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Foreword

in choosing amonyg alternative sites for
housing; potentiil nofse problems are
prominent whiong the-issues that miust be
examined. These Noise Assessment
Guidelines were dwesapad o provids
HUD fieid stalt, interexiad bullders,
dawalopem and local officints with an
sagy-1o-use méthod of svaluating noise
problems with a mirimum of time and
effort.

Wa beliove that this set of tools will
simplify the process of balancing the goal
of enwvironmental protestion with these of
sfficiency and reduced housing costs: We
nope you witl find them useful, and invite
your-comments,

F@W_mmpmm and ﬂeseamh

= _%\\T\

Stephen J. Boliinger
Assistant Secratary for
Comimtinity Pianning and
Davelopment
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Preface

The Department ol Housing and Urban
Developmant, in its ofiois to provide decent
housing and ¢ suitable living environment, is
concernad with nolse as & major source of
environmental pollution and has lssued Sub-
part B on Noise Abmtemant and Controf 1
Part 51 of Title 24 ofthe Code of Federal
Reguigtions

The policy establishod by Subparnt B em-
badies HUD objectives 1o make the assess-
mierd ol the sultablity of the rolse anviron-
ment at ashe; {1) sasy o parior; (2)
uniformly applicable to different nolse
sources; and {3) as consistent as possible
with the assessment policles of other Faderal
dapariments and agencips. in furtharance of
these gbiediives, the Office of Policy Devel-
opmant and Research has sponsared
research o provide sie snalysis techniques,
Thase Noise Assessmuaiit Gukiolines do npt
constitute established policy of the Depart-
mant b do provide 3 methodology whose
use is encolraged by HUD as being con-
sistentwith its objectivey. The Guidelines
provide a mieans for assessing separately
the notse produced by girport, highway, and
railfoad operations; ns welt 23 the means for
dggregating thair combined effect on the
tverall noise environmend at a site:

This bookiet hag been prepared by Bolt
Beranek ang Newman Ing., under Conract
No. H-22438 for the U.8. Department of
Housing end Urban Developtient. tisa
revision ot an sadier adition publishad in
August 1971, With the exceplion of clsanges
made by the Departmert, the contractor is
solely responsible for the accuracy and
completeness of the data and information
sontzined herain,
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introduction

These guidelines are presented as partofa
continuing effort by the Depariment of Hous-
ing and Urban Development io provide
decent housing and 8 sultable fiving en-
vironment for all Americans.

The proceiures described here havisboen
deveioped 5o that people without tschnical
fraining wilt be able to assess the exposurs of
a housing shte 1o present and future noise
conditions. In this context, the site may hold
only oha grnall building, inwhich case the
noise assessmant is stralghtioraard, Larger
sites may hold larger buildings, of many
buildings, and the noise leve! may be it
ferent at different parts of the site {or bulid-
ingy]. Assessmants of tha noise axposure
should be made at epresentative locations
around the site where significart noisa is
expoctad. These are designated as “Nolse
Assessment Locations,” abbrevisted NAL in
the Toliowing text.

“Fhe only materials required are a map of
the area, a ruler {siralght edge), a protracior
and a pencil, Worksheats and working
figures are provided separately.

All ot the information you noed can be
easity abigined — usually by telephone. For
convenience, this information is tisted at the
beginning of each section under headings
that indicate the most ikely sourcs. While
youi are obtalning this information, be suwre 1o
ask about ary apyroved plans lor uture
changos that may affect noise levals at the
it ~ for sxarmple: jand-use changes,
changes in sirport runway traffic, widening of
roads, and 8o forth, In afl evaluations, you

should assess the condibon that will have the
most severe or most lasting effect on the use
of tha gite,

Wherever pussible, you should try 1o
aszess noise environmeants expectedt of least
tenyears ivthe future.

“The degree of accaptability of the noise
environment af a siteis detormined by the
outdoor day-night average sound gt
(DNLYindecibels (a3} The assesament of
site acceptability is presented frst as an
evaluation of the site’s expostre to three
mgjor sources of noise: - alecraft roadways,
s railways. These are then combinesd to
as5a55 the tolal nolse ata site. Workshests
arg provided at the back of these Guidolines
1o use in summarizing your evalugiions.

mmenﬁmm&afammkm
under ong of three
W(mmmngasm-
bels) The noisa-exposuns may ba of sorme
memmbmm
will make the Indoor snviconement &
and the sutdoor envizorment witt be rea-
sonably pleasant for recreation ard play.
Rormatly Unacceptable (ONL. sbaove B5 but
nat exceeding 75 decibels) The niolsa xpo-
surs I8 significantly more severe; barrers
may be necessary betweenthe sita and
prominent noise Sounces 1o make this oultdoor
envirormant accaptable; special buliding
constructions may be necassary lo ensre
that peophe indoors are sufficiently protected
from ouldoor nolse,
wma.mramw;m
noise exposurs at the site is $o sevars that
the constructioncost io make the indoor
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noise environment scospiable may be pro-
hibitive and the guldoor stivironment would
still be unacceptable,

Mwnmaﬁuﬁngmedﬁmmwme
1 any noise soiircs, measuns from the
source to tha nearest points on the site where
buildings having nolse-sensitive uses gra
located, These points dafine the Noiss
Assessment Locations for tha 5. The
relevant mensyrement location for buildings
18 & point 2 metors (6.5 fedt] from the fanede.

it at any point during the assessmant the
site's exposune o noise is tound o be
Unacceptable or Normally Usaccaptable,
every olfort should be made 1o inprove the
condition, e.g.; the location of the propesed
cwellings can be changed or some shiskling
carn be provided fo block the nolse from that
source,

Whare gulel culdoor space is desind at s
site, distances should be messured from the
imporiant noiss sources 10 the outdoor aron
in guestion and the combined nolae axpe-
sure should be assessed,

Frequently, thelocations of dwellings have
not yot besn spedified atthe time the nolse
agsessmant of 4 site is made. Inthese
assessment should be measured 23 2
medars less than the distance from the builld-
ingyaethack ine tothe majer scurtes of nolse.



Combining Sound Levels In Declbels

The noise anvironment at & site i deler-
minad by combining the contributions of dif-
ferent fiolse sounces. In these Guidelines,
Workcharis gre provided loestimale the con-
ribution of aircralt, atdomobills, truck, and
train riolse to the otat day-night average
-sound leve! {ENL) at a site. The DL conid-
butions from each SoIce are oxpressed in
‘dacibels and eritered on Worksheet A. The
combined DHL from alithe souress s the
Dm.forﬁ\esnaandis%e valugusad to
amimnrrma

Sound lavels in decibels are not combined:
b}*sﬁvpleadﬁﬁoni The ichiowing toble
shows how to-combing sourd levels:

%‘1

Ak 1o

umowmﬂmm&mwﬂﬁgg
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vaiue, find the vilie 1o be added B e kicger

of the:two levels, add this value fo the farger

fevel 1o determing e W05l Whets morg than

two levels are tn be combined, use the same
provedire i Combing Ay tw lowsls: then
use this sublolal and combing it with any
omerhval.m!sam Fmﬁmaimmicai‘
tated from the table;
hmwar mmmmmmﬁeﬁ
1o the nedrest whole nismber;

Exampin inpeﬁamngamsvamm
the separats DNL values for sirports; road
traffic, and raliroads have been fisted on
wm@mmssa 63, and 81 decibals. In
crder to complete 1he final evalustion of the
site, these saparate DNL valups must be
corabined. The difference batwesn 53 and
56 s 7; from the table vou find that 0.8 should
be addod 1o 63, for a subtotal of 83.8. The
differenca betwesr 63.8 and 61 15 2.8; frohs
the table you interpoiate that approximately
1.0 shouid be added 10 63.8 foratotal o165.7
or 66 dB when rounded inwhole numbers,
‘This example shows how noise from diffarent
sourges reay be Accapiabls, individoally, ata
siteg, but whan combined, the tatal nolse an-
virgrenent may axcoad the Acceptabls DNL
limitol 65 dacibels.
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Alreraft

N  Infoemati

To evalsale g site’s expostre G aircrall
nolse, you wilt need to conaider all alrpons
{oivil and military} withit 15 miles of the site.
The irformation required for this evaluation s
listed betow under headings that indicate the
most fikely sourcs. Belora beginning the
avaluation, you should racord the following
wurmation on Worksheet B:

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

« Arp currert DRL of NEF {Notso Exposure
Forecust) contours avallable? Noise con-
ours are svaliable for almost ali military air-
ports. These comours have been developed
and published aspart of the Air inistallation
Cormpatible Use Zone (AICUZ) peogram of
e Department of Deferse. Thecormoary
are published normally o5 pad of an AICUZ

repott. Nolsa contours are also avaliable for -

many civil airports, Wher avaliable, they aré
sipanimposed on a map with an sppropri-
ately marked scale (see Figure 1, paged).

* Any available infommation sbout appioved
ptans#ormmywsn@as {eiansions of new
runwaysl.

From the FAA Donfrol Tower o Airport
Operations it DNL or NEF contours are nof
available):

» The ragnber of nighttime jet opetations
{10pm. -Tam}

* The namber of deytime jet operations.
{Fam.-10pm)

s The flight paths of the mijor runways.

» Any avellable infornation about expecisd
changes in alport fraffic, &g, will hanum-
ber of operstions increase of decreass in
the next 1D oF 15 years:
Inmaking your gvaluation, use the data for

the haavisst alr traffic condition, whather

prosent or futuire,

Evaiuation of Site Exposure

to Adrcraft Noise '
Hourment DINL (G NEF) contours are avail-
able {as in Figute 1 page4],locate the site.on
the map by referring to the marked distance
scalp. # therg are no other fiolsa sources in
maraa,ymécndmdmdaammgeise
Hmemamaﬁfermmwsammgm
site; you will need to-find the: precise DL
value 50 you can combine  with the other
sources; Dbiain the DNL at e appropriate
NAL on the site by interpotation between the

contours on aither side of the NAL I NEF
contours are used, estimate DNL by adding
35 deribels to tho NEF valuss. Notethat
coRtours ane ususlly provided in 5 gecibet
increments. (Ses Exampla 2 onpaged ) -
Whish supersonic airoraft oberations are
prasent, DNL contours are required for the
1 DNL or NEF contours arg hot availahls,

the ONL atasite may be estimatedin several

diterent ways:
* An'FAA Harwlbook {Refurence 1) canbe
18 o exfimate DML contowrs For sites in

genaral avigtion dirport vicirities. Generat
- aviation airponts exclude commercial jet

transports but may iwdude business jats.

» A handbook avaiiable trom EPA (Refer-
mzmmm:zemmmmmm
tocalculate DNL at individual points.

# A procaedure for ponstructing approximats
DNL contours Tot gites near commercial jet

f 024%8

Example 2: The illustration in Figure 1 atthe
top of page 4 shows the NAL's on & mapthat
has DNL conlours. We find that NAL number

1 lies between tha 65 and 70 0B contours 8nd
that NAL number 2 lies puiside the 6548
cordow.

Wafing the DNL at NAL number 1 by intee
polation froim tha distances betweenthe NAL
and the B5 and 70 dB contours.

By scafing off the map, we find that the
distance rom the NAL, mesasured perpen-
dicutarly to By contoirs, I8 800 feat i the 66
dB contour and 2400 feet o the Y dB can-
tour. The distance between tha €5 und 7048
condours is 2400 + 800 =3200 feet. Wa find
the DML at the NAL number 1i0be §5
decibals plus 800/3200 x 5 decitels = 66.3
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Example 3: The illustration In Figure 2atthe
bottom of page 5 shows an alzport iy which
DML or NEF contours are niot available. The
alrport hes 10 sighttires and 126 daytime jat
oparations.

To construct the approximate confours, we
dutermine the effeclive number of operations
asfollows:

10 {nightiima) x 10 = 100

Agd o this the actusl nurmberof daytine
oparatkng:

100 + 125 {faytime) = 225

To deternmine the distances A and B in
rlation to the runway {see Figure 3, page 5),
enter the aifective number of opesstions on
the horizontal scales of e chants inFigure 3,



aliports without supsesonic aifcraftis as
follows:

Dutatiine the ‘*aﬁecﬁve" number of jet
operations at the aimport by firsi multipiving
the number of righétime jet operations by 10.

Then add he number of daylime jet opera-
ficns 1o obtain sneffecthe total (sve Examphs
3, paged).

mamwmmmwmmpm
runways, mark the location of the sits and,
usingmsdagmanddamdﬂg&xeam
page 5, construct approximate DNL contours
ot 85, 70, and 75.d8 for the major rupways
andm_ghmaﬁws most likely 16 affect the site.
{s0e Figure 2, page 5}

Although a sitemay be Asceptable for
ExOsUTe 10 aTCrall Ao exposure 10 othes
sources of nofse, when combined with the
aircrafi noise, may make the site Usacient-
able, Therefore, ¥ necessary, values of air-
crafl roise exposiine lebs than 65 dB can be
estinated from Table 2 Scalammtésl

distance D? from the NAL Yo the fight path, as
inFigire 2, Scale the distance D' fromthe 85
4B contour 1o the flight path. Divide 07 by '
andenter this valug info the following tabla o

find the approdimate DNL at the NAL.
Toble 2

B g
! 48
1.00 85
112 84
1.26 3
1.41 62
1.58 51
1.78 &0
200 58
224 54
2.5% 57
282 56
318 85

-5,
“ |
1 9200 4. ]~ AL R 20
2000” 1,000

11; i

§ .00 ry Py T TR A0
§ hom gl
et ¥ ey i 8
& 500 p— o 40X
(. LT “‘"::' '_,,_.._"m : 6F. ]
ok rilfll Y SR PTTTI N
k3 o ®H W,
6,80, B BN aa x4 1 L St g n7- 20,90
w0 o 45, 050

Distarice B (thoisands of St}

ma;dmtﬁmaBNme read across the
chart 10 the'left 1o oblain distarces Aand B
from the vertical scales on the charts.

Wefind from Figure 3, for example, that for
225 sflective operations, distanca A is 4200
teet for the S5 dB contour and 2000 feet lor
the 75 4B comour. Distance B is 31,000 fest
for the 65 48 contour and 11,000 feetfor the
7548 condour,

Exmmbu'TheNAlemanmzis
outside the 65 dB confour, Tha distance D
mmx&mmmmbmm

Thedistance Dirom m&s&wnmmm

9700/3700 = E&le’abiezwpfmdme
DNL fromthe aipoiticbe 56.508. Wardenot
know whether the siteis Acceptable or not,
however, Since we must slso assess the
contribution of roadway andtrainnoise tothe
total DNL atihe site.
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Example 4b: We observe thal he perpan-
dicutar distance (D%} from NAL number 2
{Figure 1) 1o the fight path is rore than 3
fimes the distance (D) from the 85 B conr
1our to the fight gath, From Table 2 we find
that the contribution of the girpon tathe DNL
atNAL nuimber 2is lass than 55 decibels. We
nead not consider the alrport further In
acoessing the noise envinonment at this site.



MNecessary Irdormation

To svaluzgite asie's exposire to roadway
noise, you will need 1o consider afl reads that
might:contribute 1o the site's nolse srwiron-
mand; toady Tarther away than 1000 feet

Before beginning the evaluation, detor-
ming i rosdway noise predictions alraady
axdstiorroadsnear the site, Alsotryto obtain
gl available information about approved
plansfor roadway changes (2.0, widening
axisting roads or bisliing new roads) and
abaut expected changes in road trithc (0.g.,
will the traffic on this road increase or
decréase in the next 101 15 years).

# nbise predictions have been made, they
shouid tie avallatile from the City (iounty)
Highway or Transporiation Departrvient. If riot,
record the following information on-page 1 of
Worksheet G
« Thedistances romitha NAL s for the site fo
the near edge of the hearest lane and the Tar
8dge of tha farthest lane for sach roud.
vo&mmmm
* Road gradient, # 2 percent or groaer,

* Avirage spoed.
» The tolal nsmber of automobites for both
directions during an average 24-hour day.
Traffic enginsers refer tothis as ADT, Aver-
8ge Dally Traffic {or sometimes AADT,
meaning Annual Average Dally Traffick
o The rumber of triiciks durify an average
S4-hour day ineachdirection.
npassnbie,sapmtrmm “hoavy
treks™ ~ those weighing more thar 26,000
poundsaﬁﬁ\threstxmules and
“miscium trucks” - thoss between 10,000
and 26,000 pounds. (Each medium tnuck is
courted as equal to 10 automobiles.) Tricks
under 10,000 pounds are countad as auto-
mokiles, Count buses capable of canrying
roore than 15 seated passengers as “heavy”
trucks ~ others, as “npdium” trucks, fitis

not pogsible to separate the trucks into those
matareheavyamm&satmmkemﬁ
trucks as though they are “heavy.”

Note: i the road has agradient of 2 per-
cent of mora, record the numbers for uphill
arwd downtilll tratfic separately Sinca these
figures will e needed later; otharwise, sim-
ply reCord 1he Jotal nimber of ks, Most
often you will have iy assume that the uphil)
and downhiil raffic are equatly epiit

= The fraction of ADT that ocours during
nighitime {10pm.lo7am.). Hthisks

 unknown, assume .15 for both trucks and

autos.
Evaualion of Sie Exposure

‘{0 Roadway Noise

Traffic surveys show that the amount of
roadway noise depands onthe percantuge of
trucks in the total traffic volume, To sccount
for this affect, you must evaluats automobiie
and truck traffic gseparatelyand then combing
the results.

The nolse envitonment at sach sits due 1o
trafficnoisé is determined by utilizing a series

gf Workicharts 16 define the contribution of

aulamobiles and trucks from one or
mofe rdads gl thatwite. Escly nolse source

yields a separate DNL valus.

