e..5:6.5 

Interpolate From Teble: 6 = 1.0, 7 = .8 
6.5 : .9) 71 + .9 = 71.9 = 72 LON) 

7. 76 LON (67-61 =6 .• Add 1.0:66, 72-68=•, Add 1.5:73.5, 
73.5· 73 = .5, Interpolate From Table, 
Add 2.75:76.25:76 LON) 

B. •9Feet (76+22=98-2=•9) 
9. 72Feet (84+60=1« - 2=72) 

10. Adjustment Factors Needed: Speed and Nlght·Time Pe<centage 

Value of FaetOt's: Speed= Autos .30 
Tnucka .81 

Nighttime 
Percentage .81 

Note-You Must Have Different Speed Adjustments for Autos and Tnucks. 

1 1. Adjustment FactOt'S Needed: Speed and Stop and Go TraHic 
Value of FactOt"S: Speed .67 

Slop and Go .70 

12. Adjustment FaetOt's Needed: Gradient, Speed and Nighttime Pe<centage 

Value of FactOt'S: Gradient 1A 
Speed= Autos .30 

Trucks .81 
Nighttime 
Percentage .81 

13. Adjustment FactOt's Needed: Nighttime Percentage, .Speed, Bolted Track 

Value of FactOt's: Nighttime 
Percentage 1.57 
Speed=EnQI"" .75 

Cars 1.78 
Boiled Track • 

Note-You Must Have Different Speed Adjustments for Engines and Cars. 

1•. Adjustment FactOt's Needed: Nighttime Percentage and Speed 

Value of Factors: Nighttime 
Percentage .62 
Speed = Enolnes 3,0 

Cars .11 

t5. Adjustment Factors Needed: Nighttime Percentage and Bolted Track 

Value of FactOt'S: Nighttime 
Percentage1.19 
Bolted Track 4 
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18. Combined Noise Level= 82 LON (If Your Answer Ia Plus or Minus 1dB Ita OK -
Between Rounding Off and the Lerge Scale on the Nornographs, That's Close 
Enough) 

- · -- ---......... ___ ,, .. _ 
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17. Combln«< NoiMI..eYel:74lON (+OR- 1 dB) 

- · --"""'-" ___ ......... . 
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18. Combined Noise L..el = 71 lDN 

Noro-ln O<der to Complete Column ta for Railway 12 You Must Find the A
N..-of Cats P., Train. Multiply the NUMb« of OleMI Trains Times the NUMb« 
of Cats Per Train (20x45=m. Multiply the Number of Electrified Trains TlrMS 
the Numbef of Cats P., Train (2 X 15 • 301. Add the Two Total$ Together and DMde 
By the Total Number of Trains~ • 30 • 1130 - 22 = 42). 

- · -- ..... 

......... I -'...f1_' ..J...IL o --=- o .J.:.M o J..S • :J f. 

.......... . _~_,~.~.u ,.J4. t.s ... _, --·--·--· 
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..._ .... ~ .. J.:2tl._w_. t..Jr. zz... "' -..-· --·--·--·- . 

19 Combined Noise LeYe1 = 76 LON 
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20. Combln<!d Noise llMII = 75 LDN 
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21. Combined Noise level= 81 LON 

To SoiY<! This Problem You Must Add Some More Unes to the Workehart lor 
Engines Because the Workehart as Set up Does Not Go High Enough. Tlle<e Are A 
Variety or Ways to Do This But One of the Eulest Is to Take A Pleoe of Blank 
Paper (A 3 x 5 card Does Very We4~ Place the Edge of tha Paper Along Either the 
Top Or Bottom Edge of the Workchart and Marl< Where the LON Unes Fall Along 
the Edge of the Blank P-. Then Once You Ha.., Drawn Your Dlatance e.nd 
Operations Unes on the Work Chart, Yoo Take Your P-with the Uno Mari<lnga 
and Lay It along the Une for Adjusted Operations with the Mark Farthest to the 
Right Uned up with the 75 LON Uno. Now Just Count over unlll Yoo Reach the 
lnlersactlon of the Operations and Distance Lines. 
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22. H= 10 Fee~ R=-10 Feel, R' • 30 Feet, 0=170 Feel, 0' = 150 Feel 

