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| CHAPTER 1

\

INTRODUCTION
1.1 General . ’ "o r ’ -
) \ "Someone soon will write his Ph.D '
, ' dissertation on the cost to'society - . " .
" of soundproofing structures to keep
out noises from the street and from .
skies.'" ’

' .

Consideration of cost invariably constitutes a major ]
. " 12 M

factor when implementing any new standard in Building Codes. Construc=~

tion costs are already,lﬁgh‘and are téndiﬁg to escalate rapidly.’ .

L : 4 B

This study attempts to analyze the economic impact of implementing

improved noise control standards into building codes for mullti-family \
dwellings. It seeks to identify the relationships betweén initial .
(3 .

-

. i

housing -costs while implementing improved noise control *standards
, ' . N
and: the Community Noise Equivalent Level; also to syggest strategies\‘
for improving the living environ;nent‘ provided at known, or possibly

reduced, costs through intervention in the structure and content of

' Noise Control Standards. -

The complex question posed is_'What are the cost implié;l—
tions and \disfbenefits associated with an increase in Noise and Noise
Control regulations'? As a way of intro\ducing some of the 1lssues

involved and defining‘the ndture of the problem, it is useful -to :

review previous works which deai with the efféects of noise in housing.

Fy _ o :

1.2 PREVIOUS ATTEMPTS TO EVALUATE NOISE . '

i Tt\lé effects of no?se can be summarized as “follows (1)
, [ ]

(a) Hearing Impairment;




a i e i S i o s R SN —

. i oY .
(b) Sleep Interference;
() n‘iech In_terf'efence; /

. . I
o . / " R / )
‘ (d) Annoyancie; [
. (e) Degrada}.ion of Land use. J i
. / / ‘
’ This seg:fo,h deals primarily with degradation ‘of land

use, and an 1ndépth study of ti\e other topics is outside the scope
- ) .

: of this study; however several general 1ssues wil'1 be revtewed in
€ . .

the next c;hapter in order to provide an overall perspectiv/é.

’ /
! . The dollar cost of -noise in some of its aspects is vague,

o M‘?‘@W’wﬁﬁm S
.
]

although certainly real enough, for example, the loss in/real estate
value' is ‘obvious. /

. . : N /

In cities, noise i3 a chief cause of.rent?‘l turnover

in new apartment buildings.  Frederick P. Rose(l), pre/sident of a

J

New York building management company, says, ''of all the complaints

owners hear, lack 'of soundproofing heads the 1list. 17nd this is borne

‘ |
out by the experience of managing agents frc‘)\m coast to coast'.
v ’ ’ <

(t ¥
] : /
3 ¢ . N /
o

On Manhattan's Sixth Avenue, one apartxfﬂmt building had

! . .
its M) “"Apartment Available' sign out for two years because of the

-

. . subway extension. It reportedly lost $7,00?(@ month i'r: vaeancies

1 C . and unrenewed leases. Restaurants and shops in this noise-inundated
' P4
. 4

neighborhood also suffered sales losses as office workers and residents

§ ) detoured to quieter streets. Even banks reported a decline in off-d

the~street transactions.
3

©

(23

The Canadian Government was so concerned about the
declineoof pr&perty values near rajlroad tracks that it conducted a

; ’
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’ study of Fhe problem. The iesearcﬁ'suégested that land zoned )
"residential" may be developed below its normal value unless it - -

b N\,
N

is 500 to 1000 feet from the right of way. ) e
| I i)

Previous attcempts

’

(2)
\ annoyance have concentrated upon preférences revealed by changes
. . 1
or differenceg in land and property vdalues: that is, they have
. 4 “‘ . o L.
concentrat ﬁygn the private housing sector. ‘The majority of

to place a valuec upon noise

.
I3

oo ', . )
-these analyses were solely empirjcal and interpretation of their

Co . . A
findings ‘is open to spgculqtion(z). Such studié@ attﬁmpted to show

p

/ .
that a differential will exist between the market price of properties

~— -

‘with low-noise environment/s and those with high-noisg environments.
. \ . ~

/ b
The underlying concept of the price differential is
//// that 1if an environmental nuisance such as noise is newly introduced
[ : . to an area then spme of the more sensitive householders, generally

} those who value their properties at or a littlé above their market
>

price, will leave that area. With’a distribution of sensitivéeé
. o P .
people which is random in the initial case, more people will léave

the areas of higher nuisance than areas less affected. Incomers

" B . g

to the area with their assumed perfect perception will correctly

-,

) assess the effect of the noise environmeng on housing utility and

" thus expect to Je compensated by a lower ﬁurchase price: Thus a |

. /

) // house price differential will develop and contind; to develop until
. N |
- N v , - . . f
3 N the differential accurately}reflecta the perceived variation of h
* the nuisance(z). i §

o' \

N
.
. . <
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1.3 THE. HOUSE PRICE DIFFERENTIAL:

In spite of the attention it has received from

-environmental economists, the notion of a house price differential

has little eupport from the traditional theories of residential

P

16cation and arban rents, Moreover, these theorieg suggest why

the house price’ differential ‘might not be.at all readily apparent(z)

The treditional theory of residential location set out '

v

in the early 1960;5 focused upon a trade-off between rents and

transport costs. - Househol%substiﬁute transport costs for rent costs . $

with the rate of substitution governed by the ‘households preference

@)

for high or low density housing The former costs ~ transport

u .
costg - are regarded as a steadily increasimg function’ of distance

from centrally located jobs whilst the latter ~ rents - are considered

v * L

to decrease in a similar manner with distaqee. The reason why rents
decrease with distance is that they are supposed to represent a

payment for the advantage of proximity. The rent gfedient, therefore,
J
(2)

-1s a mirror-image of the transport cost gradiant

Equilibrium conditlons in the traditional theory

13

prescribe that, the combined total of a household's expenditure
i3 , . .

-on housing (rents) and transport will be the same at any location. =

!} . 4
In this context transport costs are seen as the major determinant,
. ’ . . ) hd
of the rent gracient, and thus of any differential between the market

3
'

price of homes.

Recently, encouraged by increasing affluence, environmental

’ quality is gaining added significance in householder's preference

functions,(invironmental considerations have received more attention

S e AR e s AT T LRTC Y BRI

oy B *
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-An general models of residential ldcation (l). .

§

? ~t

; Generally,'housing preferences are considered a functiom

;" - o

e of ;iée of hoﬁse/plbc ndquiremehts'and envir;nmental tastes; and
preferénceé are maximised within an ability to pay constraint. Trans-
port costs are relevant only in go-far as they hgye a bearing on
the agiliiy to'ﬁay; in this recent theory travel costs are alsecondary

determinant. The implication of these 'elements of a new model® is

‘

that they prescribe a land value/residential rent surface which is

conditioned and moulded bj eﬁvironmeptai quality. According to neggnt

: theory, it could be concluded that good environments are moving

. upwards in the list of social priorities.

hd 4

“ Apart from such obvious implications there is also a.n

- more subtle point at dissue. (entres of employment (factories,

offices, shopping centres) which condition the aécessibility surféce
6 .
§ (3)

are often, in addition, sources of major poliution . For example,
° , in the case of atmospheric pollution, the National Survey of Air

Pollution (Warren Springs Laboratory,'U.$h§ 1972) found that broadly

speaking there was a marked tendency for pollution to vary direﬁtly
* LS . ‘ '

N with distance from city centres and inversely with density. One

might expect a similar relationship to apply in the case.of noise
pollution because of the systematic variation %nvttaffic densities

with distance from the centre or.citiea{ Lonsequently, the picture
/

N that emerées is one where the difkgﬁgfité of pollution tend to be

< highly and posit{vely'correlqpeé with the benefits of increased 4
[ 1

accessibility to jobs, with the one factor partially or completely
' ’ A

éffsetting the other in their respective effect on the structuring

4
of rent fixation. v




7

To take a specific example and one particularly pertinent

to this study, at London (Heathrow) Aitport, the work—-forée had
‘ (4)

reached 40,000 by 1967 . Indirect employment in associated activities

2 (5)

was much smaller - between 3,500 and 5, 000 in 1968 Between 73

percent and 83 percent of these employees lived within \\10 miles

of the Heathrow site, with women, the young' and thg old,\{:he lower

~S

paid, the more menial workers all-commuting shorter distanees. As

~

a consequence in areas adjacent to Heathrow, at least 10 percent

)

of Nsident working men and 5 percent of the resident working
(5)

women were airport en{ployees . Conclude from such figures that
. , *
the impact on the immediate housing market must have been, and

presumably still is, significant, with the degree of this significance

.

declining with both distance from the airport“ site, and generally

v

speaking, with the level of noise wpbollution alsé.

1.4 NOISE PROBLEM IN URBAN HOMES AND MULTI-FAMILY

DWELLINGS AND CODE INTERVENTION:'

- Reviewing the various attempts to evaluate g'he‘effects
of noise it is evident that we live in an increasingly noisy world
and that positive steps must be \taken to deal with this problem.

The control of noise in single and multi-family structures has »}')e-l

” (6).

come more of a problem in recent years due to :
. )

The use of lighter comnstruction materials
The use of modular p'artitions which allow quick, easy assembly.

Ther increasing use of glass and open atmospheric concepts in A

2

design.

e




Tt}e use of mechanized appliances which have become almost

standard necessities in the competitive home and apartment -

market, i.e., dishwashers, clotheswashers and dryers, garbage

o3

dispp.sals etc.
5. The increasing popularity of mult%-:family apartments and
townhouses which create high population densities.
6. Lack of attént’ion t;) detail ilx thg various stiges of;construction
and installation of\ éomponents.
7.~ Inadequate floor plan arrangetr;ent and ‘acoustical treatment of
known inside noise sources; i.e., bathrooms, kitchens, utility
roor:xs, entrance halls and staircases. 1
8. Improper building orientation in relation to outside noise -
sources (highways, fl}ight paths) and in\effective use of natural \

noise barriers (grad

F) ; 3 Y

9. Increased ambient sound-level due™"to increasing ground and air
S . .

traffic. '

vV
'3
4

The control of noise through building codes has received
1 ) .
attention from both municipal and federal agencies. The Federal

] (6)

Housing Administration (U.S«.A,.) has tade comprehensive studies

of the noise problem incurred in multi-family dwellings from both
inside sources, and outside sources such as.aircraft. Among the many

Noise Insulation Standards tha® have gone into effect in the U.S.A.

(7)

California's Noise Insulation Standards are the most comprehensive

'to date. However, cost consequences seem to be the stumbling block

in implementing these standards.
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Control Legislat

As a way of introducing some cbmmonly held points

o

respect to:

ions the diagram shown in Figure 1, places into

E of view concérhing the relationship between housing costs and Noise

-8
#”
t,

"

'ﬁerspective the‘vieapoints and convéys an id?a of the actual exten-
. . / . N
siveness of cost issues. associated with Noise Control Regulations. The

- figure briefly summarizes some of the key areas of interest with

1) The administration, application and enforcement

of Noise Control Regulations.

2) TW®tectidical contents of Noise Control Regulations.

Due to the general nature of the chart only major issues

»

are emphasized.

. \\\

Rl 1 ' -~

N N et r———_—

!

<

o, bt e



A3tudogLun

i

ybnouayz sburaes 3502 jo jerjuajod ayjp

*$1S02 jusawadeidad J0/pue IdueBUD}
-upew ybry up Burjnsssd “uoLIONAFSUOD
J00d Ul S3[NSed U940 AJLWUOJWODUON

~NSUL 3SLOU PIJUBLAO [BLUdTRY

u& SUOLS LAY

.mmucmzcmmcou*
3500 ybLy saA[oAut 3] °*suol3dLpsianl
papuajul ul SPJRpPURIS [0J4IUOI BSLOU *3uauas4Lp Kijued
. {BABABS UL SuUdWSALNBAL [ |B 339w 03 -tJ1ubis uajjo auae suoildip-| °
paubLsap 438A0, 3q 3shw s|aued ‘bBuisnoy -stuanl juaoelpe uL Spuaepuels |~
POZL[RLAISNPUL 4O 4O PaINPOLd BILS-449 & [e207 °SISLX3 S3UIIUOD |BILu \
JO uOL3RZL|L3IN BY3} 03 9|2E3SQO UR S| N J-yse3 BuLhueA BurAey spaepuels
SpJdepuRlS Ul AJLumojiun jo 3oep ayl 40 uoL3BUdLL|04d BPLM VY
T *S$1S0D S9seadoul AlJes|d *saLiLdoyine
s3oueApe qupmoﬁocsump Mau m=F~rPPu= j0 Led0| Aq pajepdn pue pasiAdu { A
{eLjusjod pasnpad juepusjle ayz pue |\ | A|Jeinbad a4e spaepuels uotle Aﬂ‘
SpJepue3}s 40 82u8s3105q0 |enpeab a8yl ~lNsuL 3SLOU M34 >Fm>~umpwm
. . *$931390ud
) 40 muuzvoLa M3U 03 JURISLSAU
) ALybLy Bugaq y3im pabuaeyd
*paonpad sL uorieAaouur (eorbojouysra] . u33}o ade spJdepuels uoLge xmn
)

mwuppumua g mposzmxa
M3U 30 |eAOJddy

“Wao4Lun
sAeM|e 30U Sl 3FUBWAOA0IUD 3PO)

"butpiing pazi

-Leta3snput 4oj A(Je(noLiaed €{eIL3L4D
S1 pa3oadsul ade sjuawai®@ buipiing
UBYM PUR BJ3YM "Snowuous ade burjuad]
BuiAejap jo saduanbasuod 3sod a8yj

-

‘dnPLay ued
Buipling juswisede Buijuay
"MO|S pue paqi4osaud A|400d
1930 B4R S8J4NP82T4d uoLjdedsu]

JUBWIDL04 U3

uot3dadsuj

"pIonpaJd SL uoLjeAouul

{eoLboouyda3 ybnouylz sburaes S3s02 40
{eitjuajod ayy snyl ‘uoLjeAouul 4o/pue
abupyd 07 3dueR}S|S8J PaseaLdUL SL.ddayl
‘AlLderwis  *23@ ‘uorjejauduadijut jo
wa|qodd 3y3 03 S3INQLUIUOD YO°| SLYL

‘uorjearjLienb uo

futuireay dyoe[ ualjo. sa03dadsut
pue s[eLIL440 burpiLng 1207

Ed

- . _ S3ON3INOISNOI L1SOJ

O T R A o an T e

W37804d

L2UUOSUd4

%

Y34y 30SSI

.

spaepuels

pue §3p0d j0
JusawadJ404ua pue
SAL]RJISLULWPY

e

PGSR R
"

) .

o Y

RV el i TN e




B ~
) w

b 3 Pk, AP 8 0 g i
1

o Pt

: - : £
.t S ‘ . ;
d ’ (8) SPJBpUR]S [043UO) BSLON YILM PaleBLIOSS® anssi 3s0) | aJnbtd - ’ . {
- . ~ ‘. . * b
‘ ) - - o - .
e |
*SNoW.oUd ; ;
4 ' 34® S3S0D |BLI0S 3y} (saedf udl f *aALsudydudwod - - ) )
: . 3%X3u 8yl 403 TIND U3 bursasadoy 40 93enbape A|jualdtiiyns _SUOLSLAQUd :
. . :ajduwexa 404 ."-juedijiubis aq Aew 9q j0u Aew euawouayd uleluad ajenbapeug i
: yoP| StU3 40 $3S02 wual buoyl a8yl 10J43U0D 0} PIpu3lul SUOLSLAQJU R o
. . - i } i _ i
3 ‘plLieA 38q Aew suoLsiAO.4d -
Ir . 3yl 30 saAL3}d3fqo 40 s|eob ayz )
*§3500 «3ybLy satjdut ybnoyy udAs ‘SALssSaox® aq Aew | - Kouabutals
° >._._m=m= ouueuaogaad uaaybLy aduts suotstaouad drgtoads uL pay|dit mun 3ALSS3IX3 .
€53500 |euoL3Lppe 93RJ4BU3b 3sAY] 40 Pa31PR1S S|BA3| SOUBUMOIUL3d . - SpappueRls
: pue sapod
. . . - o~~~ P2piAOJd Bq []lM ._Illll.T 30 sjuldjuod -
- JUSTUOALAUS DBuLAL| Juadsp e |, . SUOLSL1ACU{ LedLuyosasl .
"*SpIsuU sSuasn 404 @3etadoudde jou st 1RY3 BANSUI 03 JUSLILIJNSUL 40 T 30 J33dovdRyl| *
uvv;oun Buisnoy st ubiy aiinb aq 3jenbapeul U3340 BAR SUOLSLAOU{ . :
. Aew $3S05 | RED0S .muﬁmiwuomgm;uﬂ o 0 . i
mc*mao; AJ4eSSaosau Jo 31dadu0d s3s513 *sdnoub 3updnad0 O sjuem . i - .
auoswos 404 Aed 3snw sdnouab -a-L| fuo/pue spasu ay3z pue suoLsiaoud ‘ . !
€S4N300 ydjewstw USYM wniwsJdd S3S0D paepuels UL p3ugrelu0d SL JeyM ’ ' )
Y Aed gsnw*Ajgqerdeaul sdnoub Jsunsuo) UaaM39(g- SUND20 ud340 yojeustw y . .
_ - T ] [B43U3Y
. ’ -323l0ud spdepuels
*BuLp|tNg paXijeLa3snput jo w_.mfm e 03 a|gedLidde uajjo pue apod jo
uoLjezL|L3n’ag] o3 a|oelsqo Jayjoue ﬁ ENY:] mm.pukmmm/p:m._wt% L BUBABS A3L1ediotuny 4!. uWIIA0JUD pue
St suotje{nbad jo A3LoLidiyinu styl Aq pajebnuwoud suorile{nbay - SALIRAS LU LWPY
SIININDIASNOD LSO ° W31804d . VYV 3NSSI




.mﬁpﬁ$ﬂvwmwﬂ@“ﬂ#’”*”%”“ﬂ
s
N

[

CHAPTER 2

EFFECTS OF NOISE

4

2.1 EFFECTS OF NOISE AND COMMUNITY REACTION '

Rt i~
L
<

"The next few years will see significant
& 7 and revplutionary changes upon our planet
as we struggle to cope with the twentieth

. century's most pressing problems - echnol~-
p ogy, pollution, alienation, arug addigtion,
education." '

-Stephen Truch in official publication
. o of The "Alberta Teachers' Association
\ : . (May=June 1972)

,
i

~

‘ It seems we ‘cannot escape the unwanted sound that,

T BAE 2 TR R a2t
G
i

,\ ~ we call noise-within. A disturbancé to our environment polluting

so rapidly as t%.become one of the major threats to the quality of

| our lives, The problem knows no political or social ffontiers.
It affects the socialist countries as much as the United States,
Western Europe and Japan, being one of the prices paild for modern

\ industrial development. Great difficulties both of a social and a

technological nature must be overcome if noise is to be controlled,

—_

and 1if we are thas to restore

[y

; very technical successes and economic progress are, ironically,

(tb our lives the quality that our

threatening. .
\ e
Al

. . Unfortunately, there is no hope that noise will vanish

\ .
by a ckchnical breakthrough, if only because there is no such thing
; ‘

as a ngSfelgsé machine. Of the energy put in to run a machine, some

\

must comé\out as noise, even if 1t is a very small fraction. An

automobile . may have an energy input of 100KW. Of that, only one part

(9). A pneumatie drill may

in a million, or 0.1W comes out as noise

v

. \ )
have an inpué\of 3KW of which 1 part in 300 or 1W, comes

!

ot

-
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' ’ ’ g . :
(9). Noise control, furthermore, is technically very
e _

difficult and very'expeng}ve, because it rgquires large reductions

out ds noise

a 13 N .
in the acoustic energy emitted by the nolse source. For instance,

N

to reduce noise by 3 db 50 percent of fhe acoustic energy must

L3

bg removed; to ‘reduce it by 30 db, the energy must be reduced by

99.9 percent(g).

»

The situation is , in a sense, getting worse, this is

so for two reasons. First, machines.are more powerful now' than they
used" to be; for instance, 4 commercial jet Iiner has a noise power ,

of the order of 10K3(9), versus a power of the order of 0.1KW for

v

‘a commercial propeller line/ Secondly, we are moving in the direction

-

4
¥
of modes of 1living and transportation which inevitably generate =

more noise.
A

- A<

The effect of multiple causés of noise can, unfoftuhately,
be cumulative. Noise exposure at work adds to exposure while
commuting, to exposqfe at home, and to exposure 4uring eisure
activities. Slowly, insensibly, we seem to accéptinoile - and the~

physiological and psychological deterioration:that accOmpanies it -

ag an inevitable part of our lives.

The above deleterious effects of noiseé on man may
" (10) .

N -

" be grouped in three categories

(1) Effects that are clear, quantifiable and
- measurable. For examble, hearing loss and
cochlea injury following prblbnged exposu;e
to intense noise, or reductionuof speech

intelligibility in the presence of noise.
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(2) Effects that are 1gss'easiiy quaptifiahle'

becau;e of verbal aﬁbiguity or sitwational
. and attitudinal components. Fof examfle,

noieine;s, annoyance and~community response.

(3) Effects that are now suspected of occurring

or éhggeéted by ‘preliminary observations.

For_exaﬁﬁiei‘ggcrease in performance, sygte;e;c

patho-physiological changes, and sleep 1nter;

. - / - ‘e
ference.

Hearing Loss - | -7 #
, The most significant‘health problem caused by noise is
hearing loss. Exposure to ;udible sound of sufficieng intensity °*
for long enough periods of time canjproduce physiolégicai chanées
in the\auditory system. Some of the impairﬁent; are temporafy and
digappear with time in a quiet environment. A regular schedule of ’
exposure to sounds of suféicient intensity, however, can produce
permanent ioss of actdﬁl auditory receptors, To what extent noise
induced hearing loss and attendant cochlea lesions are reversible is
not known at present, However, hearing loés or éeafnesé is a crippling
loss of one of the most important sensES. Deafness &an be verf slight
or complete. There are different legal and medical definitions of

]
deafness. The widely accepted definitions are if the person's threshold
hea'ring ,level is 25 dB averaged at 500, 1000 and 2000 Hz, thed it is ‘

v -

known as impaired heéring; i1f the person's threshold hearing level

(11) -

is 92 dB averaged at the same frequencies then it is total deafness .
- - '

(See Figure 2)
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Someqne who is hard-of-hearing may hgve a\'hearing level
anywhere between these two threshold extremes of 25 and 92 db.
The average threshold of a non—impaired pg}son is O db. In addition,

- + . -
the U.S. Environmental Protection Agency (EPA) (12) specifieg the
L) Ve A
damage effects of noise on hearing in terms of the hearing.measured

+

at 4000 HZ. - .

a

.

s
'

The EPA ratienale is that the abilify to hear at 4000

v

HZ is important to speech communications as well as ther éuditoty:

s

§

functiohs and the sensitivity of the ear to damage 1is greater at

A000 HZ than it is at thé‘ lower test frequencies. The subject EPA

report also took the position t:hat(lz):

P

A

(d) the maximum amount of damage to hearing from daily exposure

to noise could typically be expected to occur at the age of

65, or after approximately 45 years of daily exposure; and

)

(b)}{ the people in t}i 90th percentile reprekent the population
eptible to noise induced hearing loss.

of ears most su

+
+

. The noise induced hearing loss not only causes a lower-
ing in the level at which sound is heard, but in many cases causes
«a loss in hearing quality so that consonants cannot be dis‘ginguished

B

and wdrds are confused. In addition, some deaf people\also suffer

* from tinnitus or a ringing in the ears'whicy 1s disturbing and

competés with other sound.
i

'
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Hearing Loss Caused by Intense Noise

4
A

R
IE\veiz‘intense noise levels of the order of 135db or
* &R ’

above at any frequency jn the hearing range are experiencéd, immediate

hearing damage 1s likely to result, However, permanent hearing

. , ‘
‘damage 1s also produced at much lower®sound pressure levels if the

- . ’ «
noilse is experienced over much 1onge} periods (weeks, months oriyears).
. ES '
As these are various stages of hearing loss, and a
small variation from mormal hearing, say 2 db, is uniikely to be

-

noise-induced, we must adopt some rule to defi?e what we shall call

the heering loss caused by noise., According to the American Academy

Y.
(13) definitipn of hearing

of Opthalmology and Otolarynygology (AAOO)
loss, namely one for %hich the average of the losses at the frequencies
500, Y'1000 and 2000 HZ is at 1east 25°db, with respect to the ISO zero.

This hearing loss also ieﬂthe minimum compensable hearing loss in many "

<

sgatesin the United States.
) 4

$ . -
A surprisingly large number of people in the United States,

ﬁave noise-induced hearing loss, thus‘'defined. Glerig (14) estimates’
- the number to be 4.5 milliou. Although 4.5 millien‘is~only about one-
‘ fortieth of the U.S, population the number is large. Furthermore,

on account of .the manner in which noise- iuduced loss progresses,

there will almost always be considerable hegring 1oss at frequencies
above 2000 HZ before the average loss at 500, 1000 and 2000 HZ reaches
15 db, This implies that 1if the met hod used to evaluate hearing is

dependent upon these higher frequencies, many more people have hearing .

loss than if the lower frequencies only are used in assessing the loss.

