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PREFACE

Lack  o f  e f fec t i ve  no ise  cont ro l  i s  c i ted  as  a

rnajor source of tenant complaint in mult i - family dwel l ings

and an important factor in the high rate of turnover in some

renta l  p roper t ies .  Th is ,  cornb ined w i th  the  cur ren t  t rend

to  mul t i - fami ly  hous ing ,  has  led  to  inc reased ernphas is

by  bu i lders  on  the  cont ro l  o f  no ise  in  new cons t ruc t ion  and

cor respond ing ly  a  need fo r  re l iab le  techn ica l  in fo rmat ion

on the subject.

To  rneet  th is  need the  D iv is ion  o f  Bu i ld ing  Research ,

work ing  th rough the  Research  Commi t tee  and the  Manufac turers r

Counc i l  o f  the  Nat iona l  House Bu i lders  Assoc ia t ion ,  p resented

a seminar  on  r rNo ise  Cont ro l  in  Res ident ia l  Const ruc t ion f l

at  the NHBA annual rneet ing in Montreal in January 1966"

The D iv is ion ts  cont r ibu t ions ,  wh ich  were  presented  by

T.  D.  Nor thwood,  Bu i ld ing  Phys ics  Sec t ion ,  and H.  B .  D ickens

and A. T. Hansen, Housing Sect ion, forrn the subject rnatter

o f  th is  paper .

Ottawa

F e b r u a r y  1 9 6 7

R. F. Legget,

D i r  ec to r .
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NOISE CONTROL iN RESIDENTIAL BUILDINGS

by

T.  D.  Nor thwood,  H.  B .  D ickens ,  and A.  T .  Hansen

A tenant may be attracted to a new apartment bui lding

by the splendid lobby, the sauna bath or the swimming pool,

but whether he stays or not wi l l  probably depend on less

obvious arnenit ies. One of the rnost important is adequate

pro tec t ion  f rom no ise .  Even the  occupant  o f  a  s ing le - fami ly

dwel l ing rnay yearn for a quiet refuge from the pratt le of

h is  ch i ld ren  or  o f  the i r  t rans is to r  rad io .

Recognizing the i rnportance of sound insulat ion, the

National House Bui lders Associat ion invi ted the Divis ion of

Bu i ld ing  Research  to  p resent  a  seminar  on  th is  sub jec t  a t
the NHBA Annual Meeting in Montreal in January 1966"

The subs tance o f  tha t  p resenta t ion  is  recorded here .

The papers  cons ider ,  s tep  by  s tep ,  the  proper t ies  o f

typical  sounds and how they are transmit ted within bui ldings,

the acoust ical  requirernents for adequate protect ion of

the  occupants ,  and the  prac t ica l  methods  o f  des ign  and
const ruc t ion  tha t  w i l l  meet  these requ i rements .  A  b ib l io -

graphy of other relevant publ icat ions has been included

at the end of this report .

SOUND AND NOISE

Before  cons ider ing  ac tua l  cons t ruc t ion  de ta i l s ,  i t

w i l l  be  a  use fu l  p re l i rn inary  to  es tab l i sh  the  vocabu lary  used
in descr ibing sound waves and in evaluat ing noise control

p rob le rn  s .

A sound wave reaches the ear as a rninute f luctuat ion

in  a i r  p ressure  wh ich  can be  represented  graph ica l l y  as  shown
in Figure l"  One complete f luctuat ion of the wave is a cycle,

and the  number  o f  cyc les  per  second is  the  f requency  or  p i tch

of the sound. The rnovernent of a sound wave through air
can be  compared w i th  a  r ipp le  on  the  sur face  o f  water ;

the  d is tance f rom peak  to  peak  is  known as  the  wave length .
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The s imp le  f luc tua t ion  shown in  F igure  I  represents

a  s ing le  f requency .  Most  sounds conta in  many f requenc ies

and the i r  g raphs  look  rnore  l i ke  those shown in  F igure  2 ,

but the individual f requency components can be dealt  with

one at a t i rne in acoust ical  calculat ions. The relat ive

impor tance o f  the  var ious  f requenc ies  in  some typ ica l  sounds

are  dep ic ted  in  sound spec t ra ,  as  i l l us t ra ted  in  F igure  3 .

Note that most of the power in spe.ech is around 400 cycles

per second. The intel l ig ibi l i ty of  $Eech depends mainly,

however,  on a sl ight ly higher frequency band. Footsteps

have a somewhat sirni lar spectrum, al though for a wood
jo is t  f loor  there  wou ld  be  more  low f requency  energy  than

for  the  concre te  f loor  i l l us t ra ted  here .

The wave length  cor respond ing  to  each f requency

is shown at the top of Figure 3, and i t  wi l l  be seen that

the wavelengths of interest range frorn ? in.  to about l0 f t .

General ly the eff ic iency of a source in radiat ing sound

depends on  i t s  s ize  r  e la t i ve  to  a  wave length .  Thus ,

a vibrat ing body only a few inches in diarneter wi l l  not

radiate much low frequency sound. But i f  i t  is at tached

to  a  la rge  rad ia t ing  sur face  i t  w i l l  then  produce much

rrrore low frequency sound.

A sound becomes a  no ise  when i t  in te r fe res  w i th

onecs own act iv i t ies. I f  i t  is too loud, i t , rnakes i t  di f f icul t

to  converse  w i th  peop le ,  o r  l i s ten  to  mr rs ic ,  o r  s1eep.

Even when i t  is not very loud, i t  wi l l  intrude i f  i t  conveys

any kind of message. Speech that is intel l ig ible,  or nearly so,

is  cer ta in ly  the  wors t  o f fender .  Foots teps  are  annoy ing

because of their  sharp impulsive qual i ty,  and the direct ional

e f fec ts  assoc ia ted  w i th  them.  One o f  the  c lass ic  examples

is  the  sound o f  one shoe dropp ing ;  the  message i t  conveys

is  tha t  there  w i I I  p robab ly  be  a  second one.

Hear ing  -  The Dec ibe l  Sca le

F igure  4  ind ica tes  the  range o f  f requenc ies  and

sound leve ls  tha t  can  be  heard .  The dec ibe l  sca le  i s  use fu l

in  th is  contex t  because i t  cor responds c lose ly  to  the  way

var ia t ions  in  in tens i ty  o r  loudness  are  perce ived.  The ear

recogn izes  percentage changes ra ther  than abso lu te  d i f fe rences

in  p ressure .  The min i rnur r r  change perce ived under  labora tory

cond i t ions  is  about  I  dB wh ich  cor responds to  a  l0  per  cent  change

in  sound pressure .  In  ac tua l  s i tua t ions  2  o r  3  dB is  a  very

smal l  change;  10  dB is  a  subs tan t ia l  change.
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T}: .e zer o on the sound level scale is arbi trar i ly set

to about the minimum one can hear in a very quiet laboratory

environment.  More typical ly,  even in quiet s i tuat ions,

there is usual ly a background level of  noise amounting to

a t  leas t  10  or  l5  dB,  r r ro re  o f ten  30  to  40  dB.  Conversa t iona l

speech averages  about  70  dB.  A  success fu l  cock ta i l  par ty

can approach 85 dB but this is st i l l  below the threshold of

pa in  wh ich  is  a round 130 dB.

Sound in Bui ldings

The sound level in a roorn depends not only on the

power of the source, but also on the amount of sound absorpt ion

in  the  room.  Absorp t ion  may be  prov ided by  fu rn ish ings ,

such as  carpe ts ,  d rapes  and fu rn i tu re ,  o r  by  acous t ica l

rnater ial .  This is a good point at  which to consider how rnuch

one can accomplish by absorpt ion treatment in the source

roorn  i t se l f .  To  ach ieve  a  I0  dB reduc t ion  in  sound Ieve l ,

the absorpt ion must be mult ipl ied by a factor of 10. Perhaps

this can be done in a kitchen or bathroorn or a particularly

bare playroom, but in a reasonably furnished bedroom or

l iv ing room, i t  wi l l  be di f f icul t  even to double the absorpt ion

which  wou ld  reduce the  no ise  by  on ly  3  dB.  Another  p rob lem

with this approach to noise control  is the fact that some types

of  no ise  sources  adapt  themse lves  to  the i r  sur round ings .

For  example ,  the  no ise  leve l  p roduced by  a  rad io  o r  TV se t

is deter i 'n ined by the l istener and the volume control  rather

than by the amount of absorpt ion in a roornc

Sound Bar r ie r  s

The most effect ive means of control l ing the propagat ion

of sound in a bui lding is to erect wal ls and f loors that act

as  good bar r ie rs  to  sound"  The f i rs t  requ i rement  o f  a  bar r ie r

is that i t  be impermeable. A wal l  bui l t  of  porous block,

for example, is not very effect ive because the sound actual ly

t rave ls  th rough the  pores  o f  the  rna ter ia l ,  un less  they  are

sealed at some point in the path by plaster or heavy paint.