" Workchart 1 provides a graph for assess- -

ing.a se with raspect io the nolse from atdo-
motiles, ight and medium fuoks; Workehart
2 provides s similar graph for assestment of
heavy truck noise. These values are com-
bined for each roat affecting the noise
ghwirpniment atihie site to obtain the total
contribiation of roadway nolge, Remeinber,
the noisetrom aircraft andrallways must also
b considerad before determining the sult-
ability o this site’s noise environmmant.

Effective Distance
Behmmmeedngmmmwal-

ualions, however, deternine the “effactive
distance™ 1o sach road from the dwelling or
ouidoor residental activity (the NAL's for the
site) by averaging the distances to the near-
25t sdge of the nearest lane and 1o the tyrth-
est exdge of the Tanthast lane of traffic. (See
Example 5, page 8, and Figure 4, paga 7,)
Note: For roads with the same number of
lanes in both directions, the effective dis-
tance is e distance fo the center of the
roadway (or median strip, if present).

Workchart 1 was derived with the foliowing

assumptions:

* Thereisine-ob-sight sxposuns fromthe site
o thia roag; §.¢,, thena is no barrier which
electively shiokis the site from the nolse of

* There is no-stop sign within 500 fest of tha
site; traffic ights do notoount bacatse thare
i3 usually traffic moving on one streetor tha:
othar,
& The average automobile traffic speedis 55
# The nightime portion of ADT is 115

H each road meols these Jour conitions,
proceed to Workchart 1 Tor the svaluation.
Enter the horizontal axis with the offeciive
distance from the roadway todhe NAL: draw a
vertical line upward frofm this poind. Enter the
verticat exds with the effective sutomobile
ADT; draw e horizontal e acroes from this
point, {The “sltective” automobile ADT igthe
surn of automobiles, Bght trucks, ang 10 times
the number of medium trucks ina 24-hour
day)ﬁswmnﬂummwmmmx
whars tha veitical and hiorizontal ines inter-
sact. Record mhvﬂwmcaksmn 15, Work-
shoat ©.

Bur
{f any of the feur conditions is different, miake

Example §: The site shown in Figure 4 Js
Wmmmmmmm
Rozd No. 1 hasTourtanes, sach 12 fsetwios,
and a 30-foof wide median stripy which

socommodates a ravoad rack, RoadNo. 2

has fourlanes; sach 12 festwide. RoadNo. 3

has six lanes, sach 15 festwide, anda
The distance from NAL No, 1 to the near

edge of Foad No. 118 300 Yest. The distance

ioﬂwfawdgeofﬁoaduo 1153006, plus
tha riumber of lsnes s the lane width,
plus the width of the median srip. Thus, e
distance 1o the tarthest od)s of the road i

J00 + (4x12) = 3781
2
This is the value 1o ba entared online Teof
the appropriate NAL's 1o Rost No. 2 and
Foad N6, 3 are found by the same method.
The digtances shown in Figurs 4 wilbe
used lor all roadway axamples in this booklet,
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work thiough the sxamples. After you have
becoma familier with the Guidelines, vou wil
be able to work examples directly from the
worksheats without referring badctothe text,
Yo simplify your wodk, all the adjustment

t iﬁm factors are summarized at the back of thess
Habway Guigelines,
, N, 2 \*: .
e Adjustments for Automoblie Traffic
» Stop-anid-Go Tratio:

Hihere is a stop sign (not a tratfic signal)
writhin 800 Joet of the NAL so tha! the Sow o}
traffic is completely Interrupted on the road
undar consideration, find the stop-ang-go
adjustment factor for automobiles fom

{EHnective Tabled. Enter this value in colimn 8 on
Distance i3 Worksheet C.
4FT
Nl staag o, 1 Rosd N5, 3 Table 3
| gmﬂmm {EHuctive mm mgabﬂa
3 tanes is Digtance & and-Go
T Z70FT In Feet Ak smont Focie
' 100 038
?mmagmmmg@a s % giasg
otkshaet wﬁdm use ] i’&ll_i_ L -y i e
Workchart 1 for the final eval mawmwommm % g;g
First, alow general words about adjust- AuToS (asm, 500 100
Qmasmﬂywwmmm s g ] Average Traffic Speed:
fines, Each Workcharthas beenderivedtora = ¥ ‘ .
e, s o ﬁ!samagaammmmpeedismrmn
practical cases. Where conditions diffec from 55 mph, enter the appropriats adjusiment

the baseline, they are accounted forbya ¥
mdmmmmm i
Theadjustmant tactons ar tsed s mul
tipliors times the average rumber of vehicles 1 !
pparating during a 24-hourday, i mora than 3
one adjustmient i3 reciiired, 1 is not neces- }
sary that each be multiplied times the basic

i =
traffic flow separately; ail adjustment factors |

ara multiplied together, and them multiplied
times the origingl raffic fiow data, Thiswill
become claarer as you examine the Work-
shests at the back of these Guidetines and

- from Table 4 Incolumn 10 of Worksheet C.

o it 3 m‘
. st
- mm e Eacior
54,208 20 {mph} [ B ]
2 i
= 35 cuo
45 &8?
20 083
5 i
€5 _1246
70 162

Exsrmpie §: Fload No. Y mests thefour condi-
tions that allow for an immediale evaluation.
mobtauﬂngmmmmmss&ym
thig evaluabon, Hwas found that the auto-
rmobils ADY 518,000 vehicles {Line Sc of
Workshaet ), On Workchart 1 we locats on
ihe vertical scale the point representing
18,000 and onthe horirontal scale B point
reprasenting 339 feat {soe Figure 5). (Note
that we must estimate the location of this-
poirt.) tsing a straight-edoe we draw lines i
NAL exposire 1o autemobila noise from this
rosdisa DNL of 58dB, as resd romihe scale
atthe top of the graph.

Example 7: Road No. 2 has astopsign at 360 Exampie B: Suppose that the stop signon

fast fromNAL No. 2. The automoblie ADT i Foad No. 2 were rapiaced by a iraffic signal
mﬂaﬂmbﬁw&.ﬁ%v&%{m&m forwhichno sibp-and-go adjustment kmade
Worksheet CL From Tabtle 3we inlérpaiate andthal the ADT insreases 1 75,000
betwesn 300 and 400 feat to fd the adiust-  vabhiclos. Irsaddition, assume that the aver-
mend factor for stop-and-go traffie to ba 0.69. - age speed is 45 rph instead of 55 mph. You
The adiustod fraffic ADXT is adjustthe new sulomobila ADT of 75,000
0.69 % 32,500 = 22,425 vehicies per day mmg"n‘;‘;ff Spead Adjustment
andwith an effective distance of 174 fast 0.67 x 75,000 = 50,250 vahicles

from NAL No, 2, we find from Woskchart
thatthe approximatevalue T DML is64dB:. end st aneffective distance of 174 feet fird
from Workchart | thatthe approximate value

i ONL is 87 dB.

&5



Nightime Adjustrment.

DNNL values are gffectad by the propartion of
traffic volume that ooours dunng “daytime” (7
a.m. o 10p.m.) and "nightime” (10p.m. 107
a.m.). Yhe graph on Workchan 1 assomes
that 15 percent of the Iotal ADT oecurs during
nighttima. if a différent propiorticnal the trafic
oceurs 8t hight; find the appropriate righttime
adiustment fadtor troa Table 5. Record your
answerin colrmn 11 of Workshoet ©.

Table s

Fraction m

ol ADT Factor

o 043

.01 048

o0 0.50

005 082

¢10 0.81

0.5 100

620 39

225 138

030 157

038 177

G40 196

045 215

0.50 2534

Once you have selected f this appropriate
adjustmient factors and antered themm on
page 2 of Worksheet C, multiply all the
faciors together, than multiply by the auto-

mobile ADT (colurnn 12) for 24 hours; found
on page 1 of Worksheat ©. The resuling
W&Eﬁsﬁmﬁdb&mmm
13. This S the ADT value tobe used, in
conjunction with the eftective distance from
ha NAL tothe road, i find the DL valoe
from Workehart 1, mmmx.mmm
solumn14.0f Workshest C. flemernber thisis

the DNL from automobile (as well aslightand

mediuh truck) roise; you must still find the'
DL contribution: from heayy truck noise in
ordet 1o obtain the otal DNL producad by the
rougway you ars assessing.

Altenaation of Noise by Barrers:

This adjustment redixes the nolse prduced
Instructions for this adjustment appear aller
the noise assessment for truck traffic balow.

Truck Traffic

Whierever possible, separate the average
daily volume of irucks info hoavy trucks
{more than 25,000 pounds vehicis weight
and three ormore axies); madiur inucks
{less than 26,000 pounds but greater than
10,000 poursds), light fracis {counted s if
they are automobiiles). You shouid already
mmmmmmmm
inyour automebile evaluation. Do not forget
that Buses that can carry mors than 15 seated
passengers are tounted as heavy trucks,

‘Heaavy trucks {including buses) must be

analyzed separaiely because they have
quite different noise characiéistics. itis not
possitie 16 separate e ucks Into those tiat
dre heavy and those that are not, freat all
trucks as though they are “heavy.”

Warkchar 2, which is used to svaluate the

site’s exposure 1o heavy iruck nolss, was

Mmmmgmm

# Thetais i exposiire from the site
to the road; i.e.; “thens 1§ 1o barter which
Ms&ﬂds%m&omﬁmmﬂ

: -mmmxmmzm

necessary adiustmant(s) fisted below and
ther use Workchart 2 for the evaluation,

Figira 6.
Ussof 2
Workehart 210

Heavy Trucks (56 mph)

3

b
i
1

=
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Hihere s agradientul 2 péresntormore, ind
e approprinte adiustment factor, for heavy
$rucks going uphilf only, as shown in Table 6.
Listthis factorin colusin 17 of Workshest C.

Toble b

Piroird of A hent
2 1.4

3 17

4 20

5 ‘a3
Bormae 25

It avy of the conditions 1s diffarert, rmaka the

Example Sa: Road No. 315 a lmited access
highway with na stop signs and the average
speedis 55 mph. Curent tralfic data indicate
an automobiie ADT 6t 40,000 vehicles of
which 15 percest oocurs dising nighttime
s (10pm. to 7 am.), With an offective
distariceyof 270 fast i NAL No. 2, Wiskohant
1is used to show that the DNL for existing
autorobile traffie ks belveen 83 and 64 4B,
FAound off 164 dB.

Exampie 9b: Howaver, raffic
mmmwmmmmﬁ
increase to'100,000 vehicles af an average
speed of 55 mph and nighttime usage wil
incranse 125 percunt. For fulure trafic, you
must adiustthe future ADT 6F 100,000 for the
effect of Increased righttime use. From Table
$, you fintl an adjustment facior of 1.38. The
adpusied ADTis

1,38 % 100,000 = 138,006

and at an effective distance of 270 feet you
finct trom Worlichast 1 that e DNL will
increase to 63 dB; thersfore, rovision for
e s trol measires should be
explored, We willexamine inExarmpla t3the
effect of terrain as a shiskding barder that

&6

Example 10: Road No. 1 on Figure 4 meets
thes four conditions that alow for an imitie
diale evaluation. The ADT for heavy truck
How 5 1205 vahicies, Workchan 2 shiws thal
meaxpcssummtmckm&sstrmms road al
arv glachive distanse 6f 339 Teet is a DNL of
53 dBat NAL No. 1.



Averags Traffic Speed:

Make this adjustrant i the average speed
differs from 55 mph. if the-average trugk
speedtﬁﬁersmmﬂiwﬁm tmatmeum!t

below, amemgmmgoim isoim
shoet €.

Table 7 _ .

Avstrite Traffic Heavy Truck

Shor lusy o8t

55 1.9

&6 e 8T

85 138
mmmmmmwm

ment factor, you can combine the uphilf and

mmmmm mﬂﬁpﬂyﬁw

gradierd factor fimws the speed

WWWMW{MM’Y
eojurnr 19} {asstming ooé half the tolal 24-
maverage number of frucks unless:
mmmﬁmmmmmm),

roduct ie columi 20, Multiply
mmmmmmeﬁm
ADT/2 coiummn-18). Add the values for uph#l
and downtilll traffic; entering this sum in
colurnn 21. You may now cormplete the
assessment of heavy truck nolse without
regard to uphal vl downhill traffic
separation.

Stop-and-Go Traffic:
nm&amﬁgﬂlm nota fraffic
Wmmmwmmmmmm

on the roadt being assessed, find the-adjust-
mentiaciordetermined according to Table 8.

Enter & in Column 22 of Workshes!

Yabled

Hadvy Tauck Heawy Track
Traffic Volume Stop-and o

per Doy - Adpestment Fatior
Lassthan 1200 1.8

1207 10 2400 26

2#01 mm 7 gg

9601 w Ta.aw 38

More than 19,200 45

ﬁﬁaaﬂﬁwmmmmm &
riotdorget to adiust for righttime operations
ﬂwymmtiﬁmmdmmw
using the factors obtaingd from Table 5 just
&s for agtomobiles., wmmmm
230l Worksheel C. .

Atthis point, mulliphy the adiustment fic-
tors for nighttime ahd stop-and-go traffic
times the heavy ook traffic volume in
colurn 21 1o find the adjusted haavy fruck

_ADT, anfering the product incolamn 24. Usa..

this vl and the effective distancerfrom the
NALw#:a road fo find the tnick DG rom

2, entering your answer in column
25 0f Worksbaet C: # no shislding barriers
arefo be considered, combine the DNL from
heavy irucks with the DNL from automphilles
{colurnn 14). The resultis the DML from the
road being assessed and should ba enterad
on'Waotksheet C.

Bup

it a shiekiing barrier is 10 be considersd for
the site. make the analysis destrted below
separately for automobiies.arl then for
heavy trucles Before combining the DNL
values: This step is necessary since barers
aratar mete effsctive iy automobiles than
iorheawim&s. Once you hiave found the
amount ol attéruation provided by the barrier
for automaobiles, enter it in column 15, Find
the value of barder attenuation for heavy

trucks and enter it in column 25. Sublract
these atteniation values from the DL
values oblained previously {eolumns 14
and 24), enfering te raducad DML values
m co!uﬂms 16 and 27. Combine the
2] mwmmms

mduoedhyﬁieatmm provided by the.
mmr.mwmemmmebyme
oadway atthesite.

Remamber tocombine the contibutiona o
mawmmmmmwﬁ
ment st each MAL for tha site 10 oblain the
%&mﬁw Enterthis DNL
on ‘orkshuit G and the summary
Workshoet A,

mmmwm
mmmwmm@mm

thve locations from ground level noise

‘sourcas. For exarnple, a barrier miay bethe
best way o deal with housing sites atwhich

‘e nolse exposing is notaccsptable be-

caugse of nearby roadway taffic,
Abarrier may be formed by the road pro-
!ﬁa,byasdnwammmpya _

orbymetafr&nmﬂ Tobeaneffsclive
shiold, however, the barfier must block all
rasidantial levels from line ol sight to the
road; it must nothave any gaps that would
aliow rivise i feak through.

Some Proliminary Matters:

In.gvaluating nolse bardor perfommiance, you
wﬂlbawoﬂ@gwihdﬁammldndsnf"ﬁs—
tantes" beiween tha sound source, the
observer, and the bamer.

Actuni Distance - the existing distance
that would be measured using & tapemea-
sirswithno comactions or adjusttments. This
may maanone of two things, depandiny on
the application; sithet the:

« &ant distance - the actual distance,

Exsmnpie 11: Road No, 2hasaseopsr§ﬁat
390 featirom NAL No. 2. Therb isalso aroad
qgradiant of 4 percent. No heavy trucks dre
aliowed on this road, but a schadile shows
an ayeragé of 12 iarge buses pass along the
toad perhour between 7 am, and 10p.m.,
althongh H0 buses are schaduled duning the
remainitg nighttire period. The buses s
equaily divided in each direction along the
road. (Remember large buses, those that'
carry ovar 15 seated passangers, count 25
heavy trucks.)

Wofind the ADT for the “heavy frucks™ the

bses in this case’ by mulliplying the sverage.

numberof vehicies per hoyr by thenumber of
hours botweer 7 a.m. and 10p.m; Thatis, 12
x 15 = 180, or 90 vehicles in each ditestion;
W firid from Table 6 that the gradient adiust-

mond factorforuphill raffic is 2.0, We find the

mmadjcmforgmﬁ
uphitl; 90x2.0 =180
dowrifill: = 90
total (colunn 21) =20 vehicies

From Tatsa 8 mﬁmﬁwwjmmm
iorsmpatﬁ-gotraﬁ#;bbei 8.

We also remembiar that we have no buses
mmmmmwmmmm
Table 5 on paga Bfor zeno nightlime opera-
fions ¥ be .43,

mwmwwmrb{mm

1.8 X 0.43 x 270 = 209 Vahicles

From Workchart 2, with an effective distance
of 174 Teet, wa find 2 DNL of 59 8.

87

Exampie 12a: Boad No. 3 is a depressed
highway and the profils shisids all residential
iavals of the housing from line of Sight 1o 1he
waffic. The average truck spead fs S0mph.
The ADT for heavy trucks is 4400 vehicles.
We adiust for average speed (from Table 7)
4400 x 0.81 = 3564

and find from Workcbart 2 that, with.an effec-
five distancs of 270 Teet, the DNL from thigk
noise woiild be 6948 if no barder axisted.
attenuation,



measured along the ins of sight hetween two
points; of the
* map distance — the acteal dishyes,
medsured of a horizontal planie, betwean the
w0 poinds, asonamaporonthe project plan.
For.an pbserver high in an apartment
tower, the siant distance o the road may be
much hﬂgarmanﬁiamapﬂistm
Wsmmskmhm
of noise attenuation In desbely (dB), deter
mined with the aid of Workchan 6. This-
numerical value is sublracted from the
memmmmmmw
resultant DNL at the Noise Assesement
Eocation,
Hote: Anvise barrisr can be tonsidered as
& e of protecting & sie o Noise aven
# it sannot wiap around: the site to.shield
from view practically all of the source of nolse

&l every sensitive cationon the site, ltmust

b recognized, however, that such a barrier
Is much less effective than an ideal barrier.
{SeeWorkchart 7 and Step 6 below.}
Batriers of ragsonable height cannot be
expected o protect housing more than a few
stories above ground lavel. Bariers will
generaily protect the ground aid the first two
or thitee Soors, but notthe Higher fioors. If
there are to be frequently occupiad bakconies
on the upper jevels, one solution is 1o move
the buiiding fanher from the nolse source and
facethe sensitive areas away fromihe noise.