-
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The Burns and Robinson' Study and the 1974 EPA Report .

. - Two revent studies .are a 1andmaf§(1n ouf abffity
: o

to assess risk of hearing damage. The first is a étudy by Burns and ~ b
(15) ' ‘ '

Robinson (1972) . The details of the study are p¥haps fess ® AN

~ o ‘ 3
important than “two major conclusions:
Lo i -
<

gtIt is no longer necessary to have detailed information

a

. * - N i
about the spectrum of the noise to which peoplé are exposed. Most S
fortunately it turns dut that for a wide range of industrial spectra .,

the simple A-scale qeighting is sufficient., .
L) » , \

[

® Integrating the A~scale soumd-pressure® ! &/

level over the time of exposuré (e&en for exposure levels varying during
the;day and for 1mpdlsive noises) results in a quantity, the emmf%sion,
that correlates expremely well with the hearing damage observéd in a

* large ﬁumber of workers. Of course, the damage cannot beiuniquely predicted.
It is only known statistically; thus, an emmissiog o£ 121 will produce

at 4000 HZ a loss of at least 40 db in 50 percent of the people exposed.

\

Such a loss would, for example, be found 'in a lumberjack working for five

years without ear protection and exposed to 120 abA\Yrom chain saws for

2 hours a day., Further, the odds of loss at 4000 HZ are as follows:

\ ‘4."

1 in 4 at least 48 db

1 in 10 at least 57 db

1-in 50 at least 67 db

e, The fact that -such tables can now be constructed makes it

1

"possible in principle for the first time to suggest to someone éontemplating .

work in a noisy job: "If you do this job, after X years the odds are

-

. .-
‘ N r\
v P ] te “ N .
. . R s . . N
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such and such that things will sound like this to you". Thus he can |

5

make a nearly fully informed decision instead of having to rely

on experys, ' i
"

A further important outcome of the Burns and Robinson
study is {that it makes labelling of the noise-producing devices possible

in such terms as "This device produées a sound-pressure level of X dbA

.

at the user's ear. This will cause hearing damage of (such and such

- o

severity) in ercent of users, after Z years' use. Wear ear protection",
y pert : y ,

4 [N ]
\/A\
-

< . In 1974 a second important study by the EPAFlZ) _

suggesE% that an equivalent noise level\lEQ of no o . .
more than 70dbA over a 24-hour day will protect virtually the entiré
population. This figure is an average d;ily energy level., Thus, the | "
energy contained in dn 8 hour (avtypical work shift) e;posupe to 75 dbA'

i; equivalent to thag contained in éi24‘hou£ exposure to 70 dbA. This

. i -,
assumes that the average level in the rest of the day contributes a K

X

negligible amount of energy (it should be 1essq£han approximately 60 dbA).

Hence, the amount of sound eneréy to which the worker is

-~

exposed 1in the commuhity - 1in traffic, at home and at play ~ must be

considered in establishing the ﬁermissible sound level at work. Conversely,

' the latter must be taken into accqunf in designing environmental noise

gﬁidelines for the community.

[y
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2,2 EFFECT .OF NOISE ON SLEEP
\]

’ r ‘ ¢

Noise can both ‘awaken' people and keep them from going
to sleeé. ,Airplane noise caﬁ be much greater a disturbance to sleep

- than otheﬁ noises, The data shown in Table 1 indicates that near a

(16)

.majqr alrport - London (Heaéhrow) ~ the number of people

v

awakened by airplanes is about 50 percent greater than the number
awakened by other noises (but the number kept from going to sleep is

.essentially the same). If one takes the London Airport as representative,

as many as 40 percent of the people l1fiving near major airports may be
. s f o

{
.

awakened by ngise.

.

For areas much nearer the airport,

~

the noise level is above 103 PN db, the total percentages are approx-

imately twice as large as other noises. Three percent of the people
in a 20-mile  diameter around London (Heathrow) Airport live within this
P 7 - -
"' band ofdnoisé, and are often kept from going to. sleep by airplanes. This

is clearly an jimportant.factor in their lives. By the definition
o ‘ .
of the World Health Organization, health is a state of complete physical,
. , “ ; , '
mental and social well-being, not merely an absence of disease'and

infirmity, and loss gf sleep i8 a cause of damage to health. 1In

fact, in London (Heathrow) Airport study, about one-fourth of the people

kebt from going to sleep thought their health was being affected.(l7)

Alrport and airplanernoise is not the only or even the
most Important source of disturbance to sleep. Automobile traffic noise

is particularly significant because of its ubiquitousnes. A study by
(18)

Thiessen and Olson investigating the effect of truck noise shows

g~

-,

i
o
3
2
1
A
i
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that sleeping subjects exposed to a 6~hour tape of a passing truck,

~

with noise in the 40-70 dbA range - a comparatively modest intensity -
were usually awaKened by a 70-dbA noise.. A 50 dbA nd‘se altered the

level of sleep:in about half of the subjects, as recorded on an electro-
N

encephlogram, whereas between 40 to 50 dbA, the chance of awakening
. % - '

the subjects, or altering their sleep pattern was between 10 and 20

percent, These levels of noise at which sleep was affected are
considerably lower than previously suspected., In addition they
noticed that certain subjects are awakened by a noise of a truck

"at 40 dbA, where as others are not awakened by a noise of 70 dbA

9
(although changes in the state of sleep, or modifications of- the
EEG may- be gbserved). Beyond 40 dbA there are 10 chances out of

100 that sleep will be disturbed. .(See Figure 3)./

(17), (18), (19)

According to present information it

appears that .a sound level inside a house, lower‘than 60 dbA for air-
' .
plane noisg and lower than 40 dbA for road traffic noise, does not

disturb the sleep of the majority of the population. These are very

approximate figures, in particular for‘airplane noise, where one i

< must consider the number of flyovers and their distribution in the

S

course of the night. Generally, in addition to the type of noise
and its intensity, the chromology of noise inthe course of the night,

the alternation of different intensities, and the relation bet&een

foreground and background noises also play a ‘considerable role. This

(19)

has been clearly proven by the experiments of Schieber on the

A

noige of thomobile traffic and aircraft, Reduced automobile traffic
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was found, in some cases, to disturb Lzleep more than intense traffdc

with equivalent foreground and background noise. This leads.to the
conclusion that habit to noise is perhaps easier to achieve when noises

"are regular and frequent than when they are rareand irregular.

¢

Another experiment of Van Merihelghe (20) proves that

\

9é1eep can be interfered by noises of 30 to 35 dbA and that noises
in excess of 65 dbA are able to provoke the awakening of most people.
“If the noise is h_armonious (such as a Chopin No. 15) even though it

‘1s 35 dbA since it is soft and harmonious it won't distrub sleep,

-

but dripping of a tap of the same Intensity will interfere with

sleep. Here the quality of the noise is the essential factor when

it 1s below 35 db, N

Accprding to Van Merihelghe (20), between 30 to 60 dbA

“of noise exposure will not awaken one, but their .physical energy and

mental power during the day will be reduced; in other words, recuperatior;

power is reduced.

-y

Habituation to Noises Perceived During Sleep:

From the literatures about habituation to, noises it

r

could be said:

one becomes more easily accusomted  to noises

of weak intensity than to those of strong

mtensity(zz); /

one becomes more easily accustomed to sounds
e .
,0f low frequency than to sounds of high fre- -

(23)

quency ;

\
)

it
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‘ . .

habitdation is facilitated if .nocturnal noises
L\
are similar to day noises that one has learned

to, r'écognizé and for which a veritable "neuronic
) ' P
model" has been formed.

- .

. The habituation, however, is®&trongly "affected" by

personal factors such as one's attitude toward a particular noise

’

and one's anxiety concerning the possible effects of -that noise on
. » '

heatlh. Certain persons will suffer more from a disturbance of sleep

by a certain noise simply because thay have attached a particular
14 .

significance to that noise.

@

Overview:
- % ! . 1 N
Several major conclusions can be drawn from the con-

siderations presented in the various literature (17,18,19,20,21,22)

1
concerning the effects of noise ork sleep:

1. The extreme heterdgeneity of the methods for defining
and measuring distur‘bance, gnd of the stin}uli utilized, as well as
t;he great variat;ilit:y of individual reactions to noise, make an ob-
jective definition of a 1imit of nocturnal noise impossible., This
imglgp\sibility is accentuatedby the gaps in our knowledge concerning
the effects of a prolonged disturbance to sleep. +
2. Irfegular noise and noise which emerge's from' ‘the'

background are particularly distrubi:ng to sleep. Indeed the EPA

(1974) #onsiders anly impulse noise that exceeds the background noise

by more than about 10 db A as being potentially sleep distrubing.




N

3. Noise not leading to behavioural awakening can,
however, produce physiological modifications, whfch in certain cases
(such as changes in the stages of sleep) can damage the quality of

sleep.

¢
L4
g o7 “ 4, Noise roc:currlng toward the end of the night, as

well as in the course of dream phases and light sleeping phases, is

I
g 3... particularly disturbing. Thus, regulatory-measures concerning, for *
| 2 example, the circulation of certain wvehicles at night, are bound":o
i ? l;e ineffective because the dream‘periods and the periods of’ light ( o~
t ‘ sleép occur several times a night, at unforeseeabl}e moments; in -
. \ ; . ,

; ' order to protect these‘f&ragile states of sleep it would be necessary

i . * .

to totally suppress the circulation of nolsy vehicles during the )

: nighte ; .

) .

é} . 5. Agel people, women beyond the menopause, si?k ?eople,

% peop1.e afflicted with psychic disturbances, as well as chilgrm be-

i; g ’ tween 4 and 6 years old, constitute a portion of the population who

% are very sensitive to noise or who could be easily disturbed during

S‘ T ‘ * _their sleep by excessive noises, This particularly sensitive g‘roup

% represents more than one-third of the total population. Thus anti-

noise measures should take into consideration the reactions of this

important portion of the population, and not only those of "adult

males in good health".
\

- 6. Laboratory studies have the advantage of permitting

|

! a controlled and broader study of diverse technical and physiological

variables. On the other hand, they place the subjects ig an un—
t

- ' familiar environment, reconstitute specific noises which are less

realistic than those perceived in a dwelling, and do not permit a

PR IsepRetE RS
. . b
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. study of long-term effects of a prolonged and repeated disturbance .

=N

e o
€
i
,
‘
\

3

] S .

i to sleep. In any case, laboratory studies, in .order to be complete,
| . ) .

i should include psychometric tests and thorough interviews, in order
¢ N \j
t “ : to reveal ‘the subjective effects of a disturbance of sleep (effects

which, as we have seen, can scarcely be over-emphasized).
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. B); Aircraft By Other . :
Noise - Noisg
)S Kept from going lo sleep: "
Very often 5% 6%
Fairly often ] 3 .-
Occasionally n_ 9 -
Total 2% 20%
Awikened: .
Very often 5% <" 5%
Fairly often .8 5 '
Occasionally F20 16
Total 40% 11%
Rest or reliaxadion disturbed: N
Very often LLA &,
Puirly often ? O
Occasionaily “ 1 12 .
( ‘Total % % -
S
Table 1: Percentage of people disturbed by aircraft noise and
. by other sources of noise around London Heathrow Airport
(Adapted from McKennell, 1963)
! \
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Figure 3: Changes in stages of sleep in relation to noise intensity

at the time of the passing of a truck (Canada). Source:
Thiessen and Olson, J. Sound and Vibration, 1964, 2(2).
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2.3 PHYSIOLOGICAL AND PSYCHOLOGICAL EFFECTS OF NOISE

£ v

. "For the Christian, silence 1s a prerequisite -
S of the spiritual disposition, for in silence he
. is able to perceive the voice of God. Alreadv
- . in the 0ld Testament was this connection evident.
Often in,the New Testament one reads of how Jesus
went out into the wilderness.

...1f He, the Son of God, felt a need for silence,

He, who ...ynever fell under the influence of His

surroundings, hew much more do we need that

stillness in order to come before God in silence!
__-Uncounted numbers of men can no longer find this

inner quiet amid the daily ever-present noise, and
(I ' they. thereby lack the natural basis for the

¥
g

26.

’

4 N deeper delving or believing to take place ...."
: "'"“U J ~-Gegen den Lorm (the magazine
¥ EEN ' . ' of thé Swiss Noise Abatment
ﬁ o League)
¥ .
H The psychology of noise strategy is also evidenced .in
P .
i /‘ d
E' the Bible in the story of the siege of ther city of Jericho where Joshua
g ‘marched around the cit%even times with his troops accompanied with
2 the sound of trumpets and cries; and the city’ fell for the noise and
was captured ‘by "Joshua. -
Even insomni‘a\ was known as a disease in ancient Rome caused
4 . by the noise of the hammers of the blacksmith, the wheels of the '

chariots, the cries of the vendors and the public.

According to the experiments carried g%ut by Van Meirhaeghe

" 1) When one is exposed to-noise at the frequency o

6000 KZ for longtime regularly a progressive diminishing of acut

]

of hearing occurs,

case the noise may not cause direct damage to the ear but create

physiological problenms.

(20) .

f 3000 to

eness

2) If noise is in between 65 dbA to 80 dbA in which

Mg

P
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3) If the noise i1s in between 30 to 65 dbA the
manifestation of problems is usu:;illy physiological plain by neurosis
and Hritahility it causes; also it may cause secondary psychological

effects.

The population of large cities are exposed to the noise
of the second and third category‘a‘bove described. Noise in the first
category is dangerods to t@t and 1s very rare in urban environment

and if at all found it is a.very short durationm.

1

Other Physiological Effects:

/

Almost everyone has observed that sudden and ut{expected

T

n

noise produces marked changes in the body, such as increased blood

. Pressure, increased heart rate and muscular contractions. .

i

Results of measurements of cardiovascular funcgion in two
, . (23)
groups of workers before, after and at work are reported by Shatalov .

The groups were textile workers exposed to 85 — 95dbA and ballbearing-

plant workers exposed to 114 - 120 dbA. The most significant change

was a decrease in thd -maxirum.blood pressure during work, which was
more apparent in the nolsy situation. A larger fraction of the workers

in the ballbedring plant showed lower héart rates, Noise, even at )
relatively lower levels, usually tends to constrict the peripheral

blood vessel, in fingers, toes and abdominal organs, and to dilate

those in the retina and the brain, possibly leading to headaches. Conne11(24)

cites the cagse of woodsmen in Sweden working with extremely noisy motor

saws. After they go home "their fingers first turn bluex then white.

This is the symptom of vasaspostic disease caused when small vessels

! . *
in the hand constrict so as to cut-off the blood supply"”, the U.S.
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Environmental Protection Agency suggests that there is some evidence J

of higher incidence of cardiovascular disease (as well as equilibrium

-

disorders and ear-nose-and throat\disorders) among workers exposed

to high levels of noiée(zs).
, - 2] ‘ » .
Hormonal Effects: )
\ . .
Y . - \/

The work of Levi(26) showed that significant changes have
been gbserved in the urinary excretion of adrenalin and nonadrenalin
of subjects for a short time to noise in a simulated industrial situation

E

N 2
and to other stimuli. Fof some individuals the changes bordered on
the pathological; it has been.suggested that these people are likely to

get excited at the least provocation.

In rats, exposure to high-frequency sounds of ~20,000’HZ
' (27)

has been reported to radically incressed adrenalin excretion
Exposure to low-freguency sounds of 150 HZ released oxytocin, a
hormone that stimulates the uterus during labor; noise-induced changes

'in oxytocin level may adversely affect the fetus and the birth process.

= 1

Effects of High Noise Levels on the Brain;

There appears to be some measurable effects on the brain

* potentials of noise-exposed workers, but the long-term effects are

not clear.

!

]

Ghanges in the EEG's of the subjects exposed to noise

having an SPL of 100dbA with the addition of a tome 3000 - 5000 HZ for

2 - 3 minutes have also been reported(23).

Bell(27) mentions that in neurological studies of Italian

.

weavers theilr reflexes were found to by hyperactive; in some cases

- ) h g d, L R

)
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EEG's showed a diffuse desynchronization similar to that océurring
. ¥

in the péycﬁéneurosis of personality disturbances.

) .
Psychological Effegts : )

\

\
"'That noise has psychological effects is undoubted.

Nolses less than 65dbA can influence,us in many ways. We can feel
annoyed, it may, intrude on our sleep, interfere with our activity

(20)

and our communications. . ‘Discontinuous and irregular noises can
bother the intellectt\al work as well af-technical activities

requiring constant attention, obliging the person to make more effort
with greater 1ntensit;y. Indeed, fears have beer\expressed that

" ..aover-emphasis on 'damage' may backfire when people come to realize
that the truth of the matter seems to be si&ply that people donA't

I

like loud noise and don't like being distfulrbed".(zs) Indeed, peopls

e , \ .
can express violently their dislike about being disturbed by noises,
This is recounted vividly by Connell(u). )

"A middle aged woman living in Scho became
‘affected by the inceSsant.noise from a newly
‘ open discotheque. She complaﬁéd to the
management, the Police, the local authority
‘but nothing was done to deduce the noise.
Her action took the form of suicide. In TItaly
a 44 year 0ld man took an overdose of drugs
because his eleven children made too much noise .
while he was watching the Olympic Games on
television ... In a quiet part of Middlesex
with an ambient noise level of 30 to 40 decibles
lived Fred, a lusty, healthy builder's labourer.
The M4 Motorway was built within a few feet of
his cottage home. The resultant traffic caused
the noise level to rise to 80 and 90'decibels
\ so this poor man suffered an 1ncrease of
100,000 times#* in the noise level. He took it
for some weeks. Discovered there was nothing
he could do about it and his action was also
directed against the self, He left a note which
read 'The noise; the noise; I just couldn't .
., stand the noise ...'". ©

N\

*Thig is poetic license. _
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..

These are clearly extreme cases of reaction to the

! \

intrusion gf noise into one's life. But without question the

» = g *
v -

* ubiquitousness of the intrusion, even if less severe or loss fatally
resented, leads to demands for acoustic privae'y vhich are psycholo- t

/%ically no less important than those - of visual privacy.

' - ©
L] .
R .

Irritability:

.
o

. ] ~
Irritabilit&, tenseness, insomnia are some of the

1l

psycﬁulogical effects of exposure to high levels of noise. It a;ﬁpears,
“however, that irr‘itab,ility at home is more the result of hearing loss

©

than noise.

fe
i

A study by the U.S. Nav;v on the Auditory and Non-
Auditory Effects of High Intensity Noise (ANEHIN) (29) én man working
_on the fligl’Tt decks of aircraft carriers also observed that ''the ‘
most common complaints we increased irritability, tenseness,

insomnia, and occasionally® fear, because of inability to communicate

with other men in the pres“ence of noise. With the exceptiof\ of the

difficulty of communication, however, most of the men stated that
$
they did not believe sthat their trouble was due to the noise. They

felc much more strongly that their trouble was due to the general

N -

dangers of the job and to further concern about a delay in their

return“t}é'*the United States that had been occasioned by a change in

L}

the schedule of operations of the ship".

According to a "standardized interview'" workers in very

( .

noisy jobs in German industry reported more disturbanfes of inf:er—

y 3)

personal relations than workers in slightly noisy jobs.
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Psychological Reaction

’ .

’ The character of noise causes cmotibnal ;nd ;ffective changes
" i ' in the individual. The.noide of a family in the neighborhodd may cause
) g\ ‘ T a ?efson who 1is alone to feel isolation and abandonment.;zo) The .
%" ’ ) psychological reaction to noise can create a state of nervous tension
% | ’ “?hat‘is almost permanent accompanied b? grritability modification and
; \V;%E}, behavio%r a;d personality problems; it is without dqubt a cause of ¢
% deterioration of human relations between spouses, between parent and child, ) v
: and between colleagues at work. The siﬁu;tion may eventually lead tb
: agressiveness, o ‘
N ‘ N e
’ ‘ﬂhe sources of noise to which people are exposed are X
catego%ized in four ways (20) - . 5 '
] Domestic Noises: eg. T.V.; c]ganing apparatus; goilet
\ ' ‘ ) ‘ flushing, etc.
; . - 2 Qommercial Noises: discotheque, dancing, etc,
E . . o ‘ ‘ ‘ 3 Neighborhood Noises: building noises that are flanked.
) "4  Street Noises; vehicles and aircraft noises.
\Ld — -
g N .

Research shows that the people must be protected from

45 dbA néise during the day and' 35 dbA  noise during the night 20’ .

2,4  COMMUNITY REACTION:

' -

In t?e early 1950's, noise problems near a few military and
. civil airports in the U.S. motivated the air force and other governmental
agencies to investigate aircraft noise and its effect op people in the
surrounding éommunities. IThis research resulted in the proposal of a model
(31)

by Rqsenblith: Stevens and Bolt for relating aircraft noise intrusion




a

) éi and the proéable community reaction. First published by the air force,

this model accounted for the foéllowing factors.

.~

1. Magnitude of the noise with a frequency weighting for hearing

% response; N

) . 2.. Duration of the intruding noise (10 log relative duratiqn);
3. Time of year' (windows, opgh or closed);

F ' 4, Time of day noise octurs;
- e, - - N 3

5., ©Outdoor noise level in the community when the intruding noise

- 1 ©
4, is not present;
4 ‘ .
G . . . '
6. History of prior exposure to the noise source and attitude toward
R . = : L
o . ) . X ® /
its owner; )
¥
’ % 7. Existence of pure tone orsimpulsive characteristics of the noise.

1 - - .

i . . " Corrections for these factors were generally made in 5dbA

-~

intervals, since many of the initial relationships were based solely

on the intuition of the authors, and it was considered dﬁfficult to

(32)

assess the response with any greater accuracy. This method was

(33)

'incorporated in the first Air Force Land Use Planning Guide in 1957
and was later simplified for ease Pf application by both the air force

/ * o
-+ and Federal Aviation Administration. . -

- . . o

and ddration of tepeaged single-event noises with primary application

e s e B Pt

the community noise reaction modél, and must embody at least some of its

principal factors. Three currently used rating methods are the CNR; the

NEF, and Ldn all of which sum the number of events on a 10 logloH basis,

v

2 .
; ‘\ but differ in their assessment of the magnitude of the individual events.
! .

Many methods have been proposed for describing the magnitude

to airport noise problems. Most of these methods represent an evolution of

v

kR




The Composite Noise Rating (CNR)(34)

, which%yéilizeg the

- 0

maximum Perceived Noise Level (PML), was introduced in the-early 1960's

+

K
and has been widely used by federal agencies. The Noise Exposure

(35)

Forecast. (NEF) represents an evolution of the CNR and is utilized

L

by some federal agencies, for the evaluation of land use compatibility

-

with aircraft noise exposure, Essq&t;ally; it updates the CﬁR by
substitution of ﬁgg tone - andﬁduﬁé%ion -~ corrected Effective Perceived
.Noilse Level (EPNL), required for jeé aircraft certiﬁipatlon(Bﬁ) in lieu .

o ' |

of the PNL used in the earlier CNR. Thus, the NEF accounts not only for

U

ey

the maximum noise level but also for both the duration and base tone

content of each single sound event, whereas the CNR accounted for only

-

-

the maximum noise level.

Day/night sound level (Ldn) has been developed by the

s ‘ .
U.S. Environmental Protection Agency as a general dgscription of
(37,38)

environmental noise. It is based on the energy integral of the
A-welighted sound level, Leq., aﬁd thus avoids thémcomplexity of the

computer calculations required to obtain EPNL. It éccgunts for the duration
but not- for the base tone content of the noise and differs also from NEF

by using a 10db rather than a 12db nighttime pé;alt;. Despite these
standard differences, however, the difference between the absolute

B

values of Ldn and NEF for specific locations near airports is approx-

imately constant at 35 t+ 2db.
AN

N

The Ldn\model has been applied to a series of fifty-five
N\
case histories of community noise problems in order to relate the

normalized measured Ldn with the observed community reaction. - Approx-

imately half the cases involved steady-state industrial and residential

.
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noises, and the other half consisted of multiple single event transporta-
tion.and indugtrial noises. The results are summarized in Figure 4,

with the approximate NEF and CNR scales shown for reference.

The no-reaction response in Figure 4 corresponds to a
normalized outdoor Ldn ranging between 50 a;d'6l db, witﬁ a mean of ,
55db. This mean value is 5db below the value that characterizes a
residential urban community(39), which:As the baseline category for
the data in the figure. From.these results, it appears that no commun-
ity~reaction to an intruding noise 1is expected on the average, -when
the normalized Ldn of ap,identifiable intruding noise is approximately
5db less than‘the Ldn in the gbsence of the identifiable intruding |
noisé. This conclusion is not surprising it simply suggests that peopie

tend to judge the magnitude of an intrusion with reference to the

noige environment in the absence of the intruding noise source.

The data in Figure 4 indicates that widesérgaa complaints
may be expected when the normalized value of the outdoor Ldn of the
intruding noise exceeds that eiisting without the intruding noise by
approximately 5db, and vigorous community reaction may be expected
when the excess approaches 20db. The standard deviation of these da;a
is 3.3 dg above their mean, and 15db envelopes approximately 907 of'

the cases. When the data are not normalized, the .correlation becomes
X

much less, with the standard deviation increasing from 3.3 db to 7.9 db.