The nex t  des i rab le  v i r tue  is  we igh t :  the  sound t ransmiss ion

loss of a single wal l  increases by roughly 5 dB when the

weight is doubled. The top curve in Figure 5 i l lustrates

what one can achieve with a f  - in.  br ick wal l .  This is about

the pract ical  l i rni t  that can be achieved by weight alone.
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Another approach is to use a mult ipl ic i ty of wal ls with a minimurn

of  coup l ing  be tween them.  A  typ ica l  s tud  wa l l  cons is ts  essent ia l l y

o f  two wa l ls ,  bu t  they  are  connected  to  some ex ten t  by  a  s tud

f ra rnework  and a lso  by  the  a i r  con f ined be tween them.  Cons idera t ion

wi l l  be given later to the effects of these two types of coupl ing

on the  per fo r rnance o f  s tud  wa l ls .

In addit ion to weight and impermeabi l i ty,  the other
factor of importance in a wal l  is i ts f lexural  st i f fness.
Unfortunately,  st i f fness is not usual ly a vir tue. In the case

of thin panels or l ightweightTeasonry, st i f fness is responsible

for what is known as a rrcoincidence dipi l  in the transmission

loss curve. The perforrrrance of a l ightweight masonry wal l

shown in Figure 5 exernpl i f ies this with a bad rnid-frequency

s lump in  per fo rmance.  S imi la r ly ,  the  p las te r  layers  o f  the

stud waII  show a very character ist ic coincidence dip in the

high frequency range.

Sound Transrn iss ion  CIass

Another point to observe in Figure 5 is that the

t ransmiss ion  loss  var ies  marked ly  over  the  f requency  range.
ClearIy,  there is a problem in cornparing the insulat ion

per fo rmances to  be  e>cpected  f rom these th ree  wa l ls .
In  the  o ld  days  i t  was  cus tomary  to  take  a  s imp le  average

of  measurements  made a t  cer ta in  s tandard  f requenc ies .
Th is  may be  ra ther  mis lead ing ,  however ,  i f  the  t ransrn iss ion
loss  var ies  i r regu la r ly  as  ind ica ted  by  the  broken curve"

The average o f  the  t ransmiss ion  loss  measurements  fo r

the l ightweight masonry wal l  appears good because of the

sat is fac to ry  per fo rmance a t  very  h igh  f requenc ies ,  bu t

this says nothing about i ts poor performance in the important

middle frequency range. The other di f f icul ty about averages
is that about 57 kinds of averages have been used, by var ious
peop le  a t  var ious  t i rnes .  One must ,  there fore ,  be  caut ious

in  in te rpre t ing  average f igures  in  t rade l i te ra tu re .

Acoust ical  experts now rely on a new type of rat ing
which  prov ides  a  more  re l iab le  f igure  o f  mer i t  fo r  the  common

sound insulat ion appl icat ions --  Sound Transmission Class (STC).

The classi f icat ion procedure involves comparing the actual

t ransmiss ion  loss  curve  w i th  a  se t  o f  STC contours  s imi la r
to the one shown in Figure 5. In effect,  the procedure is
to  cons ider  on ly  the  low par ts  o f  the  t ransrn iss ion  loss  curve

relat ive to this contour.
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Impact Sound

S o  f a r  t h e  d i s c u s s i o n  h a s  b e e n  r e l a t e d  p r i m a r i l y  t o
a i rborne  sounds,  tha t  i s ,  sounds,  such as  vo ices ,  tha t  t rave l
th rough the  a i r  be fore  they  imp inge on  the  boundar ies  o f  a  roor r r .
Another  equa l ly  impor tan t  ca tegory  i s  impact  sounds such as
foo ts teps ,  wh ich  or ig ina te  as  v ib ra t ions  in  the  s t ruc tu re  i t se l f .

The assessrnent  o f  i rnpac t  sounds is  no t  as  cu t  and
dried as one would l ike, but there is an internat ional standard

tes t ,  and severa l  ra t ing  schemes s i rn i la r  to  the  STC sys tem.
The Impact  No ise  Rat ing  ( INR)  deve loped by  the  U.  S .  Federa l

Hous ing  Admin is t ra t ion ,  wh ich  is  now wide ly  used in  the
Uni ted  Sta tes ,  w i l l  be  re fe r red  to  la te r  in  cornpar isons  o f

d i f fe r  en t  f loor  cons t ruc t ions .

How Much Sound Insu la t ion  is  Needed?

In  pr inc ip le  a t  leas t  one can cont ro l  the  sounds

produced in  one l6  own dwel l ing ,  so  th is  d iscuss ion  w i l l

concent ra te  on  par ty  wa l ls  and f loors  in  mu l t ip le  dwe l l ings .

Ideal ly,  the arnount of sound insulat ion should at least equal

the  d i f fe rence in  no ise  spec t ra  be tween the  no isy  apar tment

and the  qu ie t  one.  Then the  no ise  tha t  penet ra tes  to  the

qu ie t  s ide  w i l l  no t  be  heard .  On the  no isy  s ide  typ ica l  no ises

wi I I  be  TV,  vo ices ,  and so  on .  ln  the  most  c r i t i ca l  cases

the  background leve l  on  the  qu ie t  s ide  w i l l  cons is t  o f  a

randorn  co l lec t ion  o f  no ises  t ransmi t ted  f rom outdoors  and
from distant parts of the bui lding. Incidental ly,  a Swedish

survey showed that i f  a bui lding fronts on a busy thoroughfare,

the people who overlook the street cornplain about traf f ic noise
but not about their  neighbours; but the people at the back of

the bui lding cornplain about the neighbours.

For  typ ica l  no ises  and background cond i t ions ,  about

two- th i rds  o f  the  tenants  w i l l  be  sa t is f ied  most  o f  the  t ime
i f  an  insu la t ion  o f  STC 50 is  p rov ided be tween c r i t i ca l  a reas
such as  bedrooms or  l i v ing  roorns .  Th is ,  by  the  way,  w i l l

s t i l l  be  inadequate  fo r  separa t ing ,  say ,  k i t chens  f rom bedrooms.

In  Res ident ia l  S tandards*  the  rn in imurn  requ i rement  i s  STC 45,

but about half  the occupants of such a bui lding wi l l  sometimes
f ind  i t  inadequate ;  fo r  less  than STC 45,  the  percentage and degree

of  d issa t is fac t ion  inc reases  very  rap id ly .  A t  the  upper  ex t reme,

the pract ical  maximum that can be achieved in a waII  is about

S T C  5 5 ,  a n d  t h i s  r e q u i r e s  g r e a t  c a r e  i n  c o n s t r u c t i o n  d e t a i l s .

' l  Resident ial  Standards,

Nat ional Bui lding Code

Suppl.ernent No. 5 to the

o f  C a n a d a  1 9 6 5 ,  N R C  8 2 5 I .
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There  is  cons iderab ly  Iess  in fo rmat ion  ava i lab le

about  impact  no ise ,  bu t  i t  appears  tha t  a  recommended va lue

of the Impact Noise Rat ing would be zer o or better.  An INR

of  -10  shou ld  be  regarded as  the  rock-bo t tom min imum,

about equivalent to the airborne requirement of STC 45.

SITING AND LAYOUT OF BUILDING

The locat ion and inter ior layout of a bui lding can

great ly  in f luence the  no ise  prob lem and i t  i s  i rnpor tan t

to  beg in  no ise  cont ro l  a t  the  p lann ing  s tage.

Flexibi l i ty in si te layout is of ten l imited but where

outdoor  no ise  leve ls  a re  h igh  the  fo l low ing  can ass is t

in  reduc ing  the i r  e f fec t :

Locate  the  bu i ld ing  as  fa r  f rom no ise  source

as  poss ib le .  The no ise  leve l  d rops  about

6  dB each t ime the  d is tance is  doub led .

Take advantage of hi l ls,  highway cuts or

o ther  bu i ld ings  to  p rov ide  sound bar r ie rs .

Note that t rees or shrubs are of l i t t le value

as  bar r ie rs  though they  may prov ide

some absorp t ion  o f  sound.

Locate  noncr i t i ca l  a reas  such as  cor r idors ,

k i tchens ,  ba throoms,  e leva tors  and

s e r v i c e  s p a c e s  o n  t h e  n o i s y  s i d e  a n d

cr i t i ca l  a reas  such as  bedroorns  and

I iv ing  spaces  on  the  qu ie t  s ide .