I R' 0 ' 
'--30' 150'----..1 

23. H=8 Feel, A=90 Feel. R' a70 Feet, D=-10 Feel, 0' =50 Feel 

A' 
'--- ---70'-

o· 
- -'----so·- - ..J 

Note-The Une ot Sight Llno Sla•11 AboYa the Rood level Because ot the Truckt. 

24. H: 8 Feel, R:52 Feel, R' • 50 Feet, D= 61 Feel, 0 ' :60 Feel 

Q~___!.•Dt~• ~~·~-m~ A jo-ol, v -11 !)2'·--n;n;;;;n--,·1 w 
o· R' 

'----eo··---L---so··---' 

92 



25. The Noise Attenuation Provided Is 7 Dec1bela 
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27. Tho NoiH Attenuation ProYided Ia 8 Oeclbata (5.5 Rounded Up) 

Nolo-Again You Ha .... Problema With Extrapolating-Don't Worry About Being 
Too PreeiH. 
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28. The Noise Attenuation Pro¥1dod by This Barrier Is 4 dB. This Is Sufficient 

Note-Don't FO<get That the Height of the obs<INor Is 5' Less Then the Total 
Height of the Building and the Height ol the Building Is 10 Feet Times the Number 
of Stories. And Old You Remember to Make the Adjustment fot Ground Attenuation 
loss. 
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29. The Noise Attenuation Provided by This 8arrier IS Approximately 5 dB for Bolh the 
Engines and the Railroad Cars. 

This Is No·t Sufficient. 

Note-You Were Supposed to Calculate Attenuation for 01""1 Engl""" and Cars 
Separately Because the Source Heights Are Different. The Value of S lor the 
Engines Should Have Been -10 and the Value of S for the Railroad Cars Should 
Have Been - 25. 
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30. The Noise Attenuation Provided by Thla Barrier Is 3 dB for Trucks and 5 dB for 
Autos. Th& Combined lev&l Reoulttno Ia 69 LON. 

This ta Not Sufticlent 

Note-You Must Calculate the Berrier EHect Separately for Autos and Trucks 
Because the Source Height Ia Different. Then Recombine levels. 

...... _ .... 
===-~ ..... ,0 ................ --Nw.,.......,._ ........ _ . ....,.. 

~-'-"-- • • _3M__ 

,._Q__ •·-=*
.. _ 2.!>_ 

1.a......, ...... .,.,._.,_ ( If '"' 1- I' 0 t.e....on---------- (' z.s I - I' 0 
....... .._ _____ ft"-0'1 

. ........ .._._ ... _ fl'l 

•. IJNJ ...... ., ... , I' 2S 1•1' 9Z. 
................... f ............ ,--. -- I' .1.7 I • I' • Z7 
7 ~-.... I u I • I' .D1 
.. o. ......... , I u 1- I' .o;!. 
LU.t-IN4 ... 1oo ........ t .... l ll........,. I' .27 1•1' ~ 
M. U..1~ .... (' 1(.. I- I' 9. 7 
"UO.tO-ht I" <l>.l I • I' .97 
lt.U.511oWM ... to (' , 'Z,7 I • I" t..l 
·~Uftl , ............... I ' 3• 1•1' .97 
,. uo. .:. ......... I" '17 I + I" /.7 
'' u-.s ............ , (' 92. I - I' !lloo ... """ ........ ., .... I" Sft, I • I' .97 
'''-'-''-"": 1"5'8 1- I"/. 7 

1- (' lip 

I • l' z.s 
I' 92. 
I' .3*> 

I • I• .zr 
J • I' .01 I 
f • I' .PI I 
I · I' .97 I 
1-1' 9.7 I 
1- 1" '-·3 I 
) •1" '-' I 
l•t•/.7 
1•1" 31 
1•1" ~9 -· 
I•I" S(.> 
I • 1• 515 
1 • (, Sit> I • • ,... .. _ .... ,_ .. _ .. 