Steps 10 Evaluate a Barrler

1. For tha observer's pasition, tUse the mid-
height of the highest residentist level. For the
source position, use the following heights
(seeFigura 7y

.. atos, medium trucks, railway cars — the
mgcfaﬂw&ywﬂamhﬁm

» haavy tnicks - B fest above the road
surface

OhseRVER

¢ dlase] locomotives of traing using homs or
wmwga!gmdsmﬁmv'ismm
the ralls.

Bﬁmmevmwmmmm

] o8; h, tho shorfest distance from the

mmmﬂwmamMWw

the i of sight from the barrer to the source
and obssrver, respactively (see Figure 8).

Figure 8,

Genersiized Gaomatiy
ﬁmm
S 4R THE ANOINT 87

T T

SpecHically, Rand Dare the iwo segments
intowhich ibeaaks the line of sight. Note that
his not the height of the barrier abave the
ground but the distance from the barrer top
to the lineof sight.

2, Enter 2 the top of Workehart B with the
value of h on the isfthand scale; move fight
mmmwmemweounmmﬁng lIoR{or
D, whichever is smaller),

3, Move down 1o intersedt the curve corre-
sponiding (o the value of D/R {or R/D, which-
ever iz smaler).

4. Mave right o inlersect the venical keale in
order tofind the barrier shielding value A in
decibely,

’ -@lmnupsondmenmommwmm

batwaen the noise source and an obsgiver
reduces the amount of sound stenuation
provided by theground, Find the amaunt of

fhis Jass B from the table on Workchan & by

anterig the table with the value ot /R, Fing
the barrier attenuation value S.corresone-
ing to-an ideal barter thar completaly hides
the noise souirce from view by sublracting 8
from the value of A obtained in Step 4.

6. ifthe barver exists along orly 8 par.of the
foatf 50 that unshielded sactions of the road
wouild be visible from the site; the bariéris
igss effactive thanan ideal barer. Ona plan
view ol the site; locéte the two ends of the
bartier and draw ines frar hese poirts fo
the Noise Assessment Location: Use:a pro-
tractor to measure the angle formed atthe
NAL: by the twixlines. Enerthe horizontst
scale of Workchart 7 with the vahses of this
angie; raad up 10 the curve hiaving the value
o S determites from Step 5 (interpolating ¥
riecessary); read left across to the vertical
seale labeled ™ actual barrisr perfonrance’ o
finet o velue of FS 1o use for the actusl
barmrhqum

7. Summmmmmwmsw
FS it adjuated for finite barrier length accord:
ing 1o Workehart 7) from the valte of DNL
previously determined to reevaluate the sile:
with the nolse barrier in place.

10

Example 12b: {Roforto Figure 8.) Six sicrles
are planned for the housing where the site
hes an elevation of 130 fesl. Tha-effective
slavation lor the highast Story ks tound by
muliplying the number of stories by 10 feet,
adding the sita wheyation. and sublracting 5
foat.

{5x 101+ 130 - &= 185 fest

‘Tho barrer, which inthis case s formed by
e alavaton of the naturgl lerrain above the
nolse solroes iraveling on the matway. The
importart dismensions are indicated In
Figure 9.

Some people with & techiical bagkground
will be abls lo i the gecmetric dlagram to the
site situation readily, working from tha project
drawings and a scratch shaet.

But i you are noteonfident of your geom-
and h from the map distances and elevations
of the site. We iliustrate that procedura in this
axampla.

First, enter the slevations of the source (§),
the obseever (O}, and the top of the barrier H),
aswell asthe map distances from the barrier
tothe source (') and observer (D), atthe top
righit of Workchart 5. Then, follow the steps
onthat Workchartto derive thevalues ol h, F,
and D that are nesdad inusing Workehan 8.

Enmdngwmmsmmmrmm
the value of h (5.5 e}, wemove horizontally
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wMﬂWuuﬁmmmmdﬁmn. Exmmple 13: An sftemative approach, which i we carefully scale the dimensions

whicheveris smalier:inithis example, R = 62
feat From that pointwe drap vertically down-
ward urtilwe mest the value of R/Dor YR,
whichever is smaller: inihis case, /D =
0.29. From that point, move horizontally 1o
the right to find the value for A = 9dB. Enter-
ing the table for delermining loss of ground
attenuation effect doe to the barrer with-a
vatue for DIR of 3.5, the reduction In
afleruation {B) isfoundu-be 3dB.
Substracting 3 d8 from 9 dB provides & net
atteruation of 6 dB. With & dB bf atteruation,
the original DNL of 69 9B (Example 123} 18
yeduced 1063 dB

is sormewhal more direct, is llustrated here
formamisaotsuwmobﬂasmﬁwma

Aprefiminary stap isto make an accuratoly
scaler sketch of the Jeneral geometry
introduced on page & 8 mustirchde the
positions of tha source s time ot the road
suriace), the shasrver, and the.15p of the.
barrer; and will show the distances h, R, and
0. Such a skeich is shown supesimposed on
mmmmmwmmmww
i Figare 12,

&9

directly from this sketch, we find the following
valuesiorh, B and &
A=63 foet )
A/D=0.3

D=214 foat
B 11 fst

Tharbarrier attenuslion is found, by enter-
ing Workehart 6 with these valugs, to be
A=12dB. #isarger than that found
for frucks because the noise souroe Is lower
and is, thorefore, betler shighiad by the
barrier. The loss from ground attanuation is
agaiﬁﬁw«adﬂmamtmm&ﬁ-am
9 dB. In Examplo 8b, we found that the DNL

11



Figure 12,
Sietch Showing Dimenslona for Exangie 13
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Tor the projatted traffic volume of 100,000
vehicles per day way 85dB i no considera-
lionwas given the shislding provided by the
terrain, Subtracting the SdB attenuationdrom
69, we find the partial DNL for automobiles i
§008.

in orderto fing the combined truck and
aitomichile rvise for Road No. 3, we com-
mmeadsammmmmsaaagf
attomobile noise using Table 1. Wa find that
1.8 should beadder 1o 63 4B, for a combined
DL afs4.84dB. arﬁSdBwhenmmdad!o
the ngarest whole mimber.

-12

Example 14: Whesa no naturat barmer exists,
Workchart 6 tan bé used in reverse to esti-
rmats the height of & barriar neaded to.oblain

@ required attenuation. Inexgmple Sbwe

found that, withoutany attanyation from fer-
tairvor a basrier, the automobite traflle pro-
duced 2 DNL of 66 dB; and in Example 124
the hedyy truck rafficprodiuced a DRL o 69
dB. When combined, theiotal DNL is 7248,

‘Buppose tha terrain were not fising balween

NAL anid Road No, 3, as shown in Figure 12,
but instoad was level bitwaen the NAL and
the edge of the road, as shown in Figurs 13,
Wewantlo find out how highawall, infinité in
lengih, woult be required at the edga of the
road W reduce the sombined truck and auto-
mobile noisg to less than 85 48, We have
found in the previous sxamples that a barrler

80

of a given height will provide more aftenus-
tionfor autemobilas than it wilttor trucks. Asa
first stap in vy analysis, we will indthe
height of a wall that wilf reduce the tuck
noise 1o just betow 65 4B, say 64 4B, and then
find out whether the agditional attenuation it
provides for automobile noise will be sull-
sierl 1o reduce the combined fruck and
autornobile nojse i fess than 65 dB. We-
bagin by fiding the haight of wall that wil
provide 5 4B atteruation Tor truck noise.

We estimate that the raltio of A/D is abowt
the same as R/LY, the ratio of hutizontal
distance in Figure 13, which s equal (o 0.29.
Betore anlering Workchant 6, we find from the:
inss of ground attenuation table that for VR
= 3.4 we will loze 3 dB attenuation froman
ideal barder. In order 1o have a nel allenug-



Flgure 13,
Sketch Showing Dimeasions for Example 14
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lion ot 5.dB, we must have an ideal barier
that provides 5 +.3 = 8 dH attenuation.

Endering Workchart & on the tight side
scale A at 8 decibels, we move acrossto the
diagonal lines, finding 0,29 by interpolating
between the lingg marked 8i 0.2 and 0.5,
Moving directly uip e a point Miidway betwaen
the R Hines 650 and 70, we find our #sti-
mated R of approvimately 60, Moving across
10 the left we find that the line of sight
between the obsarver and the truck source
heighl must be broken by & vatue of h equal
o 4.51eet.

We can determine the height of the walt H
in several ways. By drawing h=4 5feetto
scale on Figure 13, wa can scalethe (otabwall
tieight H 1o be approximately 20 feet. Thoss
wh feel comforiable with gaometry can

caiculate M by using the similar triangle rela-
tionships in Figure 13 to determins that H is
19.1 fest.

Now we must find how much awall 19feet

high will attenuale automoblle noise,
remembaring that the source helght for
avtomobites is at the road surdace elevation
o7 125 leet. By scaling the drawing, or tw
genrery, we determing that the ine of sight
beiwasen the observer posiion and e aclo-
tmobile sourca is broken by a value tih that is
approsimately 13 feet. Entering Workchart
8.at13 test we find, for B=60 feet and
A=0.29, that the poterial barmier alteny-
glion is 12dB. We must reduce this by 3 48
for loss of ground attenuation to find the
atiual shielding ot automobile roise 1o be 3

61

4B, The original 59 dB of automabite noise 18
fetuced 1o 69 - 9=58 dB.

Finally, we combine the heavy truck noise,
attenuatad by the wall 1069 <5 = 64 98, with
the automuobile noise reduced 1o 80dB,
finit 2. combined DML of 655 dB, or 66 dB
when rounded upward, Rememiber, how-
aver, that this is for an infinite wall, Furthar
adjustments would hgve fo bernade once the
actual length was known,

13



Necessary iInformation

Toevahiale a site's exposure to raliway
nbise, you wil nesd 1o consider all rapid
transh lines and railroadds within 3000 feetof
the site {sxcept totally covered subways).
Theintormation required forthis svaluationis
listed below under headings that indicale the
miost bikely source,

Before beginning the evaluation, you
should record the following information on
Worksheet [):

Frormthe area map andior the (County)

Enginear:

» The distance from the-appropriata NAL on
the site 1o the center of the ralway tragk
garrying most of the traffic.

Fromthe Supervisorof Customer Ralaions
# The nurmber of diesel ralns and the
auraber of electrified tmaing in both directions
during anaverage 24-hoor day.

» The fraction of trains that operate during
mghuzme{w;; m, - 7 &.m.} W this is tarknown,
assuma0.15.

* ThHeaverage number of diese! iooomotives
per train. 1f thisis urknown, astume 2.

» Tha sverage number of rallway cars per
dhesel frain and per elcirilied train, Hihis is
unknown, assume 50 for divsel trains and 8
for plectrifiad trains.

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

* Isthe wack made om welded or bolted
ralis?

From the Enginesring Departmaert of the
raflway:

& |sthia she neat a grade crossing thatre-
gquires prolonged use of tha rain's homor.
whistie? if so, where are the whislis posts
located? {Whistle posts are signposts which

il the-engineer 1o start blowing the hom of
whistle, Every grade crossing has whisie
posts and they are listed on the rallmad’s
“track charts.” i traffic on the track is one-
wary, there will be only one whistle post. The
grade crossing itself is the other “whistle

Elegctrified raphd transit-and commuter trains
that do not use diesel engines should be
wreated the same as railway cars.

Note: Buildings cioser than 100 feettoa
raiiroad track are often subject losecessive
bration transmitted through the ground,
Construction st such Sites is discouraged.

Evalusation of Site Exposure {0

Ratlway Nolse

Haibway noise is produced by the combina-
tion of dieseliengine noise and railway car
noise, These Guidalines provide forthe
separale evaluation of diesel ocomatives
and raiiroad cars, and then the combination
of the two, in order to gbiain the DNLtrom
fraing. Whenrapid transi or elactdfied trains
that 6 not use disse! engines sire the onfy
{raing passing nesr & site go diractly to the
secand part of the evaluation singe thess
irains are treated in the same manneras
raliway cars,

Diese] Locomotives

Workchart 3 was derived with the following
assurmnptions:

» Aclearline of sight exisls batwean ths
raibway track and the Nolse Assessment
Location.

» Theieare twodiesel lacomotives per train,
» The average train speed is 30 mph.

* Nighttime operations are 0. 15 of the 24+
hourlotal.

» The slie is not near & grade Crossing re-

guiring projonged use of the train's ham or
whistla,

he situation mests these conditions,
procsed 1o Workshart 3 Tor an immadiae
evaluation of diesel locomoiive nolte.

Bt

it any of the conditions is different, make the

nedessany atjustosnts listed below and then
use 'Workchart 3 for the evaluation,

Ul of Workahan 3o Evahuste Diesel

i the average number of disse! lscomatives

per train is nol 2, divide the average numbet
by 2. Enter this value in columm 9 of Woik-
sheet D,

Example 15a: The distante from NAanm
ber 1 1o Haiiway Number 113335 téet. Two
w:mmmmassdaaymam bocurat
night; fhete iz taarting of sight betwaen the
tracks and fa NAL, and no horng o whisties
are psed. No Information is availible on train
size or speed, tharelore we will sssume 2
engines per rainand a speed of 30 mph.
Sinve the percentage of nighttime opera-
fions i diffevent from 15 Deicent, we must
adjust the actual number of daily operalions,
multiplying by 0.50 ackording to Table 5.

0.50x35=175=18
Erdering Workshart 3 with 18 dally opera-
tions aned 3 distance of 330 foest, we fing that

4

thezontribution of diesel engine noisé s a

DNL of 59 dB {sge Figure 14),

Irsedarr 10 find the {otal contribution of the
traing 10 the total ONL, wa roistalso find the
noise level woduead By the trains cars.
Entering Workehan 4 {see Figlre 15)with 18
daily operations and a distancs of 339 fest,
wie-find the DNL s below 50on the chart of
morg than 10 decibels lower than the nolse
teved produced by the engines: Based on the
chart Tor decibal addition, the combination of
the noise from the engines and the cars
acida lass than 6.5 decibels 1 te DNL valup
for the engines alone, 55 dB.

Example 15b; Supbose that 2 forecast of
wéi opeestions for Rajway 1 indicates

Hiat thars will siill be 35 irains per day, but
mwmmofmmwﬁmw
night, the average train will have 4 sngines
and 75 cars, and the average speed will be
S0 mph.

We first find the contribudion to DNL meds
by dibsel locomotives by using the foliowing
adiustment faclofs:

* number of engines sdiustment: 2

* spead adjustment: 660
* day/night adjusiment: 2,34

We multiply these adjustrments togather
with the number of traing:

2X060X234X35=98

Entering Workshan 3 (see Figure 14} with
98 dalty operations and a distance of 339



Avarage Train Spesd:
If the average train speed is differar from 30
mph, find the appiopriate adjusiment tactor
from Table @ and listin column 10 ot Work-
sheet D,

Table 9
Speod
Average Epeed Adustmant
{mphj Factor
10 3.0
20 1.50
30 1.00
AQ 075
50 0.60
o] 050
0 D43
- Homs or Whistles:
Hthe NAL is gerpendiculario any point onthe

grade crossing, enter e number 10in
column 11, Workshest 0.

Nighttinye Adjustirent:

Remember to adjust oy nighlines gperations,
H# diffesent from 015 of the total, by selecting
the appropriate adjusiment tactor from Tabie
Son page B Enter in column 12,
Worksheet D.

Muttiphy the adjustment factors together,
timesithe nuinber of dieseliraing per day (you
hiava listad this numbet previbusiy on ing 2a,
page 1, of Worksheet D, and should enter

this number againin column 13) o obtainthe ;-

adjusted number of frains per day. Enter the
adjustect aumbey of dlesel traing per day in
colurnn 14; Use thisvalue, inconjunctionwith
the distancefromtheNAL o ths frack (line ¥,
page 1, 0f Worksheet D}, to find from Work:
¢han 3 the DNL produced by diesed locomo-
tives. List incolumn 150 Worksheet D

A% 1
:ﬂ

=

Mtwﬂm:nd Rapid Translt Systoms

Workchan 4 was derived with the foflowing

assumptions:

* A clear ling of sight exists between the
raitway and the NAL.

» There arg 50 cars per train.

« The average lrain speed is 30 mph.

« Nighttime pperations ans 0.15 of the 24«
fhour fotal,
= Hails are welded together. .

If tha situation meets these conditions,
procesd to Workehan 4 for animmediate
of the conditions is gifferant, make the neces-
sary adjustments Bisted below arncithenuse
Workchart 4 for the evaluation.

Figure 15, ;
Use of Workchadt 4 1o Svaioate Ralbwiry Cae

Rultropds ~ Cars and Sapki Tranait

oy

Adjustments for Raliway Cars and Rapid
Trangit Trains

Numberof Cars!

Divide the avergpe numberat cars by 50 and
enter this number in column 18 of
Workchari D,

Average Spoed:

Make this adjustingnt, if the average speed 5
10t 30 mph, by selecting the aporoprist
value from Table 10, entering it in column 18
of Workshest D,

Table10

(H‘Dﬁ)
10 o.n
20 044
30 100
40 178
50 278
50 400
78 544
80 7.1
99 500

100 1111

Bolted Rails:

Entar the number 4 In column 20 of Work-
sheet D,

Nighitime Adjusimeol:
Enter the appropriate adjustent factor from
Table 5in column 21 of Waorksheet D.

feet, wofindthattha site has an sngine nclse
soniribetion to DNL of 65 d8.