4 .  Keep w indows away f rom the  no isy  s ide  o f

a  bu i ld ing  wherever  poss ib le .

Windows

Windows are  the  weakes t  par t  o f  ex te r io r  wa l ls

in  te rms o f  sound cont ro l .  The i r  e f fec t i veness  is  d i rec t l y

related to the over -al l  a ir  t ightness of the instal lat ion.

Th is  i s  the  reason why f i xed  w indows are  be t te r  fo r

sound cont ro l  than openab le  w indows.  F ixed s ing le

glazing is about as good acoust ical ly as openable double

glazing (Figure 6). Most fixed double gLazing is in the

range o f  STC 30 to  35  and th is  inc reases  as  the  space

t .

z.

3 .
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between the  panes is  inc reased.  For  a  re la t i ve ly  h igh  degree

of  sound cont ro l  (an  STC o f  over  40)  i t  i s  necessary  to  p rov ide

two panes o f  g lass  separa ted  by  a t  leas t  an  8- in .  space

not  a  very  p rac t ica l  s i tua t ion  in  most  cases .  There  is  a

fundarnenta l  d i f fe rence in  th is  regard  be tween heat  and no ise

control .  For thermal insulat ion there is l i t t le advantage in

an air  space larger than 3/4 in.

s u m m a r y :

Keep w indows on no isy  s ide  o f  bu i ld ings  to  a  min imum

Z.  Use sea led  un i ts  wherever  poss ib le

In

t .

J .

Control  of

Make sure that movable windows are wel l

weathers t r ipped to  reduce a i r  leakage.

Indoor  No ise

Much can be done with the inter ior layout of bui ldings

to  cont ro l  no ise  in  the  more  c r i t i ca l  a reas .

In apartment bui ldings the stacking of ident ical  uni ts

on  success ive  f loors  one above the  o ther  so  tha t  k i t chens

are  over  k i tchens  and ba throoms are  over  ba throoms can a id

cons iderab ly  in  no ise  cont ro l .  These are  no t  on ly  no isy  a reas

but  f requent ly  have hard  sur face  f loors  wh ich  tend to  inc rease

the  prob lem o f  i rnpac t  sound t ransmiss ion  wh ich  is  a  source

of frequent complaints in exist ing apartrnents. Such problems

are  cos t ly  to  cont ro l  by  cons t ruc t ion  methods .

The f loor problem can be minimized between units

in apartment bui ldings by placing each apartment unit  on

two f loors with the bedroorns of each on the lower level

below their  own l iv ing areas" This could st i l l  result  in

some impact noise problerns within the unit  i tsel f  but

a t  leas t  con f ines  the  prob lem to  one occupar lcy  where

the  occupants  can exerc ise  some degree o f  con t ro l .

For al l  apartrnents, except perhaps the smal l

ef f ic iency type, the layout of each f loor can usual ly be

planned so that quiet areas in one apartrnent ate separated

f rom ad jacent  apar tments  by  bu f fe r  zones  such as  c lose ts t
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s ta i rways ,  ha l l s  and k i tchens .  I f  th is  i s  done the  STC 45

par ty  wa l l  may be  adequate .  Where  th is  a r ranger r ren t  i s

no t  poss ib le  the  bes t  a l te rna t ive  is  to  p lace  qu ie t  a reas

such as  bedrooms ad jacent  to  s imi la r  a reas  in  the  nex t

apar tment  and to  p rov ide  an  STC 50 par ty  wa l l  be tween.

The wors t  a r ranger r ren t  i s  to  p lace  no isy  a reas  o f  one un i t

next to quiet areas of the neighbouring unit  ( for example,

k i tchens  nex t  to  the  ne ighbours l  bedroom) .  In  th is  case

even an STC 50 wal l  would probably be inadequate.

An example of a poorly planned unit  is shown in

Figure 7. In this layout the bedroom, which should be

a qu ie t  a rea ,  i s  nex t  to  the  e leva tor  and a lso  ad jacent  to

the  ne ighbour ts  k i tchen.  The cho ices t  a reas  wh ich  are

buf fe red  f rom the  ne ighbour ing  no ise  are  occup ied  by

the bathroorn and ki tchen which are noncri t ical  roorrrs.

In contrast Figure 8 shows a wel l -planned layout with

the noncri t ical  areas such as ki tchen and bathroorn

ac t ing  as  bu f fe rs  aga ins t  unwanted no ise .

The plumbing f ixtures serving ki tchen and

bathrooms are  par t i cu la rLy  f toub lesorne sources  o f  no ise .

The prob lem can be  rn in imized by  p lac ing  k i tchens  and

bathrooms o f  ad jacent  un i ts  back- to -back  and one above

the  o ther  w i th  the  serv ices  in  a  wa l l  away f rom the

cr i t i ca l  roorns .  Methods  o f  hand l ing  the  spec ia l  no ise

p r o b l e m s  a r i s i n g  f r o m  m e c h a n i c a l  a n d  e l e c t r i c a l  s e r v i c e s

wi I I  be  d iscussed la te r .  I t  i s  par t i cu la r ly  i rnpor tan t  in

p lann ing ,  however ,  to  loca te  fu rnaces ,  pur r tps ,  cor r tp ressors ,

fans, and laundry equipment away from quiet areas such as

bedroorns"  In  h igh- r i se  apar tments  the  loca t ion  o f  e leva tors

and inc inera tor  chu tes  shou ld  be  g iven care fu l  cons idera t ion .

E leva tors  a re  a  spec ia l  p rob lem s ince  they  may cause no ise

or vibrat ion throughout the ent ire bui lding.

The p lann ing  pr inc ip les  used in  the  cont ro l  o f  no ise

between apar tments  can a lso  be  e f fec t i ve  in  cont ro l l ing  no ise

wi th in  a  s ing le  occupancy .  Th is  i s  i l l us t ra ted  in  F igure  9 .
Note  tha t :

I .  The no isy  a reas ,  ba throoms,  s ta i rs ,  k i t chens

and back  en t rances ,  a re  g rouped and

the  ba throoms are  back  to  back"
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The comrnon bathroom part i t ion or the

bathr oom -ki tchen part i t ion al lows

the  p lumbing  s tack  to  be  iso la ted

frorn the quiet areas.

S leep ing  and l i v ing  areas  are  separa ted ,

with the bedroom on the lower lef t

be ing  the  qu ie tes t  room.

Clo thes  c lose ts  a re  a r ra raged to  ac t

a s  s o u n d  b a r r i e r s .

5 .  S leep ing  areas  are  separa ted  f rom l i v ing  areas

by an extra door in the hal lway.

With care in planning the part i t ions within a dwel l ing
p lus  one or  two ex t ra  doors  w i I I  serve  as  sound bar r ie rs
to divide the dwel l ing into zones of acoust ical  pr ivacy.
The typ ica l  s tud  par t i t ion  is  a  fa i r l y  adequate  no ise  bar r ie r
within a dwel l ing (but not between dwel l ings) provided i t  is
not made ineffect ive by heat ing ducts, openings around

e lec t r i ca l  f i x tu res ,  o r  by  poor ly  f i t t ing  doors .

Open Planning

The trend to open planning in house layout is a trend

away f ro rn  acous t ica l  p r ivacy .  For  the  cont ro l  o f  no ise

there is no subst i tute for a wal l  or a door.  As a minimum
the open plan should be rnodif ied by separat ing off  one quiet

zone such as  the  bedroorn  area  f rom the  re rna inder  o f  the

house (F igure  9) .  Wi th in  the  open p lan  one can temper

no ise  prob le rns  by  su i tab le  space ar rangement  and by  a
jud ic ious  use  o f  acous t ica l  mater ia ls .  T ransrn i t ted  no ise
leve ls  w i l l  no t  usua l ly  be  reduced by  more  than 5  or  l0  dB

by this rneans, but at  least the sharp edge can be taken off

sounds such as  the  c la t te r  o f  d ishes .  The k i tchen,  in  fac t ,
i s  a  good p lace  to  cons ider  the  app l ica t ion  o f  acous t ica l

mater ia l .  Another  use fu l  a rea  is  a  ha l lway  or  foyer

separa t ing  no isy  f rom cr i t i ca l  zones"  Th is  i s  espec ia l l y

he lp fu l  i f  a  d i rec t  l ine  o f  s igh t  to  the  no ise  source  is  avo ided.