___ .... ___ .l.t,_ft _ ... ,...,..,., _ _,.. _ _ --~~-o·--·"•-... , __ ........... - .-· 

-· --
.... ,._ . ._., _,.... 
........... --·--· --.•TI!I~w•,l 

-1 
I 

1 I I I I _U 

• 
j•j• I , .,. • 

lAUJU I 

\ / • 'Gv" 
/ f-

• 
y 

0 10 

t- jV 
I 

// L-1 • IVIV l 
" lb / v 
• 

~ 

~~ 
~ • • 
I-1-

~~~ 

0 
20 40 60 10 100 120 140 wo ,. 2GO 

ANGU4 G11 SLITfN)f0 I V IAIIIH. AT 
OISEWU'S LOCATION 

~ .... ..,..,.-,.... .. -........ -,..,.._,.. ......... , .. _~.,-... -
99 



-· ---w 
a~~ -- .. ~ ........ _ .. __ ...,_ _u. -- & •• _st.o_ .. ,._,......,._ 

.LS -..-......... .. ,.........., ___ ....,. ___ 
I" , .. I - I' 6 1• 1' 8 ' ........ ________ 
I' zs I - I' tJ I- I' ll ··-----tll'• lr) ,. 'IZ. .~ ...... ____ ..., 

I ' :!>C. , .,_,_., .... , 
I' 17 " I' Qz. I - I' .z. .................... ~ .... ......... ,., .... -- I' .z • I' .2. I -I' -~ ·---· I w • I' .04 I • I' . OL I ·o--.... , I .. - I' .oz. I • I' . 9& I . .,..,_ .... ,..... ......... ,_,_.....,.. , • . z . ,. :!¥ I • t• .., I .. .._,_ ..... I ' 8 - ,. 7 l · t· I I 

" ~ .. -..... ,. I . ,. ,qe I • I" .98 I 
II ..... . ...... ,. .. (• • l. . ,. I I • (''. Z I 
IJ .,_,.._ ....... ,. :!>C. +I' .96 I · I" :!>7 I 
•• ""'-u.-. ... " I'' 37 + 1.- ~ t. I • I" l7 I .. 
'' ""'_ .... (' 9L - I' !ol.. J - , .. C'C. .. .,.. ............... I· ~ - I' • '1& I• I" S7 
,, ~ .. --g 1• S7 - r· . z. I• I" 57 -· .....----·-·----___ ..... _ ..,_ u_._ -· ... -·· --..·--

_________ .. _ 
-·--·-----·---........ --... 

. ...,... ... _____ 
-· --

.. _.. ........... 

TO 
rOA LOSS 

AT.lE,._,ATIOH 
-j· olS B 

LESS THAN!\ t ctJ ,0 -
2: t t o l ·t 
ll .• s 0 - l 
S .t -4 

-- _, 
[!!] .. ) 
I • I T T}f ii I , . ,. • .. ...... I 

\ 
,. 

f- ,~., 
/' f--

' 
y 

0 
10 

IJil 
• ll V1 • 

~~ 
'[ 

I..J v 
• 

.,j ~17 
~ 

~ 
~ V' 2 

2f--
I-I- ls" 30 

_~....-

2D .tO .0 10 100 •• 140 160 110 200 
A.f"«n<.o~ QTlJ'C)(D .... &A•& Af 

C.SBVU:S I.OCAU()t.t 

~-......... ----- ........... _ -·--
100 



Chapter 7 

The Use of Noise 
Measurements 

NoiH Calculetlons Are Best For 
HUDUH 

There are two ways to detennine 
noise levels for a site undl!f review: 
the noise can be calculated or It can 
be measured. While one's first 
reaction might well be that It would 
obviously be better to go out and 
actually measure the noise l-Is at 
the site, calculated noise l-Is are 
really much bettl!f for Implementing 
HUD's noise policy. 

calculated noise levels are 
developed using mathematical 
models that contain a vat1ety of 
assumptions about the process of 
noise propagation as well as data on 
sound l-Is generated by typical 
sources (I.e. aircraft engines, 
automobile tires etc.). The model can 
be a complex computl!f model or It 
can be a simple desktop model such 
as the procedures In the Noise 
Assessment Guidelines. The models 
can also employ a variety of noise 
descriptors. (See chaptl!f 1 for a 
discussion of noise descriptors.) 
Most noise studies done for the 
Federal Highway Administration, for 
example, use either the l,o or the 
t_, noise descriptor. Many aircraft 
nOrse studies use the NEF or CNEL 
descrtptor. All of these descriptors 
are compatible with the '-dn noise 
descriptor system that Is preferred 
by HUD and the HUD noise 
regulation contains Instructions for 
converting all of them Into lc!n· 
(sections 51 .106(a)(1) and (2)) 

Whether produced by a 
sophisticated computer model or by 
the desktop Noise Assessment 
Guidelines, calculated noise levels 
are more useful for HUD needs than 
measured levels for two significant 
reasons: The first Is that with noise 
measurements you have no good 
way to take Into account future 
changes In the future noise 
environment. The houses we help 