We next oblalivthe adjustment factors for
the noise produced by the cars:
* number of cars adigstment: 1.50
» gpesd adjustment: 2.78
» day/night adjustment: 2.34

Multiplying the adiustment factors times

&eawmgedaﬁy number ol trains:
1EX278 X234 X35 =342

Enrering Workchart 4 (see Figure 15) with
342 operations and a distance ol 335 foet, we
findd the contringion of the carsto the DNLis
£0dB. Ushiyg Yabile 1 forcombinitgy levals, we
find that the § 08 differance batwoen engine
noise o 66 and car riolse at B0 gives a ooy
bined DNL of 67 ¢B for thess trains.

Example 16: The distance fiomNAL number
2o Railroad Number 2 is 550 feet; thete are

100-operations per day, of which 30 parcent
pocur atght; A clear line of sightexists
betwsen the slie and the fallrosd, and no
hores or whistles are used nearby. An

‘average train on this track uses 4 engines,

has 100 cars, the averape speed is 40 miles
per howr, and the track has botted, not
wolded, rails,
We first find the adiustment faciors Tor the
diesel engines:
L nwnbetdangims&ﬁwrrnem 2
» speed adiustment: O
- dagfnightadimmi K14
Multiplying the adjustments together,
firmey the numbet of traing’

EXOTEXLET X100 = 236

a3

Enitéring Workchivi S {sea Figurs 14} with
236 oparations at s distance of 550 feet, we
find the DNL contribution from engine noise
tobe 67 dB.
Next we find the adjustment factors fw the
raliroad cors:
« el of cars adjustment: 2
- spaeﬂadhsmwﬂ 1.78
« Bolted track 4
» dayirﬁg&gdmmt 5?
Muttiplying the adustiments fogether,
tirmes the mumber of trains:

2X1.78 X4 X 1.57 X 100 = 2236
Ervering Workchart 4 (see Figure 15} with

{Continued next page) 15



16,
% Showing Dimensions for Exsmple 16

Figure 17,

Figure 18.

tarrier, running paralist to the track st a dis-
tance of 50 fost; # cotid stan ot Hoad Num-
ber.2 and run 900 feet north toward the air-
part, as showninFigur 18, aomﬁmramad
track and the ground level atthe barrier focs-
Bmmmmsmmwieﬂmmmwe
have ihefolloving values withwhich focalou-
Inte the potential reduction in angine noise
{using Workehart 5). (Bacause tha distances
involved dra so unedual, this situation does

16

0 = 285 feet (from Example 11 in the section
o roadivay nolse}

A= 501eet

D" = 500 feet

We find from Worksheet § that the values
of B and O are no different {within the acae
ragy of the caloulation} from Rand ¥, 2
shuation that will always occorwhenihe
differences in elevalion are so much smalier
thanﬁe&simmms&emmme
sgurce, The valueolfhisdfeet R/D = 0.1

B4

Use of Workehart 81 Example 16 Use of Warkchart 7 In Example 16
RAILWAY NO.2~ . 1 NOISE BARRIER wORKCHART & [s]
3 A
BARRIER—f fe il q oW
/ §§.» , T
a1 L Eag N BARREL.  t=B@
1 _ o _gg | N :
5@0? . i ggi: s 8 ?ii U . . I
. : §§ w%Ze 24N g"% X BARRIER 15
Y i 53 it RiE _
- 200 §§§E LT 5 W \\ -7
R NSEakauas 2a . s
& : - g = -
j ' N Y
e g 3B
77° | : e YL
MNAL . v ! : zazmel § 1 i
L 4] k i S I ~ :9
ROADNO.2y bt~ JH ¢ | Bidis 2 I
: xSt T8 TEET - . |
ROAD NO. 3- E O BAGAD 37 DRI 3 g LS
Lzsa.ntﬁ_a,:_ 2 % = | 4
13 e £0° -1 £y &
W e <2 L -
oA L~ 5 ¢
] hd g ™ -
20 \ | 7/ /]
as55, . /4 1
130 160 R Z< +
SITE TRACK o v sl
ELEVATION ELEVATION Rl g ]
W MM B0 160 120 140 165 180 200,
ANGLE, u, SUBTENDED XY BARRIER AT
CASERVER'S LOCATION
m&mramnssmdismﬂﬁsmmwe niot terd itsell 1o direct scaling of the We cannow use these numbsers to anter
find m&u&. contribkition from-the raiiroad distances.) ' Workchai 6 to find the potential barries per-
cars 10 be 65 dB. Combining the sngine o e . _ fornance (that is, the barrer adjustment
sound levels withthe car soundlevelswefind 1 180 faet (20 abave the ground) factor that would apply in the cass of anin-
&emlmmmmﬁamma&da & = 175 pet {15 above the track, soe finitely iong barnier). Entering Workchart & at
ltwmﬂdbepossmamremgmoﬁmm page 18) f = dfgat, with B/D = 0.1, we find the basie

auﬁnuaﬁmmmmiabe? 5B How-~
ever, with D/R = 10, g findddrom thie tatle of
loss-of-gtound-effect attenuation thatwe
must sisbiract 4 dB from the 7.5, ara net
gftectof 3.5 dB. However, the slituation is
Bven worse, since the barrier is finite in
langth, ; ;
Tofindthe actual attenuation for this finite
barrier, we must first find the angle sub-
teried by the barrier to the NAL Referring
e Figure 18, we draw fines from He
NAL sach end of the barvier, With
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a protractor we measure the angle balwean
the two linss to be 77 degress. Locate the
sigve on Workchari 7 corresponding to the
potertial Barer sttenuation of 3.5 d8; it fles
michway betwoen the two lowest cves (see
Figure 18): mpoﬁﬁonwsmem

mmmmmsbmmmm
wocid be only 1.5 dB, Withonly 1.50Bof
attanization, the barder is clearty not cost-
elfective. In prder 1o sthipve a usable
aitenuation from the barrier, i would have lo
bes extended bayond the other side of Road

Kumber 2 1o obdain a larger sublended angle,

This extension, however, would sili not he
cost-sffective unless the height of the barde-
wore Intreased substantiafly.

17



Summary of Adjustment Factors

Combination 61 Sound Levels Raliroads - Diesel Engines
: Number of Engloss per Train
Table 1 TableS Nighttime (apphies to ait sources) mmofeww?&émwz
Difforsnca in Addiy Nighttima
Sound Level Larger Lovel Fraction m Yable 9 Aversge Train Spead
¢ 30 ALY Factor
; 25 g 0.43 Average Speed heament
3 8 o ode (mph} Facor
3 15 0.05 Dgg 0 3.00
5 12 0.10 .81 20 150
8 10 015 1.00 E 1.00
7 .8 020 112 40 075
8 08 955 138 54 0.80
8 0.5 0.50 157 60 0.50
10 04 0.35 175 0 043
» e3 040 198 N
16 o s 218 Multipty nurmber o rains by 10.
greator than 16 0. 24 ' :
= . i
Alrcratt Medium Trucks Ratiroads - Cars snd Rapid Transit
| o 26,000 pounds greates an Nm&d % per train divided by S0
T:bltz DNL Outsiche 65 o8 Comtnur 10,000 pounsts} s per by 50.
D =distance from 65 08 contour 1o ) ' ) oMot fradiic by 10, I
D2=distance -mmmm&mmm MRl spated: ey Tabie 16 AvorageTrain Speed
D2 DL Aver
™ o Heavy Trucks {mph?w Speed W&ﬁu
10 5 - 10 a1
112 = Tables Rosd Gradient o0 g4}
1.26 55 Percont of 30 100
1.41 82 Adjustment 40 1,78
1.58 8t Cradient 50 278
178 &0 Faclor 50 4.00
2.00 L] 2 14 70 544
; 3 1.7 80 7.3t
224 58 1 20 9 8.00
%g; g P 72 100 1131
3.16 5 Bormore 25 Botied Raits
, ‘ . Mutiply numba of rsing by 4
Tabie7 Aversge Speed Whisties or Homs
Automoblie Trattic o Trathe Yruck Spead Multiply nunsber of traing by 100
Tabled Stop-and-ge {mph) Factor
W% Automobii ggarlaas 081
b e 15
8 0.10 -
100 n2§
20 ok Table® Stopendgo
400 070 Heavy Truck Haavy Truck
D0 085 Traffic Volume Stop-and-Go
600 100 parDay Adjustroant Factor
Lss fan 1200 18
120116 2600 20
- 2401 164800 23
Tabied  Averege Traffic Speéd 4807 10 9600 28
Average 9801 1019,200 as
Traffic Sposd Adjusiment Facior More than 19,200 45
20 {mph) 0.13
25 0.21
an 0.30
35 040
40 0.53
45 057
50 083
58 1.00
& 118
&5 1.40
70 162
18



Workchart 1
Autos (55 mph)
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Heavy Trucks (55 mph)
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Workchart 4
Rallroads - Cars and Rapid Transit
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Workchart 5 Enter the values for,
Noise Barrier

To find 8, D and h from Site Elevations He e
and Distances
- T S 1
Fill put the following workshest
(al quartities are inleat): O=
1. Elgvation of barrier 1op minus edevation of source [ﬂ ]
2. Plevation of obssrver minus elevation of source [o ]
3 Mapdistance between source and observer (R + DY) ]
4. Map distance between barrier and source (R) i
5, Line 2 divided by fine 3 (2 ’} +[° =0 1
8. Bquare the quariity on line 5 (Le,, muliiply by #sell); [5 J % {.5 ] = [5 }
ahways positive _
7. 4% otline 8 [ DA ] e {ﬁ 1= [? }
8. One minus fine 7 [ w 1-[ ][ ]
9. Uina Stimas lina4 (will be negative if ina 21 negative) [5 } x [* ]=1I° ]
10. Line t minus fine 9 [1 ] —~ [® ]=1[® ]
1%, Line 10Ymestine 8 [ ] x[® ] = [ ] =»
12. Une 5 times fing 10 [5 ] x [® =2 1
13, Line 4 divided Dy ine 8 [4 } o [8 ] g {13 ]
14, Line 13 plusling 12 [13 ]+ [*® ] =% ] =n
18, Lina 3 minus line 4 {3 ] —_— [4 ] o [15 ]
16, Line 15 divided by ine 8 [15 ] @ Ea J= [* ]
17. Line 16 minus line 12 [16 ] - [ ]1=1[" ] =5
{Note: the value o line 2 may be negative. In lires 10, 14, and 17, Mmmﬁwlmm Fourd off R and D w reares] tager, h o ong
which caiss so will he vakins on lines 5,8, and 12;  ber'is the samis ais subleacting: gecimal placs.
fine 1 may alse be negative. Remetnbir, thes, in 2 v}y, And Sublratting anegative number is
e adding: x-(-ypeety.
23
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Workchart 7

[Fs

{dB)
18

T T T
8 BARRIER S=20dB |
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!
e
\
o { ot
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10
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T

0 | . ; ,
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ANGLE, a, SUBTENDED BY BARRIER AT
CBSERVER'S LOCATION
Correction o be applied to barier potential in order tofirkd the actusl

performance of the barrier of the same construciion but of finle
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Worksheet A Noise Assassment Guidelines
Site Evalusation

Project Name

File Number

Bponsor's Name Fhong

Street Atdross City, Stale

Practiciad for
Category DML Operations in Year

1. Flosdway Nodse

2, Aircralt Soise

3, Ralway Noise

Vilpe of DNL Rcall nolse sources: {see page dor s snons
combvnation procedure)

Finsl Site Evabustion (circle one}
Normally Unacceptabie

Sigrature Date

Clip this worksheet 1o the top of a psckaga
comaining Worksheets B-E and Workchants 1-7
that aré usedin the site evaluations



Worksheet B

Nolge A .

List all srports within 15 miles of e sty

1

2

Necassary information: Mrport 1 Arport I

1. Are DHL, NEF or CNR contours avaiiable?

{yes/no)

3. Esimating approximate cormaurs from Figure 3:

&; runnber of fighitime jot oparations

b. rumbser of diatione ot operstions:

(10tmes a4 by
of. distancis A for 65 0B

7048

7598

8. digtance Bior 55 o

7008

75 dB

4, Extimating DAL from Table 2:

‘3. tistance from BS dB conour 1

Hight path, O
B mmmmw

path, D?
. D2 divided by DY

d. DNL

§. Operations: projectad for what your?

8. Total DNL fror aft airposts

27



Worksheet C Page 1

Nolse Assesacosnt Guiduiines

1het all major roads within 1000 teet of the sie:

1.

2

A

4.

Necaasary informistion Rosd 4

1. Distance by feet from the NAL 1o
the adge of the road

8. negrost lang

Rowd 2

Fiosd 3

Road 4

b, Tarthost lane

. average {sffective distance)

2, Distance 1o stop sign

3. Boad gradent in paroent

4. Averane speed in mph

. Autaenobilos.

b. heavy trucks - uphil

€. heavy frucks - downhill

5; 24 houraverage number of sulomobiles
and mediven tnaks inboth disgctions {ADT)

a. sutormoblies

b. g rucks

. affactiee ADT {3 + (10x))

6. 24 howr avorage number of hoavy thicks

4. uphil

b, dewnhill

¢. tokat

7. Bracton of ighttims baffic{ i0p.m. o 7am.)

8. Traffic projectsd lor what year?

76



WorksheetC Poge2 Noine Assneament Guidelines
Adjustrets for Aomoblie Traltic
] 10 11 12 13 1% 15 1%
: Time ADT Addiosted ot rien
Tablad Talde 4 Tabie s {ine 5¢) Auto ADY {Workchart 1) Alenusfon  DNL
Aaad No. 1 X X | = - =
Road No. 2 b 4 X X = - =
Road No. 3 X X X = - "
FoaxdNo. 4 X X % » - =
Acjstmerts for Hesry Trock Toalli;
17 18 i) 20 21 2 ﬁm 4 gﬁ 26 g
Gradiert ﬁ' iy %o Tae  ToaT ok Baver  Padal
Tabie 6 7 Tatie®  Tabled  ADT chat2}  Ain, oML
Liphil % X =
No, 1 A %
Downbil X =
Liphit X % =
Hoad No. 2 Add. ... X
Deownhdl X =
Uphi X. X =
No. 3 Add X
Dowinhil X =
X x =
d No. 4 A X
Downhill X -
Combined Automobile & Heavy Track DNL.
_ Total (NS for
BOBANG. T e 0BG N0, 2 e FIODE N D s FOMINO A Al Rouds




Rallway Nolsa

List Al Raiiways within 3000 et of the site:

1.

Z

3

Hocwsary Information: Ralbway No.1 RaitwayNo.2  Raldway No. 3

1. Digtance in feet feoen the NAL to the raliway trackc

2 Number of traing in 24 hours:

& diesel

b. glecirified

3. Fraction of oparations docuring st right
{¥0pm. —~ 7amh

4. Number of dissel locoimitives pas irain;

5. NMumber of rail cars per frain

a. digseltraing

b slecirified trains

“B..-Average train speed:

7. I irack weldedt of boltedy

8. Arewhisties orhome required

78



Worksheat D Page 2

Noise Axsesarment Guldeitrms

Raliway Noise

9 10 " 12 3 14 15 18 17

No. ol Nghd-
2 Tabled  {enter10)  Tabies Boega) of Wotkchastd  Amn, DML

Raitway No. 1 X X X X = -
Railway No. 2 X X X x = - =
Raitway No. 3 X X x X = -

18 8 20 21 2 0B 2 25 26
50 Table 10 (onfrd)  Tables Baor 2y olOpns.  chantd At N,
Raiway No. 1 X X X X = -
Raltway No. 2 X X X X = -
Raiway No. 3 X X X X = -
RalwayNo. 1 FabwayNo.2 . FaiwayNo.3 Toka DN Kor il Raitways
Signatuse ala.

31



Chapler g

A Workbook for the Noise
Assessment Guidelines

Introduction

Tha foliowing problema were
prepared 1o give yoir the opportunity
o practice the calouiations and
procedures described in the Noise
Assessment Guldelines. Becanse i
Is 80 rarely used, we have not
Included any problems: dealing with
the alrcrat noise protadire.

We have not reproduced the
charts or tables from the Guidelines
56 vou wilk need to have It at kand 1o
do:the problerrs,

Nolse Assessment Guidelines Workbook

Problems 1 Thevugh 72 Cambining Sound Lavels b Decibels.
mwm:mmmmmm‘mmmmmsaswmmm:

1, 67 LDN 2 83 LM 3. 51 LDN
61 LDN - S83LON 63 LON
Comibined Combinad Combined
4 GZLDN 5. 67 LDN & S9LDN
5 {DN 72 (DN 63 LDN
e Connbined . Comined 71 LON
7. 7ALDN Level
72 E08
61 L5
67 LDN
b
Lavel

Problems 8 and % Calculating Effective Distance
Calcuiate the Effective Distances for the Following Roads:
& Distance in Feet fram NAL to:

Noar Edge of Nearsst Lang
Fﬂ&dgedmmm
ive Distance

=15

'8 istance in Fost from NAL to:
Neor Edge of Mearast Lune
Far Edge of Fasthest Lane
Effactive Distanca

Problems 10 Through 15: Adiustment Factors

1ist The Adjustmeot Factors mwwmmsnwtmmm
Nurmerical Value Tor Esch Adjustment

10. A Hodway Where the Foad Gradlant 1% 1%, the Average Spead for Bioth Aulos and
Trucka-1s- 30 MPH and the Fraction of Nighttime Traffic ls. 10%.

Adjustmd Factors Neaded:

|28 |
i |1

Volue of Adjustmaent Factors:

1. A Boadwey Whers Thera is A Stop Sign 400 Faet i the NAL. The Geadiant 18 1%,
the Average Spood for Autos Is 45 MPH (Thare Are No Trocks) and tha Feaction of
Nighttime Traftic 18 15%.