1

Clearly, the community reaction is better correlaaed with
Ve

the normalized value of the Ldn produced by the intruding noise than
with its absolute value. The most significant correction involved in

Ehe normalization are the background noise (the Ldn that exists without

. 9
. ~

ko R
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_ these factors should be important in community reaction is neither

a eriterion value based on activity interference and other human

A

the intrudihg noise) and the attitude/experience factor. That

new nor surprising.’ Before one complains about a noise, one must

Y

perceive its existence; and the traditional signal-to-noise-ratio

[aY

is an improtant criterion of detectabiiityH Second, having perceived
the noise, one's immediate reactions are often conditioned by one's

previoué experience and attitudes toward the noise and its source.

-
, ”
.

On the other hand, it is widely held that some ‘absolute

measure characterizing the noise environment must be directly related
N ™~

to interference with speech commdniqationand other activities infvolving
listening, and the physiological effects inciuding hearing damagﬁ. This

point of view has been substantiated recently by the correla ons

between the absolute value of Ldn and several important Huma%‘effects(ao):

2

This latter result does not negate thevalue of appraising

expected‘céhmunity teaction in terms of normalized Ldn. Rather, it

implies tgat both the absolute value and the normélized value of

the Ldn should be considered in assessing community noise, particularly
in éhe establishment of standards and ordinance;, and in the determ-
ination of a criterion for noise control of a new source, such as

a factory or ,highway. The absolute value should be compared'to

effects(bo). The normalized. value should be compared to data such_

\ ’

as those given~in.figppe 4 to estimate the expected community re-

action'on an intruding noise. This latter value‘generally will take -

g e S e
'
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priority in establishing a criterion when the Ldn existing in

-

- v

L}
. the community before the introduction of an intruding source is

-

s % o lower than the criterion value selected on the basis of activity ’

‘ interference.

: ' In summary, the Leq. which was found to be useful

criptor in analyzing the magnitude of the .outdoor noise environ-

-

ment, accounting for all the sounds, regardless of duration, also

AR L s

%

is useful as the principél component of normalized Ldn, which corre-

4

3

lates well with commuhity reaction, These results offer considerable

R

=

simplification in the long term monitoring of community noise since

o

.
only one quantity meeds to be megasured for many purposes. In this
v/

by

- n
-

study the Leq. was used to assess the community noise level in

this locality (see Appendix I).

AT
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Vigorous community
action ’

Several threats of
Jegal action, or strong
appeals to local
officials to stop noise

- Widespread complaints

or single threat of
legal action

¢
Sporadic complaints

No reaction,
although noise is
generally noticeable

' Fig. 4: Community reaction to many types of intensive noise.
(From“Malcolm J. Crocker, Noise and Vibration Control
CRC Press 1975). '

.

Community reaction -
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3.1 HISTORICAL DEVELOPMENT:

2\

38.
CHAPTER 3

BACKGROUND, ORGANIZATIONAL STRUCTURE
AND
CONTENTS OF NOISE REGULATTIONS

9

e,

¢ .
Since the days of the early Romans

(41)

, when‘chariot racing
at night was prohibited, and ever since Queen Elizabeth I of England )
enacted a decree forbidding English husbands from beating their wives
after 10 o'clock in the évgning so that.their neighbours would pot be
inconvenienced by the cries of the victims, man has, from time

to time, introduced reguiations to control community noise. This
response to'the old adage '"there ought to be a law against 1it" was slow
in the evolutlon of community nolse laws. However, with the development
of our modern industrial machines, many citizens have voiced their
objections to the rising enviropﬁental noise.péllution encroaching upon
their lives. |

)

-

Within recent decades, the noise in our environment has
considerably increased to the point that the legislature is taking steps

‘50 introduce legal means to limit and regulate the noise levels.

One of the powerful tools to use when the noise has to be
kept within given limits are the standards, adopted by various organiza-
- tions, but unfortunately there are situations where two different standards
can be applied. On the otherhaqd, it isca general belief that more noise
standards are needed and that more effort shouldébe devoted to their

coordination.

(42)

Noise control standards could be classified as a

‘performance' code rather than a°'specifi¢ation' code. The objective

(42)

of the provision, wﬁich in this instance is.safety oriented .y are




«

clearly reflected in terms of expectationé of the performance of the

built product, and are stated without reference to the specific methods

s

and materigls of construction the builder is to use,

i In recent lyears, performz;nce standards in zoning codes,

3 ’;rhich specify maximum al].pwable\ noise/ limits at certain and fixed locations,

% - have been iptroduced to strengthen noise ordinaces. Alslo, some laws
.E ;i ' now place allowable noise emission levels on trans;portation velhicles,
‘[' f construction equipment, and other major sources of noise in the commun-
, : ity. , _ '. N
i * In a biBader sensge, the standards(43) applicable to noise
3
é in buildir{gs can be classi‘f&’ied into several groups related to

1. Typical n:)ise sources in buildings whichn are either a

* . fupctional part of the buildiné or could be independentiy

; owned and operated by the building users. . .T

: ,

% 2. Propagation of noise within the bu*ilding's.

v ‘3. Noise reduction by building structure or by other noise

‘;{3 regucti‘on elements applied on‘va-{"ious noise sources.

;;é . 4. TRecommended maximum-allowable noise levels id yarious. kinds )

‘ of buildings or under various circumstances.

5. Noise at bulild.ing sites related primarily to transportation
1 _and industrial noise.

1

\

3.2 ACOUSTICS STANDARDS OF INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (IS0).
(

On the international 1platform, thé acoustical standards .

: (44) "

are created by the Technical Commitgee 43 - Acoustics of International

-

}tganigg\t;ion for Standardization (180). The purpose of this organization

is to adopll standards of broad concept which'would be used by national
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standards organizations as a frame to write more detailed standards

modified for the particular national needs. Although much effort is

gpent to cove; the rapiﬂly increasing need for standérds, it has to

be recognized that thg negotiations are very complex and are affected /

by both the divérsity of national interests and the incomplete knowledge -

of the acoustical laws and relations so that, very often, a lot of

research has to be performed before a standard can be completed.

T R e R R

- T

The work of the IS0 1is concentrated in a subcommittee and
working groups. Standards related directly to buildings are written

by subcommittee 2 - Building Acoustics. So far, ISO-TC-43 has written-

# , 20 recommendations. The following recommendations are related to noise

in buildings.(as)

T, AR Y

- 1, R140 Field and Laboratory Measurements of Airborne and Impact

% \ Sound Transmission (1960)

' This is a fundamental standard related to sound,  isolation

properties of buildings. The recommendation defines field and laboratory

methods of measurement of the airborne sound insulation of walls and

the airborne and impact sound insu}atiou of floors. It\describeé the

way of generation of the sound fields and impact noise, the requirements

s

on the measuring rooms and.it specifies the basic instrumentation

<

characteristics and the frequency range of measurements.

This recommendation has been adopted by the majority of

Y ) ) European countries as national standards sometimes only with minor
11 modificdations.
- The standard is now 13 years old and is under revision iﬁ o

% v ‘)
. H
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particular, the impact noise measurement/ section is being extended.

2, R354 Measurement of Absorption Coefficient in a Reverberation

Room (1963)

4

i
This recommendation describes how to measure (for random
A " o

incidence of sound waves) the absorption coefficient of a material and
is based on measurement of reverberation time of a reverberation chamber

with and without the materials under test.

The major goal of this recommendation is to obtain

comparable data on absorption properties of materials. \

\ 1

3, R717 Rating of Sound Insulation for Dwellings (1968) -

This recommendation is related to the values of transmission
loss as obtained by the method described in ISO Recommendation R140.
It defines a reference value of sound transmission with which the measured

results should bé compared with a method described. This procedure

§ .

results in a single index for description or requirements on the sound

isolation properties of the portions.

1 »

v

4. R1996 Assessment of Noigse with Respect to Community Noise (1971)

This recommendation deals with methods for measuring and
ratings of noises in residential, industrial and traffic areas with respect
to their interference with rest,'working efficigncy, social activities

and traqquility.

The intention of this recommendation is to provide guide-

Hines to the measurement and ratings of acceptability of noise {s\commun-

\




ities. After the noise is measured, correctiois for duration, spectrum
character and peak factor are applied to the measured levels. The

corrected values are compared with the noise criterion which takes into

account Qarious'environmental factors.

The ISO subcommittee 2 - Bulilding Acoustics - is currently
working on the following recommendations:
- 1. Laboratory tests on noise emission by appliances and

equipment in water supply installations.

2. Fleld and laboratory measurements of airborne sound

insulation of fagade elements and facgades.
. ' \

3. Laboratory measurements of the effectiveness of r

floor coverings in reducing impact noise transmission.

- .

]

COMMUNITY NOISE REGULATIONS IN CANADA:

.

Noise control regulations, although gaining recognition,
are not new phenomenon in Canada. 1In 1965 the pari&ament had given.;

authority to control noise over most major modes of transportation: air,

(46), the Ministei of

rail and maritime. According to the Aeronautics Act
Tlan;port was empoweréd to make regulations to govern airflight. Coﬁcerning
landing, take-off angle and hours of flying regulgtions are made on;

an adhoc basis for each airport. Canada's position with respect tJ the
sonic boom was alterled in 1972. With prior permission of the Minister

of Transport now it-is possible to creaée a sonic boom. Also, it is.

the responsibility of the Federal Government to zone land around airports

- ' -
. to uses compatible with airflights. If property values are lowered due

to airport construction, it is possible for the residents of that area

to sue the Federal Government for compensation.

1 '

. ;

:
:
i
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So-far there are no regulations designed to cor‘trol noise
i

47)

> of rallway. However, Canadian Transport Commission has power to

impose speed limits -on trains in urban areas, since noise disturbance
from trains usually comes from operation in and near the years of built-

up areas and from high speed trains. At present, the Federal Government
e v

is pst empowered to control noise emissiops of motor boats over wnav'igated

3

Under the Motor Vehicle Safety Act:,(“) regulations were

established for snowmobiles. Under\these regulations snowmobiles -
manufactured after ‘February 1, 1972 are to emit no more than 82db A at

fifty feet. By 1974, the permissible level dropped to 73dt A (48).

A further regulation under the Motor Vehicle Safety Act(ag) limits new
automobiles and light trucks to 86db A at fifty feet and trucks and
busses to B)Efdb A at fifty feet. However, cars with legal mufflers seldom
measure above 80dt A even at high speéds. One must observe that in

the absence of provincial regulations requiring proper maintenance of

cars, motorcycles, buses and snowmobiles, enforcement is difficult.
¥

(49)

Under the Canada Labour Code , the Federal Government

. -
has responsibility for occupational hearing protection(so)

"in respect
of employment upon or in connection with the operation of any federal
~work, undertaking or business other than a work, undertaking or business
of a local or private nature'. Ships, aircrafts, traips and' crown
co.rporations are exempted. The regulations set forth the standard for
an eight-hour day at 90db A (51). Noise exposure may increase to
114dbA as a maximum 1f' the exposure time is limited to fifteen minutes.

Under section 3(3), if the limi‘tationhof noise is not expedient in

the opinion of regional safety officer, an alternative is wearing ear

°
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protectors. ~The above standards are subjgi%‘to wvaiver 1f an employee

in an environment of 90dbA  to 95dba is fésted regularly and there

is affirmative proof that he will not suffer hearing Ampairment. In

- hES

addition, section 5 states thgt no employer shall permit any employee
to be exposed to impulsiY% or impact sound the peak ound pressure level
of %hich exceeds 140dbA unless that employee is wearfing ear protectors.

The weakness of the regulation is that, while requiring in section 8(1)

that survey records be kept for five years, no scheme for késting the
heari#g of employees at reguilar intervals is made maﬁdatory It is up

to the safety officer, an appointee of the Minister, to order a survey .
|

of the sodnd levél, or an individual hearing test "wﬁere, in the opinion
of the safety officer, an employee at a work site 1s exposed to sound

levels that may impair his hearing”. From this it is dimperativ . \ithout
. .
regular testing and with lax standards, the Federal attempt at regulations

can hardly be called a hearing conservation program.

In.Quebec, the Minister of the Environment has the ﬁuty

"to supervise and control noise™. In pursuit of this duty, according to

(52)

section 94 of the Environment Quality Act, he may construct, erect,

&

install and operate any system or equipment necessary in’ any municipality,
and "every municipality wishing to install in its own territory any

o :
appardtus or equipment for measuring, detecting,:controlling and supervising

nolse, must‘previously'obtain the authorization of the Minister'. The
|

section speaks of an affirmative duty although as yet the Minister

respongsible has not acted. With the powers conferred by legislature, tﬁ;

»

Minister would be permitted to order monitoring of noise sources perhaps
through a mobile laboratory that‘could measure the intensitﬁ in the

various frequencies, the ambient level, and the peak levels‘of noise
|

within a municipality in Quebec. Apart from the role of the Minister,

Al ‘ l




45,
\ ‘ the Lieutenant-Governor in Council hay,*according to section 95, make
\ regulations to: .
\ 1. ﬁrohibit or limit "abusive or useless noise inside or
v ‘outside a building; :

2. determine the terms and conditions of use of any vehicle, . ]

.engine, piece of machinery, instrument or equipment generating
y ¥

w

noise;

-

3. pfescribe standards for noise intensity.

3

Section B could be used to control noise created by the

)
¢

. construction industry that makes use of such noisy processes as
revetting, pile driving and demolition. The regulations may also limit

abusive or useless foise inside and outside buildings, potentially

3

through provincially regulated construction standards. The section
speaks of noise intensity regulations but these regulations need not ?

~

contain onelsingle‘standard. Consideration of hour’ of the day, frequency,

" peak and ambient noise leve. could alsé be part of the projecteé standards.
~ \\ v
Since there are no regulatiomns, it is guggested that section 20 could
& provide the legal framework fbr suits By the government. It reads:
u . * )
(20) . No one may emit, deposit, issue or discharge

A - - ' or allow the emission, deposit, issuance or
discharge into the environment of a contaminant
in a greater quantity or concentration than

- ) . that provided for by regulation of the Lieutenant-
Governot in.-Council.

The same prohibition applies to the emission,
peposit, issuance or discharge of any contaminant
the presence of which in the environment is
prohibited by regulation of the Lieutenant-
- . Governor in Council or is likely to affect the
life, health, safety, welfare or comfort of
) human beings, or to cause damage or to otherwise o
y impair the quality of the soil, vegetation, :
’ wildlife or property. .

Vs G

.
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.a sound Intensity in excess of 82dbA. ~ Mufflers m

Since sound is a contaminant by definition in section 1(5)

’

' € .
where At is likely that it will alter the environment in anyway, all
)
that necd be shown is that it affects the "comfort of human beings", a
standaré that would extricate the court from weighing the harm against

1 u - N .
the economic necessity of the source. Contravention of section 20

renders. the ﬁarty liable to a fine not exceeding five thousand dollars

E for the first offence and a fine not exceeding ten thousand dollars

1

for any succeeding offences. k

-
F

Quebec has shown more init{ativé in pursuit of regulations

A
33 by section

|
concerning snowmobiles. In January 1973, it became law,
28, that no snowmobile manufactured after Janvary* 1, 1972 shall produce

t contain baffles

] i
or othcr equivalent noise-~reducing material and are considkred in

.

_section 81 as safety devices fhat must be "maintained’in good working

- -

order" whether built before 1972 or after. In additi&g, it is prohibited

to travel in a snowmobile within one hundred feet of a dwelling, exception
. * !

being your own land or with permission of the owner.

Y

(54)

Under Fhe Transpofia;ion'Act, use Ef‘sounding devicas
ége restricted by modes of construction, use, safekeeping, upkeep,
ownership, 'or possession of any means of tramnsport. The fines under’
this Act are high; beginning at five hundred dol&ars.' The metro of
Montreal and all things used as a conveyance from one Place to another

“ ' (55) ‘

are gsubject to regulation under thi% Act , either with a steam

or bell weighing at least thirty pounds.
B 0 -

.
P




{ 3,3 NATIONAL .BUILDING CODE OF CANADA

¢

" Through the National Building Code, Fe&eral influence
on hoise perceived from within a building could be pervasive. Many,
1 perhaps most, municipalities adopt this code without substantial changeée.
’ The Code haslno legal effect in its Federal form except when enacted in
a provincial statute or municipal by-law. It also has an important
Aimpact through the Centrél Mortgage and Housing Corporation which often
uses the Code for building sténdards in housing projects it financeé:,
Provisions in the National Buildigg Code controlling noise are few,
There 1s no regulation of solid-borﬁe sound through pipes and walls,
and no internal zoning on specific sound control require@ents for party
rooms. Also, there are no transmission loss staﬁaardg for external
valls and windows to protect against traffic noise. What it does have
is a stipulation that in'épartment buildings, walls between suites ﬁust
have a sound transmission loss of 45db5. and cei{}ngs must be hung
. . 80 as to cut’impaét noise‘from the floor above., The code could also
regulate noise standards for housing sites, If tall buildjngs are
closely located, mnoise becomes tunnelled, reverberatés and has no space
to be neutralized. It has been estimated that sound so trapped has

q increased in intensity five db due to reverberation.(ss) *

¢

3.4 NOISE CONTROL IN RESIDENTIAL STANDARDS OF CANADA

Residential Standards of Canada (1975) NRCC No. 13991(6)

v

(—

N

in Section II includes Noise Control. This code provides the requirements

for sound transmission class ratings for construction in accordance with

' ASTM, E 90-70, '"Laboratory Measurement of Airborne Sound Transmission
-4k

| Loss of Building Partitions".

1
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48.

Also thig code provides the following requirement for

sound control locations (airborne sound),

All construction shall provide a Sound Transmission class

v

rating of not less than 45 betweer dwelling units and any space common

to two or more dwelling units.

Again it stipulates that every service room on spacé
such as a storage room, laundry workshop or bullding maintenance room
or garage serving more than one dwelling unit ghall be seperated from the

dwelling units by a construction providing a Sound Transmission class

rating not less than 45.

‘ \
Mainly the above regulations suggest performance standards
for party walls in %ulpi—fami}y dwellings. However, there is no performance
standards suggested in redidential dwellers against traffic noise or other

city noises. : .

?

MODEL MUNICIPAL NOISE CONTROL BY-LAW OF ONTARIO: ~ .

In 1971, the Ontario Ministry of the Environment enacted

a b1ll stating sound and vibration are also contaminants under the

‘ .o ; ) .
Environmental Protection Act(56).“ In the same year the Ministry of the
Environment initiated studies of environmental noise and noise control.

- R :

It is generally conceded that the federal, provincial and municipal

governments would each have a role to play in an effective noise control

o

program.
»

It is -evident that many of the common gounds and vibrations

giving rise to noise complaints were of a local community nature an




"~

could be\gffectively controlled at the municipal level. In Qctober 1975,

the Ministry of Environment developed a model noise control by-law

)

with adequate permissive legislative authority to all municipalities,

in Ontario under the Environmental Protection Act, with a view that:
’ o

the by-law meet the requirements of municipalities of all sizes, provide
comprehensive control for most known sound and vibration problems, and

provide a unifying base for noise control across the province.

In order to incorporate technological advances, revisions
of the model municipal noise control by-law were intended to be prepared

from time to.time.

A summarf of the—furnished model municipal noise control

by-law is provided for referencegsz)

[

"1, The by-law will permit a municipal council to exercise broad
environmental noise control at the local level under the powers.

gitanted by the Environmental Protection Amendment Act, 1974 (No.2).

L

2. Proper enforcement of a municipal noise control by-law will
require the appointment of a noise control officer whose duties
may include the following:

(1) Conduct investigations of noise complaints, including
the monitoring of sound levels. ’

(ii) Publicize noise abatment.

(111) Develop admiﬁistrative procedures to provide effective
enforcement of the by-law,

(iv) Provide council with such advice as it requires.

3. The by-law.may:

4 . -

(1) prohibit sounds from squéakiné tires, faulty mufflers,

v
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e (11) Limit some noisy activities in sensitive areas to certain \" ‘
times of the day, for instance the operation of auditory
signalling devices and lou’dspg‘akers, shouting, animal

" noises, loading and delivery, ' construction, discharge
of fire arms. '

> (iii) Limit sound levels from certain sources such as, air
conditioners, lawn mowers, or motorized conveyances
according ta specific sound emission standards.

' (iv) Specify maximum noise levels for stationary sources on
¢ the basis of the equivalent Dsound, level (Leq.) received
at a residence.

r

4, The by-law may permit council to exempt certain traditional ,
) . i3

activities and provide for other special circumstances. N

Enforcement of a quantitative noise by-law is complicated.
.The‘ accurate measurement of found is a comlplex problem particulaé:ly when
attempting to satislfy légal reqm;irements. ] In order to successfuly
prosecute in court a case based on a guantitative noise control by-law,
it is ’es:’sential that the instrumentation and the measurement procedures
u‘sed, rigorously conform/ to the requirements of the Noise Pollution Control
Publications published by the Ministry of the Environment. It must be
conclusively de;nonstrated to the court that the measuretr;ents given in
evidence are accurate, reliable and within the tolerances specified. The
publi'cations represent some of the most advanced procedures arid instrumenta-
t'ion standards in the field of acoustics. These are set out in a logical

and relatively simple fashion. Faithful observance of all of the provisions

of the publications will help to convince the court of the validity of

the evidence." ‘ o ' .-.\

The Minister is prepared to assist all municipalities in
the adoption and "implement'ation of the by-law, or parts thereof, and

- ' particularly, to assist with the technical training of personnel in sound

R i " o seesemers - - -
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. / .
and vibration measurement and enforcement procédure,s.
. 7
. : -

)
The above amendments permit the couwﬂils of local

municipalities, that is, cities, towns, villages and townships, to
) .

pass noise control by-laws, subjected to the approval of the Minister

of the Environment.

-

These by-laws will be updated by a number of supporting

" ' !
publications like:

.Assembly and Approval of I;y-laws
, .Technical DeFinitions
.Certificate o '
.Proced;:r‘es

:Instrumentation‘

.Construction Equipment
.Residential Air-gonditioners
.Domestic Outdoor Power ,To?ls

.Blasting ,

P ¢ .Sound Level Adjustments

“.Guidelines on the Duties of a Noise Control Officer

.Estimating Sound Levels from Ground Transportation

.Guidelines for Noise Control in Land-use Planning

(88)

3.6 )?UNICIPAL NOISE CONTROLBY-LAW OF MONTREAL

9 In Montreal, the Director of the Social Affairs Department

has the responsibility of implementing part 2 of By-law 4996 concerning

no':lse,\ which is going into effect this spring.

*

Currently, this department 'is involved ET preparing a

noise contour survey of the Montreal region, which is expected to
A .

e b vk b« bechas
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be completed within a year. Ffoﬁ the data collected to date, it can
be inferred that the noise climate 15 Montreal is similar to other
Korth American cities. The‘coﬁtour noise level is being meﬁsured‘in
L95 which differs slightly from the conventional L90 u7ed elsewhere

. ‘ in North America., . /
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ments and normalization. The following maximum. normalized levels

are suggested for acoustic comfort in a dwelling:

ot

: Bedroom < 30 dbA A

E ? Livingroom < 40 dbA
é and other areas < 45‘dbA .
E For offices < 50 dbA; hospitals < 45dbA; and parks < 60 dbA;

for the protection of customer, the inside noise level of a disco-

theque should not be more than 98 db.

To date, the by-law 4996, concerning noise, is basically

; - a noise nuisance law. If there 'is any complaint and if the peace
officer, who is authorized to look after the noise complaint is con-~

¥
L B ‘ vinced there is excessive noise, in view of the time, may order who-

ff B _Whoever shall not comply immediately with the order shall by guilty

g;; . of one hundred (100) dollars, with or without costs, for a second
i3 . . ‘
i ) N violation of the same provision of this bylaw within a twelve (12)
7 N L , . E
- , h month period, to a fine of at least one hundred (100) dollars and
PN » / , ~\

-

. . o /n

&, wd o 2 . —'\ Lob ok s e b we s s - - - R TS I

the instrumentation requirements dnid recommends the method of measure-

¥ , ) ever is the cause of that disturbance to put an immediate stop to ’it, -

of a violation and be liable for a first viclation, to a maximum fine,

In order to satisfy legal requiréﬁents, the b&-law speci{}es
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«

at the most, ‘five hundred (500? dollars with or without costs. Any

" gubsequent. violation within the same period, to a fine of at least
five hundred (500) ciollars and at the most one thousand (1000) ’dollax:s
and to imprisomment for sixty (60) days at ‘the most shoulzi\‘ he fail

to pay the fine within n'inet:y (90) days.

EVOLUTION OF COMMUNTIY NOISE REGULATIONS IN THE U.S.A.