D o o r s

Doors  a re  genera l l y  the  weak l ink  in  the  cont ro l  o f  sound
between rooms and consequent ly  they  de termine the  degree o f

sound pr ivacy  tha t  can  be  ach ieved.  A  typ ica l  door  rpay  have an
STC l5  to  20  compared w i th  STC 30 to  35  fo r  a  s tandard  s tud
par t i t ion  w i th  d rywa l l .  where  doors  a re  used in  a  wa l l  there  is

z.

3 .

4.
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no  advantage in  inc reas ing  the  STC o f  the  par t i t ion .  The s i tua t ion
cou ld  be  improved by  us ing  a  heav ie r  (so l id  core)  door  and prov id ing

gasket ing  to  cont ro l  a i r  leakage a l though th is  wou ld  be  o f  reduced
va lue  where  the  door  must  be  undercu t  to  a l low fo r  re tu rn  a i r  f low
in  heat ing  or  vent i la t ing  sys tems.

A gasket  ins ta l led  be tween the  door  and jamb can a lso  ass is t
by  so f ten ing  the  i rnpac t  when the  door  i s  s lammed.  Th is  i s  a  par t i cu-
Ia r Iy  use fu l  t rea t rnent  fo r  doors  to  apar tments  f rom cor rmon haI ls .
Wherever  poss ib le  doors  to  such ha l l s  shou ld  be  o f fse t  so  tha t  no ise

is  no t  rad ia ted  d i rec t l y  across  f rom one door  to  another .  The use

of  carpe ts  on  the  f loor  and acous t ic  t i l e  on  the  ce i l ing  w i l l  a id  in

sound control  within the corr idor and rnake i t  a useful  buffer zone
between apar tments .

SOUND TRANSMISSION THROUGH WALLS

The e f fec t i veness  o f  a  s ing le  layer  wa l l ,  such  as  un i t  masonry ,
concre te  o r  so l id  gypsurn ,  in  res is t ing  sound depends main ly  on  i t s

weight.  Other things being equal,  doubl ing the weight increases the

t r a n s m i s s i o n  l o s s  b y  a b o u t  5  d B .  O n e  m u s t ,  h o w e v e r ,  c o n s i d e r  a l s o

the  s t i f fness  o f  a  wa l l  wh ich  is  respons ib le  fo r  a  d rop  in  t ransmiss ion

loss  in  a  cer ta in  f requency  range.  Th icken ing  a  wa l1 ,  thereby

increas ing  bo th  we igh t  and s t i f fness ,  there fore  w i l l  no t  necessar i l y

i rnprove i t  i f  the  s t i f fness  e f fec t  i s  b rought  in to  a  rnore  c r i t i ca l

f r e q u e n c y  r a n g e .

A masonry  wa l l  o f  g iven  we igh t  per  square  foo t  w i l l  p rov ide

bet te r  per fo rmance i f  i t  i s  cons t ruc ted  as  a  cav i ty  wa l l  ra ther  than

as  a  s ing le  hospogeneous layer .  Then the  sys tem becomes two

rnass ive  layers  coup led  together  on ly  by  the  compress ib i l i t y  o f

the  conf ined a i r  space.  The i rnprovement  due to  the  a i r  space

m a y  b e  s p o i l e d ,  h o w e v e r ,  i f  t h e  t w o  l a y e r s  a r e  c o n n e c t e d  b y  a

la rge  number  o f  r ig id  t ies .  T ies  shou ld  be  used as  spar ing ly  as

possible and should be relat ively f lexible.  Coupl ing through the air

space may be  subs tan t ia l l y  reduced by  in t roduc ing  absorp t ive  mater ia l
such as  minera l  woo l .

The typical  f rarne wal l  is another example of a cavi ty wal l ,

and a l l  the  above cons idera t ions  app ly .  The overa l l  per fo rmance

depends on the weights of the surface layers and the coupl ing through

the  a i r  space or  th rough the  s tuds ,  wh ichever  i s  the  more  impor tan t .

Usua l ly  the  th ree  fac to rs  a re  no t  independent ,  and i t  i s  d i f f i cu l t  to

present  a  s imp le  ana lys is .  Genera1 ly ,  inc reas ing  the  mass  o f  the

s u r f a c e  l a y e r s  r e d u c e s  a i r  - s p a c e  t r a n s r n i s s i o n ,  b u t  i n c r e a s i n g  t h e i r

s t i f f n e s s  i n c r e a s e s  s t u d  t r a n s m i s s i o n ;  m i n e r a l  w o o l  i n  t h e  s p a c e

r e d u c e s  a i r  t r a n s m i s s i o n ;  r e s i l i e n t  c o n n e c t o r s  o r  s e p a r a t e  s t u d s

r e d u c e  s t u d  t r a n s m i s s i o n .  T h e  o v e r a l l  p e r f o r m a n c e  r n a y  d e p e n d

in a corylpl icated way on each factor.
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In wal ls with a posit ive break in the sound travel path,

such as  w i th  s tagger  ed  s tuds ,  the  sound res is tance can be

improved by  ins ta l l ing  a  sound absorb ing  mater ia l  such as

minera l  woo l  in  the  space.  Sound res is tance is  improved

because the  t ransmiss ion  f ro rn  one s ide  o f  the  wa l l  to  the

other is through the air  space and not through the structure

i ts el f .

Thus ,  the  fac to rs  tha t  a f fec t  the  sound t ransmiss ion

of  a  waI I  a re  the  mass  o f  the  wa l l ,  the  s t i f fness ,  the  cont inu i ty

of the sound transmission path through the wal l ,  and in some

cases  the  sound absorp t ion  w i th in  the  space.

S o m  e ' I y p i c a I  C o n s t r u c t i o n s

The s ign i f i cance o f  these fac to rs  can be  be t te r

appreciated by an examinat ion of the construct ions shown

in  F igure  10 .  To  s imp l i f y  cornpar ison ,  * - i r , .  gypsurn

wal lboard  has  been assumed th roughout .  The STC va lues

given in this f igure are typical  numbers only and can vaty

wi th  ind iv idua l  tes ts .

The s imp les t  waI I  w i th  wood s tuds  a t  16  in .  cen t res  and

I /Z t t  p las te rboard  on  each s ide  has  the  lowest  ra t ing  -  STC 33.

When this wal l  is constructed with staggered studs on a 6 in.  plate

STC 40 is  ach ieved.  Here  the  inc reased a i r  vo lume (and reduced

a i r  coup l ing)  i s  he lp fu l .  When minera l  woo l  i s  in t roduced the

d is t inc t ions  be tween s tud  sys tems becorne more  obv ious .  Thus ,

w i th  s tuds  a t  l6  in .  cen t res  the  i rnprovement  i s  on ly  f rom STC 33

to  36 ,  whereas  w i th  s taggered s tuds  the  improvement  i s  f ro rn  STC 40

to  48"  Th is  e f fec t  i s  even more  pronounced w i th  th icker  sur faces

s ince  in  these cases  the  degree o f  s tud  coup l ing  becornes  rnore
impor tan t .  S tud  coup l ing  can a lso  be  reduced by  us ing  fewer  s tuds
(wood s tuds  a t  24  in "  cen t res) ,  o r  more  f lex ib le  ones  (s tee l  channe ls )

or  by  in te rpos ing  so f t  o r  res i l ien t  l inks  be tween s tud  and p las te rboard .

Doub l ing  the  we igh t  o f  the  sur faces  ( la th  and p las te r  o r  doub le  layers

o f  p las te rboard)  i rnproves  the  per fo rmance by  about  3  dB.

Res ident ia l  S tandards  requ i re  wa l ls  be tween occupanc ies

to  have an  STC 45 and a lso  to  p rov ide  a  I  -h r  f i re  res is tance.

Wood- f rame wa l ls  meet ing  these requ i re rnents  a re  shown in

F i g u r  e  I  1 .

The diagrarn on the r ight shows the most cornrnonly

used arrangetnent of staggeted studs. In this case lath and

p las ter  f in ish  prov ides  the  requ i red  sound and f i re  ra t ing

without the addit ion of insulat ion. The wal l  with S/S - in.

d rywa l l  requ i res  insu la t ion  in  the  cav i ty  to  sa t is fy  the

requ i rement  o f  STC 45.  Th is  app l ies  a lso  to  the  d iagram
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on the lef t  which shows resi l ient c l ips or channels,  Lath and
plaster f in ish wi l l  g ive an STC 45 without insulat ion whereas

the wal l  with 5/8 - in.  wal lboard requires insulat ion to obtain

this value.