Adjustment Factors Hoeded:

Valu of Adjustment Factors:

81



12. A Rogdway Whare the Road Gradisnt bs 2%, the Average Speed for Autos Is 50 MPH
;ﬁ&gﬁm%ﬂmﬂwrmmiammwmeFracﬁmofuimm
raffic

Adiusiment Factoes Needed:

Valua of Adusiment Faclors:

13, A Rakiroat Whers the Fraction of Operations Occuring st Night s 30%, the Average
Train Spaed ia 40 MPH, the Track Js'Boltad and There.Are No Whistle Or Homs
Roquirsd for Grade Croasings.

Value of Adjusiment Faotory:

mt«mm
Adi 1 Factors Neaded:

Vaiua of Adjustirient Factors:

15.Ammmmmmumm ntnmum .ihaA
Frain Bpood 8 30 MPH, mmuwmm atias or Homs Ate quul
for Grade Croasings.

Adjs Feitors Noeded:

Valueof Adjustmont Faclors:




Probisase 18 Thwough 24 Some Baak: Probieas
Cajculate the Combined Noise Levels fix Each of the Foliowing Shiustions;

16.-A Roadway Where the distance i Feet from the NAL to the Mear Edgs of the Nearsst
Lane 12 310 Foot, the Distance 1o the Far Eige of the Farthest Lans is 358 Feat,
There ls A Slop Sign 400 Feet from the NAL. The Gradient {5 1%, The &

Namber of Autinolbiles mﬁmmamamummu@g%w
1,500, the 24 Hour Average Nuimber of Heavy Yrucks s 400 Yolsl. The Frasiion of
Niphttimae Tratfic is 20%.

The Comtinad Noise Lavel for This Roadway s

17. A Sits Expossd 15 Nalse from Twe Rodds. For Floadway Number 1 the Distance in
Feat Trom the NAL fo the Near Edge of tha Nearost Lane Ix 125 Feat, the Distance to
the Far Edga of the Farthest Lane is 233 Faet, There s A Stop Bign 250 Feet from
gummmmma% The Average Spead for Bolh Autos amt Trucks Is &

“The 24 Hour Average Number oF Autoa 15 22D, the-24 Hour Aversga Number of
Macium Tricks 18 2000, Tha 24 Hour Averags Nurber of Heavy Trocks s 950 Total,
The Eraction of Nighttime Traffic Is 10%.

memumz.mmmmﬂmmwof Noaraat Lane ia 45
Fool, the Distince to the Far Enge of the Farthest Lang |8 93 Febt. There Is A Stop
Sign 100 Feet from tha AL and the Geadiowd. 15 1% The Average Speed for Both
Autos and wmrnmmu MPH The 24 Hour Average Humber of Automobiies is
14000, for Madium Trucks 700, arsd Tor Haavy Tracks 800 Tolal, The Fraction of
Hiﬁ\ﬁlﬂw Trattic Is 20%.

The Combinad Noiss Lavel for This Sita Is

1B. A Sie Exposod 10 Nobwa from Two Raflroads. mmmgmm&m
froom the NAL tothe Raliway Yrack 18 150 Fesl, Thare Ara 85 Dissal Trains Every 24
Hours, No Elsctiifisd Tralns. The Fraction of parations Qocurring at Night 1 25%.
“Theés Are 3 Diasel Locomotives Por Traiv and 70.Cars Por Traln, The Avsirage Spead
15 30 MPH and the Track Is Bolted. No Whilsties Or Homs Are Uaad.

For Raliroad 2, the Distance in Foet from the NAL to the Rallway Track Is 310 Feet,
Thers Are 20 Dieset and 2 Elsctrifiod Tralas Esch 24 Hows, The Fraction of
Oparations Ccosrring at Night 18-15%., Thads Are-2 Locomictives Pec Diened Train and
45 Cars Jor Esch Diesel Train and 15%MHWYMWAWTI‘&:
Spoad Is 45 MPH and the Trick is Bolted. Mo Homs Or Whistles Ar

Tha Combingd Nolsa Lavel for This Site ls

1. A Sits to Noisa Two Raliroads. For Raliroad 1, the Distance in Feet
?miha wwmwfmawrmmmawvmma
umwammmmm the Opevations Ocois af Night, There

m&mmmv«mwmmnmmmmmm 835
MPH and the Track 1s Walded, No Homs Or Whiatles:

Famwzmmnurmmmmwmmwmumm
mmmmmrmmmzmmm Yralns, TwedtyFive Peccent of
he Operations Occor sk Night, Thers Are "4 Locorsotives Per Traln anc 40 Caex Per
Traln. The Average Traln Bpesd Is 20 MPH and the Track 18 Bolied. No Homs Or
Whisties Arg Usadt..

Tha Dombined Nojse Lavel for This Sita is

20, A Site Exposed o Moise from Three FBoads. For Roed 1, the Bistancs in Feet from
the NAL 1o the Near Edga of the Nearest Lane Is- 100 Feat, to the Far Edgs of the
Farthest Lane, 208 Feet. There Is Mo Stop Sign andt the Gracient 18- 1%, Tha Average
Spoed for Autos is 55 MPH. {There Are No Trucks Atiowed On Tiis Boad) The 24
Four Average Mumber of Autos 15 45,000, The Fraction of Nightile Teattic s 16%.

For Road 2, the Distance from the NAL 1o ths Near Edge of the MNoarest Lane Is 45
Fw.mmmmﬂﬂ»?mmm%m Trere s A Stop Sign 175 Feel
from the NAL and the Road Gradient 1s 4%. The averaps Spead for Both Astos snd
Trueks 15 40 MPH, mz&mm:?nmoammsmmm
Trucks 900 and for Heavy Trucks 320 Total. The Fraction of Nighttime Traftic 1s 20%.

For Road 3, the Distance fieen tie NAL % the Near E40e of 11 Noarest Lane ia 82
smmmmmmmmm@mmw&mwmm
from the MAL and the Gradient iz 1%. The Avetage Spand for Both Mdos and Taxks
15 25 MPH. The 24 Hour Average Number of Autos fa 5,000, for Mediam Trucks 1,050
an for Hoavy Trucks 175 Totak The Fraction of Nightiime Trafllc & 20%,

The Combined Nolse Level for This Site s
B3




21. A Site Exposed io Nolso trom A Railroad. The Distance from the NAL {o the Rallroad
13 110 Feat. Thare Are 30 Diose) Traing Every 24 Hours, No Elsctrified Tralns. Twenty
Porcent of the Operationa Dccur 3t Nigin, There Are 3 Locomatives Per Traln and 80
Cars Per Train. The Averape Train Spesd 13 30 MPH, the Track is Botted and Than Is
A Grage Cragsing Wheee Homs and Whiatles Are Usad 100 Fest from thes NAL.

The Cornisined Nolae Leveat at This Site is

Problams 22 Through 24: Banters ~ entifying the Velues for H, R, R°, D and D
Identity the Yalues tor M, 3, RB*, D and U' for Each of the Following Barders:
2,

J 1 L
i L_J i 3

7 »le = -
e R= A = i D= and D =

Barier . it 170 28 n

Highéat Point of Hill  30* 180’ 42: w0

24,

61’ 82’

H He ] D= and D’




Wﬁmmmmm%@msmz
Uslrgy Workaharts € and 7 Only, Calcuiate e Nolse Attediuation Provided by the
Barriers Hlustrated in Problams 22 Throuph 24. Additional Data on the Angles
Sublended by the Ends of the Bairlers snd the NAL for Each Location 1 Provided.

25, Calculste the Noiss Aftenuation Provided by the Barrier Describad in Problem 22. The
Angls Subtanded by the Ends of the Barrier and the: NAL 1s 150 Degrees,

The Koizs Atlenustion Provided Is i Becibels,

25, Calcutate the Noise Attenuation Provided by the Barfier Described in Problem 23. The
Angle Bublendad by the Enda of the Barrier and the NAL 1s 90 Degress.

Tha Nolse Atterisation Provided is i Decibals,

7. Colculate the Nolse Atlenuation Provided by the Barier Describad in Problem 24. The
Angle Subtiendad by the Ends of the Barrier andl the NAL & 130 Degrees.

The Noisie Attenuation Provided is Deocibats,
Probleis 28 Through 30 Barrier Calculations Using Workcharle 5, 8 and 7

Calculate the Attenusation Provided By the Bariers in the Folfowing Situstions. Usa
Workcharts 5, 6 and 7.

28: A Two Story Bufiding is Exposed 16 Noise Levals of 88 LON trom Automoidies. The
Barrier I3 15 Feet High-and i Lotatea 40 Fest from the Source and 20 Feet from
{ha Buiiding. The Sowce, Barrier, and Bullding Are All On Level Grourt, The Angle
%thm%oﬂhaﬁaﬂammeﬂmmmmmfmﬁ 110

B,

Ths Noise Attenuation Provided by This BemierIs..__ Declvels.
Js This Sufficient?.

28, A Three Story Bulléi:’fnla Expossd to A Holse Leval 6 72 i,tmfmmmgsel
Locomotives and 80 LDN from Rallssad Cars. The Barrior 15 12 Feet Migh and is
Located 40 Feet fromy the Source and 85 Feet from the Buallting. The Barvter and
the Budiding Are on the Same Level, But the Track 18 Deprissad 25 Fast. The-Anpgla
Subtended by the Ends Of the Barrier and the NAL Is 120 Degrees,

The Noise Altenuation Provided by This Barier Is Decibeis.
Vs This Sufficiem?
30 ATheee. Sfor{ Bullding 15 Exposad to Noiss Lavels of 67 LDN from Automobiies
and 21 LDN from Trucks. The: Barrier I8 16 Fest High and 1s Localed 28 Feat from
the Source and 56 Faet friwn the Bullding. The Suurce, the Barrier ard ths Builting
Are All Al the Same Level. The Angls Sublended by the Barrier Ends and the NAL I8
130 Dawa
The Noisa Attenuation Provivied by This Bamier 15 Decibels.

Is This Sulliclent?




Moise Assessmant Guldelines Workbook

=6, Ad 108 {From Table) 0 67 =68 LDN)
ﬁa«sa:u WWFMTM%D@:SSLDN)
=0,Mdmw&9,.ae

S 7ALDN [72-85=5 A0d 12=732=T2 1LON)

8. TZLDR- 8350 =4, Add 1.5-«%5. 71-345=85
intecpoiate From Table: 8=10,7=38
85= B 71+ 8=T18= 72 LDN)

7. T8 LDN 167-81 =8, Add 1.0=08,72-85 =4, Add 1.5= 735,
T35-75=.5, Interpotata From Table,
Add 275=78.25= 78 LDN}

B 49 Fest (T +22=98-2=40)
9. 72Fepl @+ 802142272

1. Adjustivent Factors Neodad: Spesd and Night-Time Percentage

Value of Factors: Speed=: Autos 30
Trucks B
Percentage ‘ M
Nete—You Must Have Ditferant Speed Adjuatments for Autos and Trucks.
11 Ad]mMmemm&wthTmﬁc
Vidue of Factors: Speed 87
S1op andd G0 .70
12, Adjustment Factors Neaded: Gradiont, Speed and Nigittime Parcortags
Valug of Factors: Gradient 1.4
Spead = Autos 30
Tricks Bt
Nighttima
Parcantage A1
13. Adjustment Factors Needed: Nighttime Percentags, Speed, Bolted Track

Value of Factors: ngmﬂm;

Note—You Must Have Different Spead Adjustmants for Engines and Cars,
14, Adjustrment Fastors Nedded: Nighttime Pedcentege and Speed
Value of Factors: Nighttime
Percentage 62
wmwm a0

15, Adjustment Factors NM‘RWM\” me Porcentage and Botted Track

Value of Factors: Nighitime
Parcentage 1.1
Bolied Teack 4



18, Combined Nolse Level = 62.LDN (It Your Answer s Plus or Minus 1dB #3 0K »
Betwons Rounding Off and the Large Scale on the Nomographs, That's Close
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17, Combinsd Nolse Level = 74 LDN {(+ OR~ 1 dB)
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18. Combined Moise Lavel=71 LDN

Note—in Qrdar to Complate Column 18 for Reilway #2 You Must Flad the Averags
Mumber of Cars Per Teain, Multiply the Number of Diessl Trains Times the Number
of Gars Per Traln {20 % 45 = 900). Multiply the Number of Elechittied Tralos Times
tha Number of Cars Per Train (2 x 15= 30 Add the Two Totals Topether and Divida
By the Total Number of Trains {800+ 30 2030 - 20 = 42,
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20, Combined Nolse Level =75 LON
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Z1. Combinad Nolse Level =81 LDN
To Bolve This Problom You Must Add Some More Lines to the Workchart fm'

g
Vaﬂetyalﬂmicba?h&aﬂwt&noﬁhuﬁa&%ﬂstﬂTa}wAPMulﬂlank
Paper (A 3 x & Card Doas Yary Well) Place the Edge of the Paper Along Either the
Top Or Bottom Edge of the Workehart and Mark Where the LDN Lines Fall Along
ihe Buga of the Blank Pager. Than Once You Have Diawn Your Distance and
Operations Lines on the Wik Chart, You Take Your Paper with the Line Markings
and Lay It along the Line for Minsled Opsrations with the Mark Faihest 10 the
Right Lined up with the 75 LN Uine. Now Just Cotnt over untif You Reach the
imersection of the Operations and Distance Lines.
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22, W10 Feet, B=40 Fool, R' =30 Foet, D= 170 Faat, D’ = 150 Fast

Pans B o I S|
e e

: E Po Qs o
e m» . s'oi

Note-The Lirse of Sight Line Slarls Abows the Foad Lavet Booause of the Trucks.
24. H=B Fesl, R=52 Feat, B" = 50 Feet, U= 61 Foot, D’ =60 Feet

82



25. The Nuoise Attenyation Provided Is 7 Decibein
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26, The Nolsa Attenuation Providsd is 3 Decibais
Noto—When thes Curves ARe 50 Close Togather Dont

on't Worry trapoiating.
Vi This Cass You Couldn't Anyway, the 15 dB and 10 dB Curves Hava Marged.
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27, The Nolse Attenustion Provided 2 8 Daclbals 5.5 Roundad Up)
Nate--Again You Have Problems With Extrapoliting~—Don't Worry About Baing

Too Pracise.
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28, The Nolae Atteouation Provided by This Barrier 1s 4 dB. This s Sufficient

Hote—Don't Farget That the Haight of the observor Is 8¢ Lesa Than the Total
Helght of the Bullding and the Height of the Building Is 10 Feet Times the Number
of Stores. And Did You Rermember to Make the Adjustinant for Ground Altenuation
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Chapter 7

The Use of Noise
Measurements

Noise Calculations Are Best For
HUD Use

Thers are two wayes 1o determine
noise jevels for a site under review:
the nolse can be-caloviated or it can
be. maasured. While one's first
reaction rmight well be that it would
chviously be better to go out and
actuaily measure the noise levels at
the site, calculated nolse levels are
really musch betier for implementing
HUD’s noise policy.

Calcylated nolse levels are
developed using mathematical
modals that contain s variety of
assumptions about the process of
noise propagation as well as data on
sound levels generated by lypical
saurces (Lo, aircraft engines,
automobile tires aiv.). The modsl can
ba a complex compider modsl or it
can be a simple desktop model such
ag ihe groceduies In the Nolsg
Assessment Guidelines. The:models
can aiso employ a variety of noise
descriptoss, {Ses chapler 11or a
discussion of noise descriptors.)
Mast noise studies done for the
Federal Highway Administration; for
axample, use elther the 1., or the

noise descriptor. Many aircraft
nolse studies use the NEF or CNEL
descriptor, Al of these descrptors
are compatibie with the Ly, nolse
desiriptor system that {s preferred
by HUD ard the HUD noise.
regulation containg Instructions for
converting all-of themy inte Lyn,
{sections 51,108()(1) and {2))

Whather produced by a
sophisticated computer moded or by
the desktop Nofse Assessment
Guidelines, calculated nolye Jevels
ars more ussfol for HUD needs than
measured levels for two sigaificant
reasons: The first is that with noise
measurements you have no good
way to take into aceount future
changes in the fulure nolse
ewvironment, The houses we help
buitd today are gom% to-be arcund
for a lorg time and if s very
important that we determine, to the
extent we can, ihe noise
environmant that will exist
throughout the Hife of the bulkdings.

While there are clearly imitations on
how far inte the futurs we can
reasonably project traftic tavels for
roads, raflroads and airports, we can
al least ook 5 10 10 years ahead,
The HUD nolse regulation (24 CFR
51} requires that “to tha extent
possible, noiss expostte shatl be
projected to be representative of
conditions that are expacted to exist
at a time &t Jeast 10 years beyond
the date of the project or action
under review.” it is very easy to
make these projections if you usa
the Noise Assessment Guidelines or
# nomputer-model 1o datermine
nolse levels.

The second reason why we prefer
that you calculate noise lavals is
that through the calculation process
¥ou can use monthiy or yelrly data
to determine traffic tevels, Thus you
eome up with & moretypical picture
ot conditions. With noise :
measyrements. there is always tha
possibility that the day or even days
chosen for measurements wilt not be
typical ardd that the measurements
may over or understate the problam.
While the conscientious medsurer
will try 10 gcodunt for any unusual
conditions, it isr't always possible.
So iong as cost considarations limit
the number of days that
measyrements can be taken there
wilf always be the problen of
yrepresentative data. With
caleuiations this igg*t a probiem. The
computer model that generates
contours for airports, for example,
uses an entire years data to develop
the average day. Certainly the resuits
are more likely 1o be representative
than the results that would be
derivad from just a few days
migasurements.