build today are going to be around 
for a long time and If Is very 
Important that we detennlne, to the 
extent we can, the noise 
environment that will exist 
throughout the life of the buildings. 

While thens are clearly limitations on 
how far Into the future we can 
reasonably project trefflc levels for 
roads, railroads and airports, we can 
at least look 5 to 10 years ahead. 
The HUD noise regulation (24 CFR 
518) requires that " to the extent 
possible, noise exposure shall be 
projected to be representative of 
conditions that are expected to exist 
at a time at least 10 years beyond 
the date of the project or action 
under review." It Is very easy to 
make these projections If you use 
the Noise Assessment Guidelines or 
a computer model to detennine 
noise levels. 

The second reason why we prefer 
that you calculate noise l-Is Is 
that through the calculation process 
you can use monthly or yearly data 
to determine traffic levels. Thus you 
come up with a more typical picture 
of condi tions. With noise 
measurements there Is always the 
possibility that the day or eo;en days 
chosen for measurements will not be 
typical and that the measurements 
may over or understate the problem. 
While the conscientious measurer 
wllitry to account for any unusual 
conditions, It Isn't always possible. 
So long as cost considerations limit 
the number of days that 
measurements can be taken there 
will always be the problem of 
unrepresentative data. With 
calculations this Isn't a problem. The 
computer model that generates 
contours for airports, for example, 
uses an entire years data to develop 
the a-.ge day. Certainly the results 
are more likely to be representative 
than the results that would be 
derived from Just a few days 
measurements. 

When NoiH M .. alftfMntS Are 
Uaeful 

While It Is the preferred procedure to 
calculate noise l-Is, thl!fe are a 
few situations whl!fe the noise 
models might not be accurate and It 
might be better to rely on 
measurements. One Instance would 
be when there is Insufficient a.
inadequate traffic data. Another case 
might be where you have a unique 
physical situation that Is not 
accounted for In Whatever 
mathematical model Is available. 

101 

Obtaining good traffic data can be 
difficult. You may only be able to get 
gross data that s imply lists total 
vehicles without making any 
distinctions between trucks and 
automobiles. Or you may not be able 
to get any reliable data on the 
Pefcentage of traffic between 10 pm 
and 7 am. While the Noise 
Assessment Guldlllines do contain 
some assumptions that you can use 
when you don't have all the data you 
need, there may be Instances when 
you Just don't think those 
assumptions would accurately 
portray the problem. 

By the seme token, there are 
certain physical situations that 
mathematical models such as the 
Noise Assessment Guidelines 
couldn't anticipate and therefore do 
not reflect in their formulas. For 
example, the Guidelines say that you 
don't have to calculate the noise 
l-Is for underground transit lines. 
Well what If the line is underground 
but there are large air vents that reach 
from the belowground tunnels to the 
surface? A great deal of noise can 
reach the surface through these vents 
butt he Nolsll ASSIIssment Guidelines 
don't haveanywaytotake It into 
account. You couldn't treat it as If the 
subway line were aboveground 
because It isn't really and at least 
some of the noise Is blocked. This 
would be a case where a noise 
measurement would probably be the 
best way to determine the noise 
l-Is. By the same token, the 
guidelines do not really take Into 
account the sometimes significant 
amounts of reflected noise that can 