An STC 45 wa l l  has  been c r i t i c ized  as  be ing  too  low

and no t  p rov id ing  as  h igh  a  s tandard  o f  sound res is tance

as  many peop le  wou ld  des i re .  An STC 50 wa l l  wou ld  p rov ide

a s ign i f i can t  inc rease in  occupant  sa t is fac t ion  and can be

obta ined w i th  a  re la t i ve ly  modest  inc rease in  cos t .

Two exarnples of wood-frame wal ls which give STC 50

and a lso  prov ide  a  l -h r  f i re  ra t ing  are  shown in  F igure  12 .

Aga in  these invo lve  a  s taggered s tud  wa l l  and a  wa l l  us ing

res i l ien t  mount ings .

T h e  d i f f e r e n c e s  b e t w e e n  t h e s e  w a l l s  a n d  t h o s e  i n

F i g u r e  1 l  a r e  t h a t  j - i " .  l a t h  i s  u s e d  i n s t e a d  o f . 3 / 8 - i n .  l a t h  f o r

the  p las te red  waI I  and two layers  o f  3 /8 - in .  gypsurn  board  are

used in  p lace  o f  a  s ing le  layer  o f .5 /8 - i .n .  board  fo r  the  drywa l l .

I n  b o t h  c a s e s  i n s u l a t i o n  i s  r e q u i r e d  b e t w e e n  t h e  s t u d s .

Turn ing  now to  masonry  wa l ls ,  cons t ruc t ions  prov id ing
STC 45 and a  I  -h r  f i re  ra t ing  are  i l l us t ra ted  in  F igure  I3 .

T h e s e  i n c l u d e  w a l l s  c o n s t r u c t e d  f r o m  8 - i n .  d e n s e  c o n c r e t e

b lock  or  4 - in .  b lock  w i th  p las te r  on  bo th  s ides .

I f  l i gh twe igh t  b locks  are  used,  8 - in .  b locks  must
have the surfaces sealed by paint ing both sides or by applying

a coat  o f  p las te r  on  a t  leas t  one s ide .  Otherw ise  there  is

sound leakage through the pores, and the wal l  wi l l  not meet
the STC 45 requirement.  Al ternat ively,  the appl icat ion of

a  separa te  wa l l  f in ish  over  fu r r ing  w i l l  p rov ide  the  necessary

s  ea l .

Masonry  cons t ruc t ions  prov id ing  STC 50 are  i l l us t ra ted

in Figure 14. The top diagrarn i l lustrates a cavi ty wal l  which

ut i l i zes  bo th  mass  as  we l l  as  d iscont inu i ty  o f  the  sound t rave l

pa th  to  reduce sound t ransmiss ion .  In  the  case o f  so l id  masonry
with the plaster or drywal l  f in ish attached by resi l ient fasteners

the concrete block need only be 6 in.  thick i f  made with dense

aggregate and 8 in.  thick when cinder aggregate is used. I f

res i l ien t  fas teners  a re  no t  used and the  f in ish  is  app l ied  over

fu r r ing  an  8- in .  dense aggregate  b lock  w i l l  p rov ide  an  STC 50

ra t ing .
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SOUND TRANSMiSSION THROUGH FLOORS

The pr inc ip les  descr ibed fo r  wa l ls  a lso  app ly  to  f loors

as  fa r  as  a i rborne  sound is  concerned.  As  has  been exp la ined

t h e  f a c t o r s  t h a t  d e t e r m i n e  a i r b o r n e  s o u n d  r e s i s t a n c e  a t e

we igh t ,  s t i f fness ,  b reaks  in  sound t rave l  pa ths ,  and sound

absorp t ion  w i th in  the  space.

Transmiss ion  o f  i rnpac t  sound th rough f loors  i s  an

add i t iona l  p rob lem and resu l ts  when the  f loor  i s  se t  in  v ib ra t ion

through d i rec t  mechan ica l  con tac t .  Th is  no ise  is  t ransmi t ted

through the  f loor  s t ruc tu re  and rad ia ted  to  the  roor r l  be low.

This type of noise can lead to rnore cornplaints than airborne

sound.  In  th is  count ry  there  are  as  ye t  no  es tab l i shed bu i ld ing

regulat ions governing impact noise transmission al though the

Res ident ia l  S tandards  do  prov ide  a  gu ide  fo r  ra t ing  the  impact

no ise  res is tance o f  a  number  o f  f loor  cons t ruc t ions .

The most  e f fec t i ve  method o f  reduc ing  i rnpac t  no ise

t ransmiss ion  is  by  the  use  o f  a  so f t  f loor  cover ing  such as

a carpe t  and pad.  Cork  t i le  i s  a lso  o f  va lue  bu t  i s  less

effect ive than a carpet.  Other so-cal led resi l ient f loor

cover ings  such as  v iny l ,  I ino leum,  o r  rubber  t i le  a re  o f

I i t t le value in control l ing impact noise. Another method of

cont ro l  i s  to  p rov ide  a  f loa t ing  f loor  sur face .  Th is  can be

done by  separa t ing  the  f in ish  f loor  f rom the  f loor  s t ruc tu re

by  means o f  a  res i l ien t  layer  such as  f ib reboard ,  S imi la r ly

the  ce i l ing  rnay  be  suspended by  the  use  o f  res i l ien t  c l ips

wh ich  par t ia l l y  i so la te  the  ce i l ing  f rom the  f loor  s t ruc tu re .

A l te rna t ive ly ,  the  ce i l ing  rnay  be  suppor ted  by  a  se t  o f  jo is ts

separa te  f rom those suppor t ing  the  f loor .  Th is  p rov ides  in

e f fec t  a  s i tua t ion  much l i ke  the  s taggered s tud  ar rangement .

With such construct ions sorne further reduct ion in impact

n o i s e  t r a n s m i s s i o n  c a n  b e  a c h i e v e d  b y  p l a c i n g  a  s o u n d

absorb ing  layer  o f  m inera l  woo l  insu la t ion  w i th in  the  jo is t

sPac e"

Som e  Typ ica l  Const ruc t ions

The var ious  methods  used in  reduc ing  i rnpac t  no ise

t ransrn iss ion  are  i l l us t ra ted  in  F igure  15 .  Aga in ,  fo r  ease

of  compar ison ,  a  ce i l ing  f in ish  o f  ) - in .  gypsurn  board  is  used

throughout .  The f in ish  f loor  cons is ts  o f  j - in .  hardwood on  a

*  - i " .  sub f loor .
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As ind ica ted  in  the  upper  le f t  d iagram o f  F igure  l5

a  s i rnp le  wood jo is t  f loor  sys tem has  an  impact  no ise  ra t ing
or INR of -18. As e><plained previously,  an INR of less than
- 1 0  i s  c o n s i d e r e d  p o o r ,  a  r a t i n g  b e t w e e n  - 1 0  t o  z e r o  i s  o n l y

fa i r ,  and a  ra t ing  o f  zero  or  over  i s  good.  The STC o f  th is

part icular system is 32. I f  the cei l ing f in ish in this construct ion

was omi t ted ,  as  in  the  case o f  an  un f in ished basement ,  the  STC

would  be  reduced to  25  and the  INR to  -28 .

By p"oviding a f loat ing f loor as shown in the lower

le f t  d iagram (F igure  l5 )  the  STC is  ra ised  f ro rn  32  to  46  ar .d

the  INR increased f rom - lB  to  about  -9"  The f loa t ing  f loor

is  fo rmed by  p lac ing  a  layer  o f  f ib reboard  over  the  subf loor ,

gluing strapping to the f ibreboard and instal l ing another sub-

f loor and f inish f loor on this strapping. About the same

improvement  in  STC and in  INR can be  ach ieved by  prov id ing

a res i l ien t  mount ing  fo r  the  ce i l ing  or  by  s tagger ing  the  jo is ts

as  ind ica ted  in  the  d iagrams on the  r igh t  (F igure  15) .

Batt- type insulat ion within the joist  space would improve

the  per fo r rnance o f  a l l  these sys tems to  some ex ten t  w i th  respec t

to  bo th  a i rborne  and impact  no ise .  The most  no t iceab le  e f fec t

wou ld  be  ach ieved w i th  the  suspended ce i l ing  and s taggered jo is t

sys tems.  Add ing  a  carpe t  and pad to  any  o f  these cons t ruc t ions

wou ld  a lso  cons iderab ly  improve the  impact  ra t ing .

When separa t ing  dwe l l ing  un i ts  by  sound- res is tan t  f loors ,

f i re  aspec ts  a lso  shou ld  be  cons idered.  F igure  l5  i l l us t ra tes

some typ ica l  wood f loor  sys tems tha t  p rov ide  a  1 -hr  f i re

separa t ion  and a lso  g ive  STC 45.  These prov ide  a  fa i r  INR

ra t ing  o f  be tween -10  and zero .