“There is long legislative history to the control of en—

)

forcement of noise in the U.S.A. This history has continued unbroken
to the present day. Local control of municipal noise in the United

States has involved four stages of evolution.
Stage One: Pre-1930 ” v
(s7) ¢

was the first to regulate noise,

, The city of Boston
. N .

beginning in 1850. This ordinance was prit:{arily concerned with noise

‘occuring in the public place that-would disturb the peace. Consequently,

restrictions were placed on the use of public spaces for ‘generating.

noise related activities. It was not until the beginning of this
i

it cities as a grou% became interested in regulating noise.
o v
¥ 7 ‘

-

Initial interest was expressed by larger cities. Here

t

\ : .
the emphasis was on public spaces and street related functions since

.
I

. thi? was ﬁ era before zoning and land use regilations. Despite
1 | ' ‘ \

these earljest att:einpts few strides were made in municipal noise
. '

-
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- Stage Two: 1930-1947

During the 1920's recognition of urban problems began,

The first Noise Abatement commission in the U.S.A. was established by

5
the Mayor of New ‘&a_gk( N . It sought to identify city noiée sources,

.
P

, .
assess their impact, and recommended solutions. Their report Cith

(57)

Noise, published in 1930 , wvas unique in many ways. An acoustical

inventory of noise was undertaken along with a survey of public opinion.
It is interesting to note the typical sources of noise considered

\ -

offensive to New Yorkers at that time are remarkably similar to those

identified today. This widely circulated report recommended laws
\fog controlling noise which were to be adopted by many other cities,

-

> £

Primary noise provision included muffler requirements'’
for vehicles building construction restriction in residential areas,
prohibiting horns and whistles, regulation of peddlers, and vendors, .

and prohibiting noise fr&m mechanical or electrical sound making or

reproducing equipment, , o ‘.

Although inroads were made in broadening the legal
language rédgulating noise and techniques for assessing it, there were
still several inadequacies. Noise was still defined in nuisance ternms.

Municipal programs remained few in number, and those enacted were not .

congistently enforced.

Stage Three: 1948-1969

L4

During this stage some of those inadequacies were at
£

least partially overcome. The National Institute of Municipal Law
v
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o

-

Of ficers (NIMLO) prepared a research report giving guidance to munic-
(58) |

ipalities in controlling noise . This report which was subsequently

_‘referred to as the NIMLO model ordinance was to ‘be widely disseminated
and adopted. The Environmental Protection‘ Afgency reported in 1971 |
that nearly 357 of those cities surveyed had adoptedl this m:od‘el,

while others had incorporated certain sections or provisions(sg). This
model also has had limitations since it did not contain qx:antitative

provisions. It was not until 1952 that specific noise emission levels

appeared.

These first laws contained vehicle noise level requirements

‘expressed in decibels. Seattle, followed by Cincinnati, adopted these
v (59, 60)

first quaﬁtitative ordinaces . Followiné the control of mobile

noise sources were laws establishing specific fixed source 1limits,
which used the zoning ordinance as the legal basis. Chicago, Illinois,
in 1955, "adopted the first law restricting noise related land use

activity(Gl) . It represented a new approach to zoning.

Although m;jor bgeakthra\.\'ghs to those did occur during
this formulative period more obstacles were facing cities who wanted to
establish effective noise co;ltrol programs. It was during the end of
this period that the United States having 1ax:ger resources,‘ and learning

from the experiences of local government, slowly became active. Cal-

ifornia was the firat to address the problem of vehicular noise in
(62)

an effective manner, by ’amending the motor vehicle code

- ' AN
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Cities in cer.téin States \bégan to relinquish their power to reguﬁg

motor vehicle noise, Nevertheless municipal governments were now in

the process of adopting legal provisions that were enforceable. Few,
if any, comprehensive noise programs were in gxistence hgy;@ver, .and the

1 ‘ /*. AN \\

mechanism for admi'nistration and enforcement still was weak. \

Stag'e Four: 1970 to Present

Cities in three States during the beginning of Stage

Four enacted programs that were to overcome pervious deficiencies in

and Chicago, I1linois all made notable strides in controlling municipal

’ (63,64)

noise during 1970-71 .~ In 1971 Chicago adopted a fully revised

~ordinance which has generated national attention.

Several model type ordinances are now appearing to pro-
vide more professional guidance to communities desiring assistance.

NIMLO modified their earlier nuisance type ordinance, adding decibel

(65)

provisions as an alternative in 1970 . Within the state of Cali-

A fornia the League of California Cities 'prepared a model document,

It contains several provisions, including sound levels for zoning o

(66)

districts in rural, suburbanand urban areas .

Signifﬁ:ant state-wide acitivity is now occuring that is

, or will influence municipal programs,’ There are now seventeen states

/ that have t"ypes of noise law concerened with zonidg and land use, motor

vehicles, aircraft, and building codes(67).

- . -

administration and enforcement. Boulder, Colorado; Inglewood, California,

i v ek M
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Activi_tieé by séveral ‘key cities and states are having

a pjofound impact on the rapid number of new municipaliprograms.
d

To date there are ?Wer 400 cities with ordinance representing a combined

pupulation of nearly 70 million peopl\e(68) .

DEVELOPMENT OF NOISE CONTROL STANDARDS IN THE U.S.A.:

The IS0 standards, discussed earlier are mc;dified for
particular federal needs in the U.S.A. and many other countries.
In the U.S.A. building codes, usually in conjunction with land-use
prescriptions, offer one avenue for protecting dwellers from excessive

»

noise. The codes are indeed the only avenue left to a municipality

to contr‘ol noise where sSuperiér government, as in the United States
& ’ .
and the United Kingdom, has pre-empted jurisdiction over aircraft and

other kinds of noise.

The codes that include provisions for the regulation of
noise are two principal ty;>es: performance® codes ar;d material codes.
Performance c‘ocies pt%scribe a-certain performance in the reduction
of noise for the particular structure or me;chine being regulated. Théy

|
ycan prescribe performance, either on the basis. of results of laboratory

tests of the per formance structyre. Laboratorytest performance presents

less of an unknown to a builder than field test performance, because

t;he latter lead to expensive modification if, after construction,
the finalm not satisfactory. Material codes specify

b 8‘
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in detall the type of materials to be used 1:n particular kinds of
construction, on the assumption that thé compliance with the code

will lead to the desired performance.

' -

Each type of code has édvantages and disadvantages.
Performanc_g codes are more difficplt to: enforce, but if enforced
give a -l;ett\:.“er"guarantee of noise reduction. They are usually feasible
only if there is an ad)equate staff to enforce them - for example,

in the larger cities. Mdterial codes reduce the burden on the enfoi‘ce—
~
A4

ment officials who may not be able “to monitor performance; yet they
tend to discourage innovation in the use of materials and therefore

need periodic updating. The city of Irvin, Texas for example has a

-

material code.

~

- 3,9 " MULTI-FAMILY DVELLING CODES:- S

] \ ; .
' The development of these codes has\\ en surprigingly slow: ]
\ i
. in the United States in 1972 there were only two“eodes for multi-family ’

(69) -~ the San Fransisco code: ‘

%
-

dwellings dealing'with internal noise
N and the New York codé. Both are performance codes, In the éan Fransisco
cos‘e.' performance is assessed primarily on the basis of field tests,
while in the Ifiew York code it is'assessed~ primaril;ll through laboratory

. tests.
1 . i e
. - - 8 : N

3.10 NOISE PROVISIONS OF CERTAIN BUILDING CODES IN THE U.S.A.:

N ¢

s ‘ © The New York City code which went into effect December 6,

1969 is quite comprehensive and some of {its majg;/pé)visions are listed

\ ' pe‘low. )
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i The New York City code applies only to multi-family .
dwellings. Compliance with the code is establisﬂed after the building
is constructed and is ready for occupa;cy. ;lthough not specifically
stated in the code, after construction‘has been completed the builder
or éontractor is required to have an inéependent firm conduct measurements

* to determine whether or not the structure conf;rms to the code. ’If the’

New York City Department of Buildi;gs is not satisfied with the results

or the manner in which the tests were conducted, it may conduct its own

test before issuing the necessary permit to.allow occupancy.(7o)

s

! ‘ The foregoing may be the intent on the law, but the code
. ¢ . )
mefely states:

.

[

. ”FIELD TESTING: Wheré conditions indicate that the installed

. construction or equipment does nossmeet the noise comntrol prescribed in
this article, measurements shall be taken to determine conformance or non-
cqnformance.‘ For conformance with this article, the results of such

measurements shall-not fail by more than 2 db SPL, to meet the requirements

Al

in any octave band, or by more than two points to meet any STC or INR

(70) |

requirements.

N

[

Thus it appears that if for some reason a multi-family

dwelling, was not inspected brior to occupancy, the code could be applied , ¢

L=

on a’complaint or called-for-basis. , . A\

-3

“

The.code provides.a list of Natiohal Standards which aré . -

o to be consulted whenever conducting tests. 'Laboratory tests are to be
z

' conducted in accordance with American Society: for Testing and Materials

- Standards, ASTM E-90-70. Field tests are to follow E336-67T. -

2
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The code provides req;xirements (STC, 1IC) for interior

walls, pqrtitions,ofloor/ceiling constructions, and mechanical equ}pment
spaces to provide protection for each dwelling unit from extraneous

noise emanating from other dwelling units and mechanical equipment. The

code also has provisions to regulate airborne sound from exterior

mechanical equipment.

For ait\Porne noise, walls, partitions, and floor-ceiling

constructions séperaf:ing dwelling units from each other or from public

P »

halls, corridors, or stairs have a minimum STC rating of 45. For permits

\ is\suedlaftef‘.]a.nuéry,l, 1972, the STC required shall be 50, After

_,Jar;ua{y. 1, 1972 dyelfing’ unit eptrénce doors shall have a.minimum STC

of 35. For structure-borne noise, "'... floor-ceiling constructions shall

hayve a minimum Impact Insulation Class IIC of Zero",
: )

o .

3.11'CALIFORNTA NOTSE INSULATION STANDARDS

ey

L

Under Califotnia Noise Imsulation Standards which went ihto

effect August 22, 1974 a new discipline has been added, that of/\acoustical

' engineering, ' Compliance with state Noise Insulation Standards is now

»

required for all new multi-family dwelling units constructed in California.

These standdrds set minimum ratings for the sound transmission of party

walls and floor/ceiling seperations 'bet;.'qee’n’. dwellipg units. In addition,

a maximum.allowable interior noise level is sp fied from external sources

such as noise from traffic on arterials, ra system movements, and industrial

activities, aircraft ,flyovet‘-s. '

»*

-
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will also réadily transmit them. Any material or surface which re~
. . I3 -
. \

‘flects sound pressure waves will also be a good insulating material,

-5

The California Standard considers two areas of noise control
of multi-family dwelling units. These are: -

1. Insulation of Separating Wall and Floors, and

2. 1Isolation of Interior Spaces from Exterior ‘v )
v !
l.‘)

Isolation means the mat%rials or constructions (or the use

of such materials or constructions) which resist the passage of sound

through them.

. ,
Here, one must note- that a nolse nuisance might be abated

'

by the introduction into the factory jor a buflding of sound absorbent
materials t:heréby decreasing the volume of noise cape’lble of being
transmitted. However, it should be borne in mind that the reduction

of sound by absdrption (that is, the reduction of reverberant sound)

(72)

3\ .
can never I;E greater than 10 dbA, and is often much less.

o

fore, although absorption can be useful, it is no real substitute for
'

insulation., If a room 1is bare, as many workshops are, an acoustically

There-

absorbent. celling may reduce the overall sound pregsure level by 5 -

‘.10 dbA but a brick wall will reduce transmission l%' 40 - 45 dbA.Uz)

P Fl

There must be no confusion between absorption and insulation.
Absorption of sound by a material means that the sound is not being

reflected from the sﬂiace of the material. The reverberation is re-

~

duced, : . s

§

Insulation refers to the sound transmission loss. General"iy

speaking, any material which will readily absorb sound pressure waves

-~
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No single material will act both as an efficient absorbent and a-good

N
insulator. Covering the surface of a party wall, with acpustic tiles
. v \

or foam rubber will make no difference to the transmission loss in

the wall. !

To cover the insulation requi:}ement the stdte adopted the

»

1973 uniform building code requirements for sound transmission control.

"ASTM procedures of testing party wall and floor/ceiling assemblies are

» »
accepted. The most common test, the room-to-room test, accorQing to

~
the ASTM procedure requires at least a volume of 1500 cu.ft. For most

[

dwelling spaces, this co}responds to a minimum floor area of abTut

200 sq. ft. ' - .

FLANKING PAWSS:

_When a test is required to demonstrate compliance with
the California Standard, "all sc;und transmissior}\from\ the source room
to the receiver room shall bg considered to bfa transmitted thr0ugh /v ™~
the test partition". Qhen fie&d tested, however, flanking paths con-
tributed significantly to 'thre ;xoise measured between the spaces in
qu;astion and the completed structure’ did nat comply with the standar:isls.

] *
Hence California Noise Insulation Standards stipulate a STC value of

45 for walls if field tested and 50 for laboratory tests.

-

IMPACT SOUND CONTROL: ’ \ )

g
.

In addition to specifying the minimum STC of walls, the
Standard specified a minimum Impact Insulation Class,?IIC) for floor/

ceiling assemblies. The Standard states that '"floor coverings may Be
A} N \ .

i
i
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included in the assembly to obtain the required ITC rating...".

Most carpeted floor assemblies comply with the impacé provisions of "

. /
the standard. Uncarpeted floor requires a resilient underlayer, such -

LN

as a cushion backed vinyl to meet IIC of 50 (45 if fiel&d tested) .

imposed by the Standard.

EXTERIOR NOISE ISOLATION: \ \‘l ./,-/

i

The standard specifies that the Interior Community Noise

Equivalent Level attributable to exterior sources shall not exceed
- e
45 dbA in any habitable room. The CNEL measure is A-weighted average

of hourly sound slge)vels.' It is determined by ;;lacing a penalty on evening
, -
and night-time sound’ levels and averaging these"n an energy basis along

\ r

with the daytime noise, -to achieve a 24-hour average sound level.

N

Annual CNEL is a 365-ddy average of the daily CNEL.

4

In addition to specifying an allowable interior CNEL, the
\

Stan?ard states that "residertial structures to bé located“within an
annual CNEL contour of 60 require an acoustical analysis showing that
the structure has been designed to limit irtroducing noise to the pre- £

scribed allowable (interior) levels', g

N

It is important to note that exterior noise limits are not
set by the standard, community noise’ eqtiivalent levels are identified

~—
Mt e

by local jurisdictions during the preparation of their general plan,
[

as required by California State Law. /r

”
Location is proximity to major airports, primary highways

and freeways, and the main-linc railways may  be exposed to excessive

e




64,

¢ noise, and, therefore, will require analysis and desigh considerations.
X
é’t In general, residential units 'should not be located in areas where the
; CNEL is g‘reater than 6; dbA. Barriers should be located between the
i * noige source and the r;siaential property to reduce CNEL to at least §
;é . 65dbA. 7 " ]
/ Following iz}a summary of Noise Igsulatio’n Standards of
f% t'he éaliforniaoAdministrative code:
i' 1. Wall and fl‘oor/ceiling assemblies - separating dwelikp\g,‘units
% ) shal]. meet ‘a Som'md I"ransmission Class (STC) of 50 (45, if field
é‘ ‘o tested), and an Impact Insulation Class' (IIC) of 50 (45, if fieldﬁ
%: "tested) .‘k
Ao . r .
i 2. Entrance doors from interior corridors shall have a STC rating--~-. )
IE \ of not less than 30. ‘ >
. 3. Laboratory tests of wall and. floor/ceil,ing designs haviné an '
STC and/or 1IC of 50, may bé used to estabiish an accepﬁal}le design.
4., Fiel ’t:esting of proposed walls and .floor/ceiling systems to obtain .
. . STC ::/} 1IC ratings, if required to/prove compliance with the
code, shall include all .flanking pa;:hs.
’
! 3.15 NOISE INSULATION FROM EXTERIOR SOURCES: N 4 -
. v -
’ Residential location héving a CNEL greater than 60 dbA
‘ require an acoustical analysis sho;vitng that the structure has been
‘ designed to meet the int%rior C%NEL of 45 dbA. ] .
CNEL shall be ‘\determined by local jurisdi;:tions as part of’
{K its general plan (noise e'tlement). Exception - railroads with only four

4

A\ day time and night time o;mrations.

e
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"\> of Canada; c) Model Municipal Noise Control By-law of Ontar d)

Evidence of the above compliance with the standards is

to consist of "an acoustical analysis".... "to be submitted with

‘

the application for a building permit,"

This report must Brovi&e at least:
‘l) Topographical relationship of noise source (highwaysfirailroads{
! airports, etc.) and the location of the building ynit;
2) Exterior noise spectra for both present and future noise sources

of concern;

1) Analysis to show the effectiveness of the proposed construct{on

to reduce interlor noise adequatefy; and

4) A ventilation anaiysia and design must be provided to indicate

‘ that 'a habitable interior environment will be provided, if the

interior allowable Foise level is to be met with windows closed.

€
3.16 SUMMARY: P Co

P
L

A survey of acoustical codes and standards

’

within which a) IS0 acoustical standards; b) Residen

e e et e

s presented

al Standards

Municipal Noise Control By-law of Montreal; e) New York City Noise

Code; and f) California's Noise Insulation Standards are discussed. 3

“

L' It could be seen among all the standards discussed that

California's Noise Insulation Standards are the most comprehensive
standgrds ekisting to this date; as an‘example,:these standards set 4

a maximum allowable interior noise level from eXternal sources; hence

gl il

. é .
this standard is taken as the model for the investigation of the cost

consequences to implement improved noise control standards in the region

of Quebec,
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'CHAPTER 4

: \ . THE EFFECT OF WINDOW WALL COMBINATIONS
4.1 GENERAL “/ . o .

R ¥ o
This section discusses the characteristics of window wall
combinations. Several hypothesis about the character of these require-

ments can be advanced, all of which have cost implications.

"% .
} Before going into the actual discussions of this section,

- tn BN
it is proposed to explain some of the terms used herewith for a better

understanding.

FREQUENC? SPECTRUM AND OCTAVE BAND ANALYSIS -
A d .

The pracfical use of frequency bands in describing a nolse

source is exemplified by Figure 5 which shows the one-third octave

. band level for an executive jet aircraft at an altitude of 500 feet

during an approach operation. Sound-pressure levels from a series

of contiguous bands can be contaipged by procedures such as those in

Figure 6 to yield an overall sglind-pressure level for the entire frequency

range. The basic on in buildiﬁg up the overall level is
the non-linearity of the superposition of sétnd when measured in
decibels. Thus, two sources OE 70 dB yield 73 dB; this, level combined
with a 75 dB yields 77.1 dB, etc. :

MEASUREMENT OF SOUND

h S

i

Overall sound levels are measured;by a sound level @eter »
which, inits simplest form, comprises a transducer, gmpllfier %nq a

readout device (Figure 7). The signal indicated by the meter i§,pro— “
: A i .

H
i
3

o
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portional to the sound level at the microphone, so that the meter scale
b K
can be ?alibrated in decibels referred to a standard pressure of

0.0002 dynes/cm?.

Sound:pressure
level (dB)

n

10 log Pg/PZ = 20 log %—
. . o

1

20 log 54002

I
S
n

|
Measurements obtained by such a meter are purely objective,

but can show marked departure from sound loudness interpretation be-

-

caugse of the differing effects of different frequencies on subjective

>
2

rating, To compensate for this, 'wqéghting' must be applied to control

the response versus frequéncy characteristics. It follows frq: the

-

“
contours of equal loudness - Figure 8 - that a very large number of
weighting networks would be necessary to ensure correct weighting
for any level of noise. To avoid such practftal complication (and

’

cost) for industrial applications, weighting is normally confined

to three networks corgésponding to the contours for 40, 70 and 100

dB, known as A, B and C weightings, respectively. Readings taken
undex such conditioﬁs are Lheg{correctly referred to as weighted
sound levels ratgzr than souAd p7ézéure levels,

‘ In generai,“A weightings are most suifable for measuring
1ow‘sound levels (under 55 dB) B weighting for medium sound levels
(55-85 dB). A and B weightings have a response which decreases with

-decreasing frequency, ‘whilst C weighting gives a substantially flat

~).
response over a frequency rangé of 25 H7 to 8000 HZ - Figure 9,

v

4

/4? , a 67.

L
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It is 8bvious from the diagram that the greatest difference between
the different weightings will occur at low frequencies. Thus in

the range of frequencies up to 1000 'Hz (and virtually all overall

.
-

sound measurements will include thiese frequencies) it is essentiai\
to specify which ratiidg applies, eé. dB(a), dﬁ(Bz‘;r dB(C).
In practice%,dB(A) is most commonly applied (and preferred)
for measurement of specific categories of noise over the whole range
of 'sound levels involved, this rating being selected as being the
closest of the three to subjective response; that is 'subjective eval- -
uation, of loudness. .C welghting is generally used where the sound
level meter supplies ; signal to an auxiliaty instrument for analysisl

RELATION éETWEEN STC AND A-WEIGHTED CURVE . '

ot
A strict test procedure 1s prescribed in ASTM E

a4 90-70

v

for the Sound Transmission loss of panels and walls. Figure 10 shows

the sound transmission loss varying with fr

’

in 1/3 octave band intervals. It is co

or a panel measured
(75)

on practice
] . ¥
this curve by a single number rating and kall it the Sound Transmission

to replace

Class (STC). Thif is agcomplished b& adjubting vertically the STC
criterion curve (shown in Figure 10) until the average of all data
points below the criterion curve is no more thah 2 dB below the criterion

curve. ' When so adjusted, the Sound Transmission loss'at 500 Hz

a

is taken off the criterion curve as the STC value. For the example

shown in Figur? 10, the STC value equals 26.

In this work all the composite.ht:uctures are rated ﬁn STC, ‘
a single number rating, Tﬁe STC ratings are normally used with inteﬁtion
to overcome ::rtain inadequaéies'developed when the sound attenuaéing

&
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quality of a space divider was expressed as.the numerical average

of its TL at but a few frequencies.

. , .
The requred insulation for the compound structures is ob-

tained by the equation (73):
STC = CNEL - NA
! where STC =.Noise reduction characteristics expressed ‘ e
as an STC number .
N ° CNEL = Community noise equivalent level (it is
- a ;easure using A-weighgéd sound level)
- _;ﬁ_,_i?§ NA = {?tg5}954§99g225959 noise level characteristics
expressed in an A level \.

¥

= In this equatiogy, CNEL, and NA are A—weighted; single number

sound levels, the STC 1is also a single number rating but .not A-weighted.

To justify using this equation, the following ;henomenon is considered(76)..
It is generally accepted that noise level grading curves

such as Ajweighted/level curves are used to establish a simble relation-

ship between a definite existing noise level ctgractgristic and the

requi}ed nolse reduction of thé béqndaries of an énclosure in which

it is desired to establish'a certain maximum noise leyei spectrum

termed A-45. I ' ‘ b

This characteristic is the iﬁberpe of a 'A' network in the

/ .
common sound level meter, and is go labelled, say A-45, because the

'A' weighted sound level of the noise level characteristic will come

¥, to this value, that is, 45 dBA., . AlI 'A' noise level spectra afe

alike in shape, and differ onl) in their ordinate position on the common

Y

T T
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graph paper as used in Figure 10. Also similar in shape SIC curves, = °

<

.

which likewise differ only in their position on the same graph

paper. On Figure 10,! for instance, is showm SIC-26. It could be
. \ .

noticed in the figure that the 'A'-network also closely regembles the

STC cﬂrve .

s

It could be idealized fromthe above example that when the
'A' noise level A-45 is graphically added to ‘the STC-50 spectrum,
one wou]hd obtain the maximum noise level characteristic whiclh may
prevail outside the dwelling's boundary to establish these in the re‘c— .

ommended A-45 noise level characteristics.

ot Thus when the A-weighted noise level of the dwelling's

l K]
exterior is 90 dBA, and has a shape similar to that shown in Figure 10,

and the desired maximum acoustic disturbance is A-45, we have

- STC = 95 - 45

' STC 50

The simplifica"tion of the calculatioi\ results from the

fact that the STC characteristic closely resembles the 'A' network,

which is displayed in Figure 10.

v

<

Figure 11 was obtained consider{ng 45 dBA to 105 dBA as

' the Community Noise Equivalent Level which covers all the possible

outside noise levels from a farm in the valley to an urban residential

(76,77)

;n:ea near a‘mejor alrport An attempt was made to assess the

1)

Community Noise Level in the location of the Centre for Building Studies, .

Concordié University, and was found to be 73 dBA,

.
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71,

From Figure l.l the required average transmission of ex-
ternal envelope could be determined in any CNEL ranging-from 45 dBA
to 105dBA  to have a desirable Internal Noise Level of 45 dBA
as stipulated by California’s t‘ioise‘Inslulation Standard.

From the discugsaion of Chap’ter I1I, it cou}d be seen that
the performance approach is generally regardéd as a more progressive
way of describing components than is the specificatiot‘l langu;age approach.
In the development of such codes, performance statementsare usua113; ,
first developed in broad descriptive terms (eg., the party walls shall .
have a minimum Sou;lgl Transxgission Class (STC). rating of 45). These — .
statements are then potentially in a fcni suitable for codification.
Thus, 1t is necessary ‘that the generalize;l performan'c‘:e requirements
be translatable into z’lppraopriaté physical characteristics which can,
by suitable testing or prediction techniqli'es, be measured. 1In r‘na‘l'cing
this translation, the measurable attribufe may or may not ex}d‘tup
closely refIécting the spirit of the original réquiremen g Its
at‘tractio'n lies in its fsamiliarity‘tand extensive back up ‘dat‘gr‘{I)in addi;

tion . to test procedures. ‘The STC values are commonly used ‘to describe

the TL of panels, walls, windows and doors.