When Nolse Measurements Are
Useful

While it is the preferrsd procedurs to
caloidate noise Jevels, thers are 4
few situations where the nolse
medels might not be accurate and 8
might be belter fo rely on
measurements, One instance would
be-wher there Is insufficient o
inadequate tratfic data. Ancther case
might be whers you hdve & uniqus
physical sifuation that is not
accounted for jn whataver
mathematicat model is aillable.
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Cbiaining good tratfic data can be
difficuft. You may only be abla to et
gross data that simply Hsts total
vehicles without making any
cistinctions between trucks and
automobiles, Or you may not be able
to get any reliable data on the
parcentage of traffic between 10 pm
ang 7.am, While the Nolse
Assegsment Guidelines do contaln
some assumptions that you can use
when you don't have all the data you
nesd, there may be instances when
you just don't think those
assurmptions would accurately
portray the probiem,

By the same token, thera are
cerfain physical situations that
mathematical tiodels sush as the
Noise Assessment Guidelines
oauldn’t anticipate and therefore do
not reflect inthelr formulas, For
exampls, the Guidelines say that you
don't have to.calcuiate the nolse
jevels Tor undergrouryd transh Hines,
Weil what if the line is underground
but there are large airvents that reach
from the belowgrourd tunnels to the
surface? A great deal of noise can
reach the surface through these vents
but the Nojse Assessment Guidelines
don't have any way to take it intg
account. You couldn't treat it as i the
subway fine werg round '
because itIsn' really and at least
some of the nolee s blocked, This
would be a case where a noise
moasurerment would probably be the
besi way to delennine the noise
levels. By the same token, the
fidelines do not really take into
account the somatimes significant
amounts of reflectad nuisa that can
occur at urban sites surrounded by
tall bulldings, 1.e. the canyon effect,

Whan Not to 1se Measuremenis

One thing nolse measurements
shiould not bsused foris to confirmor
refute calculated noise tevels,
especially computar generated
airgraft contours, Our experiance with
boththe Nolso Assessment
Gyuidelines and with computer nolse
models is that both are quits accurate
if- done properly. I you are cotvineed
that the caleulatians were dong
gorratily, and if you believe that the
diata used were good, you should
stiongly discourage anyonerwho
wants to take measurements because
they think that measuremsnts are
inherently more accurats than
calculations. Comparing measured
noise levels to calculated levels is ke
somparing apples and oranges, The



calculated noise fevels should include
projected traffic levels, the measured
onas wilt not, The caloulated levels
will be based on dally traffic counts
darived by averaging months of data,
the measured levels will, at bast,
reflect just a few days. (This Is
particularly true for aircraft noise
contours. The day-to-day operations
of an airport can vary significantly
tdepending upon waather conditions
and any otie or two days worth of
measuremants are very likely to show
differant lavels from those genaerated
by & computer mode! amptoylng a
yearof datato derive an- )

If you have determined that noise
measurements areappropriate, you
must make sura that they are done
properly, otherwise the data will be
useless. Thereare fourelements to
proper measuremants: 1) where the
measurements.are taken; 2ywhen
thiay are taken; 3)the type of
‘equipment-used; and 4) the-actual
maasurersent procadure.

Where measurements shoidd be
takan: Tha locations for holse
measurements shiouid be selected
using the same criteria you would use
Yo selecta Nolsa Assessment
Locaticr for a Nolag Assessmant
Guidelines calculation. The Noise
Assessmont Guidefipes recommend
that “assessments of the nolse
sxposura should be made at
representative locations around the
site where signiticant noisals
expected.” Further, the Guidelines
state that when selecﬁng thasa
locations you should consitder those
Butidings containing noise sensitive
uses which areglogssttothe .
predominant ngise sources, Where
qulet cutdoor spacois desiredata
sHte; youshould also select polnig in
thie outdeor area inguestion,
Specilicaliy, the “relevant
measuremsant location for buildiﬂgs is
apoinzzmersiﬁ'&feeﬁfmthe
facade,” i thera are no bulldings yet
the measurement point shouldba 2
meters from the closest polat setback
requirements would allow a bullding
facade.

When measurements should be
taken: Bocause measurements are
anly going to be taken for & tew days
at bast, special care should be taken
to make sure that the days selected
are representative of average traffic
levels, For highways, avolkd both
Monday and Friday, pariculady
belors or after 4 holiday. In fact
holiday periods, such as the
Christmas/New Years season, shoufd
be avoided entirely. Highway trafilc,
of rather more impartantly, truck
{eatfic Is likely to be down during

these periods and nolse tavels may be
significantly lower than rncrmal. On
the other hard, holiday periods sre
often peak traved periods for aliiines
and rasasursments taken around
alrports then would show enusually
high noise levels.

Whosver istaking the
measurements should also chack to
make sure thilt there aran't any

special ciroumatances that might
atlect tratfic lavels. Forexampia road
construstion o repair work might
divert additonal traffic onic the r&d
being measured, or divert traffic away.
In both cases the noisd levels
measured would not ba
eprosentative,

And finally, noise measuraments
shouid not be taken during extreme
waather conditions both bacause of
the possible-atiests of traflic iovels
but also because the weather
cotwlitions can exaggeratethe actual
nolse levels.

tdeally, nolsa measurements
should be taken ovor severa! days.
spread over af least a few months. But
giver that Hme and money will
normally preciude this, at least make
sure the one or fwo days you can get
areas close totypical ag possibie.

What squipment to use: There are
many socund level meters onthe
markat which are soitable for taking
noise measurements for _
transportation sources. They need
onily (o meet the requirements of -
Aenarican Nationat Standard
Specifidation for Type 1.8ound Level
Metars: $1.4-1871. Type 1 sound leve!
meters are “praciston” meters and
provide the mostaccurate
mieasurements, They are also, of
course, the most sxpensive. Fast
tima-averaging and A Frequency
woighting are b be used, The sound
Tevel meter with the A-weighting is
progressively iess sensitive to sound
with frequencies helow 1,000 hertz,

sompwhat asis the sar. wam tasttime

avaraging the souni lovet meter
responds particularly torecent
sounds atmoat as quickly as does the
edrin judging the toudness of &
sound. Fast time averaging hasa fime
constant of about 1/8 second.

White a sound level measuring
system that averages decibel
readouts ona short term basls such
as for every minute or every houris
sccebtable, it woult be far better if a
systeimn that actually provides a24
hour integrated Ly, rasdout ware
used. Such a system sliminates the
nead for calculating the Ly, value, an
ares whete many Inexperienced
consuitants go astray. Thése systems
are more expensive however, and tha
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*. 5. GOVERIMENT PRIRTING OFFICE:

consuitant who doesn't domuch
nolss work is urdikely o have sne,
Moaswwement procedures: Detalled
procedures for making sourd lavel
measurements are spelled out Inthe
American National Standards
instituty’s Standard Mathods ANSI
§il.2-1 19768} American Mational
Standard Method for the Physical
Measurement of Sound and ANSI
81, 13*‘#9?3{819?8)‘401&#9&” Natlongf
Standard Methods for the
Meazurement of Sound Prassure
Levels.

Some of tha basic procedures that
should be foltowed arp

1. Measurements should normafly be
mace over & continuous 24 hour
pericd. i this is'hot pcsslhie,
measuremenis may be made overa
period of days hut still must cover the
antire 24 hour period, The'selection of
the days bocomes even more critical
so that they are 45 similaras possible.
Sampling i not atceptable.

2. The sound level mater must be
calibrated belore each use.

"3, Tha sound tevel meter should be

provided with a wind screen,

4, Cara ghould be laken toinsure that
there are no temporary obstructions,
such as parked trucks, betwensn the
mater and the.sourca,

The Moiss Study

The notse study prepared to describe
{he measursment resuits should
containat least the Joliowing:

1. A map showing where the
surements were taken

2. Avicinity map showing the site and

the major nolse sources

3. Achartindicating the date, the

Hime, and weather conditions when

measursments were taken at each

mbasurement location:

4. Thetypaof mitrophone used

5. Any variations from ANSE

procedures _

8. Thw results of the measurements

-In Ly, for each measurerment location

7. Any unusual conditions that
existed during the messurement
perlod—i.e. construction activity,
major {raffic Heup, otc.

8. i anvintegrating sound level mater
wag nat used, the caloulations used
1o derive the Ly, value,

1991281930/ $4016
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Sound Transmission Class Guidance
Introduction

The Noise Guidebook, pages 33-37, provides an
elementary discussion of STC, provides some STC
ratings for common building materials and limited
exterior and interior wall construction configurations,
and describes a method to determine composite STC
value of a wall containing a window or door. This
update provides for an understanding of STC and
provides an expanded material and construction
classification for both internal and external building
materials and typical construction patterns.

The intent of this chapter is not to endorse anyone
building manufacturer or product over another but to
keep HUD Environmental staff and other interested
persons advised on the STC values of current building
materials and practices which can be applied to HUD
supported housing activities. Additional subsections on
specific types of building materials, construction
techniques and STC values will be periodically added.

As stated in the Noise Guidebook, "STC is used as a
measure of a material's ability to reduce sound,” and
effectively mitigate any adverse noise levels that
could impede a person's use of a residential or
commercial structure. The higher the STC value, the
greater the sound attenuation and presumably the
quieter the structure's interior. In addition to STC,
another interior building measuring technique to
evaluate sound impact or absorption between floors is
the Impact Isolation Class (IIC). Both techniques will
be fully discussed after a brief explanation of the
following basic principals related to sound.

What Is Sound

Sound is indicated in two ways: frequency and
intensity. Frequency, the high or low pitch of sound, is
expressed as the number of vibrations or cycles per
second. One vibration or cycle per second is a hertz
(Hz). For example on a piano the middle C note has a
frequency of 262 Hz and the total range of a piano has
a frequency of 27 Hz to 4186 Hz, well within the 16 to
20,000 Hz range of the human ear. The sound created
by the piano is heard by the human ear by air
pressure created by vibration. The greater the
pressure, the greater the loudness or intensity of the
sound heard by the human ear. Loudness is expressed
in decibels (dB). The decibel is one-tenth of a “Bel,” a
unit named for Alexander Graham Bell. Since the ear
is more sensitive to sound in the middie range of
frequencies, loudness (intensity) is determined at a
frequency of 1,000 Hz. On the decibel scale, 0 dB
indicates a level of sound at 1,000 Hz, a sound just

barely audible to person with normal unimpaired
hearing.

The A-weighted scale of a sound meter is designed to
adjust the sensitivity of a sound meter to sounds of
different frequencies that closely approximate how the
human ear might respond to moderate sound levels in
the 1,000 to 4,000 Hz range. The A-weighted sound
level is used extensively for measuring community
and transportation noises.

The Sound Transmission Class (STC), measured in
decibels, is used to measure building material's ability
to absorb sound. The STC can be used to measure
sound absorption for both external building walls and
internal walls in single and multifamily structures. The
STC is measured by positioning a representative
sample of the building material midway in an
acoustical chamber, dividing the chamber in half or
into two rooms. One section of the chamber contains
the sound source and the other section the sound
receiving equipment. The test procedure calls for a
steady sound in the source room and measuring the
sound level in both the source and receiving rooms.
Differences in sound levels in the rooms determines
the transmission loss characteristics of the material
tested. For example, if a generated sound level of 80
dB is measured in the source room and 30 dB is
measured in the adjacent receiving room, the tested
material has a sound reduction intensity (STC) of
50dB.

The Impact Isolation Class (IIC), measured in
decibels, is the classification system used to
determine sound impact from floor to ceiling in a
structure. The IIC is not to be used to measure
airborne sound penetration or absorption in walls. The
IIC numerical rating efficiency increases with
improved impact isolation performance of the floor
and its component sub flooring and materials. The
rating scale values are generally equivalent to the
airborne sound transmission loss. The impact of steps
or vibrations on a floor and the reverberation of that
noise in the room below is dependent upon the type,
density and thickness of the floor and ceiling material,
its absorption material, and quality of construction. A
separate section on common floor materials and
construction patterns to illustrate both the STC and
IIC ratings is included.

Sound Reduction In Structures

Four general techniques for controlling noise in single-

family and multifamily structures are:

1. Elimination of the cause or source of the noise,

2. Employ materials which absorb sound rather than
reflect noise,



3. Use sound barriers in building layout to prevent
sound from being transmitted from one adjoining
area into another, and

4. Use design considerations to mask or absorb the
noise.

A description of each technique and its applicability
follows.

1. ELIMINATION:

The elimination of a noise source may be impractical
or impossible to achieve, whether emanating from
within or outside the structure. Examples include the
operation of mechanical equipment within the dwelling
unit, excessive corridor noise, air conditioning/heating
system, elevators, exhaust fans, and outdoor
transportation sounds such as automotive traffic,
aircraft overflights, and commercial or industrial
activities. Some noise reduction could be achieved
through sound reduction or absorption techniques, but
total elimination of these sounds may be impossible.

2. ABSORPTION: :

Sound absorption control is the reduction of sound
emanating from a source within a room. The extent of
control depends upon the efficiency of the room's
surfaces in absorbing rather than reflecting sound
waves. A surface, which could theoretically absorb
100% of the sound would have a sound absorption
coefficient of 1.0. A surface absorbing 35% of the
sound would have a coefficient of 0.35. The
effectiveness of wall construction as a means of sound
absorption is tested in a similar manner as that of
STC. If a generated sound level of 80 dB is observed
in one room and 30 dB is measured in an adjacent
room, the reduction in sound absorption for the
intervening wall is 50 dB. In choosing the type of
construction material for interior walls to absorb
sound transmission, porosity and density of the
material should be considered. Resistance to sound
transmission increases with unit weight and decreases
with porosity. For example, unpainted, open textured
concrete block exhibits improved resistance to sound
passage after sealing the surface with plaster or paint.
The sealing of the pores result in a reduction in the
sound absorption of the block. In multifamily
structures using concrete block partitions to separate
public areas such as stairwells and corridors from
adjacent living areas, sound transmission reduction is
achieved through plastering or painting the surface of
the residential unit or living area on the opposite side
of the partition. The sound is absorbed by the
concrete masonry's unpainted side and its
transmission is prevented into the residential unit or
living area by the plaster or paint on the other side.

However, all of the design elements that are
employed to control sound can be nullified through
poor or improper construction practices. Sound

leakage will occur through any opening in a wall. An
improperly fitted door or window is a prime source of
sound leakage, as well as openings around ducts,
pipes and electrical outlets which are improperly fitted
or sealed.

3. SOUND BARRIERS:

Prudent building layout can be effective in controlling
noise in single-family and muitifamily housing. Sound
waves can be prevented from being transmitted from
one adjoining area to another. Closets, stairways and
corridors can be used as buffers against airborne
sound transmission between apartments or bedrooms.
Concrete blocks or solid partitions can be employed to
separate boiler rooms, air conditioning units, work
areas or noisy public areas such as stairwells,
corridors or lobbies from adjacent living areas.
Partitions designed to absorb sound on one side and
to retain sound absorption on the other can effectively
block or reduce sound transmission into living areas
intended for quiet use. The barrier should have a high
sound absorption coefficient on one side and an
equally high sound retention coefficient on the reverse
side to effective. For example, unpainted porous
concrete block would have a high sound absorption
coefficient and a high noise retention coefficient on
the reverse side if the porous surface in the living unit
was effectively sealed by plaster or paint. Similarly,
noise originators such as cloths washing machines,

. central heaters, and other noisy major appliances can

be placed in a basement or utility rooms that are
physically isolated from other living areas by walls or
floors to absorb or block the emitted sounds.

4, DESIGN:

Design factors is the last major element to consider in
controlling noise in single-family and multifamily
structures. Design considerations offer the most
infinite prospects for controlling noise due to the
numerous types of building designs. For example,
adjacent apartments can be arranged to have quiet
areas (bedrooms or living rooms) abut and have noisy
areas (kitchens and bathrooms) next to similar noisy
areas. Apartment door openings into the same
hallway can be staggered to reduce sound penetration
into the unit directly across the hall. Since sound
travels in a straight line, some of the sound from one
doorway would be absorbed or diffused into the wall
building material of the unit directly across the hall.

Windows should be placed as far away as possible
from common walls. The closer the windows are to
each other, the more sound will pass from one
apartment to another. Medicine cabinets in opposite
bathroom partitions should be offset. Cabinets placed
back-to-back will transmit almost as much noise as an
opening. Heating/cooling ducts are like speaking
tubes, carrying noise from one room to another.
Techniques should be employed to trap or splinter



sound or have turns in the ducts to reduce noise
transference.

Noise producing equipment should be kept as far as
possible from living areas and especially the
bedrooms. Flexible connectors should be used to
couple mechanical equipment to pipes and ducts.
Pipes and ducts should not be firmly connected to
parts of a building that could serve as sounding
boards but be supported by resilient connections to
solid supports. Where pipes and ducts pass through
walls and floors, they should be isolated by gaskets.
The acoustical integrity of a building or a building
section with an otherwise adequate STC rating can be
significantly reduced by a small hole or crack in the
exterior wall or any other path that allows sound to
bypass the exterior or interior walls and flow into
other areas of the structure.

Weather and Sound

Air will attenuate noise ‘at high frequencies usually
from 1,000 Hz upwards. Sound absorption by air
changes with wind speed, temperature and humidity.
For example, wind blowing at slower speeds near the
ground surface than at higher elevations will produce
a bending of the sound upwards, resulting in less
noise at ground level. Temperature gradients have a
similar effect because the velocity of sound increases
with the higher temperatures. If the temperature is
higher near the ground than in the upper layers
(usually the case during the day), the sound waves
higher above the ground will travel slower and the
sound will be bent upwards resulting in quieter
conditions at ground level. The reverse is true at
night, the temperature is lower near the ground,
sound will bend towards the ground, increasing noise
at the ground level. Wind and temperature- gradient
effects can also account for the occasional freak
reception of sounds over long distances, especially
train whistles. The sound has been bent upwards by a
temperature or wind gradient and after traveling some
way at high level is bent down again by a reverse
gradient.