occur at urban sites surrounded by 
tali buildings, I.e. the canyon effect. 

When Not to u .. M .. slnf'l*1ts 

One thing noise measurements 
should not be used for Is to con finn or 
refute calculated noise levels, 
especially computer generated 
aircraft contours. Our experience with 
both the Noise Assessment 
Guidelines and with computl!f noise 
models Is that both are quite accurate 
If done proper1y. lf you are convinced 
that the calculations were done 
correc11y, and If you believe that the 
data used wens good, you should 
strongly dlsoourage anyone-who 
wants to take measurements because 
they think that measurements are 
lnhl!fently more accurate than 
calculations. Comparing measured 
noise levels to calculated levels Is like 
comparing apples and oranges. The 



calculated noise levels should Include 
projected traffic 18'/els, the meuured 
ones will not. The calculated 18'/els 
will be based on dally traffic counts 
deriwd by aven~glng months of data, 
the measured levels will, at beat, 
reflect just a few days. (This Ia 
particularly true for aircraft noise 
contours. The day-t<>day operations 
of an airport can vary significantly 
depending upon weather conditions 
and any one or two days worth of 
measurements are very likely to show 
dtfferentlfl'lels from those generated 
by a computer model employing a 
year of data to der1ve an average day.) 

If you have determined that noise 
measurements are appropriate, you 
must make sure that they are done 
properly, otherwise the data will be 
useless. There are tour elements to 
proper measurements: 1) where the 
measurements are taken; 2) when 
they are taken; 3) the type of 
equipment used; and 4) the actual 
measurement procedure. 

Where ,_. ... menta ahould be 
teken: The locations for noise 
measurements should be selected 
using the same criteria you would use 
to select a Noise Assessment 
Location tor a Nols& Ass9Ssment 
Gvldellnes calculation. The Noise 
Assessment Guidelines recommend 
that "assessments of the noise 
exposure should be made at 
representative locations around the 
site where significant noise Is 
expected." Further, the Guidelines 
state that when selecting these 
locations you should consider those 
buildings containing noise sensitive 
uses which are closest to the 
predominant noise sources. Where 
quiet outdoor space Is desired at a 
site, you should also select points In 
the outdoor area In question. 
Specifically, the "relevant 
measurement location for buildings is 
a polnt2 meters (6.5 feet) from the 
facade." If there are no buildings yet 
the measurement point should be 2 
meters from the closest point setback 
requirements would allow a building 
facade. 

When measurement• ahould be 
teken: Because measurements are 
only going to be taken tor a few days 
at best, special care should be taken 
to make sure that the days selected 
are representative of a-age traffic 
levels. For highways, avoid both 
Monday and Friday, partlcular1y 
before or after a holiday. In fact 
holiday periods, such 88 the 
Christmas/New Years season, should 
be avoided entirely. Highway traffic, 
or rather more Importantly, truck 
traffic Is likely to be down dur1ng 

these periods and noise '-Is lillY be 
significantly lower than normal. On 
the other hand, holiday periods are 
often peak travel periods tor alr11nes 
and measurements taken around 
airports then would show unusually 
high noise levels. 

Whoever Is taking the 
measurements should also check to 
make sure that there aren't any 
special circumstances that might 
affect traffic levels. For example roed 
oonstructlon or repair work might 
divert addltonaltrafflc onto the roed 
being measured, or divert traffic away. 