As  can be  seen these d iagrarns  are  qu i te  s imi la r  to

those in  F igure  15  except  tha t  S /e- tn .  f i re - res is tan t  gypsurn

board  or  la th  and p las te r  have been used fo r  the  ce i l ing  f in ish .

The la th  and p las te r  w i l l  have super io r  sound res is tance to

t ine 5/B-tn" wal lboard.

As  ment ioned prev ious ly ,  STC 45 is  a  min i rnum s tandard

and i t  i s  o f ten  des i rab le  to  p rov ide  STC 50 to  ach ieve  a  h igher

percentage o f  occupant  sa t is fac t ion .  In  the  case o f  f loors ,  however ,

occupant  sa t is fac t ion  a lso  depends on  good impact  res is tance,  and

this wi l l  require a construct ion having an INR of zeto or greater.
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F igure  17  i l l us t ra tes  two f loor  cons t ruc t ions  tha t

prov ide  STC 50 or  be t te r  and a t  the  same t ime prov ide  good

impact  no ise  res is tance.  In  these cons t ruc t ions  a  f loa t ing
f loor  i s  combined w i th  a  suspended ce i l ing  or  s taggered jo is ts

to  ach ieve  the  des i red  resu l t .  In  add i t ion ,  insu la t ion  has  been

a d d e d  b e t w e e n  t h e  j o i s t s  t o  i m p r o v e  p e r f o r m a n c e .

Turn ing  to  noncombust ib le  cons t ruc t ion ,  F igure  18

i l lus t ra tes  th ree  common cons t ruc t ions  o f  th is  type  wh ich
wi l l  p rov ide  STC 45 w i th  a  fa i r  res is tance to  impact  no ise .

Wi th  the  s imp le  concre te  s lab  f loor  i t  i s  necessary  to  ins ta l l

some type o f  so f t  f loor  cover ing  on  the  s lab  (upper  d iagrarn)
or provide a resi l ient Layer between the slab and the f in ish
f loor  (midd le  d iagram)  to  ach ieve  a  fa i r  impact  ra t ing .

A carpe t  combined w i th  a  res i l ien t  pad d i rec t l y  on  the  s lab

wou ld  p rov ide  good impact  res is tance.

The lower  d iagram in  F igure  18  i l l us t ra tes  another
noncombust ib le  f loor  us ing  bar  jo is ts .  Here  aga in ,  to  ach ieve

a fa i r  res is tance to  impact  no ise ,  e i ther  a  so f t  sur face  rnus t

be  prov ided or  a  res i l ien t  layer  p rov ided be tween the  f loor

f in ish  and the  s lab .  The 5 /8- in .  f i re - res is tan t  gypsum board

on the  ce i l ing  w i l l  p rov ide  a  cons t ruc t ion  hav ing  a  I  -h r  f i re

r  e  s i  s t a n c  e .

F igure  19  shows th ree  f loors  tha t  w i l l  p rov ide  good

impact  no ise  res is tance and STC 50 or  over .  The s lab
(upper  d iagram)  has  been increased to  a  5 - in .  th ickness

compared w i th  3  in .  in  F igure  18 .  A  carpe t  and pad wou ld

s t i l l  be  necessary  to  ob ta in  a  good impact  ra t ing .  A l te rna t ive ly ,

the  f in ish  f loor  can be  suppor ted  on  fu r r ing  s t r ips  cemented to

the  s lab  as  shown in  the  midd le  d iagram.  The f in ish  in  th is  case

cou ld  be  t i le  oner  ] - in .  under lay  suppor ted  by  a  subf loor .

The lower  d iagrarn  ind ica tes  a  bar  jo is t  sys tem in  wh ich

the  ce i l ing  f in ish  is  suppor ted  on  res i l ien t  c l ips  to  ob ta in  a  good

impact rat ing. In addit ion, mineral  wool rnust be instal led in

the  jo is t  space when a  drywa l l  ce i l ing  is  used.  The add i t ion  o f

a carpet and pad would further improve the i rnpact rat ing.

In  summary ,  the  rne thods  o f  ach iev ing  cont ro l  o f  no ise

t ransmiss ion  th rough f loors  inc lude prov id ing  a  res i l ien t  layer

between the f in ish f loor and the f loor structure, suspending

the  ce i l ing  on  res i l ien t  c l ips  o r  channe ls ,  o r  us ing  s taggered
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j o i s t s .  T h e s e  m e a s u r e s  w i l l  n o t  o n l y  r e d u c e  a i r b o r n e  n o i s e

transrnission but wi l l  improve impact perforrnance as wel l .

The prov is ion  o f  a  carpe t  and pad adds  l i t t1e  to  the  res is tance

to airborne noise but is very effect ive in improving the impact

per fo rmance.

NOISE IN MECHANICAL SYSTEMS

Methods o f  no ise  cont ro l  in  p lumbing  and heat ing

systems are less weII  establ ished than the rnethods for control

of airborne and impact sound through bui lding elements,

Some genera l  gu ide l ines  can be  la id  down,  however ,  and these

wil l  be i l lustrated with examples from known trouble areas.

No ise  f rom mechan ica l  sys tems may be  e i ther  v ib ra t ion

or  i rnpac t  no ise ,  o r  a i rborne  no ise .  The no ise  r r tay  a r ise

within the mechanical  equipment such as fans, motors, and

pumps, or be generated by the f low of air  in drrcts or the f low

of water in pipes. In addit ion, the ducts themselves rnay act

as a channel to transmit  noise frorn one roorn to another.

Equipment Noise

Equipment noise rnay be reduced in the fol lowing ways:

l .  Locate the equipment as far away as possible

from the quiet areas

Conf ine  the  no ise  by  sur round ing  the  equ ipment

w i th  sound- res is t i ve  cons t ruc t ion  or  by

prov id ing  bu f fe r  zones  sucb as  cor r idors ,

s ta i rwe l ls  o r  s to rage rooms.

Line equipment enclosures with sound-absorbent

mater ia ls "  Such t rea tment  i s  no t  a  subs t i tu te

fo r  sound- res is t i ve  cons t ruc t ion  bu t  w i l l  he lo

by  reduc ing  the  no ise  leve l .

Look for r tquietn equipment and appl iances. In

the case of equipment this may mean a quieter

operat ing pump, or a motor that has been

spec i f i ca l l y  des igned to  cont ro l  v ib ra t ion .

Some app l iances  such as  d ishwashers  and

garbage d isposa l  un i ts  a re  marke ted  under

so-ca l led  I t regu la r t t  o r  l rqu ie t r t  mode ls .

7..

3 .

4.
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In  add i t ion ,  sorne  water  c lose ts  opera te

at a lower noise leve1 than others.

To prov ide  a  bas is  fo r  se lec t ion ,  no ise

level rat ings should be obtained i f  avai lable

so  tha t  the  per fo rmance o f  the  d i f fe ren t

mode ls  can be  compared.

Isolate the equipment from the structure

by  suppor t ing  on  res i l ien t  pads"

Use f lex ib le  connectors  be tween the  equ ipment

and connect ing  duc ts  o r  p ipes .

These las t  two pr inc ip les  a re  i l l us t ra ted  in  F igure  20 .

The upper f igure shows a purnp on resi l ient pads and connected

to  the  c i rcu la t ing  sys tem by  a  length  o f  f lex ib le  hose.  The

lower  f igure  shows an e lec t r i ca l  app l iance suppor ted  on

res i l ien t  pads  and w i red  w i th  f lex ib le  cab le  to  p revent  d i rec t

t ransmiss ion  o f  v ib ra t ion  to  the  s t ruc tu re .

No ise  in  P ip ing

Noise  prob lems a lso  ar ise  f rom water  f low th rough

piping. The turbulence of the f low creates whist l ing or

gurgl ing sounds and causes pipe vibrat ion" Contract ion and

expans ion  o f  p ipes  due to  te rnpera ture  changes may cause

creaking at the supports.

Three signi f icant factors that af fect noise in plumbing

sys tems are  the  water  p ressure ,  water  ve loc i ty ,  and the

number of valves and f i t t ings. For good noise control  the

s ta t i c  water  p ressure  in  the  sys tern  shou ld  no t  exceed 35  to

45 ps i "  I f  i t  i s  rnore ,  a  p ressure- regu la t ing  va lve  shou ld

be ins ta l led .  Inc reas ing  the  d iameter  o f  the  supp ly  p ip ing

wi l l  a lso reduce the veloci ty but this is less effect ive than

r e d u c i n g  t h e  p r e s s u r e  t o  c o n t r o l  n o i s e  i n  p i p e s .