Weather conditions can produce substantial variations
of as much as +- 10 dB. For example, fog causes an
increase in the absorption in the air. A moderately
dense fog, visibility 150 feet, gives extra attenuation
of 1 to 3 dB per 300 feet, depending on frequency.
Similarly, snow forms an absorbent layer on the
ground, which affects ground reflection, thereby
reducing the sound level.

Weather can also be a significant source of noise in a
structure. Common irritants are wind and rain. Wind
whistling around a building, into ventilation grilles,
screens or past other external architectural or artistic
features can result in disturbing noise. Similarly, the

impact of rain on lightweight roofing, gutters or
skylights can produce high internal noise levels.

STC Ratings for Wall, Floor and Window
Materials and Assemblies

Appendix A illustrates sound transmission class ratings
for wall, floor, window and door assemblies. The data
used in this section is compiled from laboratory
reports and various technical and trade literature
publications received by this Office. Each item has an
assigned STC rating, an accompanying sketch and a
brief description of its composition or assembly. In
addition, where possible, an Impact Isolation Class
(IIC) rating has been assigned to floors to determine
sound impact from floor to ceiling. Appendix A is a
guide designed to aid HUD Housing and Environmental
personal in determining STC values for most common
housing construction practices and materials used in
residential construction. The STC information can be
used to supplement acoustical measurements by
providing approximate interior noise levels for existing
or proposed dwellings located in high noise areas by
deducting the STC value from the exterior noise level.
The data could also be used to advise HUD clients in
determining and achieving compliance with the noise
criteria stated in 24 CFR Part 51 B through the use of
common construction materials and techniques to
achieve noise attenuation for new construction and
rehabilitation.

The appendix is divided into the following subsections:

1. WALLS
Exterior
Interior

2. FLOORS
Wood
Concrete

3. WINDOWS

4. DOORS
Exterior
Interior

A bibliography of the reports, manufacturer's catalogs,
technical papers, testing laboratories and other
publications used in compiling this data is listed in the
Appendix B.
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Appendix A

Walls: Exterior

STC Ratings
Sketch Brief Description STC
1 1. 4" face brick, mortared together. 45
NN
\\\\I\\\\ \
1‘ 1. Hollow core brick, mortared together. 51
o} 6 el o R o) O o\o o0
soooGl  sovoo
¥ 1. Common brick, mortared together. 50
2. V2" gypsum/sand plaster.
3 1. Hollow core brick, mortared together. 53
! L 2. ¥2" gypsum/sand plaster.
| I+ IR Q]Q Q
b LODOCD
1 2z 3 1. Face brick, mortared together. 50
_ 2. 2" air space.
\‘« \%& N\\\%: 3. Metal ties.
S
\\\\ e N\ Wl\
1 1. Brick, mortared together. 59

2 4" cavity filled with concrete grout and #6 bars
vertically 48”0.c. and #5 bars horizontally 3070.c.
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Sketch Brief Description STC

\\\,\ ‘%‘\%\X\ \ 2. Face brick, mortared together.
\ri\\\ i\\\g\\

1. Common brick, mortared together. 53
2. 34" mortar-filled cavity with metal Z ties 24"o.c. in
both directions.
3. 1x3” furring strips 16”0.c. and nailed vertically into
mortar joints 12”o.c.
4. %" gypsum board nailed 8”0.c. along edges and
12"o.c. in field.

'.:.

N\ {\\\\? \\\\\\\‘ \\X

//

1. 4x8x16” 3-cell lightweight concrete masonry units 40
(17 Ibs./block).

1. 4x8x18” 3-cell lightweight concrete masonry units 54
(19 Ibs./block).

2. 27 air cavity.

3. Common brick, mortared together.

“1. 4x8x18” 3-cell lightweight concrete masonry units 51
(19 Ibs./block).
2. Common brick, mortared together. (brick headers
after every second course of block to tie the withes

SRSl e
T D WIN together).
R 3 R R’\\\\\\\\\s

1. 4x8x18” 3-cell lightweight concrete masonry units 56
(19 Ibs./block).

Common brick, mortared together.

Resilient channels.

¥2” gypsum board screwed to channels.

PWN
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Brief Description STC
1. 6x8x16” 3-cell lightweight concrete masonry units 44
(21 Ibs./block).
2 1. 6x8x16” 3-cell lightweight concrete masonry units 46
- (21 Ibs./block). :
o w 2. Paint both sides with primer-sealer coat and finish
coat of latex.
2 1. 6x8x18” 3-cell dense concrete masonry units (36 48
A Ibs./block).
it b 2. Paint both sides with primer-sealer coat and finish
coat of latex.
1. 6x8x16” 3-cell lightweight concrete masonry units 53
(21 Ibs./block).
2. Paint, primer-sealer coat and finish coat of latex.
3. Resilient channels, 24”0.c.
4. %" gypsum board screwed to channels.
1 1. 8x8x16” 3-cell lightweight concrete masonry units 45
(28 Ibs./block).
\ 1. 8x8x18” 3-cell lightweight concrete masonry units 49
\ (34 Ibs./block).
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Sketch

Brief Description STC
1 1. 8x8x18” 3-cell lightweight concrete masonry units 49
‘ (38 Ibs./block).
1. 8x8x18” 3-cell lightweight concrete masonry units 51
(34 Ibs./block).
2. Expanded mineral loose-fill insulation.
- 1. 8x8x18” 3-cell lightweight concrete masonry units 51
VA (38 Ibs./block).
- o 2. Expanded mineral loose-fill insulation.
1 2 a 1. 8x8x18” 3-cell lightweight concrete masonry units 48
N (33 Ibs./block).
Ay X 2. Groutin cells.
3. #5 bar in each celil.
1. 8x8x18” 3-cell lightweight concrete masonry units 55
(33 Ibs./block).
2. Grout in cells.
3. #5 bar each cell.
4. Paint two coats flat latex each side.
1. 12x8x16” 3-cell lightweight concrete masonry units 39

(43 Ibs./block).
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Sketch

Brief Description STC
12 1. 12x8x16. 3-cell lightweight concrete masonry units 50
e (43 Ibs./block).
P e / WY A anen Wen 2. Paint both sides with 3 coats of latex block filler.
o \
1. 12x8x16"” 3-cell lightweight concrete masonry units 51
" (43 1bs./block).
:f 2. Paint one side only with 3 coats latex block filler.
<
1. 6" cast concrete wall (71 psf). 57
1. 6” cast concrete wall. 59
2. “Z” furring channels.
3. %" gypsum board.
1. 6" cast concrete wall. 62
2. “Z" furring channels.
3. 1”, 8-pcf rockwool.
4. %" gypsum board.
1. 6" cast concrete wall. 63
2. 2x2” wood furring.
3. 1 %" 4-pcf rockwool.
4. %" gypsum board.




Sketch Brief Description STC

1. 8” cast concrete wall (96.6 psf). 58
1. 8” cast concrete wall. 59
2. 2x2" wood furring.
3. %" gypsum board.

8” cast concrete wall. 63
2x2"” wood furring.

12", 4 psf rockwall.

2" gypsum board.

rPwne

Face brick. 54
12" air space, with metal ties.

34" insulation board sheathing.

2x4” studs 16"o.c.

Resilient channel.

2" gypsum board.

o wWNE

Face brick. 56
2" air space, with metal ties.

%" insulation board sheathing.

2x4” studs 16”0.c.

Fiberglas building insulation (3 ¥2").

Resilient channel.

2" gypsum board.

N IERE R NG A AR N S B T

NoOGArwN R
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Sketch

Brief Description

STC

B MCIALIC

N AWNE

Face brick (9x14" wall).

2" air space, with metal ties.
3" insulation board sheathing.
2x4" studs 16”0.c.

Fiberglas building insulation (3 ¥2").

Resilient channel.
¥2" gypsum board.

Wall penetrated by 6x5' picture window 1” glazed

insulating glass.

39

7/8" stucco.

No.15 felt building paper and 1” wire mesh.

2x4” studs 16"0.c.
Resilient channel.

¥2" gypsum board screwed to channel.

49

7/8" stucco.

No.15 felt building paper and 1” wire mesh.

2x4” studs 16”0o.c.

Fiberglas building insulation (3 12").

Resilient channel.

2" gypsum board screwed to channel.

57

nawNE

5/8 x 10” redwood siding.

¥2" insulation board sheathing.
2x4” wood studs 16”0.c.
Resilient channel.

2" gypsum board screwed to channel.

43




Sketch

Brief Description

STC

oupwNE

5/8x10” redwood siding.

2" insulation board sheathing.
2x4" wood studs 16”0.c.

Fiberglas building insulation (3 ¥2").

.Resilient channel.
¥2” gypsum board screwed to channel.

47

NOUAwWNE

5/8x10” redwood siding (9x14' wall).
12" insulation board sheathing.

2x4” wood studs 16.0.c.

Fiberglas building insulation (3 ¥2").
Resilient channel.

2" gypsum board screwed to channel.

a.  Wall penetrated by a 6x5' picture window, 1”

glazed insulating glass.

b.  Wall penetrated by a 6x5' 16 panel window,

glazed single strength.

(a.38)
(b.35)
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WALLS: Interior: Wooden Studs

Sketch Brief Description STC
1. %2” gypsum board. 28
2. 3/16” plywood laminated with contact cement.
i 1. %" gypsum board. 30
} 2 2. %" wood-fiber board laminated with gypsum joint
O O e A e T compound.
1. 2x4” studs, 16”0.c. 28
2. 5/8” gypsum board screwed to studs.
1. %" gypsum board, no studs. 30
2. 2 2" air space.
1. %2” gypsum board, no studs. 44
2. 2 2" air space.
3. 2" thick sound attenuation blanket.
1 2 3 1. 2" gypsum board, no studs. 45
[ T ——] THORL CaTW N0 P TTRAT S AN W 2' 3 5/ 8” air space'
o 3. 2” thick sound attenuation blanket.
gg!:‘;’:j;’zﬁ ::::’ginknim;m’&u;u‘éﬁe&-&:m‘?wk#‘:
1 2 1. 1 3/8” thick wood-fiber board nailed to 2x4” plates 44
top and bottom and painted both sides.
0 2. 32" air cavity.
: LTy z
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Brief Description STC
2 3 Y 1. %" gypsum board, no studs. 48
2. %" gypsum board laminated to base layer with
gypsum joint compound.
' CXIIOPEXXIL) OO0 3. 3 5/8" air cavity.
ey v ;A."""-?"‘« :2‘?,&2‘ 4. 2" thick sound attenuation blanket.
1. 2x4” studs, 16"0.c. 35
2. 3/8" gypsum board nailed to studs.
1 2 2 1. 2x4” studs, 16"0.c. 41
Y 2. 3/8" gypsum board nailed to studs.
gy "i" Wﬁaﬁi‘;ﬁﬁ 3. 3" thick sound attenuation blanket.
DO AINE
1. 2x4” studs, 16"0.c. 34
2. 2" gypsum board screwed to studs.
.Wv... —
»*-_A-
1. 2x4” studs, 16"0.c. 37
3 2 3 2. Y2" gypsum board screwed to studs.
m_m_“ 4 3. 2" thick sound attenuation blanket.
0005 } ‘uﬂ Af .....
1. 2x4” studs, 24"o.c. 36

2. Y2" gypsum board screwed to studs.
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Sketch Brief Description STC
3 z 3 1. 2x4"studs, 24"0.c. 40
L W 2. 2" gypsum board screwed to studs.
mm“m “ S S 3. 2" thick sound attenuation blanket.
)#ﬁk '%3 ....... h
1. 2x4” studs spaced 16”0.c. and staggered 8”"0.c. on 39
2x6" plates.
2. ¥2" gypsum board screwed 12"0.c
1. 2x4” studs spaced 16”0.c. and staggered 8”0.c. on 48
i 2x6” plates.
.;,,f.*;’.’.";ﬁ" 2. Y2" gypsum board screwed 12”0.c.
“N‘u 3. 2 %" thick sound attenuation blanket.
1. 2x4” studs spaced 16”0.c. and staggered 8”0.c. on 49
2x6” plates.
' '* Q "" 2. %2” gypsum board screwed 12"0.c.
"V M 3. 3 %2” thick sound attenuation blanket.
1. 2x4" studs spaced 16"0.c. and staggered 8”0.c. on 49
2x6" plates.
2. 2" gypsum board screwed 12"0.c.
3. 2 Ya" thick sound attenuation blankets in both stud
cavities.
1. 2x4” studs spaced 16”0.c. and staggered 8“0.c. on 51

' v 'T
04 34 ai
“.“" ‘ “

wum.

OOA ré&d‘"d‘

2x6" plates.

2. V2" gypsum board screwed 12”o.c.

3. 3 12" thick sound attenuation blankets in both stud
cavities.
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Sketch Brief Description STC

1. 2x4” studs spaced 24”0.c. and staggered 12"0.c. on 42
2x6" plates.
2. ¥2" type X gypsum board screwed 12"0.c.

1. 2x4” studs spaced 24”o.c. and staggered 12”0.c. on 46
2x6” plates.

2. 2" gypsum board screwed to studs.

3. 2" thick sound attenuation blanket.

1. 2x4” studs spaced 24”0.c. and staggered 12"0.c. on 48
2x6” plates.

2. 2" type X gypsum board screwed 12”70.c. .

3. 2" thick sound attenuation blankets in both stud
cavities.

1. Double row of 2x4” studs 16”0.c. on separate plates 47
spaced 1” apart.
2. 2" type X gypsum board screwed 12”0.c.

1. Double row of 2x3” studs 16”0.c. on 2x3” plates 55
spaced 2 2" apart.

2. ¥2” gypsum board screwed 16"0.c.

3. 2 %" thick sound attenuation blanket.

12 3 1. Double row of 2x4” studs 16”0.c. on separate plates 56
3 spaced 1” apart.

e B A o 2. ¥2" type X gypsum board screwed 12”0.c.
: 3. 3 1" thick sound attenuation blanket.
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Sketch Brief Description STC
1 2 3 1. Double row of 2x4” studs 16”0.c. on separate plates 56
' spaced 1” apart.
2. 2" gypsum board screwed 12"0.c.
3. 2 %" thick sound attenuation blankets in both stud
cavities.
1 2 3 1. Double row of 2x4” studs 16.0.c. on separate plates 63
— e B ST TR spaced 1” apart.
B R R el 2. Double row of 5/8” type X gypsum board screwed
DRI 16.0.c T
R SN S WO 3. 3 %" thick sound attenuation blankets in both stud

cavities.
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WALLS: Interior: Metal Studs

Sketch Brief Description STC

1. 1 5/8” metal studs, 24"o.c. 27
2. 1/2. vinyl-faced gypsum board screwed to studs.

1. 1 5/8” metal studs spaced 24"o.c. and staggered 34
12"0.c. on 2 2" metal tracks.
2. 1/2” gypsum board screwed to studs.

1. 1 5/8” metal studs, 24"o.c. 37

2. 5/8” gypsum board screwed 12”0.c. at edges and
24"0.c. in field.

1. 1 5/8” metal studs spaced 24"o.c. and staggered 38
12"0.c. on 21/2" metal channels.
2. 5/8” gypsum board screwed to studs.

1 " 1. 2 %" metal studs, 24"o.c. 27
i . 2. 1/2" vinyl-faced gypsum board screwed to studs.

1 2 1. 2 1/2” metal studs, 24"0.c. 37
' 2. 5/8" gypsum board screwed to studs.
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Brief Description STC
1. 2 %" metal studs, 24”0.c. 42
2. 5/8” gypsum board screwed 12”0.c. at edges and
24”0.c. in field.
3. 1 2" thick sound attenuation blanket.
1 2 3 1. 2 ¥2”" metal studs, 24"0.c. 44
e S S S S e 2. ¥2” gypsum board screwed to studs.
A YPPAF TP, s S ” N .
{f: ;f,f.f.f.f.f.f‘f.?,?gf,fgg;.f.f.fq&z 3. 2” thick sound attenuation blanket.
1. 3 5/8"” metal studs, 24”0.c. 27
2. 1/2. gypsum board screwed to studs.
1. 3 5/8” metal studs, 24”0.c. 36
2. 2" gypsum board screwed to studs.
3 5/8” metal studs, 24"0o.c. 44

asra

L
S RO
*4 s

0, IRgeronceceres

wNE

¥2" gypsum board screwed to studs.
2” thick sound attenuation blanket.

A-15




Floors: Wood

Sketch

Brief Description STC
(I1C)
1. 2x8” wooden joists, 16”0.c. NA
2. 7/8” tongue and groove nailed to joints. (32)
3. 3/8” gypsum nailed to joints.
1. 2x8” wooden joists, 16”o.c. NA
2. V2" plywood nailed. (37)
3. 25/32” hardwood flooring.
4. 1/2” gypsum nailed to joists.
5. Ceiling tire.
e i o A e e
123 4 5§ ? 1. 2x8” wooden joists, 16”0.c. 46
T e T S Y 2. 5/8|” té)ngue and groove plywood nailed with 8d (44)
I—l“ff’fflﬂ R o s R i .."J’ T (AT A | nai S ” 0. c-
N } “ 3. 3/8” plywood stapled 3”o.c. at edges and 6”o.c. in
field.
""""‘ "'."""&“‘:ﬂ""“k" 4., .075’_’ sheet vinyl. i
e e s e e | 5. Resilient channels, 24”0.c.
6. 5/8” gypsum board screwed 12”0.c.
7. 3" thick sound attenuation blanket.
1234 & L] 1. 2x8” wooden joists, 16”0.c. 48
2. 5/8"” plywood nailed with 8d nails. (65)
P > 3. %2” nominal wood-fiber board glued to plywood.
4. 44 oz. carpet on 50 oz. pad.
5. Resilient channels, 24”0.c.
6. 5/8” gypsum board screwed 12”0.c
1. 2x8” wooden joists, 16”0.c. 48
. 2. 19/32” tongue and groove plywood nailed with 8d
/f_t'x/‘ffaf_v/f’f///ff/fffff/_ff/fﬂﬁ’// Id’/ naI|S 6”0 C. at edges and 10 0.C. In fleld
3.
a. 44 oz. carpet on 40 oz. hair pad. (a. 69)
"‘ "1}“"""""“"‘1" ‘“ b. .075" sheet vinyl. (b. 45)
et At c. 1/16” sheet vinyl. (c.43)
4. Resilient channels, 24"0.c.
5. 5/8” gypsum board screwed 12”0.c.
6. 3" thick sound attenuation blanket.
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Sketch

Brief Description

STC
(IIC)

1 2 3 4 & G

vﬂ‘fifi‘l xl‘(?‘a FJIIJJ far.r” f’aflal‘ﬂ”” ?‘/””J
’_f/-("f"“a g L T S AT R P A R ol Y|

)

‘f Q,ﬂg

A "4&“

W

2x8” wooden joists, 16”0.c.