In both cases the noise 18'/els 
measured would not be 
representative. 

And finally, noise measurements 
should not be taken during extreme 
weather conditions both because of 
the possible effects on traffic levels 
but also because the weather 
conditions can exaggerate the actual 
noise levels. 

Ideally, noise measurements 
should be taken over several days 
spread over at least a few months. But 
given that time and money will 
normally preclude this, at least make 
sure the one or two days you can get 
are as close to typical as possible. 

Whet equipment to UM: There are 
many sound level meters on the 
market which are suitable tor taking 
noise measurements for 
transportation sources. They need 
only to meet the requirements of 
American National Standard 
Specification for Type 1 Sound Level 
Meters:S1.4-1971. Type 1 soundlfl'lel 
meters are "precision" meters and 
provide the most accurate 
measurements. They are also, of 
course, the most expensive. Fast 
tlme.averaglng and A frequency 
weighting are to be used. The sound 
level meter with the A"Welghting is 
progressively less sensitive to sound 
with frequencies below 1,000 hertz, 
somewhat as Is I he ear. With fast time 
aversglng the sound level meter 
responds particularly to recent 
sounds almost as quickly as does the 
ear in judging the loudness of a 
sound. Fast time averaging has a lime 
constant of about 118 second. 

While a sound level measuring 
system that averages declbel 
readouts on a short term basis such 
as tor every minute or every hour Is 
acceptable, II would be tar better if a 
system that actually provides a 24 
hour Integrated~" readout were 
used. Such a system eliminates the 
need tor calculating the~" value, an 
area where many Inexperienced 
consultants go astray. These systems 
are more expensive however, and thA 

oonaultant who doesn1 do much 
noise work Is unlikely to have one. 
~ procec11na: Detailed 

procedures for making sound 18'/el 
measurements are spelled out In the 
American National Standards 
Institute's Standard Methods ANSI 
S1 .2-1962(Rl976) American Net/one/ 
Standard Method for the Physics/ 
Menurement of Sound and ANSI 
S1.13-1971(R1976)Amerlcan National 
Standard Methods for the 
MNsurement of Sound Pressure 
LIMI/s. 

Some of the basic procedures that 
should be followed are: 

1. Measurements should normally be 
made over a continuous 24 hour 
period. If this Is not possible, 
measurements may be mede over a 
period of days but still must cover the 
entire 24 hour period. The selection of 
the days becomes even more critical 
so that they are as similar 88 possible. 
Sampling Is not acceptable. 
2. The sound level meter must be 
callbfated before each use. 
3. The sound level meter should be 
provided with a wind screen. 
4. Care should be taken to Insure that 
there are no temporary obstructions, 
such as parked trucks, between the 
meter and the source. 

The NoiM Study 

The noise study prepared to describe 
the measurement results should 
contain at least the following: 

1. A map showing where the 
measurements were taken 
2. A vicinity map showing the site and 
the major noise sources 
3. A chart Indicating the date, the 
time, and weather conditions when 
measurements were taken at each 
measurement location 
4. The type of microphone used 
5. Any variations from ANSI 
procedures 
6. The results of the measurements 
In ~n for each measurement location 
7. Any unusual conditions that 
existed during the measurement 
period-I .e. construction activity, 
major traffic tieup, etc. 
8. If an Integrating sound 18'/el meter 
was not used, the calculations used 
to derive the~ value. 
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