Sound Transmission thrqugh walls (or flgqrs and ceilings)))\l ‘
varies with ;’requency of the sound. and the weight {or mass) énd stiff-
‘negs of the construction. ' ) -

/) By definiti&m: the‘ Sound Transmission Loss (STL) of.’ a par- i ’
fitvionas) {s given by: ’

. 1.1 .
STL= 10 log (T)’ dB

' v
\‘ ‘ .
T,
- Al )
(\ N
. N . \
f . B
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é "in which -Ii = sound'inteﬁsity'on one surface of the par-~
% h ’ tition in watts per &quafe meter.
$%, | ‘ . It = sthd intensity radiated from the opposite
i 7 surface of the partit;on in watts per square
% ’ i : meter. 2
£ v The iitensity of It‘is less than Ii’ sfnce some of the in-
? - cident energy is reflected back toward the source, while another portion
%' . /// is absorbed by the material of the partition. ‘s
?i \ | fhe Sound Transmisaion loss is determined experimentally
% b for a partition betﬁeéﬁ!nu:reverberation rooms by the jollowin; ex--
2 - . , ‘pression: l . ' ‘ .
STL = L1 - L2 + 10 log (s/a)
,: in which L1 = time space average sound pressure level
i " . ' in the source roori.
. L2 = time spaLe ave;age sound pressure level
! . ‘ ° .in the receiving room. (
. . 8 = the total radiation surface area of the

L . partition in square’meters.

. a = total sound absorption in the receiving

.

room in Sabins.

f \
. The difference (Ll - Lz).is called the noise reduction of

a

Fhe partition.

. . If the partition is a rigid barrier with air on either side,

1t can be shown that the Sound Transmission loss is described by

what s called the field incidence mass law:
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- STL'= 20 log wf - 47.4

in which w = area deﬁsity of the barrier in

kilogram per square meter.

f

i

frequency of the sound in Hertz.
For example, a brick wa1180.3048m thick has an area'density
equal to 590 kg/m?. 1If the frequency of the incident sound is 500 Hz,

then:

STL = 20 log (590)(500) - 47.4

\

) 109.4 ~ 47.4 = 62.0 dB
In a building, in géneral, the insulation provided by
the external walls is appreciably great;r Ehan that attainable with

windows. Thus, in almost every case, tije determining factor is’the

size of windows and the character of glaking,” as the TL of a non-

To show to what extent a large closed windy an weaken the composite

Transmidsion Loss of an otherwise highly sound-retardant construction,

.
consider a large brick wall whose masonry components have a TL of

roe

45 dB, has 20 percent of its space taken up by single glazed windows
whose TL equals 20 dB, the TL of the composite wall will be 22 dB.

In a dwelling, the TL of the walls is usually controlled by area
) \

occupled by doors and windows. . -

Thus the solution to the problem of . how to aveid sound
transmigsion through highly sound-retardant walls containing a window
or windows, doors etc. consists in minimizing the window area and

maximizing the TL of the window. Sincé the Residential Standard bf

‘

Baren . e A bt
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Canada stipulates, for:lighting purposes, a window area eqdh% to -
<

)

L
» & .

10 percent of atea served, the minimum window area’is fixed, and no

o

reducéd'xgu'd";tansmission can be had. by a smaller<winddt. With re-

spect to in%r 18ing the TL af«the window itself, essentially two means

oS rd . . {‘ N * N
are possyéle thicker sheets of glass in a sf%gle-pane window, ©Or
} . —

doubleféhne indows. The first means is not :;FY praétical, since

doub}ing t?e thickenss of a homogeneous panel results in only a 4.5

r . 3 ; ’ ® )
dB/4ncrea in the transmission loss for all frequencies

$
- \

(7?), but ?

the doub}Z:f)ane windows, are more Eommonly used to increase. TL and

/ .
have an;additipnél ddvantage due to their improved thermal properties.
‘.. al

The use of sealed.double-glazing units has expanded greafly in recent

»

4 @

N . *

. . - .
yearg. As they may %epresent'a major item in the cost of the building

\ ¥

énc{osure; and as they have certain potential limitations as well as

?ﬁvantagea, an awareness of their physical characteristics is essential

7 for our funther discussion.
A

I3

t for hermatically sealed glazing units

Type. I -,

Type. IT —

N L]

Type III -~

N !

L |

Vg ' .
/’There are, in‘general, three types of construction ased‘

* 7 (78) )

in which a spacer of lead 1s bonded

to the glass by a special soldering

¢ =

technique; .
which . has an all-glass edge;

in. which the panes are sealed by one
S

or more organic sealants to an aluminium, .

steelhof polyvinyl chloride spacer,

usually hollow and containing a desiccagt.

. n
, v
» i . ' '
s v
s .

3

&8
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The air in the space is dried by purging with dry air be-
fore sealing in Types I and 1I, and by contact with'the desiccant
in Type I11. The majority of sealants are polysulphide, butyl or

other synthetic rubber base materials, with various additivies to
[} ‘ e

provide the desired properti€s: Typeif?apd II1 units usually have
1/2 or 1/4 inch air spaces; altthﬁh a few Type IIT units are made

N : .
with 5/8 inch spaces. Type II usually has 3/16 inch air spaces.

o

The effettiveness qf a window is directly related to the overall

ajrtightness of the 1?atallation. This is the reason why fixed win-

dows are better for 'sound-control than openable windows.

' g -

’

The STC value, in case of double windowd, Increases as

-

the space betweenthe panes is increased. For a relatively high de-

gree of sound control (am STC of é%gr 40) 1t 1is neceséﬁ?y to provide

two pageg of glass 3epar§ted by at least 'an 8 inch spacé,.not a very

ptacéicql si;uation in most eéseg. " There is a fundamental difference

in thiélregard between.ﬁeat ané noise control, 'Typical over-all heat

transmission coefficients'versus thickness for glass—enclosed air ‘
o o

spaces are shown in Figure f&. The optimum‘thickness for &?nimum

»

heat floQ“ié about 5/8 inth; thickness of 1/4 and 3/16 inch are sig-
. ) v ’ ji

o
nificantly less effective.\' Figure 13 displays the average sound |
transmission loss of Eiﬁgle and double—paﬁei windows versus thick-

ness for glass—enclosed air space. The TL increases with the i~

thickness of glass, increas ﬁg qitthhé’air spék{L For'therpél?}n— y.

sulation there is little adyantage in an air space larger than 3/4

inch.




- 2 The portjon of the study dealing with the cost conaequencea
o

associated with technical contents of Noise Control regulations is

divided into the following phases:

® Determining the ‘required average sound insulation to have a

desirable internal noise level of 45 dBA for any given outside

i . LN

Noise Level. < e

o

N

3

) Detemﬁni’ng composite transmission loss“when single, double
. and triple glazed windows of 10 to fOO percent opening fitted

into walls of, different STC vajges.

e Cost of composite‘.wallllsq.ft. for the given extenal noise level, } =

. 1]
The, objective was to obtain a family of curves describing

I

cost implications associated with varying window openings for different .
STC value of walls. Included ¢are studies which yield cost information

gf intrinsic useﬁulness for desi'\hérs and builders dnterested in con- °

t:rolling housing costs while im, leme ting Noise Control S andards
p .& 2

[ N ~

N Cost curves were developed, for example, for the cost per sq.~_ft.

‘

of enclosures as a function of‘window area/wall area and outside

" noise level to obtain a desirable inside’ﬁoise level. These curves
were usefu]& in assessing the cost mplicationa of Noise Control Stan-— y \ .

dards in the &eaign and planning of multi- family dwellings and are

r et
P

similarly useful in the context of setting minimum standards for ‘ ' .

s f ; \ R N

window openings in each. & ' ) L

1 . -
R . K ~ . \ .
. . e s ) L

‘ . ' The first plﬁ%e of this'study of determin;tnag the average
B o i ’ .
1

“ S s ’ » N C . '
sound iwsulation to ha\( a,.desirable .internal qoise« level of 45 dBA}

z

for anyvgiven outside| noise level is discussed in Chapter5.
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. The second phase of study deals' with the determination of

composite transmission loss when singlé, double and trdiple glazed

windows of 10 to 100 percent opening are fitted into walls of different

5

STC values. The rest of this chapter discusses the construction’ of

]

mathematical models to pick up the most economical combination.

7/ .
Walls are available in various ‘thicknesses; consequently,

a

various TL values (1 e., costs) also windows are available single,
"

double and triple glazed. The problem is often to pick the most

,/economical combination Eh@t will achieve a certain required noise
ré&luction. -

v

To accomplish this, in tially, knowlédge of the TL of

3

_composite constructfon is essentifl.: This is represented by the

&

following equation;: .
) A+A

' : £ TL. Composite = 10 log £~£4-*f%l—
o Th1 + oM

where Al= net area of wall excluding opening

aréa of opening R

fransmissiqn coefficieqt of wall

N [

Transmission coefficient of windoy

. Tlrpnd T, are calculated 'using the
expression:

o 2

Tlia11 = 10 log 1/1,

, \nTLW1q§OW» 10 10g’ii:;//’ .
4 < ‘ I
S ) . 5

.Using the above expressioh_a-cofiputer prograt wés,written;

14

' . 3 U\ - - "
. N : .
and the,Copposite‘TransmisSion orTL tosite hngiﬁhta;ngd for walls f

having STC value ianging‘from 30 to 60 fitted with si@gle, dbubleiﬁ
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and triple glazed windows of 23} 20 #nd 43 respectively, and .7
S— 1 ‘

varying the percentage of windo& opening from 10 to 100 percent.

The family of curves shown in Figure 14 was obtained by p

considering single glazed sealed window having 23 dB of Transmission

Loss (TL) and waPls having STC value rangigg from 30 to 60 are taken

into consideration. In each wall 10 10.100 percent of window open-

_ings are assumed and the'compos te TL of exﬂerhal bnvelopes are
- .
established. The figure displa s percentage of qinglé glazed window

‘openings vs Composite Transmission Loss of window and walls. From

[ .,
Figure 11 the required Comppd te Transmission Loss for a given ex-
Cernal noise is‘obtained. Then, the value of nptimum window openings for

L3
1

each,STC value of wall could be o@;ained as follows.
. i R

Suppose the required Fom osite Transmission Loss is 28 dB,

~e9§er;ng{é§e ordinate of Figure}laﬁ 28 dB and moving horizontalf} acrosg

'

the-scale to the STC 30 dB wpll; andifpomvthat R?i“t on down to ‘the

abscissa, could obtain tﬁe figure of 13 percent .ppening of singleé

L) '] .. ) / - -
glazed gealed window of.23 dB. Similagly; still mpving\q?rizon-
. i
tally to thé STC 35 wall,'‘could obtain th figure)o£/29 bercent of
. . ,,'
possibl@'openiﬁg of single glaaed sealed uindow in STC 35 wall to"have .

< - .
a 28 dB of Composit‘ Transmission Loss. Thus Figure 14 is used to ™.

obtain the Compo’ite TL of the Fomposite barrier of different combin-

"ations. L t e

Yy /
Further it could be seen from Figuri 14 that it is not possible

oo ¢

‘to fit single glazed sealed windows if the required TL is greater than

)
35 dB. It could be also‘noticed that there is no great advantage !
to have higher STC value walls Lhen‘singleﬁglazed windowsdape used ‘

¢

“
¢ . -

i

.
| * . &
{ s ,

prs

LA ekl

k4

e



i(‘
r - » -
3 v ‘.
; ; . \ \ B.
4 * .

L]

. \

~ > ¢
_;;,‘ . v - . , oo
g -

) as the Composite Tran&&ssion Loss increases only 32 to 33 dB by N ,
" W
B ingreasing STC value of the viall from 40 to 6£ dB.
.

As a matter of interest, at the location of the Centre
{
for Building Studies the estimated average CNEL is 73 dBA (Appendix

‘ B I). To have a desirable average inside noise level of 45&BA at this _

location from\Figure 11, the requix(ed Composite TL of the k;ternal

v envelope should be 28 dB. The permutations and combinations for this

3

loéation are, considering single ghazed sealed window of not more than

13 percent openings in an STC 30 wall, no #ore than 15 percent for STC /(
: ) t

35 wall; less than 30 percent for STC 40 wall; and walls ranging from

STC values 40 to 60 the possible openings vary from 30 to 100 percent.

\

& _to havea Composite Transmission Loss of 28.
-

-

e

Figure 15 displays a family of curves of double glazed

’ sealed windows having 40 dB TL vs Composité Transmigsion Loss of win-
R gow and wvalls. As before, the walls fo STC value 30 to 60 are con-
~ P M - -

*

siderad to achieve a certain required Co iwsite Transmsision Loss
0 EH

. . ‘1 if fittédm\gh double glazed lw’indow of 1 cent to 100 percent

-~ o “ 7
opening in each wall area. Knoq}ng from Figure 11 the required ‘
T B 2 v ! . . 1
+ Composife Transmission Loss for a given external . noise the value of
N / ] :

‘optimmj}double glazed window opening for each STC value of wall could

\, A e\
.be obtaingﬁ from Figure 1%. Further it could be seen that it is no’%'S ‘K’.‘m

. psosible to fit double glazed sealedﬁindows if the Transmission Loss °
» ( » . s
‘ required is greater than 50 dB. It could be no{:iced also, that there
y . a . r
s is no great advantage to have higher STC value walls when double ¥

‘ glazed wihdows are.used as the Composite Transmission Loss increases

2 : s -
3 only 47.5 to 50° dB, by increasing STC value of wall from 50 to 60 dB.

-~
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Similarly {igure 16 displays percentage of triple glazed wiﬁdow

, openings vs Composiﬁg Transmission Loss of window and walls. Figure

i

11 gives the réquired Composite Transmission Loss for given external Tj) -
nqiéé; the value of pptimum’triple glazed window opening for each STC

valge of wall could be obtained from'Figure 16.
i | .
A double window will, providing the frequency spectra

. remains reasonably constant, give the same measured reduction in sound

.

whether the external noise level is a bearable 50 dBA or an excruciating

L
120 dBA. But there is one variable - window size- that it seems ad-

visable to consider in greater detail. From the epclosed graphs it could

be implied that opportunities to observe adjustmefits to price variations

)

are most likely to occur as a consequence of sound insulation chanpqg,

-

varying with window sizes. Cost could increase proportionally accord-
’ i
ing to increase in wall area glazed. As such the graphs give a broad

indication of how window size might effect the performance of improved

-

insulation. Sound proning costs in general'depend on the amount of

insulation required, the size of windows, the method adopted, and on.
~ ' .

gquf;;h&qal and economic vartables.

A The folIowing recommendations could be made from Figure 14

N

through 16. Noise reduction depends on various window-wall combinations.

® Single glazed sealed windows should be used only if the required
. . * ¢ R - . ‘ &
Composite TL 1s less than 33 dB.
¥ .
~ ® There 1s no greét advantgge of using high STC value walls while

' ) : -
using single glazed sealed window, as the composite TL increases

on 32 to 33 dB, by incréasing STC value of wall from 40 to 60. 1t

-~

b '
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\ - -
e While using double lszgd sedled window the maximum attenvation

*

' , possible 1s 50 dB (allowing 10 percent minimum glazing).
e It iswnot economical to have% combination of double glhzed

window and wall of STC value more than 50 dB since the ‘compositej

- -

L
TL 1ncreé\ses 47.5 to 50 dB by increasing the STC value of wall

. from'50 to 60,

g

. The highest Composi‘t:e TL could be reached while using triple
glazed window which ig 53 dB (allowing 10 percent minimun glaz—

ing). -

v

J .
‘ The cost implication of window wall combinations will be .
[ 'Y N , N N .
discqussed in the next chapter. o oo :
! 4
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4 When the TL of windows and walls are known, a knowledge

of’ the commonly useq external enveldpes enables one to find out the

cost of the composite. structure. L

. ) ~ !
i

5.2 DESCRIPTION OF THE TYPES OF WALL USED IN THIS INVESTIGATION
i / : ) . ' ) . . B
' In this study one hundred and fifty types of com?only ‘
" used exterior envelopes with STC values ranging from 27.5 to 67.5
fitted with %O to 100 percent single, double and triple glazed windows
were analysed. For clarity in presentation of results, ghe STC rating
. numbers'are approximated to center of.a given range. Fof‘examplei N
; oo STC 30 means STC 27.5 to SIC 32.5 -
- "~ $7C 35 means STC 32.5 to STC 37.5 ) ’
STC 40 means STC 37.5 to éTCI42.5
STC 45 mean STC 42.5 to’ STC 47.5 '
STC 50 means STC 4745 fo SIC 52.5 - )
. STC 55 means STC 52.5 to STC 57.5 ]
' , ‘ - ' $TC 60 means STC 57,5 to STC 62.5 N
STC 65" means 54!??525 to SfC.67.5 i e |
\ PN - - .
Figures 17 through 24 show typical Qalls considered 5

93,

’

for cost analysis. The unit costs of the wall were calculated (see

Table 2) using Building Construction Cost Data 1977(79)

[ v "

Montreal

for the

.region, and the unit costwof sealed windows weré obtained

" from the manufacturers.

As is evident from descriptions of constyuction shown
in Figures 17 to 24, the constructional fabric used is that typcially

found in & non-luxury dwelling unit. ‘Estimated costs ﬁere determined

. ' - /

N Y L I




X

-

T - T . ‘ -

per unit of domponent enclosure surface (eg: dollars per square foot |
of exterior.enclosure glazed with 10 to 100 per:cent:° of surface area).

Thus the total cost of a componeht 18’ roughly the unit enclosure .

-~

cost times the component surface area.

*

.,

r Cost data was-taken from Buiiding Construction Cost

(79

Data for the current year of this region. Tradit’iopal information

gources were used in the above literature for cost data, Hence estimates
were appf«a/ximate. As noted, oﬁly relative cost values are of any

direct wvalue and undue significance should not be attached to specific

A

dollar estimates. The latter were used primarily as a convenient tool

for establishing relative values. . \

»
i

While ca;lculating the un:it: ;coét of walls, “:Lt was
found that generally 1/3 of cost per unit of wall goes to the materials
used and 2/3 of cost goes to the installation, scaffolding and labour,
It could be noticed that up to an STC 45 wall the increment in cost
was g,rvaduz;]_ and from STC 45 to STC 5'5 there is a gudden increment

1n cost due to tﬁore labour involvement, and primarily due to the

necessity of double wall construction above STC 45. e

?

EFFECTS OF COST ON IJINﬁOW OPENING

1

&

~

culated to range from $2.08 to $8.60, the cost of single, double and
triple glazed windows are $ll 140 $17. 00 and $25. 00 per sq. ft. .

respectively. Hence the perceptage of window opening is the chief

[

While the costiof wall for .STC 35 to STC 65 is cal—




T

-

Y

-
clo:ed Figures;és
. -

cost déferminé factor in any envelope. The en
to 27 were developed from the calculated unit cost of commonly used

" walls fitted with 10 to 100 percent of single, double and triple

i . N

glazed windows in each wall, They display percentage of window opening

vs. unit cost of composite construction. "The cost of composite structure

/ ¢ -
increases with the increase in percentage of window opening. To

¢ obtain the approximaté cost of the required composite wall the following

procedure is used and is demonstrated by use of examples. From ' )

T

.

Figure 11, for a given %utside Noise Level of 75 dBA, the average

.

Sound ,Transmission of the composite structure must be 3D dBA- to have

i - Lo
"¢ a desirable inside 'noise level of 45 dBA. Referring to Figure 14

using single glazed &indow, the various combinations of wall and win-

3

dow for an average TL of 30 are: an STC 35 wall, 14 percent oﬁening;
SIC 40 wall, 17 percent.opening; STC 45 wall, 18 percent opening;
and STC 55 wall, 20" percent opening, and so on. From Figure 25 -

the corresponding costs varies from $3.50 for an STC 35 wall; $4.00

“for an STC 40 wall; $%.50 for an STC 45 wall; to $8.40 for an STC,

- 55 wail.q It could be inferred erm gyese examples that there is little

advantage in going fot higher STC value walls without restricting the

. glazed ‘area.
&

+

-
Ea

If the given outside noise level :is 80 dBA to have
¥ .

‘e

a desirable internal noise level of 45dBA, the Composite TL must be
o . .

35 dB (Figure 14). As the maximum average TL, using single glazed

-

window, has been calculated to be 33 dB, one must use double glazed
. {
’

windows to achieve,a Composite TL of 35 dB.
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| Using dou]:nie glazed windows,! from Figure 13, to accom-

4 t

| ) _plish a 35 dB of Compos,ite TL, ‘the 'glazed area must be 75 perce:{t in B
. . P - : .
an STC 30 wall and 10 percent of glazed area’is enotugh in an STC

-

\ ' - . .
From Figure 26, the cost of double glazed window and
g wall combinations to achieve a 45 dBA of internal noise level are $13.00
. kS
. . | M
per square foot usipng an STC 30 wall; $3.50 using an STC 35 wallj;

$4.40 using an STC 40 wall, and so on. From this example it could ‘

-

B be seen using higher STC value walls are economical, if the percentage

g : ' .
of window openings, theI chief cost determining factor, is kept

minimum, -
. 1 ’ LY
K ol .
In economical terms, it works out better to provide,
- r Q * - -

-

a wall of STC‘ value slightly higher than the , required Composite Trans-
mission Loss fitted with minimum percentage of window opening, the
‘ chief. cost determining factot. If 'the: cost of the envelope is to . \

) be minimized, the glazed area must also be minimized.
4 » .
. . |

' - .

. o Another interesting ,me of interpreting the Figures

f .

25,26 and 27 is to note the variatjor in ‘the percentage of window . .

-
<

openings in ea‘ch STg class of wall 'while keeping cost constant.

Thus for a $5.00 per square foot‘ Walll, using gingle glazed windoi:s,

16 percenf opening in an STC 50 wall,-‘\) 20 Percent opening in an STC- :
#5 wall, 22 percent opening in ‘an STCP 40 wall,l 36 percent opening~

in an STC 35 wall, 33 percent opening in an STC 30 wall can be utilized.
Hence a’ choicé of wall and window opening could be obtaipéd gin'xply

[

by choosing a more,optimum configuration for prescribed dollar.

"

'
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. Ag the ekternal envelopes are chiéf noise barrie
1]

in a8 multi-family dﬁelling, only external envelopes are considered

~
* ¢

1ip this im)egtigatibn. The choice however, ptoved‘ to be the most
P4

. viable .technigque for the goa} of analyz{ag cost implications of im-

plc;ment:ing'(z i;pproved noise cofitrol standards. The accuraéy of the .
* technique was felt to be fully commensurate with the objectives . :
n Yo RS
: . Voo .

of this study. ' Lo :
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DESCRIPTION OF ,CONSTRUCTION

'

W-1l4: | !

‘!l
o

. TYPE: HOLLOW GYPSUM BLOCK

'

DESCRIPTION:. I 4 in. hollow gypsum blocks cemented
together with 3/8 in, mortar joints;
on each’ side, 5/8 in. sanded gypsum
plaster.

TOTAL THICKNESS: ‘ 5 1in.

+

{
AREA WEIGHT: 23.4 1b/ft.?
FIRE RATING: - S 4 Hrs.
SOURCE: o Noise Control in Multifamily Dweli{ngs,
/’ U.S. Department of Housing and Urban
. F . Development, Washington, D.C. 20410

ESTIMATED COST. FOR SECTION: $2 .OB/E't R .

”

Lt
* Figure 17
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, .+ DESCRIPTION:
.  TOTAL THICKNESS: o

"AREA WEIGHT: * °.

STC- RATING:

. FIRE RATING:

3

SOURCE:
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’ 125 ,; 250 500 1 2K 4K . N .
- FREQUENCY, Kz ,
' ' w-6 - !

BRICK

9~in.~thick brick wall with a % in.-
‘thick layer of plaster on each side,

10 in.

100 1b./ft.

%

52

3 N

to-

*  over 4 hrs. .

Noise Cont:rolq in Multifamily Dwellings,
U.S. Department of Housing and Urban
Development, Washington, D.C., 20410

$3.3%
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250 500 1X
. FREQUENCY, H

125

~n
>

w-19
. . »

© TYPk:

DESCKIPTION:

Aoy %

N
<y 47
i plyd tgie o= g 2

TR L e T

Source: Noise Control in Multi-
“family Dwellings, UI.S.
Department of Hous{ g and
{Urban Development,
Washington, D.C. 20410; .

N

"HOLLOW GYPSUM BLOCK, 'GYPSUM LATH
AND RESILIENT CLIPS ONE SIDE.

4 1n. x 12 in. x 30 in. ‘hollow

gypsum blocks isolated arouhd
perimeter with 1/2”in. thick
continuous resilient gaskets on
one side, 3/8 in. gypsum lath\
attached with Tesilient clips 16
ino on centres, 1/2 in. sanded
g&psum plaster with white-ceat
finish applies to lath; on the
other side 5/8 in. sanded ,gyp
plaster with white*coat fin
applied directly to-g

The'T7Q

im. clearance around the

perimenter closed with a non-setting

TOTAL'THICKNE#S: 6 in.

