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Noise from neighbours is a common source of annoyance i n  multi- 
family homes. Occasionally the  annoyance is  so  g rea t  t h a t  one occupant 
decides t o  a l t e r  the s t ruc tu re  t o  t r y  t o  reduce the  in t rus ive  noise. 
This note is meant a s  a guide t o  such people. It deals  only with sound 
transmission through walls and f loors  between adjacent homes and not 
with a i r c r a f t ,  t r a f f i c  o r  other ex te rna l  noises. In  t h e  l a t t e r  casee, 
sound en te r s  the  home most often through the windows. 

Improvements proposed here can be ca r r i ed  out by one tenant ac t ing 
alone, but cooperation from the  neighbour is  usually very useful. 
Obviously i n  rented accommodation the owner would have t o  be consulted 
before making s t r u c t u r a l  changes; although repa i r s  a r e  sometimes minor 
and inexpensive, ext ra  construction could require some f a i r l y  d r a s t i c  
and qu i t e  expensive changes. 

Sound Transmission Claes and Noiee Reduction 

The amount of sound energy t h a t  passes through a p a r t i t i o n  depends 
on the  frequency of the  sound; low frequencies are transmitted much more 
e a s i l y  than high frequenciee. The sound transmission cl$ss (STC) is a 
s i n g l e  number r a t i n g  system which takes  account of these.,frequency 
var ia t ions  and makes it eas ie r  t o  discuss the sound traaerpiss50n 
performance of building s t ructures .  The higher the  STC vukber; the 
be t t e r  the  w a l l ;  l.e., the greater  the noise reduction it: X i  can provide 
between homes. 

The amount of noise you hear i n  your home depends on the  amount of 
noise  your neighbour makes, t h e  sound-transmitting propere'ies of the 
common wal l  o r  f loor ,  and the l eve l  of background noise present i n  your 
own home. A l l  t h ree  fac to r s  are important. For example: ;" 

- a quie t  neighbour may make you think you have a good common wall;  
a noisy neighbour may make you think you have a bad wall; 

- i f  you l i v e  i n  a very quie t  home, you may be disturbed by almost 
every sound even though the  common wall i s  very good; 

- i f  your own radio or  TV is played often,  you may not hear your 
neighbour (but he may hear you). 



Finally,  the degree of annoyance is a personal react ion and some people 
a re  m r e  eas i ly  annoyed than others .  

Building regulat ions simplify t h i s  complex s i t u a t i o n  by requiring a 
minimum value of STC f o r  walls and f l o o r s  and accepting tha t  some percentage 
of occupants w i l l  s t i l l  be annoyed even when the regulat ions are met. In 
Canada an STC value of 45 has been used i n  building regulat ions fo r  many 
years although acoust icians would prefer  t o  see values grea ter  than 50, such 
a s  a re  common i n  Europe. STC values around 60 can be achieved i n  typ ica l  
homes and only require a l i t t l e  b i t  of care and a t t e n t i o n  t o  d e t a i l  during 
design and construction. 

Two-Layer Cavity Walls 

The most p r a c t i c a l  form of construct ion tha t  provides good sound 
insu la t ion  is  the cavi ty  wall o r  f l o o r  formed from two layers  of non-porous, 
heavy material.  There should be no r i g i d  connections between the two laye r s  
and the  cavity should contain sound-absorbing material. Each time e i t h e r  
the t o t a l  weight/unit a rea  of the w a l l  o r  the d is tance  between the layers  is 
doubled, an improvement of about f i v e  STC points  should resu l t .  

It is very important t o  have sound-absorbing material  i n  the cavity.  
Common e f fec t ive  mater ia ls  include g lass  f i b r e ,  ce l lu lose  f i b r e  o r  rock wool 
thermal insulat ion.  A thickness of approximately 75 mm is enough except i n  
very deep cavity walls o r  f loors ,  where more can be added. The addit ion of 
sound-absorbing mater ia ls  such as cork or  carpet t o  the  outside surfaces of - 
a wall reduces the sound transmission only s l i g h t l y  and only a t  high 
frequencies. 