Owing to water turbulence, valves and f i t t ings can

produce cons iderab ly  more  no ise  than s t ra igh t  runs  o f  p ipe .

Tes ts  on  | - in .  s tee l  p ipe  have shown tha t  va lves  can produce

no ise  leve ls  vary ing  f rom Z0 to  30  dB depend ing  on  the  t lpe

of valve and whether or not i t  is ful ly open. Sirni lar noise

leve ls  a r ise  w i th  meters  and o ther  f i t t ings  tha t  c rea te  some

discont inui ty of f low within the 1ine. Globe valves are

pre fer red  i f  i t  i s  necessary  to  cont ro l  the  ra te  o f  f low but

5 .

6 .
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i f  valves are to remain ful ly open rnost of  the t ime a gate

valve is quieter.  In general  the f i t t ings in the system should

be kept few in number by designing the layout with a minimum

of  bends.

Piping must be isolated frorn the bui lding structure

to  cont ro l  the  t ransmiss ion  o f  no ise  or ig ina t ing  in  the  sys tem.

\Mhen p ipes  are  r ig id ly  a t tached to  a  la rge  sur face  by  hangers ,

c l ips  o r  s t raps ,  the  who le  sur face  w i l l  rad ia te  sound and

genera te  no ise  th roughout  the  s t ruc tu re .  A  layer  o f  res i l ien t

mater ia l  be tween the  suppor t  and the  p ipe  w i l l  g rea t ly  reduce

t ransmiss ion  o f  no ise  in  th is  way.  The number  o f  p ipe  suppor ts

should be kept to a rninimum and the straps or hangers attached

to  the  most  mass ive  s t ruc tu ra l  e lement  ava i lab le .  I t  i s  be t te r ,

fo r  example ,  to  fas ten  to  rnasonry  wa l ls  than to  f loor  jo is ts .

I t  is most important to avoid fastening to l ight panel surfaces

which wi l l  readi ly ampl i fy the sound.

A frequent source of noise is the f low of waste water

from a water closet or bathtub. As a f i rst  step in the control

of this problem the drain piping should be kept away frorn wal ls

o f  qu ie t  a reas  such as  bedrooms.  Second ly ,  wherever  the  p ipe

passes  th rough or  i s  a t tached to  the  bu i ld ing  s t ruc tu re ,  res i l ien t

mater ia l  shou ld  be  used to  p revent  d i rec t  con tac t  (F igure  2L) .

A resi l ient mounting should be used to support  the pipe at the

end of a long vert ical  run as indicated in the bottom diagram

of  F igure  21"  Th is  i s  o f  par t i cu la r  impor tance in  mu l t i -s to rey

bu i ld ings  where  the  use  o f  res i l ien t  suppor ts  fo r  p lumbing  s tacks

wi l l  do  much to  reduce i rnpac t  sound t ransmiss ion ,

Res i l ien t  mater ia l  a t  the  suppor ts  w i l l  a lso  permi t

hot water piping to rnove without binding due to expansion and

cont rac t ion .  Ternpera ture  d i f fe rences  o f  I00 'F  may occur

in these l ines causing copper piping to expand or contract

as much as I  in" in an 80-f t  run. To al low for this rnovement,

swing arm offsets or loops should be provided in al l  long

straight runs of piping. Insulat ing the pipe wi l l  help to

maintain a more even temperature in the Pipe, thus minirniz ing

e>cpansion and contract ion.

Another problem with piping is water hammer. This

occurs when water is turned on and off  quickly,  producing a

shock  wave in  the  sys tem wh ich  causes  the  p ipe  to  v ib ra te .
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High pressure ,  h igh  ve loc i ty ,  and qu ick  c los ing  va lves  combine

to  p roduce the  wors t  water  hammer  cond i t ions .  The prob le rn  can

be par t i cu la r ly  severe  in  equ ipment ,  such as  au torna t ic  washers ,

tha t  use  e lec t r i ca l  means o f  shu t -o f f .  Water  hammer  can be

cont ro l led  by  ins ta l l ing  a i r  cush ions  to  ac t  as  shock  absorbers

in  the  sys tem (F igure  ZZ) .  These rnay  eventua l l y  Iose  the i r

e f fec t i veness  as  the  a i r  in  them becornes  absorbed in  the  water .

The sys tem must  then be  dra ined to  le t  a i r  back  in .  Spec ia l

a i r  chambers  are  ava i lab le  w i th  a  d iaphragm to  p revent  the i r

b e c o m i n g  w a t e r  - I o g g e d .

by :

In  summary ,  no ise  in  p ip ing  sys tems can be  cont ro l led

1 .  R e d u c i n g  w a t e r  p r e s s u r e

Z"  Increas ing  the  s ize  o f  p ip ing

Min imiz ing  the  use  o f  f i t t ings ,

par t i cu la r ly  qu ick -c los ing  va lves

Isolat ing pipes and f ixtur es frorn

the  s t ruc tu re  w i th  res i l ien t  'oads

Keeping drain pipes away from wal ls

o f  qu ie t  a reas

Prov id ing  a i r  cush ions  to  cont ro l

rn 'ater hamrner

Mak ing  prov is ion  fo r  movement  due to

expansion and contract ion

Noise  in  Ducts

D u c t  w o r k  c a n  a l s o  g i v e  r i s e  t o  n o i s e  p r o b l e m s "

A rnetal  duct acts l ike a speaking tube on a ship and readi ly

t rans fers  sound f ro rn  one area  to  another .  Th is  can lead to

annoy ing  no ise  prob le rns  th rough the  shor t -c i rcu i t ing  o f

sound bar r ie rs  be tween apar tments  and th rough the  t rans fer

of equipment noise throughout the l iv ing space. Sound does

not only enter or leave a metal  duct through an opening or

gr i l le  bu t  can  a lso  en ter  th rough the  th in  rne ta l  s ides

( F i g u r e  Z 3 ) .

3 .

4.

5 .

6 .

7 .
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Th is  i s  why  duc ts  th rough sound bar r ie rs  shou ld  be  kept

to  a  min imum and duc t  layout  th rough no isy  a reas  such as

serv ice  or  ma in tenance rooms shou ld  be  avo ided i f  poss ib le .

Such r r reasLr res  w i l l  he lp  to  reduce no ise  p ick -up  by  the  duc ts .

F ib rous  l in ings  ins ide  the  duc ts  w i l l  reduce sound

t ransmiss ion  w i th in  a  duc t  sys tern .  A  6  - f t  leng th  nex t  to

each wa l l  o r  ce i l ing  ou t le t  i s  genera l l y  su f f i c ien t .  Th is  can

be of part icular value in cornmon duct exhausts from ki tchens

or  ba throoms o f  apar tments  wh ich  prov ide  an  easy  pa th  fo r

no ise  t ransmiss ion .  Note ,  hou.ever ,  tha t  insu la t ion  on  the

outs ide  o f  a  duc t  does  no t  he lp  in  cont ro l l ing  a i rborne  t rans-

miss ion  th rough the  duc t .

When no ise  is  caused by  a i r  f low,  s t reaml in ing  the

duc twork  us ing  smooth  curve  bends or  tu rn ing  vanes  in

e lbow or  r rT i l  f i t t ings  w i l l  reduce the  no ise  leve l  by  reduc ing

turbu lenc  e .

F igure  Z4 i l lus t ra tes  the  use  o f  f lex ib le  co l la rs

to  p revent  t rans fer  o f  equ ipment  v ib ra t ion  to  the  duc twork .

Note  tha t  there  is  no  a t tachrnent  to  the  s t ruc tu re  be tween

the f lexible connect ion and the equipment.  The support ing

hangers  shou ld  no t  be  p laced be tween the  f lex ib le  co l la r  and

the  equ ipment  i t  i s  supposed to  i so la te .

O n e  o f  t h e  b i g g e s t  o b s t a c l e s  t o  s u c c e s s f u l  n o i s e

cont ro l  s t i1 l  re rna ins  -  poor  cons t ruc t ion  prac t ice"  I t  i s  no t

enough to  mere ly  spec i fy  p roper  no ise  cont ro l  methods

superv is ion  must  be  prov ided to  ensure  good workmansh ip

and cont ro l  o f  cons t ruc t ion  de ta i l s .  Even rn i .nor  var ia t ions

f rom spec i f ied  methods  can nu l l i f y  the  va lue  o f  sound

cond i t ion ing  by  permi t t ing  duc ts ,  p ipes ,  o r  condu i ts  to

shor t  -c i r  cu i t  cons t ruc t ion  s  epara t ions .