ARFA WEIGHT:

'STC RATING: ° C 47,

.FIRE RATING: A'hrs.

ESTIMATED COST FOR SECTION: .

3

-

Figure 19

resilient caulking compound.

24,1 1b/fr.2?

$3.37/£¢t,2

g
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125 250 a0 X
: . FREQUENCY, Rz

TYPE: * ' . """ DOUBLE WALL, SOLID PLASTER LEAVES

v - 1

-~ )
* DESCRIPTION: : Double walj‘on concrete with a
. ¢ - face-to-face separation of %%

channel, 12 in. on centres stiffened

by a 1 in. horizontak metal channel °

-about half-way up the panel;

.expanded metal lath and 3/4 'in.

sanded’ gypsum plaster. on both sides
+ of the wall. -

in., eath leaf consisted of 3/4 in. metal R:i}

TOTAL THICKNESS: * ' ‘43 1in.
 AREA WETOHT: “~ 17,2 1b./ft.2
$tl‘C"‘RA’I‘ING: ? % 47 '
‘I:‘IRE FATING: . ., lme..

" /ESTIMATED BOST FQR SECTION:  $3.50/ft.2"

.

Figure 20
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: 1 .3 - - o
20 LAt 1Al LAl LA LAl .
. . 125 250 500 X 2K 4K ‘ . . .
e FREQUENCY, Hz \ ‘ ‘ ' -
TYPE:, STAGGERED WOODEN STUD, GYPSUM BOARD WITH INSULATION
‘ TEST REF: 2-(236) ., © - - <

DESCARIPTI.ON:“ 2- by 4- in. wooden studd 16 in. on centers, staggered
4 . 8 in. on centers; attached tp 2- by 4 3/4~-in. wooden
floor and ceiling plates; '1/2-in. gypsum wallboard nailed
. . on both sides to studs, 0.9-in. wood-fiber wool blanket
T stapled on the inside of one side of the wall. All
oints taped and finished. r
3 ped ap /- o

» . s TOTAL THICKNESS: 5 3/4 in. . ) -
a ’ C C '
AREA WEIGHT: 13.8 1b/ft’
¢ ) REMARHS: . The STC value is based upon nine test frequencies.
- " . _STC=46 /)

s SOUREE: * ™~ ‘Noise Control in Multifamily Dwellings, U.S. Depa§tment
if:'l e : of Housing and Urb?n Development, Washington, D.C. 20410.
s '+ a A
2 o £ 3 A 4 . .
/o " ESTIMATED COST: $3ghe *. : & ‘.
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SOUND TRANSMISSION LOSS (d8)

.
on
(=]

w
i=d

rr1111117 !llllllll Illllll7

o~

0

o
(=4

20

=

v p
A ]
” -4
A RN IR
/ .1'4\‘ 2 i —_: +
/ o % sos /; ] A 1
} . : -
- y /’j
A ¢ b

AN ENEN] !llLll]lJl IAETIREENE FRETE ENT N

) ot . o
- — Soeeed el |
o 57/ /7
- 1 .% ‘.Z///“{é:
- | A | V7w
- \ ) T
: l‘Al ‘lAl 1AL LAl LAl
125 250 500 3 2X . 4K
FREQUENCY, Rz . =
- s
TYPE: . . POUBLE BRICK WALL - /2 in, cavity
DESCRIPTION: ° oo Double wall with 4% in.-thick brick
. leayes separated by a 2 in. cavity; >
% in. plaster on exposed sides.
. ~
“TOTAL THICKNESS: 12 in. .
AREA WEICHT: 100 1b./ft.2 .
STC RATING: 54 2
over 4 hrs. ~ .

FIRE RATING:

ESTIMATED COST FOR .SECTION: $7.50/f t. 2

Figure 22 . - . -
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. W-26 ’
" . ' v -
TYPE: DOUBLE WALL ‘CONCRETE PANEL AND -
’ ) CLINKER BLOCK - ’
o -
‘DESCRIPTION: =~ = - Double wall consisting of approxi-
. mately 2 in.-thick concrete panels v

-

TOTAL THICKNESS:

AREA WEIGHT:

STC RATING:

i

s )

FIRE RATING:

L))
ESTIMATED COST FOR SECTION:

-

. 7

Figure 23

mounted on 2 in. x 4 in. reinforced
concrete posgs spaced 18 in. on
centers with inngf leaves of 2 1in.-
thcik clinker block; a 2-3 in. ~
cavity -between inner, leaves; 3
in.-thick plaster coat on the ex-
posed surfaces.

19 1in. o : .

80 1b./ft:2

60 .,
oyﬁ? 2 hrs. - . ' .bH
$8.00/ft .2 ) .

\
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‘30" LAl 141 1A tal 1AL . ,
125 250 €00 X 2K 4K
s FREQUENCY, Hz N
wzi &
. ! - N . -
TYPE: - + - »~ SOLID CONCRETE BLOCK
DESCRIPTION:: Wall of 4-, 6- and 8 in. x 8 in. x 16 in.
¢ sand and gravel aggregate solid concrete
blocsk; on each side, & in. to % in.
- thick layer of cement gypsum plaster and
' . sand. - :
A N ’

AREA WEIGHT:

STC ,RATING:

FIRE RATING:

TOTAL THICKNESS:

4

ESTIMATED COST FOR SECTION:

'Figure-24

‘

abproximately 16 1in.

184 1b./ft.? ‘

63 : v

over 4 hrs,

$8.60/ft.2 .

*. ~ -
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BASIC CONSTRUCTION COMPONENTS AND ESTIMATED COST

L

'

LOCATION: MONTREAL, QUEBEC

ESTIMATION FOR 9 -in, THICKlBRICK WALL .

\

’

LABOR RATES CREW D-3

.

. o
CREW D-3 ) Hr. Daily

3 bricklayers or stone mason- \\\I $8.0} $192,24
2_bficklayer helpers $6.76 $108.16
0.25 carp (scaffolding) $7.77 ° $ 194
$302.34 -

42 M.H. Daily Total

ITEM. . ~

* COMMON BRICK

wall

i IN '9-IN. THICK WALL

1030 briek délivered ) X $86 per M $ 88.60

Mortar material @ $1.20/C;F.f\ 17 C.F. $ 20.40

Scaffold rental - $ 3.85

Installation incl. scaffolding ' . Crew D-E

using indicated crew 0.556 days $l68.10

" - /

Total per M in.place $380.95

.| Total per é.F. of wall 9-in. thick $/ 3.56
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CHAPTER 6 °

&COST IMPLICATIONS ASSOCIATED WITH / \

APPLICATION AND ENFORCEMENT OF NOISE CONTROL STANDARDS

.

’ The previous chapter discussed a methodology for determin\-—
ing the most economical combination of wall and window ito achieve _-‘
a desiréd level of sound insulation. This chapter deals with cost
implication relating to applicationand enforcement of Noise'Control
Standards with emphasis given to the California Noise Control Standards,

described in Chapter 3. Some idea of the scope of the issue involved

has already been indicated in the preceeding chapter. =

S

Several general p?ints should be noted initially. First,
any attempt to anéwer a question on the cost implicatons of the
technical contents of Noise Control Standards with actual éollar
amounts is as naive and misleading as‘ the original question is
oversimplified. Implicit 4n the original query i; the r}oﬁion that
there exists a criteria which can be listed and proven as necessary
requir‘ements to be mef in the designand construction of nulti-~family
dweliing.. In this study an attempt is made to.didentify tﬁe criteria
as necessary reqﬁirements, such as percentage of wilndow opening °
in a given STC wall to.ac'hieve a desirable irﬁernal noise level

based on considerations of occupants' needs or wants have yet to

be fully, es'tablished . .

A more meaningful approach to the problem is to assume a
cost—effectiveness approach to the provisions contained in noise

control standards. Whether explicitly stated in performan&e ternms

»




or not, most standard provisions regarding an exterior envelope

reflect.some required level ‘of performance witl'; respecﬁ to one or

more physical attributes. Associated with these performance levels

are certain cost trends. If performance levels vary, it can be

. ex)pected tha.t~associated costs vai-y also, most probably in the direction
. of increased costs for indrease:d perfoxzmance. Suppose in ox;r exampie
of Chapter 3 if we had taken desirable inside noise level as 40 dBA
instead of 45 dRA. the performance of the e:;terior énvelope ;lould
have to be increased and will result in increased cost. Conceptually,

it would seem posseible to develop curves for provisions contained

in Noise Control Standards. There are,_howev‘e\rym?y prqcticél
difficulties and other stumbling blocks involved in an approach of
this nature. The general approach, ‘however, does have many attractive
features. The issue‘ of possible differences between noise @sontrol
standard contents and requirémeqts based on more basic congiderétions

of occupant wants or needs (and thus of the basis on which cost

v

consequences are determined) is put’in a different perspective. Thus
N ? .

the various performance levels associated with standards appear as
specific points on a more general cost-performance relationship

with respect to some attributes. Similarly, if requirements derived from

more basic considerations of occupant wants and needs are available,

.

they would also appear, as ranges or pgints (hdre we took 45 dBA
as desirable internal noiseylevel in{a multi-family dwelling as o

specified in the California Noise-Contxol Standard) on the same relation-

ship. If curves of this nature could be established for external
envelope of a2 multi-family dwelling, then it should be iJOSsible to

. N !
respond the issue of cost consequences in implementing noise control
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11%, .

3 4 ' '
standards. Apother major attraction of the cost-effectiveness

~ . . . +

appr}a{h\lj.es in its potential usefulness as an aid in actg{?lly

establishing' specific performance levels'to be put in codified form

in legal building regulations. These curves would be invaluable as ;.
\ - b \ *

a tool in the final decisiw®n-making process, a process which almost o
always involves a study of trade-offs. This patentidl usage of such

curves, enclosed in this section, is extremely interesting and would
Lo, :“‘
1,0:"
generally put on,.a(moré quantified base decisions on trade-tiffs that

are currently made, often on-a rather subjective basis. ,"‘ ~

[N
)

'y ’ L‘\\
6.2  DESCRIPTION OF STUDY: ]
\ B ’ ' -

*

The actual study in this section proceeded along the

,&j following lines intaqcordance with the‘ above concepts,

o N -

.10 Multi-family dwelling units were considered for this in- ’

. 1]

- , vestf@ation. u
Al

) I
‘ o 2, It*was found to be impossibl‘e to determine cost trends without

assuming outside noise level and desirable internal‘noise'

[

. ‘ levels., Figure 11 in Chapter 4 was obtained considering 45
dBA - to 105 dbA  as the average outside noise level which . '

covers all the possible outside noise level. Using gigu"e
AN

;0 . 11 the required average sound transmissionnclass of the ex— -

A - ) i ‘

/ ternal envelope can be found to have an internal noise level
a . '

of 45 dBA  as stipulated by California Noise Control Standards.

Figures 14,15 and 16 were obtained with the specific in-

+

~'tention of adhering aszosely as possihle to the minimum standards

stip'u]_.ated in Resident Building Standards, such as percentage of
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minimum ‘window openings for natural light. In some instances a typical

. .o . . -
/ builder's houde might exceed the minimum requirements. for market- . '/;:>
( C oy .

!
)qgﬂability purposég; eg. additional window argas‘wouid undoubtedly be . ° o

6.3

. The cost curves are reported in terms ofr“q§st per sqﬁare foot of

. minimum of 10 percent -opening was maintained, a value stipulated in

A g A
- N 'e .

inclh@eé in the dining room, Hence in j;%h type of wall g window -

opening of 10 to 100 percent were assymed for analysis purposes. : .

! \

- h 'ﬂ il ! -

° . - .
H

Since the objective of the study was to ascertain the

-

- ]

coat impact of implementing.improved ﬁoise Control Standards, 4 method °

-

to determine the cost of the. external envelope based ‘on avérage‘odésidé “

noise levelwas developed, and displayed in Figures 25, 26 and 27.. -

v ©

Composite Construction'. Another interesting way of%}nterpreting the, .
information given in Figures 25, 26 and 27 was to note the percentagé

of window opening in each STC.value of wall could be constructed feor

-~

a specified dollar amount. In this way a choice of'wa}l and window
. . : e .
opéning could be obtained simply by choosing a more optimum'configurdfion

forprescribeddollar.' It should be noted that these curves may be

a useful design tool. ' ' T .-

COST IMPLICATION OF IMPLEMENTING NOISE CONTROL STANDARDS: \':‘

Figures 28, 29 “and 30 display external noise level vs

unit cost of composite construction, and are the results of the study

v

of this investigation. While constructing these figures a constant

E

.Residential Standard of Cgﬁada for lighting purposes. External noises

LR

are assumed from 45 to'75 dBA  for usiné single glazed windows since’

for higher than 75 dBA of outside noise level the single ' L

; . ¢ .« %
‘.




’ .
4 - . ’

glazed widdows are ineffective to Provide an’ internal noise level of
T ) ‘ . .
‘ 45 dBA. For the same regkon the outside noise levels of‘biito'l .

90 dBA  and 65yto 105 dBA  are assumed for double glazed windows

t..._...,_,w,.,,.-..._.v,,w
Cu iR P

and‘friﬁle glazed windows respectiee}&f’?;he data from Figure 11 .

displaying external noise level vs Composite TL; from Figure 14,

Nt

. . ' . & . ) .
- - 15 and.16 depicting percentage of window opening vs Composite TL; -

‘ .~ and from Figures 25, 26 and 27 exhibiting peroentage of window open-

»

ing vs‘cost of composite structure were borrelated‘in the figures of

P , i ' this section to study the interactian between external noise level

-

Ll

AT g R R N ey
. - ]
)
:
.

“and cost of composite structure to have an internal noise level of .
: >
45 dB A.¢ The figures were developed in order to investiage the

T

influence of implementing %Tproved noise control standards such as

A\

- S the Californi& Standards. o . ; .
; )

i
‘ : o .

W, .

Using the. figures, cost of composite structure for any

:i!C{A < ", outside noise level can be calculated. From these figures it is - )

~ interesting to note that there are undesirable cost consequences asso-
‘ ;ciated with higher outside noise level, As is evident from Figure
l“ 28, an sfc 36 wal{;fitted with single glazed window of 10 percent open—
ing can be used up to 70 dBA of outside noise level providing 45 dBA
of inter al noise: level, and the cost of the composite envelope would
be $2. IJ\ er square fonr WHile using an STC 40 wall with 20 percent

u

glazed area cost would be $4,40 per square foot, double the cost of the

3 . previous one, for an outside noise level of 75 dBA. .

.
T T P A ‘J
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, 'Another interesting 'way of interpreting the information

- given in Figure 28.18 to note the percentage of window opening and

[ -3
the type of wall couih be c0nstructed for a specified dollar amount
s -
for ‘a-given outgide noise level. §%us when the outside ne}se level is

75dbA to Pﬁve'an internal noise level of 45dbA, for five dollars per, sq.

foot, one can go up to 15 percent oﬁening in an STC 45 dB vall. It

should be remémbered, of course, the Internal Noise Level prescribed :
. hnd - ¢

by Noise Control Standards are the maximum allowable, but attempts

should be made to maintajin internal noise level lower than tne stip- -

ulated value
st

”

unit area of

level, ag it

by choosing appropriate construction..

. y
From‘/igure i@; it is evident, the cost for providing a

envelope -is prothtional to(;he higher external noise
v ° )

costs $2.60 in, a 72'dBA‘externa} né&se level, and $3.10

\J

in a 76 dBA external noise’ level, keeping glazed area te be 10 percent

. »"
in both cases. . -
. et ©
. Thi® figure a%so displays the relationship between the

-

<

attentuation from external noise level proportidfal

[}

and the corresponding cost of each type of wall we are analyéing.

S

t

{

A

to windo&\aneé

The

b R - . ,
following examples.are cited taking into consideration an intermal .-

1

noise level 45 dBA.

. >

\’* ok .
. \
be used in 72 dbA

L

would be $2.20 per square’foot.

-

Ap STC 30 wall with 10 pércent’

1

single glazed area could

of outside noise level andaihe correspgnﬂing cost

)
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B < < - In the same”wall if the window opening is increased

ol

¢ : . ) ) d

i . to 20 percent, then it would-be suitable only in 70 dBA of outside
vt .o .

g ~ noise level and the cost would be $3.00. Again, if the same single

glazed window area is increased to 50 percent, then the cost of compog}té ?

by

\\\\\‘ structﬁre would jump to $6.00 and would be suitable only to 68 dBA
. , . ) 3

o '
\ of external noise level. : h et

L \ i

-
1T S SR Spesnanae o

N .
Choosihg‘gp STC 45 wall with 10 percent single glazed

i g ) N area, from Figure 28, it could fit aﬁ"outéide noise level of 77 dBA

E g‘ . and the cost would be $4.40; the same wall wf%h’30\percent obening )
| ? \ ) would fit 73 dBA of.;utside'noiée level and the cost could be $5.50 “\
%$ e - . ; with 50 percent opening a;d for the corresvonding cost of $7.00 the same

wall could be used in a 70 dBA of outside noise level.

R 0
-~

. e To show the interp}etationupf Figure 29, al&ouble‘glazed

~ window of 10 ‘percent opening furnished in an STC 45.wa11 could be. -

. used ‘in an outside noise level up to 90 dBA and the cost would be

A
e e T

§5.40 per’ square foot, ' » =

[ - p ' If more glazed area is needed in the same outside noise
level,, thén we can provide 30qpercent opening‘in an STC 50 @all and the
cost would be $7:40; 50 percent openingyin an STC 55 wall and the cost
would be $11.00; an STC 60 wall with 65 percent opening and the cost

. would be $12.00. . . :

- " A
. AT

It is apparent from Figure 29 that the maximum outside
noige level, using double glazed window, before California Standard - ' o

needs to be enforced is 85 dBA. . While implementing California
) . . - v
" Standards wsing an STC 40 wall with 10 percent double glazed area

Q2 < . - / ! » . \

- . - N w
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the cost would be $3.60 in an 85 dBA  of outside noise level,

-~ - ‘ ¢

The figures can be interpreted in this way .also, say, -

hd ~

for a dollar smount of seven,/thé choices are 30 éercent opening

in an STC 40 wall in 85 dBA ._Qf_ﬁutside noise 1eve1;128 percent - - .

window area in an'STC 45 wall in 88 dBA of outside noise level; 7 »

. . ~25 percent glazed~area in an STC 50 wall in 90dBA outside noise level.

.‘ :

e

t .
It can be noted that an STC 40 wall cannot be used when outside noise

®

level exgeeds’92dBA; in this case h{g&:r STC value walls must be

4 ~

selected. Another interesting feature can be n@fed in the Figure
. <
. . <
28 is using an STC 40 wall in a given outside noise level of 83 dBA,
4 9

the cost could vafy from $3.60 providng 10 percent wihdow opening,

ﬁaintaining the desirable internal noise level as 45dBA° as the TL

.value for the wall and the window are the same, : N

) : )
In the same way triple glazed windows fitted in various

)
STC value walls can be interpreted. (Figure 30).
~
- ' ; 4
The abdve results are a good example of the c¢haracter

of unit cost. The graphs can be\meaningfully used for choosing the

'
'

appropriate window and wall types in a given outside noise level,

.

maintaining lower unit cost, while implementing Imprdved Noise
¢ .
Control Standards. o

As a matter of interest, it is worth noting from the -
\ ‘ . )

published results that the cost of soundproofing new dwellings to

afford‘ﬁkbteé[ion not only from noise outside but inside the building
' 1

varies in the United States between 2 percent and 10 percent of the

E




.

- . total cost of d%elling(‘eg). . In the United Ill(in'gdom, it has been cal-

culated that to protect all houses, in the cr;:ntry exposed to a level
o.f traff‘ic'noise congidelréd to be unsat:igfact‘o‘r‘y (greater than 65
) dBA z;t the front), ‘the total cost would vary between £440 million and
" §7320 million ($1.2 - 3.5 b1113on) L) 14 France, an "acoustic

\

N comfort' standard has been instituted that permits the grant: of an

-

_additional 2-3 percent to 1ow—cost housing finan:}ad by the state if
‘ ) 7

+ their acoustic qualities are deemed to‘be adequate .

[ . -
>

A A A A oAkl Tt B e

» In the, United Kingdom, a recent investigation included -~

a calculation of unit costs as-determined iny the desired acoustic

(83)

. ™ -
attenuation .., According to the type of dwelling, the kind of room

Y

, . to be ‘soundproofed (bedroom or livingroom) and'ﬂependf\\g on whether

Bt St A A aC A B AR
{
]

a ventilation system was necessary, the cost per room was calculated

g AN . to vary Betwéen£80 and£ 130 for a noise reduction of 25-29 dBA, between
¢ FRRN . - r '

5;120 and 5;180 for one of 35- 40 dBA. Often orly thdt part of the

>

-dwelling which is exposed to a+main road was found to require improved
sound.insulation. A study of the above nalture has yet to be conducted
- 1 " 7 for Canadian conditions. »i
t . . ) .

In any event, it must be remembered, acoustic insulation

. of dwellings is not a universal remedy. It offers no'p.rotection ag®inst

noise perceived outside the buildings. Further;hore }n order to be

- -

really effective, it requires an air»conditionfng system and permanently

AN

closed windows, with less peercentage of glazed area when compared to .

g N N .
- - wall frea. \ .

R Y
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FOR SINGLE GLAZED WINDOWS , PN
« ]2 " e : ) ' - . ! ‘ N
. v o 100% glazed opening (23 dB-Comp TL)
® . » . g Max ENL permissable by CaVifernia Code /
. '--(”e\ SN | T
oL 10 % L, ) L
. ‘ ~ I )
: 9 a = 10% glazed area o
L ‘ b = 302 glazed area ' : K ~
' 5,’ ‘8 | - ¢ =.50% 9lazed area R
L d = 70% 9lazed area i
[ 1} A .
a 4
> e— 7 ’ .
J\f“ ‘ 3 : 6 d -
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4 4 ~ ' i
5%‘ T .y > '
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: . . . ‘ , F
. , o Figure 28: External noise level (ENL) in db(A) J
' Conclusions ' < ‘ 3
' k;
’ _ 1. Max ENL before Cahforma code needs to be enforced is 68 dB(A) ;}
3 o 2. With higher ENL, appropriate curves should be used} Eg: up to - -3
3 . 75 dB(A) STC 30 waH can be used with no openings. R §
3 - ) )
. ' However, because of 10% opening provision, the STC 30 wall can ‘Cg"j
SR * be considgred only up to 73 dB, for higher ENL, wails with more c
. < T than 30 d compos1te\TL should be used. ' 3
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= 10% glazed area
b = 30% g1a¥ed area
c = 50% glazed area
d = 70% glazed area
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Cost of STC 40 Wall ' ' . -

with Various Percentages of Glazed Area

CNEL Percentage
of Window Single Double Triple
“ Opening Glazing Glazing Glazing . L
: $ $ $
68 100 1.9 i7. 9 25,92 J )
50 7.2 10,22 14,22
10 3,50 48 . 5.82
70 100 - 17.20 25,2
50 7.2 10. % 1.2
10 3.3 4. fos.80
i :
75 100 - 17.2% 25,99
50 - 1% 1.2
10 .80 430 5.80
80 100 - 170 500 3
50 - 10. 2 14,22 ~
: 10 - 4.2 5-?—9 . |
' . 85 100 - 17.%2 25.%0
4 : 50 - 10.%8 14,22,
10 - R 5.2
i 88 100 - - 25.%0 '
1 50 - -
: 10 - -7 |

Table 3

v

Cost of Compbsite Structure




. C ey -
i ;
Cost of STC 45 Wall p 123.
with Various Parcentagés of Glazed Area \
‘ i
. Table 4 c :
* . . \ ! ’ ,
-« . N ] \
L. CNEL . Percentage f:ost: of Composite Structure
R of Window Single Double Triple
Opening ¥Glazing Glazin Glazing
o -8 $ - $
68 100 11_.%9 17-9-?— o 25--?—?-
. . // ‘ .
’ ] o 20 30 20
2 Co . 1.5+ . 10457 Loy .
k| . ' 30 . 90 - ,70
; ‘ - 10 4o hoyv 55+
F 70 ‘10 - 17.2. 5. 20,
' . — 4 .
.‘ —— . 50 S . 102 . ;4.%,
. : ’ 30 © ., 90 - 70 , ,
10 b5V 4oy S v e
75 . 100 - - 17.2 25,90
' 50 ° - 10.32 TR
10 4.3 4.2 519
: ‘ o 00 0 -
80, . 100 . B 17 .5+ 255+ ,
50 - \ 10.28 14.20 :
1 o 10 . - 43 5,77
‘8s. 100 - - 179 5% ‘.
f 50 - S U V-
. 10 - 4.-?-? 5,-"—?-
., ¢ 88 100 - - - -
Lo . - 20
v 50 - 10,32 14,22
. 0 70
A \ 10 - 4,28 S5c ..
. ” .
' 90 100 ~ - - .
' - 50. - - - .
’ t
R ... B U SR Y L S

BRIt el Oydn

T N e




Cost of STC 50 Wall o Ry

124,

with Various Percentages- of Glazed Area

Table\ 5

-

Cost of Composite Structure -

CNEL Percentage
of Window Single Double Triple
Opening Glazing Glazing Glazing
‘ $ $ - $
68 100 . T P R 25,90 ‘
. 50 SR 0.2 . 1,80 )
e L 40 00 00
- 10 b 47 . Sy - 65
70 " 100 - 17.% 25,90
so - - 133 1082 1Y
. 40 \ 00 © ., 00.
, J10 4 5y S5ev 6ot .
. ' s - ' )
75 100 S 17.99 25,95,
50 | - 10,58y 1430
40 00 00 ! -
- 10 :40_'7 o, 5..,-"‘ . 6-"?';'
80 100 - 172 25,20
50 - 1089 o 1440
: 0. A s e
85 100 - 129 50 0 \
' o : R '50 - . 10.-?% \14.—9-9
- ' ' 00 00’ b
10 - © 5ay 6y
. - .88 ‘100 . o= - 25.90
; Y 50 . 10.59 14,30
8 ~ 10 - 5.0 6.2
; . . / ) s - !
| : 90 -, 100 L= .- - ‘
- 50 - - w2
| 00 00 ‘
; . 10 v - Lo 6.0
l ' )




-~ * Cost of STC 55 Wall -0

with Various Percentages of Clazed Area .
( Table 6 '

. CNEL ' .Percentage Cost of Composite Structure

of Window Sipgle Double Triple
Opening Glazing Glazing - Glazing
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CHAPTER 7

AN .
CONCLUSIONS, LIMITATIONS AND RECOMMENDATIONS

- »
Most'of the existing standards are in general performance

stam‘lards. The California, standard is one of the improved performance
standards in the, sense that ié stipulates the desirable insidF noise

\ N .
’level \ Instead of developing transmi;;sion loss measurement procedures,
for use in laboratories, it emphasiZes and implements the concept of
-privacy of isolation in building by specifying the interior noise
level as 45 dBA, » This is what ténants really care about and what
building codes shduid r’eally stipulate. Instead, most of the codes
give the Transmissiv.'m Loss data for a number of components; 1if this
is the case it is enough for an architect simply to search through
collection of transmission loss data to choose a guitable party wall
~ which separates the\dwellings or external envelope. He must consider
all the possible sound paths as well. Noise control réquiremet}ts
in building codes have little chdnce of success unless the ;')rimary‘
‘objective for privacy is stated in terms of perforr@nce specification. )
As California'Noise Control St{mdards are apparently one of the most

stripgent, in terms of field performance, it is considered for this
. - .

investigation of cost analysis.