To i l l u s t r a t e  these bas ic  points ,  Fig. 1 shows the  la rge  changes i n  STC 
caused by qui te  small changes i n  construct ion of a simple . . wood stud and 
gypsum board wall. - - - -  

The wall i n  Fig. l b  uses staggered .studs to. avoid , &id connecti ons 
between the  layers  of gypsum wallboard. Figure 2 shows ',id more - d e t a i l  
and . two other cornon' methods of ! avoiding. r i g i d  connect iow bestwee* the wa l l  
surfaces  .,- Resi l ient  channels- a r e  fomed f roo thin. , s t r i p s  @. i3t,eel,' have a + 

"2' cross sec t ion  and are ~ o m e t i r s  :ciClled ?Zedybars, ,(Qg., ,P>*.b- .They ?bexi 
commonly used i n  noise control '  work) and are usually, .ava%lable @ l"ding',r 

- - 5<7 
supply stores.  .i -. 

-:c ' -. 
, 

Flanking Transmission . . .. 't 

Sound t r ava l s  -between hbmea not only thtough the  comkon wil<but also 
along more roundabout' routes  such as those shown i n  Figs, 3 and 4; This5!Ys 
known ae flanking transmission, and can make it very d i f f i c u l t  a t  time; t o  
f ind  the  r e a l  reason f o r  poor sound iso la t ion .  ,In some, cases, these f lanking 
paths transmit more sound than the d i r e c t  ,path through :the - .  corndPoaiwall. ,' 3 L. 
Some other  connuon f lanking paths f o r  sound include: 



1) out through a window and back in  through a neighbouring window; 

2 )  out through, under or around the edges of a door in to  a hallway 
and then i n  by way of a neighbouring door; 

3)  through ven t i l a t ion  or  heat ing ducts tha t  a r e  not f i t t e d  with 
sound a t tenuat ing  devices. 

Flanking paths a r e  not always obvious, so a warning is necessary a t  
t h i s  point: 

I f  s ign i f i can t  sound transmission is occurring along paths 
o ther  than through the  common wall ,  then improving t h i s  wall  
alone may make only a small improvement. I n  some cases it 
might be necessary t o  improve o ther  walls  and f l o o r s  i n  the  
home t o  reduce noise in t rus ion  t o  an acceptable level .  

Inspection of building plans i f  they are avai lable ,  may reveal possible 
f lanking paths; i f  not ,  careful  l i s t e n i n g  t o  intruding noise  might. 

Sound Leaks 

Before dealing with methods t o  improve walls i t  is useful  t o  t a l k  
about possible construct ion f a u l t s  t h a t  can cause a wall  t h a t  ought t o  
be a good sound b a r r i e r  t o  t ransmit  excessive amounts of noise. An 
ordinary wall  o r  f l o o r  appears a t  f i r s t  glance t o  be a f a i r l y . s o l i d  
s t ruc tu re ,  without obvious holes. Stopping sound transmission however, 
is very m c h  l i k e  containing water. As a r u l e  of thumb, i f  the  wall  i s  
not watert ight  o r  a i r t i g h t ,  then i t  is very 1 i k e l y . t h a t  sound w i l l  leak 
through it. To ensure maximum performance from a wall  o r  f loor ,  a l l  
f i s su res  and cracks, no matter how small, must be well sealed using a 
non-hardening caulking compound. A place where leaks  a r e  very comonly 
found is at the bottom of the wall,  where the  baseboard may.concea1 a 
large  uncaulked gap where the  gypsum wallboard meets the  floor. ,This is 
one of the f i r s t  places t o  look f o r  sound leaks. A thin-bladed kni fe  
can o f t en  be used a s  a probe t o  i d e n t i f y  a leak i n  t h i s  reglion,but i t  
may be necessary t o  remove the baseboard t o  be su re  t h a t  'thete'Ts enough 
caulking behind it. Sound leaks  can a l s o  be h idden behind >f.$r>er A+ t le t 
covet p la t e s ,  TV antenna o u t l e t s ,  l i g h t  switches, l i g h t  fixture$,, ,or 
o ther  service  ou t l e t s .  They can a l s o  occur around duct and pipe 
penetrat ions and sometimes through i n s e t  cabinets  in~ ta l l ed~back- to -back  
between bathrooms. Many of these  places are hidden from viey.and can be 
d i f f i c u l t  t o  f ind ,  but once a leak  o r  f lanking path has been ,$dentif led,  
i t  rmst be plugged wi th  non-hardening caulking i f  the  hole .is small o r  
some so l id  material  i f  the hole is large. 