CONSTRUCTION PRACTICES THAT DECREASE SOUND RESISTANCE

The STC and INR ra t ings  fo r  wa l ls  and f loors  tha t  were

rnent ioned ear l ie r  were  de ter rn ined in  a  labora tory  under  sorne-

what  a r t i f i c ia l  cond i t ions  in  tha t  the  spec i rnens  were  care fu l l y

cons t ruc ted  and no  ex t raneous t ransmiss ion  pa ths  were  invo lved"

Such values rnay be obtained in the f ie ld,  but only when equal

care  is  taken and there  are  no  leakage or  f lank ing  t ransmiss ion

p r o b l e m s .  S o m e  d e p a r t u r e  f r o r n  t h e  t e s t e d  c o n s t r u c t i o n  m a y  b e

inev i tab le ,  bu t  in  rnany  ins tances  there  is  an  unnecessary  Teduct ion

i n  p e r f o r r n a n c e  b e c a u s e  o f  p o o r  c o n s t r u c t i o n  p r a c t i c e .
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For  example ,  F igure  13  i l l us t ra ted  an  8- in .  masonry

wal l  with a rat ing of STC 45. This wal l ,  when tested iq the

Iaboratory, had ful l  head and bed joints.  FulI  mortar jo ints

are not general ly achieved in the f ie ld,  however.  Such a wal l

in  p rac t ice  wou ld  p robab ly  no t  be  in  the  45  c lass  because o f

sound leakage through these joints.  In order to obtain the

45 c lass  ra t ing  i t  may be  necessary  to  p las te r  a t  leas t  one

side of the wal l  to seal the surface or,  al ternat ively,  fur

the wal l  and add a separate f in ish.

Deta i l s  tha t  deserve  spec ia l  cons idera t ion  are  wa l l -

to - f loor  conoect ions .  Both  the  acous t ic  and f i re  aspec ts

shou ld  be  cons idered.  F igure  25  shows a  wrong way and

a r ight way to handle this si tuat ion.

The le f t -hand d iagram in  F igure  25  is  wrong in

severa l  respec ts .  F i rs t ,  the  space is  le f t  open a t  the  ends

of  the  jo is ts ;  th is  a l lows f ree  passage o f  a i rborne  sound.

Second,  because the  jo is ts  a re  na i led  together ,  impact

no ise  is  read i l y  t ransmi t ted  f rom one f loor  sys tem to  an-

o ther .  In  add i t ion ,  o f  course ,  the  de ta i l  i s  poor  f rom the

po in t  o f  v iew o f  f i re  res is tance as  there  is  no th ing  to  s top

f i re  f rom spread ing  across  the  d iv id ing  wa l1 .  The r igh t -hand

d iagram in  F igure  25  shows good prac t ice .  Not  on ly  does

the blocking provide ef{ect ive f i re stopping but i t  is good

acoust ical ly as wel l .  The double blocking wi l l  reduce the

airborne sound transmission and the path of impact sound

t ransmiss ion  is  b roken f rom one s ide  o f  the  par ty  waI l  to

the other.  Another good feature is the break in the subf loor

a t  the  wa l l "  Th is  i s  a lso  essent ia l  to  reduce i rnpac t  no ise

t ransmiss ion .

Figure 26 shows the si tuat ion where the f loor joists

run paral lel  to the party wal l"  This detai l  not only provides

good f i re stopping but provides resistance to impact noise

t ransmiss ion  and to  a i rborne  no ise .  Here  aga in  the  subf loor

is broken at the walI  and there is no cont inuous path for

i rnpac t  no ise  t ransmiss ion .

When instal l ing a f loat ing f loor over wood joists more

often than not the f loor is fastened so that the nai ls penetrate

through the resi l ient layer and into the framing or subf loor

below. This has the effect of  short-circui t ing the resi l ient
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Layer  and some o f  i t s  e f fec t i veness  is  los t .  I t  wou ld  be  much

better acoust ical ly i f  the strapping on top of the resi l ient layer

were  cemented in  p lace  and i f  the  na i l s  used fo r  the  f in ish

f loor ing  were  shor t  enough tha t  they  do  no t  penet ra te  th rough

the  res i l ien t  layer .

When f loa t ing  f loors  a re  used the  f loa t ing  por t ion

shou ld  no t  be  in  contac t  w i th  the  per imeter  wa l ls  o f  the  roorn .

In fact there should be about at- i r , .  gap lef t  between the

f loa t ing  f loor  and the  wa l ls .  Th is  space is  then covered

with a moulding. This appl ies as wel l  i f  the f loated f loor

is  concre te  over  a  res i l ien t  layer .

In  the  case o f  wa l ls ,  p rob lems rnay  ar ise  where  the

wall finish is cut for the installation of other equiprnent.

For  example ,  ins ta l l ing  recessed rned ic ine  cab ine ts  in  par ty

wa l ls  resu l ts  in  on ly  a  l igh t  gauge meta l  separa t ion  be tween

one s ide  o f  the  wa l l  and the  o ther .  Sur face  mounted cab ine ts

should be used rather than penetrate the f in ish of any wal l

des igned fo r  sound res is tance.  Ins ta l l ing  receptac les  or

s w i t c h e s  b a c k - t o - b a c k  c a n  a l s o  b e  a  s o u r c e  o f  n o i s e  t r a n s f e r

th rough the  wa l l .  These shou ld  be  p laced as  w ide  apar t  as

poss ib le  on  the  oppos i te  s ides  o f  the  wa l I  -  a t  the  very  leas t

they  shou ld  no t  occur  in  the  same s tud  space.

Bathtubs are usual ly instal led with no wal l  f in ish

beh ind  the  tub .  Th is  p rov ides  an  easy  sound t rans fer  pa th ,

par t i cu la r ly  where  ba throoms are  back  to  back .  The wa l l

f in ish should be appl ied down to the f loor before the tub is

instal led. This would probably mean that an addit ional layer

o f  wa l lboard  wou ld  have to  be  ins ta l led  a f te r  the  tub  is  p laced.

S ince  i t  occurs  ad jacent  to  a  loud no ise  source  resu l t ing  f ro rn

f i l l ing the tub or taking a shower, special  construct ion is
ju st i f i  ed.

Seal ing ar.y gap around a pipe, duct,  or electr ical

w i r ing  tha t  penet ra tes  a  sound bar r ie r  i s  essent ia l .  These

gaps can grea t ly  decrease the  e f fec t i veness  o f  the  bar r ie r .

Not only is i t  desirable from an acoust ic standpoint but i t  is

also important for f i re protect ion. I f  a wal l  with a 50 STC

rat ing had the equivalent of  I  sq in.  of  hole through i t ,  the

wal l  wou ld  t ransmi t  rough ly  the  sarne  sound as  a  c lass  40

wal l  with no openings.
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Other  fau l ts  somet imes no t iced  are  in  connect ion  w i th

the instal lat ion of equipment or piping. I t  does l i t t le good,

for example, to go to the expense of providing careful ly

instal led resi l ient pads beneath equipment i f  the piping from

the equipment is then r igidly attached to the f loor slab above.

I f  res i l ien t  mount ings  are  used make sure  they  are  no t  b r idged

by mor ta r  d ropp ings  or  sp i l led  concre te .

In surnrnary, pay part icular at tent ion to wal l  - f loor

in te rsec t ion  de ta i l s .  Break  the  s t ruc tu ra l  con t inu i ty  o f  f loors

inso far  as  p rac t icab le  across  a  suppor t ing  wa l l  in tended

to  prov ide  sound res is tance.  Do no t  bu i ld  a  f loa t ing  f loor

so that the f loat ing port ion is in contact with the wal ls.

Break the subfloor at the dividing sound wall.

I t  shou ld  be  remembered tha t  every  t ime a  ho le  i s

made in  a  wa l l  des igned as  a  sound bar r ie r  the  e f fec t i veness

of  tha t  wa l l  i s  reduced"  
'Where  

ho les  must  be  made,  fo r

example, for out let  boxes, they should be offset f rom one

another on opposite sides of the wal l .

Last ly -  make a conscient ious attempt to plug

al l  cracks in sound barr ier wal ls.  Caulk around pipes and

ducts  o r  any  o ther  oBen ing  to  reduce a i rborne  no ise  t rans fer .

* * * * * r l .
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INTERSECTIONS, MUR A PLANCHER (SOLIVES PERPENDICULAIRES
AUX MURSI  8 ' ??177 -?7
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WALL.FLOOR INTERSECTION (JOI STS
PARALLEL TO WALLS}

INTERSECTIONS, MUR A PI-ANCHER
(SOLIVES PARALLELES AUX MURS)