Residential standards of Clanada simply state tix;;}t
all' party walls should have a minimum S:TC rating of 45, ignoring
the level of outside noise. Another d.yawback in this standard is
that it doesn't say anything about wall/window ratio. §ince it
simply specifies the STC value of par.ty wall;“, it could be possible

to provide an external.wall of STC 45 with 50 percent or more window

opening. In this case, it will not serve any purpose for noise comfort.

Ll

v
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; ) ' It was realized that the walls in a dwelling are the

major component to pfevem: sound incident on one side from being

A

v

transmitted to the other side. In a bu‘ildir\xtg, windows are the weakest

linl_t ponducting noise,- as the in;‘;ulation‘ provided by the external wall
31is appr;ac‘i.ably greater than that aft;inable"‘with windows. Wﬁi}.e the

cost of wall for STC 35 to STC 65 per sq. ft. ranges from $2.08 to $8.60,
" the cost of single, double and tripleogl;azed'w‘indows»was $;l.1.40, $1700

and $25.00 per, square foot respectively. As the cost of °

.- windows is QPCh higher than walls, in almost every case the cost

d‘etermining factor 1s the size of windows and the character of glazing.

Walls are available in various thicknessess, coﬁsequently various TL

. + values (and costs). So alsg, the windows are availqblle single, double
and triple glazed. The problem i\s often to pick the 'rhost: economical
combination that will achieve a certain re‘qgired noise reduction.

By using the cost curves for each wail, it”may prove possible to in-

crease the composité transmission loss with optimum window openiné.

-~

- .

- The Internal Noise Equivalent level of 45 dB(A) (as

stipulated California Noise Insulation Standard) could be secured in
+ .

4

any, given external Yhoise level by choosing 'the‘apbropriate composite

TL of the external envelope fromthe :anclose;i figures. ‘The follo;ving

recommendations could be made from this investigatic;n:

. -  Single glaied sealed windows could b‘e used only if the re-
quired composite TL is less than 33 d;B.

-

‘ ‘ ~ There 18 no gt.'eat adﬁgf:g: of going for higher STC value
, Cy

walls using 10 percem;‘ single glazed sealeg(windows‘,}, as the
. i .

composite TL increases only 32 to 33 deby increasing STC

W e e -




. e
value of wall from 40 to 60.

-~ While using déuble glazed sealed windows of 10 percent opfen-.

- ing the maximum attenuation possible is 50 dB.’

\

It is not economical to have a combination of double glazed
. ¢
window and wall of STC value more than 50 dB since the com-

posite\i‘L increases 47.5 to 50 dB by increasing the STC
. . .

,e s
)

value of wall from 50 to 60 .

-

The highest composite TL could be reached while using triple

glazed window, wi;tix 10 percent window opening is 53 dB,
The highest STC value of wall in which triple glazed

window could be combined is 55. About this value it will

&

not work out economically.

L]

\

'When the TL of windows and walls are known, a knowledge

~ of the commonly used external envelopes endbles to find out the'cost

¥

of. composite structure.

r

I
A

As the percentage of window -opening' is the chief cost

[}

°

determining factor in any envelope, the enclosed figures were developed

from the calculated unit cost of cominonly used walls fitted with 10

-

to 100 percenb of single, double and friple glazed windows in e#ich
wall, The various combinations of wall and single glazed window

comb:_inations for an average TL of 30 and the corrrésponding costs are:

- 8TC 35 wall 14% opening $3.—,5-'-(,2 . .

R
! . -

STC 40 wall 177 opening ) $4.—?—9

' . 8TC 45 wall 18% opening 54,-—?—?'

STC- 55 wall 202 opening $8.%?-




)

from this exa{nple it c.Suld be seen that there is not much advantage

» of going for higher 'STC value walls withouiﬁrestricting the glazed

: area. Using double ‘g zed window and wall combinations to achieve

a 45dBA of internal noi e/zvel are $13.9, /ft:2 using STC 30 wall,-‘a
- ‘/ N '2"

e .. $3.., using STC 35 Wfall $1+.,, ysing STC 40 wall

- &/ . L
The cost curves could .be interpretéd to note the ‘per-

P

° 'centage of window openings in each STC value of wall could be fabri— .

-

cated for a specific dollar amount. . N ;
» ) . ' v '

oo Y

r

Thus £or .2 dollar amobunt of five, usirfg single glazed
; windows, 16 percent opening in a STC 50 wall, 20 percent opening in

, . 4
STC, 45 wall; 22 percent opening in a STC 40 wall; 30 percent opening

~

in a STC 35 wall; 33 percent opening in a STC 30 wall can be achieved,

ﬁﬂéience, *a choite of wall and,window openin,g could‘{&bgained simply

~ - .
. . by chopsing a more optimum configuration for a prescribed dollar. -

e

0y
.

P \ , It is evident from this investigation, the cost for °

-
f

cases. This figure also displays the relationship

[N ‘ «

The figa‘res also display.the relationship betweem the ',
| ,

o

outside noise level and the correspond,in% cost in thie region, to

N

\ !

-

o uf . . . N R ,
, providing a unit' area of envéImpe is proportional to the higher external

el - g og .‘



°

v

I’ « ) 0
implement an improved noise control standards such as California
Noise Cor\:é;rol Sf:andards. For example, to have a 45 dBA of “internal

nosie level a STC 30 wall with 10 percent sihgle glazed area could

be used in 72 dBA of outside noise. level and ‘thé corresponding cost

would "be $3.ﬂ?—? again, if the window opening is increased to 50%,

then the cost of composite structure would be suitable only to 68

o 2 00
- dBA of outside noise level and the cost wolld be $6.7+v - Instead

- -~

:a STC 45 wall with 10 percent opening, suitable for

éidepo;.se_];evel would cost $4‘.l:—(.-)5;

77 dBA of out-
k'

the sameowall 30Z opening could
¢

fit 73 dBA of outside noise level and the

50 percent opening and $7.'Q

cost would be 5.?—?; .WCith

T .
of Correspondgg cost of the same wall.

.could be used in 70 dBA of outside noise level.

"
]

a

. Evaluation of the Limmitations of the Study . :

1. The equation used to calculate the éomiaositg TL of each con~

struction (Ch.4,p77) is based on the assumptions that each sys—

tem is efféctively one dimensional, homogeneous and of infinite~ h

- -T-r-""‘ i o
extent. Thus the curves given in Figs. 14 to 16 are subject

- -~

SR,

o to the foll°c>wing limitations: ‘9}“

a) the effect of differernt window geometry ‘for a given window/wall

v .
> ratio is not ‘taken into account. On the microscopic scale
G 8

~

-

investigated this should not be a significant facter.
3 . |
* b) .The implied assumption that all elements of the composite
N « .
cbnstruction transmit power equally, when in fact due to
. A .
o

the\fénite nature of ,f"ll\e actual construction, this is -~

gbviou\ély not so, has the effect of making the presented
/

N\
a ) _ . ) ‘
-\ compodite'TL's, in fact, conservatl'o{re. =
o . ! ‘
) ‘ ~
o ‘ v | :
) w p
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® 2, Room effects were not considered in 5hi§\study, even though
!

" for a normal room with average absorption obtained through

furnishings and carpeting, this .correction would increase the

. effecgive TL of the comgpsi;e construction.
: The use of the STC of a construction was chosen for the measure
; . . '
of the TL |even though the particular ASTM Standard (E413-701)

5

used to determine, recommends against using this measure
because of assumptions about spectral balance of the noise

_ signal used in the dé:ivation of this measure.. There were two

x

e reasons for using €TC as the measure ofigound ingulation of the

.' ¢ \ ;
partition; the fi reason, as explained in Section 4.4,

« -

~ .
f‘ is the relation bgtween the STC contour and the A-weighted noise

an “exterior

« level. As this study was primarily concerne
B to ¢
noise level expressed in dBA, it was felt that the STC provided

sufficient information to evaluate and compare different ton-
struction. The second reason is one of practicality, as the <:-*
STC is the measurement that mo%t manufacturers, uge as a rating

< - §*W§

: ‘of their products, and thus STC ratings were availalbe for use

‘ ) for a wide range of ‘existing constructions. - Thus, using the

: i STC as the measure of nbiseinsulatiqn provided a practical measure
that can ed%ily be related to/pfg:;ice. N

4. In this investigation, sealed window units (single, double or

. triple glazed) are considered. The cost implications of this
" are not explicitly calculated in this study as the focus was

1

on the capital cost of acoustical performance ii:ne. , The

major additional cost of such construction woul

y i d\be the obvious




requirenent of mechanical ventilation,_althéugh this‘gould be

’

somewhat offset by the improved thermal performance of sealed -

units, ﬁq compared to openable'bnes. As only capital vost

]
is considerei, additional cost items, such as maintenance
A¢]

cost, are also excluded. ‘ !

+

5. The California Noise Insulation Standard stipulatesLASdBA as

the users' requirement for interior acoustical comfort. In

. this study, the sound‘transmission‘loss (gxpressed as STC
value) of the exterfor envelopé'alone‘was considered, in an
attempt to quantify the éfand insuiation required and resulting
cost éifferential as the outéi&é noise 1ev;1 varied on a rather
course scale. In a-particularedesign application, the,ambi;nt
noise, due to structure borne sound, flanking noise and'con-
struct;on details, as well as the actual spectrgl content of

9
‘the ambient noise, must be taken into considerdtion. As such,

. i X
the results of this study present design guidelines which can -
narrow the range of constructions to be evaluated on a more de~

tailed basis as final design choices.

The following recommendations could be made from -this in~

’

vestigation: ™

(a) The conventional multi-family construction provides at least

20 dBA of noise reduction with windows closed; therefore, com-

pliance with the standargs in areas where the exterior CNEL is

not _g;eater than 65° dBA does not require special treatufent. '
(b) Up to 90 dBA of CNEL there is not much advantage“{; using -

triple glazed windbws as. double glazed windows provide‘the

required TL with comparatively lower costs. ~ .

132,

.

-
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Generally, vsingle glaze& seale;l windows could.be us—ed only
up to 68 dBA of CNEL. ‘ . s -
Considerinﬂ; the acoustic comfort, the cost, 1mplicat£ions are
secondary while implementing a performance standard specifying
. 3
the interior noise level. Heénce, there is no reason why such. ~ g

. T -
a standard should not be implemented to' have a better comfort

« - -

to the con;munity.\ . ' » : .
. (e) These ste_andlar:is ‘would enaf:le the.designers to be aware of the o i
acoustical c'omfort'of‘ the dwellers and the environment at J AN
¢ tt‘ne planning s"tgge itself.‘ .
In 1;né with' this investightion, the fol;owing‘suggestiéns R

could_be made for further s[:u@ies: - k A

(1) Developing an improved standard for structure borne noise.

(2)\ An investigation of cost analysis, in terms ofh pérc’entage T
of increase of. the t):otai cost of new dwelling of sound proofigg )
to afford protection not only from outside but inside the
building as well, .

(3) Studies to obtain unit costs to attain acoustic attenuation.

' (4) ' Studies to attenuate outside noise level in old m;xlti—family .

dwellings.

IS
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vestigation of the ecoﬁomital,aspect of implementing California Noise .
7

Standard was undertaken in the location of/St. Catherine and Guy

Streets. This assessment was used to provide raw data with respect

/
to a glazing cost benefit study discﬁssga earlier.

,
w /
/ . X

Single Event Noise Exposure Level (SENEL)

and Community Noise Equivalent Level (CNEL)

In a community, the summatton of annoyance for single event noise

leads to a reaction io noise from those sources. Thus, it becomes
important to find a way to rate single evént noises, such as the noise
from a car or from an airplane flyover, perceived,éf a given distance
from the source. To do so, a Single Event Noise Exposure Level (SENEL).l
has been introduced, which integrates over the entire duration of

the noise - as perceived at a given distance fromthe source - the
A ¢ .

v

A weighted noise generated by the source.

¥ \

J' For noise for a single aircraft SFNEL<ﬁLma& + 10 iog]0 1/, dBA,
where NLmax is the maxfmum ovserved noise Tevel (on 'the -A scale)
‘ and T is the duration measured between 2 points 10 dB before and
after the maximum noise. )”} '
For surface vehicles (automobiles, trucks, etc:) moving at velocity

V and approx&mate formula for SNEL is (EPA, 1976) : SNEL ="La (R)

+ Log L(H/Z)(R/v)] dB'is 20N per m* and per second, where La is

the A-weighfed noise level at distance R.

r
.
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The total noise exposure for a day (24 hrs) 1s the cpmmuﬁity noifq_

o

equivalent level (CNEL). It is recognized that a given igvel of

nbise may be mo}e or less tolerable, depending.on_thg_length of timel

hour Ziise level from §0:00 ﬁ.m. to 7:00 a.m. incrgas d by 10 dB.
The daytime noise levels are combined with these weia ted 1eye1s
by the following: _ .

| , CNEL = 10 Log (1/24)[Z antilog HNLDA10

+ HNLN/T0]
where | ‘ {

HNLD is the hour]y/ave}agg A-level from 7 a.m. to. 7 p;m.\
“HNLE is the hourly average A-level from 7 p.m. to 10 p.ﬁ\
HNLN is the hourly average A-level from 10 p.m. to 7’a.m.\

» \
Location . 4 . \

The roof top of Canest Building overlooking the south east: corner

to assess.
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Final Result and Comments

7 i " The observed hourly values were measured and the CNEL célcu]atqd for

. ; " - .the location was found to be 73 dBA. In this investigation, the residual ™
Fnoisefﬂngl drops sharply after-midnight, reaching a m}nimym value

between 4:00‘a;m. and 5:00 a.m., thereafter, the Eé§idual noise

v -

Tevel raised between 6:00 a.m. and 8:00 ‘a.m. to almost constant day-

4

time value.»

-

this diurnal cycle for the community noiseflevel is well correlated

with human act%vity, and particularly with the amount of vehicular

trafficg this can be cons1dered the basic source of, the residual N
noise level at this 1oca11ty.

In general, Fesidential units should not be located in areas’ where

(s 1 * <

. ' ‘ CNEL is greater than 65 dBf Barriers should be located.between the

3

) "poise souyce and the r651dentia1 property to reduce the CNEL to at

£ . without special treatment. ?

-

Teast 65 dB. This lgcation is not ideal for resii:ntia] location, N

The consfruction of conventional multifamily dwé]]ing'proyides .
20 dB alternation when windows are closed, there;ore’ while imble- - N
menting Califoenia Noise Ihsulation Standard where‘the CﬁEL is no. '
'greater.tha; 65 dBA doe; not require speical treatment. When the

CNEL 1s in the range of 65 dBA to- 70.dBA, construction normaily

involves the use of fixed or double glazed windows, relocated or

muffled vents, and tightly fitted weatherstr1pped doors which are

. buffered by an entry way of wing-wall,’
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- HNLgls the hourly average A level from 7 a:m, to 7 p. m. - . .

HNLE is the hourly average A-level from 7 p.m. to 10° p m. !

.‘ ; o - b ’- -
r«;»e(, ) , N HNLN is the hou erage A-Tevel frgm 10.;, p.m. to 7 a.m.
: CNEL = 1D log [1.0990851 x 10° + 3x 10202670 + 10x 36365154] . -
©. © =73.22dBA . Co .. ) -
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Appéndix B Noise Legislation Abroad

Y
J —~ a,

Louder noise 1eveTs,,mor¢Jsources‘of nuisance, modern construction
_\using lightweight bui]ding'techniques and increaéed~concefn with amenﬁty'
are reflected in requirements for sound jn;u'lati.on and noise control
‘ % bui]dinb requlations anq codes of many nations. In this sectioﬁ, the
attention o% architects, builderskand structural éﬁgineers is drawn

to some of the more importaﬁt regulations and codes relating to sound

" v w

insulation in different countries. For their guidance, extracts from"
\ » some of the more important codes are given with references to other
N -~

legislation. Names and, where éppropriate,~addresses of regulating

-
’

authorities are also given.
. \ ' ‘
} ' Uni ted Kingdom

[
[There are essential differences between building regu]at1on 1n

Scotland and England an? wa1es.]’hun Scatland, following the report

'of the Gudst Committee on Building Legislation, in 1957, a National

Building Act and National Bui]digﬁ Regulations replaced in 1963 local

k]
acts and bylaws. The Guest Report, in recommending thaf‘regulations

[ ¢ | v )
'\\ should include resistanct to sound transmission between dwellings,

noted‘}hat they m1ght in the future have to deal w1th sound trans-
m15515"between rooms withjn a dwelling and even with the containing
of sounds within a builtding. The report stressed the importance of
laying the foundations for an ex&gﬁsion of noise contro]'fequi;ements,
“':2;} the more because of\mggérn conditions of ]iving weré making(jt

more and more necéssary in tﬁeviQterest of health for a greater degree

~of quietness idxhouses." : ) .

]
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- Sound insu]ation‘!g,dealt with in Part VII: Resistance to the Trans-

mission of Sound, of the Building Standards (Scotland) Regulatiops, 1963.

Unlike some other sections of the regulations, the requirehenis for |

Q:?nd insulation relate bn]y to new worksa‘ie local authorities cannot

require existing buildings to conform to the sound insulation regulations.

Regf?atﬁon 104 identifies and defines separating walls and floors - ie

*a wall separating a housel(a dwe]iing) from any other bui]&?;g, or a

wall or floor forming part of a building from ahy otheé part of that

Bui]ding. It theﬁispecifies by means g Table 2 (Part 1) minimum

sound reduction levels for airborne sound Wh;ph the construcion of a

separating wall or floor 'in conjunction with other parts oflthe' “

structure of thezgoi1ding in association therewith' must provide.

It further requires that a separating floor shall be constructed so

_that 'in conjunction with-ather parts of the building in éssociation
therewith' the floor I{mits'the impact sound trahsmi§si:h SO thét ‘when

a sound field is generated in that part of the bu%]diﬂg by the standard
impact method, the sound pressure levels produced {n any part of any ~
house do not exceed the va]ues1in Part 11 éf Table 3 at all frequencies»\\\
stated therein. : ‘ '

It will-be noticed that the sound reduction figures-are specified for’

a range of frequencies from 100 to 3200 c/s.

The fol]ow{ng is Table 12 of Building Standards (Scotland) Regulations,

N

1963.
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3 Table 2 - Levels of Sound Insu]ation)\kHouses , 2
i Part I - Airborne Sound v e ‘
E_ & T -
S , L " Minimum Sound Reduction in Decibels .
* |Frequency in Separating walls - houses Separating walls Md ’
: Cyc.le§/,§ec. other than f]ats flvers - flats
1 [y
i 100 ) 0 g ‘ ‘
S 125 n v, 38 e
. 160 ; 43 : ‘.39
S 1 200 7 T . *a
; 250 45 - 43,
q 3200 : 47 g ‘ 4
S | 400 gt 4% ]
3 o 500 « W R Y
: 640 | 51 .o
800 . 52 ] i 51 .
"1 fooo 53 ' 53
. | 1250 - | 55 © s ‘ 54 e
: 1600 . 56 56 - N
5‘ . 2000 TN s 56 | s
" _ 2500 ! R ‘ . 56 )
3200 . 5% .+ 56.
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A i - Table 3 — Levels of Sound in Houses ‘
Part II - Impact Sound '
) [4
) Frequency in " Maximum octa\(e-,band\s sound pressure levels
cycles/second } in decibels for separating floors - flats
¢ : — =
e S 63
125 , ’ ' © 64
d N ]60 . ) 65 N
200 = s 66 ' ‘
' 320 ' 66 ' /
400 . ' 66 :
. ., 500 . . 66 .
' 640 ' . 65
800 o 64 .
1000 r oo ! 63 v i
o 1250 o 61 :
~ 1600 . 59 _—
~ 2000 _ .57 L
‘ 2500 . 55 S
3200 53 v
* R ® L
6 . -»
- S ' w
N -+ * ' " A"i._ ‘ B \
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To make allowance for the possibility that a’reading or readings ata
'particular frequency or set of frequencies may fall marginally below
the minimum specified in the Table, Regulation 104 also states that a

construction 'shall be accepted as meeting the requirements . . . if,

-

i

on a négaing'beiﬂg faken at ‘each of the frequencies set out.in the
said Part I, (or,\for impact sound, Part 11), fge aggregate of any )
aﬁounts by which Xhe reduction of airbérne sound falls short of (or;
for imgaet sound, the sound pressure level exceeps) the value given in .
the said Part I (or Part II) does not exceed (is not greater than)

23 decibles." \ - -

It will also be noticed from Table 12, Part I that, for airborne sound, - .
thé\giﬂ' um sound reduction for separting walls in houses\is set at

a highsr,leve1, especially in the lower frequenc$§s, than that for oy
a separating walls and f]gors in flats.

Forbthe purpose§ o% Regulation 104, “"stapdard impact methodlf means L
the method of generating a sound field described in clause 5a of the

- British Standard Bs 2750; 1956, "Réﬁommendations for field and T’ﬁ;ratoﬁy
\mea;urement of &rborne and impact sound transmission in buildings,"

used in re]ationato a floor."

Regulation 105 of the Scottish Building Regulations specifies in‘sdme
detail the way in which measurements in buildings fo ﬁheck compliance
with Regulatien 104 shall be carried out. First, it requires that

‘where the construc;ion of any part of a wall or floor differs from that

9of the remaining part ot that wall or floor, each part shall be treated

r
for the purposes of this regulation as a separate wall or floor.'

l
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It also allows every wall or‘fioor in a building with nominally- identical
construction to be treated as forming part of a sinéle wall or floor, |
as the case may be. Mea5ureme§t§ again are spe;ified as béing in accorqv
an;é with Bs 2750 section 2'and 3; ‘'the method ofnormafizinq results for ’
both airborne and impact sound shall be that given in clause 3e (ii)

of the British Standard. : i

$ ] "r
Regulation 105 (3) deals with the way measurements may be-averaged when

" R T SRR T A

a separating wallhor floor serves one or more flats.l Where a wall or
floor in any building separated one or more pairs of apartments ‘the

value of the sound transmission of that wall or floor shall be taken

v ARt

as the.ave:age of the measurements between apartmenﬁs separated by
wall or' floor as follows: ‘
(a) Where the wall or floor separates four pairs of living rooés, the
measurements between those four pair; _
' (b) Where thé_wa11 or floor separaées more than four pairs of‘living
rooms, the measurements between such of those pgirs of rooms, being
not less than four, as many may selected by the building authority; .
(c) Where the wall or’floor separates'les§ than four pairs of living
rooms but separates other pair§ of apartments, the méasurbments
between the pairs of living rooms and sujpﬂgther pairé as may be
selected by the bui]ding guthority, being in any case. such a-number
as will bring up the number tests to not less than four.