1 1/8” tongue and groove plywood nailed 6”o.c. at
edges and 16”o.c. in field.

44 oz. wool carpet on 40 oz. hair pad.

2x4” ceiling joists, 16”0.c. and staggered between
floor joists.

5/8” gypsum board nailed to 2x4" joists.

3” thick sound attenuation blanket.

53
(80)

el AN

W

2x8” wooden joists, 16”0.c. .

1/2” plywood nailed with 8d nails 6”0.c. at edges
and 16”o.c. in field.

25/32” wood strip flooring nailed to sub floor.
2x4” wooden ceiling joists, 16”0.c. and staggered
between floor joists.

5/8"” gypsum board nailed to 2x4” joists.

3" thick sound attenuation blanket.

54
(45)

12 3 4 s

Il ol el

2x10” wooden joists, 16”0.c.

1 11/32” tongue and groove wood-fiber board.
44 oz. wool carpet on 40 oz. hair pad.
Resilient channels, 24”0.c.

5/8"” gypsum screwed 12"0.c

49
(68)

"“Vll <Il\

'.-’_’of:fmfu‘kf«-?i RADEOOOGELERO0NT KHOOGOIN

'nu_u_ogumim Mummmm

Qooooe'ontnrtvct H B AL c_

whe

ouk

2x10” wooden joists, 16”0.c. :
19/32” tongue and groove plywood.

a. Carpet and pad.
b. Vinyl tile.
Resilient channels, 24”0.c.
5/8"” gypsum screwed 12"0.c.
1” thick sound attenuation blanket.

51

(a. 74)
(b.51)
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Sketch Brief Description STC
(11C

2x10” wooden joists, 16"o.c. 50
1 11/32” tongue and groove wood-fiber board. (72)
40 oz. wool carpet on 80 oz. sponge rubber pad.

Resilient channels, 24"0.c.

1/2" gypsum board screwed 12”0

3” thick sound attenuation bIanket.

ok wnNE

2x10” wooden joists, 16”0.c. 43
5/8"” plywood sub floor glued to joists, nailed with (NA)
8d nails 12"0.c.

¥a"” particleboard glued to plywood.

2" parquet wood flooring glued to particleboard.

2" type-X gypsum board screwed 12"o.c.

3" thick sound attenuation blanket.

N =

e h e

L'g’o'o’a"o’t & a%8%

onkw

3 2 34 4b 5 8 7 1. 2x10” wooden joists, 16"o.c. 56
' . - 2. 5/8" tongue and groove pIywood nailed with 8d
nails 6”0.c. along edges and 10”o.c. in field.
3. Two layers of 5/8” gypsum board attached with
screws 12”0.c. to underside of sub floor.

a. 44 oz. carpet on 40 oz. hair pad. (a. 74)
b. 1/16” vinyl asbestos tile. (b.50)
Resilient channels, 24"0.c.
5/8" gypsum board screwed 12"0.c.

g’o!dfé’d""“"{"’“ X

2x10” wooden joists, 16”o.c. 49
5/8" tongue and groove pIywood nailed with 8d
nails 6”o0.c. along edges and 10”o.c. in field.

5
6.
7. 3 2" thick sound attenuation blanket.
1
2

a. 44 oz. carpet on 40 oz. hair pad. (a. 68)
b. 1/16” vinyl asbestos tile. (b.47)
4. 5/8” gypsum board nailed 7"0.c.
: - S 5. Two layers of 5/8"” gypsum board suspended by
wir "long i 4' heavy-duty T grid
QOB et e B e i s
- 6. 3 ¥%»" thick sound attenuation blanket.
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Sketch

Brief Description

STC
(11C)

fd'_f’f.ﬂ‘fl’/ ';1”.- Pl A AL AT K r/.ytzlar

,M- <l|

1.
2.

w

2x8” wooden joists, 16”0.c.

5/8” tongue and groove plywood nailed to joists
with 8d nails 6”0.c. at edges and 10”0.c. in field.

1 5/8” lightweight concrete over 4 mil. polyethylene
film.

44 oz. carpet on 40 oz. hair pad.

5/8” gypsum board nailed to joists.

(66)

flf.-”f/.."” For ,;, J””.I_‘a .’ﬂ o

A s

w.'miw.v.vw:”r.

ST

2x8” wooden joists, 16”0.c.

5/8” tongue and groove plywood nailed to joists
with 8d nails 6”0.c. at edges and 10”0.c. in field.
1 5/8” thick lightweight concrete over 4 mil.
polyethylene film.

a. 44 oz. carpet on 40 oz. ha|r pad.
b. .075” sheet vinyl.

Resilient channels, 24”0.c.

5/8” gypsum board screwed 12”0.c.

3" thick sound attenuation blanket.

53

(a. 74)
(b. 47)

h
J«'J‘aff o

)\\‘l

w

s
Pt‘”.f‘”.fft‘ Ly Ifaﬂ'/

sy

Yo?o’&‘_ﬁ{‘

NOURWNEINOG

2x10” wooden joists. 16”0.c.

5/8" plywood nailed to joists.

3. 1 ¥2” thick lightweight concrete, 13 psf.
Cushioned vinyl.

Resilient channels, 24"0.c.

5/8" gypsum board screwed to channels.
3 2" thick sound attenuation blanket.

NA
(51)

N =

vih W

Plywood web I-beams 12” deep and 24”0.c.

3/4” plywood sub floor nailed with 6d nails 6”0.c. at
edges and 10”o.c. in field.

1 2" thick lightweight concrete, 15 psf.

Resilient channels, 24”0.c.

5/8" gypsum board screwed 12"0.c

57
(NA)
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Sketch Brief Description STC
(1iC)

1 2 3 4 4b 8 s 7 1. Plywood web I-beams 12” deep and 24”o.c. 58
\ \ 2. 3/4” plywood sub floor nailed with 6d nails 6”0.c. at

- edges and 10”0.c. in field.
flff/ff’ A Jf!fﬁ/ffﬁ’

_'g \‘il 3. 1 1/2” thick lightweight concrete, 15 psf.
LXK

}’o’&’o_o’o’_ _ ‘u

a. 44 oz. carpet on 40 oz. hair pad. (a. 77)
b. .07” vinyl tile. (b. 50)
Resilient channels, 24.0.c.
5/8" gypsum board screwed 12”0.c.
3" thick sound attenuation blanket.

2x10” wooden joists, 16"0.c. 51
5/8" plywood glued to joists, nailed with 8d nails (NA)
12”0.c.

¥a" particleboard glued to plywood.

2" fiberboard glued to particleboard.

NN o

nhw

a. 76 oz. carpet on 50 oz. hair pad.
b. 1/2” parquet wood flooring.
Resilient channels, 24”0.c.
2" type-X gypsum board screwed 12”0.c.
3" thick sound attenuation blanket.

2x10” wooden joists, 16”0.c. 56
5/8" plywood sub floor nailed with 8d nails 6"0.c. (NA)
along edges, 10”0.c. in field.

1 1/2” thick lightweight concrete over 15 Ib. asphalt

felt.

Do N o

w

a. 20 oz. carpet on 40 oz. hair pad.
b. 1/16” thick vinyl-asbestos tile.
Resilient channels, 24”0.c.
12" type-X gypsum board screwed 12”0.c.

2x10” wooden joists, 16"0.c. 61
5/8" plywood sub floor nailed with 8d nails 6”0.c. (NA)
along edges, 10”0.c. in field.

1 12" thick lightweight concrete over 15 |b. asphalt

felt.

il S

w

a. 20 oz. carpet on 40 oz. hair pad.

b. 1/16” thick vinyl-asbestos tile.
Resilient channels, 24"0.c.
5/8" type-X gypsum board screwed 12"0.c.
3 %2" thick sound attenuation blanket.

Now
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FLOORS: Concrete

Sketch Brief Description STC
(11C)
4 1. 4” thick concrete slab, 54 psf. 44
o ’*3 — (25)
1 1. 6" thick concrete slab, 75 psf. 55
\\ (34)
1. 6" thick concrete slab. NA
2. 2" wood-fiber board glued to concrete. (81)
3. 44 oz. carpet on 40 oz. hair pad.
1. 6" thick hollow-core concrete panel, 45 psf. 48
2.
a. Carpet and pad. Eg' ggg
b. No floor covering. )
2{* 1. 8" thick hollow-core concrete panel, 57 psf. 50
2
T a. 66 oz. carpet on 50 oz. hair pad. Ez: ;‘8‘3

S e . %

b. No floor covering.
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Sketch

Brief Description STC
(11c
1. 8" thick hollow-core concrete panels, 57 psf. 50
2. 1/4” inorganic felt-supported underlayment board, (51)
.6 psf.
3. 3/32" vinyl-asbestos tile.
1. 3” thick reinforced concrete slab, 35 psf, ceiling 45
bare.
2.
a. Vinyl asbestos, 0.08” thick. (a. 42)
b. Wood parquet 1/2” thick. (b.45)
c. Soft vinyl tile with foam plastic backing. (c. 49)
d. Carpet over soft padding, at least %” thick.  (d- 70)
1. 3” thick reinforced concrete slab, 35 psf. 56
2.
a. Wood parquet 2" thick. (a.51)
b. Soft vinyl tile with foam plastic backing. (b. 55)
c. Carpet over soft padding, at least %" thick. (c. 70)

3. Resilient furring channels on ¥2” fiberglass blanket.

4. V2" gypsum board.
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Brief Description STC
(11C)
1. 5” thick reinforced concrete slab, 55 psf. ceiling 51
bare.
2.
a. Wood parquet ¥2” thick. (a. 46)
b. Soft vinyl tile with foam plastic backing. (b. 50)
c. Carpet over soft padding, at least %" thick.  (c. 70)
1. 5" thick reinforced concrete slab, 55 psf. 56
2.
a. Wood parquet 2" thick. (a. 51)
b. Soft vinyl tile with foam plastic backing (b. 55)
c. Carpet over soft padding, at least %" thick.  (c. 75)
3. Resilient furring channels on 2" fiberglass blankets.
4. %" gypsum board.
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WINDOWS

‘Sketch

Brief Description STC

Front / Cross Section

30x48” aluminum clad casement, two 1/8” panels of 29
glass, 13/16” apart in a wood frame.

30x48"” aluminum clad casement, one 3/32” panel and 31
one 1/8” panel, 13/16” apart in a wood frame.

32x24x24" aluminum double-hung windows (32" wide 29
with 24" high upper sash and a 24" high lower sash),

each sash has one 3/32” panel and one 1/8” panel,

13/16” apart in a wood frame.

6x5' picture window glazed double strength, single 29
panel.
6x5' picture window plus storm sash, glazed double 38

strength single panel, 3 3" separation between panels.
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Sketch

Brief Description

shut.

STC
Front / Cross Section

z - = 3x5' double hung window, 7/16” glazed insulating 26
glass, single panel.
3x5' double hung window, 7/16” glazed insulating 35
glass, single panel plus storm sash, glazed single
strength, single sealed separation between panels:
upper 1 ¥2”, lower 2 13/16".
3x4' awning window, glazed double strength, cranked 24
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Sketch
Front / Cross Section

Brief Description

STC

3x4' jalousie window, glazed %" glass, 4 12" wide
louvers with ¥2” in overlap, cranked tight shut.

20
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DOORS: Exterior

Brief Description STC
Front / Cross Section

’ 3x7" hollow-core wood door, 1 34" thick. 20
3x7"' hollow-core door, 1 3/4” thick, 30% of area 19
glazed with 1/8” glass.
3x7' solid-core wood door, 1 34” thick. 27
3x7' steel-faced door, 1 34" thick, rigid polyurethane 26
core.
3x7' solid-core wood door, 1 34" thick plus an 34

aluminum storm door, glazed single strength.
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Sketch Brief Description STC
Front / Cross Section
’ 3x7' wood French door, 12 lights glazed single 26
strength, mounted in frame, brass weather strip.
6x6' sliding glass doors, 34" insulating glass (2 pieces - 28

1/8"” tempered glass), one door opens, other is
permanent in place.

*All exterior doors are sealed with a weathering strip around the frame. Interior doors do not have a weather strip and are not flush

to the floor to permit the installation of a carpet.
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DOORS: Interior

Sketch Brief Description STC
Front / Cross Section
3x7' solid-core wood door, 1 34" thick, weight 1.5 17
Ib/ft2.
]
3x7' solid-core wood door, 1 34" thick, weight 4.0 20
Ib/ft2.
*
3x7" hollow-core steel door, 1 34" thick, weight 5.0 17
Ib/ft2.
.Z
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Appendix B References



Appendix B
General References

Books:
Acoustical and Thermal Performance of Exterior Residential Walls. Doors and Windows; NBS
Building Science Series 77, U.S. Department of Commerce/National Bureau of Standards, 1975.

Acoustics Noise and Buildings; Parkin, Humphreys and Cowell; Faber and Faber; London; 1979.

Airborne Sound Transmission Loss, Characteristics of Wood Frame Construction; Fred F. Rudder, Jr.; USDA,
Forest Service; General Technical Report FPL-43.

Handbook of Architectural Acoustics and Noise Control; Michael Retting; Tab Book; Blue Ridge Summit, Pa.;
1979.

Quieting: A Practical Guide to Noise Controls; U.S. Department of Commerce/National Bureau of Standards;
NBS Handbook 119; 1976.

Institutions and Organizations:

Amerada Architectural Glass.

DeSco Windows.

Georgia-Pacific.

Industrial Acoustics Company.

National Concrete Masonry Association.

Office of Noise Control; California Department of Health Services.
Overly Manufacturing Company.

Paella Products.

Portland Cement Association.

U.S. Gypsum Company.

Testing Laboratories:

Cedar Knolls Acoustical Laboratories.

Geiger and Hamme.

Kaiser Gypsum.

Kodaras Acoustical.

National Institute of Standards and Technology.
National Research Council of Canada.
Riberbank Acoustical Laboratories.



ERRATA SHEET

The Noise Guidebook
Railway Noise Guidance and Calculation Corrections

February 2009

The following should replace the paragraph entitled “Horns and Whistles” on page 63
(also marked 15) in the Noise Assessment Guidelines, Chapter 5, of The Noise
Guidebook (September 1991).

If the Noise Assessment Location (NAL) is perpendicular to any point on
along a railroad track between the whistle posts for a road crossing, a
factor to account for the noise of warning horns or whistles must be
included in the calculation. There are 2 factors to be used based on the
type of locomotive. If the locomotive is diesel-powered, enter the number
10 in column 11 of Worksheet D. If the locomotive is electric-powered,
enter the number 100 in column 18 of Worksheet D. If the NAL is not
between the whistle posts for a road crossing, enter the number 1 in each
column.

Note: Whichever horn factor is appropriate, it must only be applied once.
If a factor is applied for diesel locomotives in the first section of the
worksheet, it must not be applied to the railcar noise calculation in the
second part. In that instance, enter the number 10 in column 11 and the
number 1 in column 18.

A revised Worksheet D also accompanies this correction. It is easily distinguished from
the original. The new Worksheet D has an additional column in the second section of
page 2 for a total of 27 columns. The original version, with 26 columns, is hereby void.



Railway Noise
Data Sheet

Noise Assessment Guidelines

List All Railways within 3000 feet of the site:

3.

Necessary Information

-

Effective distance:

2. Number of Trains in 24 hours;

a. diesel

b. electrified

3. Fraction of operations occuring at night:

4. Number of diesel locomotives per train:

5. Number of rail cars per train:

a. diesel trains

b. electrified trains

6. Average train speed:

7. s track welded or bolted?

8. Is the site opposite a section of tracks
between whistle stops?

Rallway No. 1

Rallway No. 2

Rallway No. 3

Notes

Measured in feet from
NAL to center of track

10 p.m. - 7a.m.

Include locomotive for
electrified trains



Railway Noise Noise Assessment Guidelines
Computations and Findings

Adjustments for Diesel Locomotives

9 10 1 12 13 14 15 16 17
No. of Average Night- No. of
Locomotives Speed Homns time Trains Adj. No DNL Barrier Partial
2 (Table 9) {Enter 10) (Table 5) {line 2a) of Opns. {Workchart3)  Attn. DNL
Railway No. 1 X X X X = - =
Railway No. 2 X X X X = - =
Railway No. 3 X - X X X = - =
Adjustments for Railway Cars or Rapid Transit Trains and Electric Locomotives
25 26 27
18 19 20 21 22 23 24
Homs on Number Average Bolted Night- No. of Adj. No. DNL Barrier Partial
Electric of cars Speed Rails time Trains of Opns. {(Workchart4) Attn. DNL
Trains only 50 (Table 10) (Enter 4) (Table 5) (Lines 2a
(Enter 100) Welded and 2b)
{Enter 1)
Railway No. 1 X X X X X = - =
Railway No. 2 X X X X X = - =
Railway No. 3 X X X X X = - =

Combined Locomotive and Railway Car DNL (See combining noise levels table for procedures)
Partial DNL Partial DNL Partial DNL

Partial DNL Railway No. 2 Railway No. 3 Total DNL for all Railways
Railway No.1 [ -

Signed Date