(d) Where the wall or floor separates less than four pairs of apartments,

‘ ' .
the measurements between those pairs of apartments,

R L e e , . , . I o

. T



Besides these requirements based on standard methods of sound
w . -
transmission measurement, the Scottish regulations list specific !

i

. construction which are deemed to satisfy the requirements of Regulation

104.- The specifications in Schedule 9 of the 1963 Regulations.
— - (Uses of this schedule should first kefer to Part A Interpretation
| of .Schedule 9). The schedule gives specifications for five alternative
forms of solid wgll constructién:
e i} plastered briﬁkwork, minimuﬁ weight 1@9 1b/sq.ft. B
"ji) plastered dense concrete, minimum weight 95 1b/sq. ft.
i11) p]asté??ﬂ dense concrete blockwork, minimum weigﬁt 95 1b/sq.ft.
iv) plastered no-fines concrete, minimum wieght 90 1b/sq.ft.
v) plastered sandstone "
Three alternative forms of cavity wall construction are also
specified: | '
i) plastered cavity briékwork, mﬁnimum»weight 100 lb{sg.ft. .
i1) p]aste}ed cavity dense concrete blockwork, minimum weight 95 ip/sq.ft,
1i1) p1asfqred cavity clinker concrete blockwork, minimum weight
‘ - 50 1b/sq.ft. (here a 3 inch cavity is required)

For the walls of flats only, four other forms of constfuction are .

.+ allowed. Two are of solid constructj

i) plastered dense inside concrete, minimumxWweight 85 1b/sq.ft.
ii) plastered blockwork of autgcléved aerated concrete, minimum o
weight 50 1b/sq.ft.” (here' a Zgyjfy of 3 inches is required

and there are also requirements relating to tMe aerated concrete).

. -

.




. . * . ;
.Schedule 9 also gives specificatiops for théye alternative forms of

which are '&eemed to satisfy' the requirements for separating fioors.
: v

. . .
Oe3 . 4
'

concrete floor construction and one form ofAtimber floor céqstruction
In addition“to a resilient finish on a 6 inch solid éoncrete slab ‘:
(m'immum?velght 75 1b/sq.ft. ) two forms of f]oating floor - wood
rafter concrete screed - are spec1f1ed for use Qith four alternat1ve
forms of solid or hollow concrete construct1on. The t1mber f]oor con- .
struction spec1f1ed includes a floating wood raft, granu]ar deafen1ng
{minimum we1ght 17 1b/sq.ft.) and a heavy plastered ceiling. Res111ent
1ayers~required to be wsed with floating floors have to conform to
British Standard Code of Practice CP 3: Chapter I1I (1960) Sound Im-
suiafion and Noise Reduction (Appendix B, para f‘(d), retaining their
resi]ience'yﬁder imposed loading. ’ . By
The: Scottish Development Department, Edinburgh, is thg responsible control
14

] .
authprity concerned with building regulation. The administration of

the regulations is a responsibility of local authorities: landward

\g?eas. There is a Scottish Labdgitory of the Building Research Station

at Thorntonhall, Glasgow.
England and Wales

When national building regulations for England and Wales (1965) were

introduced, requirements for sound insulation intbuilding were made for

the first time.

i

The Engl1sh Regulations ( Part G: Sound Insulation) are framed in very

' genera] functional performance terms fo]lowed by 'deemed to. sat1sfy

.provisions within the body of the regulations. These clauses spec1fy

A

methods and materials of construction whiéh meet the functional requirements.™
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The regulations differ from thoSe in use in Scotland in that tbey‘specjfy
neither minimum ;ound redu;lion values for airborne or impqct Sound nor
methods of measureme«@ to control compliance.
Regulation 61 is concerned with the sound insulation of walls. The

’ iegu1ation deals first with walls -separating ong;dwelling from another
dwe]lihg. 1t then de$1s with walls separating a habitable ;oom in a

dwelling from any other part of a building which:

~5) is not used exclusively with that dwelling; and

4
!

ii) is a place used for purposes other than occasional repair or main-

tenance, or is a machinery room or tank room.
There are special requigements where a wall serves to separate a dwelling -

from a refuse’ chute which in effect prevents the placing of a chute near
¥

to a living room or bedroom. It can, however, be located next to'a s

. ' v -

N
kitchen if the separating wall has an average weight of not less than
45 1b/sq, ft. o

o - + - ’
Regulation G3 is concerned with the sound insulation of floors. In this

. e
case, there is a distinction between floors which have to provide sound

insulation against airborne and impact sound and those which only need

to provide insula{ion against airborne sound. Aaequate jnsulation against
airborne and impatt ;ound must be provided in floors below which there

is a dwel]iné. Only insulation against airborne sound need be probided
where there is a dwelling above the floor and a common area, or machinery
or tank room, below. As with separating walls, floors s}parating dwellings
from rooms only occasionally used for répair or maintenange are exempt )

from sound insulation requirements.

.
L
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3 ‘ In the English Regulations, {;ound insulation is regulated first by-
fr specifying those parts of a building ‘separating walls and floors as
“ :

defined in Regulations Gl and G3 summarized above - which 'shall be so

constructed as to providé adequate resistance to the.transmission of

airborne and impact sound’. A number of specifications 'deemed to . ' ,
satisfy' these requirements are then given. Unlike the Scot'tish*&eg-

P]ati&ns, there is no reference to standards of performance in terms of

minimum sound(reduction in dec‘ibels, or for impact sound, maximum octave- .

band sound, préssuré level in decibles, Methods of measurement of sound

transry@sion are not specified”

$ The intention of Regulation Gi, which Jives slpecifications for three

types of solid wall constructions and two types of cavity constructions >
_,»‘ is understood to be that all separating walls in a dweﬂi;l;; should have
e a standard of'sound insulation equal to the Building Research Station

i\ouse pa‘rty ;vall grade. Also, the intention of Regulation G4, which '

gives specifications for three types of floor meeting impact and

. airborne sound requirements and are meeﬁng airb(;rne sound requirements

f; ~ only, is that all separating floors in dwellings should have a sound
insulation gfmqe I performance. It should be noted that the regulations
differ from thosg for Scotland in' that in Eng}land and Wales, all party 3
: walls are expected to satsify the house party wall grade while, in Scotland,

this standard is only required for houses, the slightly lower standards

of Grade Il being acceptable in.flats for party walls as well as for

| party floors.
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Traditional construqtion may be defined as mainly load bearing walls of

brick or block or L#site concrete construction, for both the separating
and the external flanking walls. For solid separating walls of any
material, a minimm weight of 85 1b/sq.ft. (415 kb/sq.in.} is advisable

to be reasonablyysure of reaching the party-wall grade. For cavity walls, ~

;i
.
X
.,
4
o
LN
-

Me

cavity walling of two ha]fr‘brick leaves, separating a 2 inch (50mm)

cavity‘was formerly recommended for party wall, on the basis of the =~ -

R A e e

" higher single-figure insulation. Cavity wall construction of this

type is 'deemed to satisfy' the requirements of GI of the English

b & ‘ | Buﬂdiqg;Regu]ations. However, in Digest 102 Building Research Station
has noted that 'all available evidence now shows cavity construction has
i © no sensible advantage over the one-brick solid wall; indeed, unless

the cavity wéH is maintainedas a minimum and with ties of butterfly

* pattern are used, the party-wall grade will not be attained.
For separating floors between flats, a concrete sub-

floor of not less than 45 1b/ft.sq. (220 kg/m.sq.) withafloating floor,
. ‘ ,
/]"s considered necessary to achieve the Grade I standard. Alternatively,

: a concrete sub-floor of not less than 75 1b/sq.ft. (365 kg/m.sq.) ‘

with a soft floor finish instead of a floating floor can give this standard.
. Under certain conditions, t}(e‘fumber alternative of a sand-puggedhand
- floating wood-joist floor may also give the Grade I performance.

%
. Non-tradiational forms of construction, for example, systems of light-

weight 'type where weight is rep'laced° by wlde cavities and structural \

insulation, can, in certain circumstances, provide an equivalent reduction

“  jn sound transmission:
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In England, the Ministry of{Housing and. Local Government and, in Wales,
the Qe\sh Office, Cadrift, are the control author:i.ties responsible for -
building regulations. The administration of rggu]va*iions in the field
is a responsibility of bq}*ough‘. and district councils - urban and rural.
In inner London, however, designand construction of buildings is subject
to the requirements of the London Building Act.

)

Scandinavia: Denmark, Norway and Sweden

Design and construction of buildings are reéu]ated uncjz;' the éuthority

of fairly-recent building laws: Denmarik, 'Byggelow for Kgbstaederne

0g bandet 1960 and 1968 - there is separate 1eg1’sYation fm: the capital
city; Copenhagen;"Norwax Bygringsloven ’1965 and Sweden, Byggnadslag 1947
and 19671 These laws empower the ,resp'onsible control:government authoritigs
%ousing ﬁir]is'try, Denmark; Department of Municipal Affairs, Norway: and
Board of Urban Planning, Sweden —"to make national regu]atib.ns. These:
include regulations relating to insulation against noise in buildings,
particularly dweo]h'ngs. National Regulations have been issued i'n Denmark

' and Sweden. In Norway, draft regulations have been prepa‘red. [;elow, -

the main requirements of the Danish and Swedish regul.ationsnare listed.
DENMARK T R ’

Chapter 9 (Lydisolering) of the National Reguations 1966 is concerned .

- \
with sound insulation. There are three sections. The first deals with

(jeneral requjremerpts,: mainly the specificationof methods fogmeasurgnent'
of sound insulationagainst airborne and impact noise. Hére, the use

of 150 Recbmendations R140; Field and Laboratory Measurements of
Airborne and I'rrnpact Sound Transmission (1960) is speéjfieq, measurements
being corrected to a 1/2 second reverberation time in the receivind raom,

Noise level meters meeting requirements of IEC Publication 179 are to

be used. A local building regu]atiori e;'uthority is empowered to require

rd




o . ~ BI3

. > . *
o

field measurements to be made in new buildings/to check comp1ianqg\with
the reédlaﬁiong. In circumstances where there'is a risk of noise fr\'oT~
equipment used in commercial premises causihh a nuisancé to an adjoining
dwelling, the local authority hay'make special and more rigorous require-

“hents? A ' | |

The second sect{én deals with sound insudlationin dwellings. In turn, V \ /\}»
the reqgulations deal with the level of-souﬁd insulation between rooms
in separate buildings, airbo;ne sound reduction for sebaratﬁng walls and

o floors, and for doors sepérating‘a dwelling from a common (publjc)

" Jobby or ;tairéase, impact soun& reduction, reverberation time.in common
lobbies ang staircasés and noise from mechanjcal equipment. Average\\ " .
sound insulation between rooms in separate buildings is to be at least |
49 dB, while at the rahge of frequencies between 100 and 3150 éycies/
second s;und inéu1§tion must not fadl be]ow'thé specified levels by more
than 1 dB at aﬁy‘frequency in the range. Between terrace, semi-detached

'énd s;mi1ar Tayouts of dwellings, a higher level of souné insulation
(52 dB) is required. There‘dre certain provisions relating to flanking

sound transmission, etc. Two grades of separating walls-are.specified,

>

I3 [

the higher grade for terrace héusing and the like. The hﬂg:er grade
und reduction

requires a separating wall to proviae an average airborne s
of at least 53 dB; the lower grad; for dwé]]ings in blocks of flats - » {T
50 dB. - v ~ .
g In both cases, there are specific levels at the range of frequeﬁcies
. between 100 and 3150 cycles/second. A-number of 'deemed to sag@sfyf ,

.\ constructions for solid and cavity wall construction are listed. For

separating floors between dwellings, are grade of airborne soynd insulation ™.

“a - \
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isxspecified-gt least 52 dB. Two 'deeﬁedtm satisfy’' constructions
. 4
are listed.” The requ1rement for insulation aga1nst impact sound is

]

‘again related to the same range of frequencies. There are five 'deemed‘

» v

to satisfy' floor cqnstructions. . . N

v N

The Dinish regulations differ from those current in the United Kingdom
in th t‘they specify minimum sound insulationtigure-for entraqce doors

separat1ng the dwelling from a pub11c lobby or sta1rcase in blocks of

flats The ]eve] is set at 30 dB. As this has meant.that manufacturers

have had to modify the gesigns f their~entrance doors which.they were
Lwerketlng, and a]so the designs of letter boxes. The requirements only

-came into effect from Apr1} 1969 Industry had, therefore, time to

SR R R e T AR TR

o N reari'ange the1r productwn rams to meet the new requirement. o
- " The regu]at1ons atso 'specify *that the reverberat1on in publit stair-
\’_ %l

© Tv cases 1n b]ocks of flats shou]d not. exceed 2} seconds at frequenc:es

'

> over 500 cysles/second.; a]so that the reverberation time in public (common)

Hwnwﬂrrvwn
.
3

% coqridors and 1obbies in blocks of flats shall not exceed 1 second.
, )
i ) These requ1rments mean in effect that at least the whole ce11ing area of the

the sta1rwe]] and the undersides of all 1and1ngs have to be covered with
;‘: 1 , .
sound absorbant materials. ' : ' < ﬁ?
. o : . r .
Fiqa]]y, in the Danish regulations, there are requirements 1imiting' .

AT T ERARATENT e T

the nodsé levels of instai]ations and the mechanical‘eduipment'in resi-
. 5,

- ; _ dential buildings. Theése include such. items as plunbing, water storage
. Ve

- cisterns, heating and vept1lat1ng p]ants, ll?ts and refrigerators.. This .

£ , w
\ ° . ’ - i .
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.conventional installations will have to be modified. Some will also

‘ buildings and constructional elements. -

-

requirement, which is:a recent one, may well mean that some parts of
I

have to be taken in the selection and mounting of mechanical equipment.

The regulations originally requ{red that service instailations should N -
not be fixed on separatingﬂyal]s between dwellings. They were, therefore, . : » .
having to be fixed to internal walls oﬁ.ﬁﬁ!]*ings which are usually -

&% fﬁdhter tonstruction. Exper{ence has shown that this practhe was - t
unsati%factofy froﬁ’the standpoint ;f sound control. 1t was bettér .

to have the installations mounted on the heavier separéting walls,
provided the co¥rect forms of mountings were used. . ' ‘ -
In Deﬁmark, the National Building Re earch Institute (Statens Byggefor-
skiningsinstidnt) operates a mobile laboratory for £he heasurementwof
spund insulation, etc., in the field. One of the laboratory's recent
}esponsibilities has been to assess the noise levels in dwellings re-
sulting from the use of electric wasge disposal units in kitchens; also
'.

the level of sound insulation providéd by new design of entrance doors

°

to flats. - .

SWEDEN

- -

- N N / «
%nggﬂig§u1ption in buildings is controlled through the National Building

-~ -

‘Regulations (Sveagk Byjggnom 1967: SBN 67), and the authority of the Swedish

Buildin§ Ordihance (Byggnadsstagyn 76:2) SBN 67: Chapter 34 (Lgudisolering)

" deals with sound insulation; Svensk Byggnorm Supplement S34:6 gives

details of 'deemed to satisfy' examples of wall andgfloor constructions. \
The reguwjations the the suppiement givé considerable guidance on methods of

assessment and méasurement, as well as on the design and construction of

o o
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4
The measurement of airborfe and impact sound insulation follows the

requirements of the Swedish National Standard SIS 02 52 51: Measurement
of Sound Insulation, which is in agreement with ISO/R 140 (1960). The

standard is supp]ementedbpy information contained in the Swedish National

s Testing Establishment's Circulars No. 38 which give general guidance;
No. 40 which deals with the measurement of noise levels in buildings;

"and No. 39 which deals with the megghrement of sound absorption.

St e L s N 32 s ok

? ‘ Requirements for ;irborne and impact sound insulation in buildings are
' set out in tabulated form (Table 34-2) in regulations SBN 67. There are »
different requirements for separating walls and floors for terrace and
f- ‘ semi-detached houses and for other types of dwellings, eé. flats, where
E%ere is a;special requirement for impact sound insulat;on between a
bub}ic staircase, or corridor, and a‘dwelﬁing. There are separéte require- i
‘ ments for hotels, institutiona] boildings, schools and offiée buf*dings.

»
The following is a comparison between the requirements.for airborne 3

. and imbact sound insulation in blocks of flats with earlier Swedish

requirements and the Danish, English and German requirements.

-

. o Wall between rooms' Floor between rooms
Country Year Definition |with floor area in m2 | with floor area in m?

/

) Sweden 1950 Dy, |50 |51 |51 |52 5o |s2 |53 |se
i .| Sweden 1960 Dy, {52 |53 |53 | 50 52 | 54 | 54 |56
' sweden? . 1967 Rt |52 | 52 | 52 | 52 e | 53 | 53 |53
‘ Denmark? 1961-1968 Do s |53 ]52]51 |5 .53 | 53 |53 |53
: Grgaf Britain?| 1960 Dy s |52 | 51|50 50 52 | 52 | 52 |52
Germany 1962 |} R} 52 ] 52 } 52 } 52 52 | 52 | 52 |52

/ 10 |15 120 (25  [|38.]15 |20 |25

g BT
e ol T e S

3 1" depth of the room = 1.5 x width

§ in the Sound Insu]atlon Comnittee of the Scand1nav1an Committee for Bu11d1na
i s Regulations (NKB); Norway has adopted the present Danlsh requirements, whilst X
Finland has adopted the Swed1sh proposal. , , IS

/ . - 13
3 for some\bQC;;i;ons values 5 dB lower apply. . a .
Table 4 Require s for airborne sound insulation in hlocks of flats, inde 1la db. '

.. o Y Iy Fogmeif
.,,\\,4‘5\«, a »;k,x - 5% v ¥ g {
"

s
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"\ & . .

S N . ‘ Floors between rooms with
, Country  Year . Definition | floor area in m? .
L - 1015 20 25

Sweden | o - t1o 66 66 66 66
W | Sweden ’ 1960 L1o 63 63 63 63
) Sweden! - 1967 Lo.5 63 63 63 b3
Denmark!? 1961;1968 ) [0.5 60 62 63 64
, | Great Britain? 1960 Lols 62 64 65 66
“Germany? . 1962 Lo 65 65 65 65

r i p

!
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Table 5 Requirements for impact noise level " blocks of flats, i?gfx 11 dB.

1 see note (2) to Table 1.

2 For some condiﬁions values 6 dB higher apply.

3 Two yeargbafter completion va

-~

lues 3 dB higher apply.
The new Swedish regulations SBN 67 have introduced requirements for q

maximum sound leyels from such items as plumbing installations, ven-
tilation ducts, etc. The regulations also set ouf‘Hn tabulated form
(Table 34.3) maximum noise levels in dB (A) for habitable rooms and

v kitchens in dwellings; working areas in offices, hotel guesfrooms; and

LY

g school classrogms. In the regulations relating to the sound level of
plumbing installations, a5 dB stricter requirement has been introduced'

for drawing water from a sink or flushing wet pan that\nunning water

into a bath.

As in Denmark, there are requirements relating to maximum reverberatioh
AUSEE
time in public staircases and corridors in blocks of flats, and corridors

in hotels and nursing homes. . In principle, the requirements mean thvt
the underside of staircases.and corridor ceilings have 'to be provided

~—

with a sound absorbant treatment.

Rty T oot Lo T e
PR . .
» O R - R
C . ~ ] .
L 2 S et . ‘: ~ .
A -
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THE NETHERLANDS

*>

\ l‘nq
The sound insulation requiremeqt of Netherlands model bylaws is based :

-
on the Dutch standard Lode’of practice, NEN 1070 (7968) ‘'Noise Control %_
and Sound Insu]atjonIin‘Dwéllings.' .This code, like BS code of

practice CP3: Chapteﬁ'III, deals both with principles and their appli-
catfbn in design. Insulation against airborne ahd impact sound is
discussed as well as the control of indiréct sound traﬁsmission:n Two
grades of insulation are‘sp;cified— moderate and good. ‘The requiremen}s'
of the Netherlands model bylaws relate to the moderate catagory as

it was decided that, whi}e more stringent requirements were desirable

in the future, for the present time, the aim of regulation was to

avoid ser1ous noise nuisance rather than to insulate a dwelling complete]y
from noise from an adjoining dwelling. A requirement which ensures

the use of sound absorbent materials in common staircasgs in blocks ,

of flats is a feature of the code.

. GERMANY

The following refers to West Germany (Federal German Republic), though
in many respects there are common features in the Germanic system o%
regufations generally including, to a degree, the Republic of Austria
and DIR through the use of codes and %ndustry standards. (DIN: Deutsch

Nonmen) In Germany, where a least in the larger towns, most dwellings

‘ are!in blocks of flats, proposals for the codification of sound insulation

in buildings were made in 1938 for the first time.

In the 1950's, a new approach to the control of sound insulation was

adopted to take into accoun} field experienck especially with newer

froms of lightweight double walls. Einheitliche Mitteilung and Bewerhung
0

Von Messergebrissen' (1953) 1ntroduéed the concept of "Scha]]schutzmass'
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in the form of single figure representing the sound insulation grading
curves in place of the earlier arithmatical average figure.
- There are differences in detail in building regulation between the

different states (lands) of the Federal German Republic. However,

the‘reqdﬁrements of DIN 4169: 'Schal]schutz_im Hochban' (1962) serve
. .. as a genera},guide to sound insulation in buildings in Germany.
| | The standard is in five parts: Geﬁera] iﬁformation; requirements; ‘
! : ' examples meeting the requirements; floating finishes for heavy floors;
explanatory memoranda. The standard is supplemented by a more general

standijgléealing with the definition of acoustic terms DIN 1320: Allegemaine

L Benennuny in der Akustik.' Two standards deal with the measurement of

AN

sound insulation and sound absorption.in buildings; DIN'52 210; 'Bana-
5 kustische Prufungén; Bestimmungen des Schallabsorptions grades im Hallraum.'
FRANCE

RN . The code deals with protection against sound coming from sources outside

a dwelling. It specifies that the soand insulation between the main

4 rooms of a dwelling and the exterior shall be at least 15 dB, 20 d8 .

+ - * { é
and 25 dB, for the Tow middle and high frequency bands. . There are also
requirements relating to insulation against airborne noise between dwellings- b

g' , 36/48/54 dB; between common corridors and habitable rooms or kitchens

#

-30/38/38 dB: and bétween habitable rooms and 1ift shafts, etc, 34/45/51/ dB.

:; There are also requirements for insulation against impact noise sound. ]
' j The code also provides that noise from mechanical installations, etc,
should be controlled so that the sound level in a bedroom is not more

" than 30 d8, or i7 a living room 35 dB. These figures'reléte to full . LS
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"furnished rooms and the code notes that the levels correspond to 35 dB

(A) and 40 dB (A) in empty rooms. Finally the code requires that

there should be arrangements in any building ébntaining dwellings to
g prevent noises from industrial and commercial operations iin that building,
being a source of nuisance to residents.

In France, where requirements comprise both reduction factors for separa-

VRN L ORI A T AR SCERITUR TS PR . o

ting structures between dewlling measured traditional]j'%h the laboratory

and normalized %igures of measurements made in completed buildings,

T VY

average figures -for airborne and impact sound are given for the frequency

U
N

ranges 100 - 320, 400 - 1250, and 1600-3200 Hz. This is claimed to provide

[

a simple situation without troublesome evaluations and does not pretend

% to be more knowledge than is available.

‘i The central authority in france, responsible for building regulations,
; ,; is fhe Mihistry of Construction. Much of the background to the technical

}i' ' codes is provided by the Gentre Scientiquue et Technique du Bdtiment

; (C%ID) which is also the authority respongjble for the French system

é; D of'Agrement. '

A List of Major National Codes and Regulations

9 1. United Kingdom i

.: "

a) The Building Standards (Scotland) Regulations 1963

. ‘ Statutory Instruments 1963, No. 1897, HMSO, London
(Part VIII. Resisténce to the transmission of sound, Table 12.
Levels of sound insulation in houses, Schedule 9, Part VIII

Resistance to the transmission of sound.)

- b : Lo ° \ °
- ’ ~
- +
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b) The Building Regulations 1965 - Statuatory Ingtrumenfs 1965,

No. 1373 HMSO, London {Part G - Sound Insulatioﬁ)
c) Bui]ding_ResearcH Digests - No. 96 - Sound Insulation and New
Forms of Construction, No. 102 - Sound Insulation of Traditional
Dwellings. (Requirements of building regulations - explanation

of the grading system - sound insulation of party walls in

traditional construction - sound transmission between rooms

in the same dwelling - imprbvemeht of existing dwellings);
No. 103 - Sound Insulation of Traditional Dwellings- 2 -
Concrete floors, wood joist floors.

d) Department of Health for Scotland

Report of the Committee on Building Legislation in Scotland,
HMSO, Edinburgh 1957.

2. Canada )

a) National Building Code of Canada, 1968 - NRC No. 8305, National
Research Council, Ottawa, Canada.

3. Denmark

a) Bygningsreglement forKobstaederne og Landet (Building Regulations
for Urban and Rural Districts) Ministeriet Copenbagen 1966, Bol:g.

4. France

a) Regles administratives d'edification des locaux d'habitation,_
| \
p indystriels at commerciaux de Montieur, Paris 19@?1

5. Germany, Federal Republic

a) Frommho]d'agg\Hasenjager. Wohnungsban Norman (10 edit. 1967)

8 ‘ o <
E , Werner-Verlag - Dusseldorf (collection of DIN relating té housing

. - includes DLN 4109: Sound Insulation)