The importance of the thorough use of caulking t o  seal peripheral  
cracks and f i s s u r e s  cannot be emphasized too strongly. Figure 5 shows 
some examples of where continuous beads of caulking should be applied. 



.\ Steps t o  Improvement 

When noise from a neighbouring home is annoying, one of the 
following cases applies.  

1) The wall design is inadequate (STC l e s s  than 45) and the 
construct ion i s  f a u l t y  a s  w e l l .  

2) The wall  design is inadequate although i t  has been cor rec t ly  
constructed. 

3)  The wall  design is adequate (STC more than 50) but the  
construct ion is  fau l ty .  

. . 
4 )  T h e  wall  design is adequate and the  construct ion properly 

c a r r i e d  out. 

I n  the l a s t  case, annoyance usual ly  r e s u l t s  because aeighbours a r e  
unusually noisy, the  people who a r e  annoyed a r e  very sens i t ive ,  the  home 
where annoyance is experienced is unusually qu ie t ,  o r  any combination of 
these. In t h i s  l a t t e r  case the re  may be l i t t l e  t h a t  can be done except 
t o  move, or extensively rebuild the  house. 

This note provides help when improvements a r e  t o  be made. The 
f i r s t  s t e p  Is t o  f ind  out ,  i f  poss ib le ,  h w  the  common wal l  o r  f l o o r  is  
constructed and then, from the  information i n  Tables 1 t o  3, t o  est imate 
i t s  STC. 

Once the  po ten t i a l  STC of the  wal l  has been estimated, Table 4 
gives a rough guide f o r  est imating t h e  a c t u a l  STC based-on voice 
transmission between homes. This t a b l e  inc identa l ly  .expresses the  
d i f ference  i n  privacy provided by d i f f e r e n t  construct ions i n  everyday 
terms. (It may be necessary t o  get help from the  neighbours t o  apply 
t h i s  table.) 

A ' large discrepancy between the  two STC values means ser ious  sound 
l eaks  o r  f lanking paths. These should be looked i f o r  and r e p a i r s  drade. 
I n  many cases t h i s .  wi l l  - eolve the  problem and may be a l l  t h a t  is - - ,  
reasonable t o  do.. 

When a l l  obvious leaks and f lanking paths have been d e a l t  with and 
no i se  in t rus ion  i s  st111 a problem, then the  common wall o r  f l o o r  has t o  
be improved. The following sec t ions  give some guidance on how-to do 
it. 

METHODS FOR IMPROVING WALLS AND F'LOORS 

The basic idea is t o  make the  construct ion a s  s imi la r  a s  possible 
t o  one of the  b e t t e r  construct ions i n  Tables 1 t o  3. 



Stud Walls 

With stud walls containing a t  l e a s t  75 mm of sound-absorbing mater ia l  
i n  the cavity and constructed with e i t h e r  staggered s tuds ,  separate s tuds ,  
wood studs with r e s i l i e n t  channels, o r  metal s tuds,  a l l  that  is required i s  
t o  caulk a l l  leaks and add ex t ra  layers  of gypsum wallboard to build one of 
the be t t e r  construct ions i n  Tables 1 o r  2. It does not matter much t o  which 
s ide  the ext ra  gypsum board is applied. Thus, i f  a design c a l l s  fo r  a t o t a l  
of four layers  of wallboard, and the ex i s t ing  wall has only one on each 
s ide ,  two more can be added t o  one s i d e  only. It is good pract ice,  however, 
t o  s top  leaks on both s ides  of the w a l l ,  which obviously requires the  
cooperation of your neighbour. 

In some homes, e spec ia l ly  older  homes converted t o  apartments, these  
acceptable types of s tud systems w i l l  not have been used and there m y  not 
be any sound-absorbing mater ia l  i n  the cavity. In t h i s  case the best 
procedure is t o  remove the  p l a s t e r  o r  wallboard from one s ide  and convert 
the wall t o  one of the preferred types. Res i l ient  channels can be used o r ,  
preferably, a separa te  s tud s t ruc tu re  can be constructed. 

The maximum number of layers  of gypsum board shown i n  the tables  f o r  
s tud walls,  is four. There would st1 11 be some benefi t  i n  adding one mre 
i f  desired. Thus, i f  the o r ig ina l  construct ion has one layer  of board on 
each s ide ,  another three  or  four layers  could be added t o  one side.  

Concrete Walls * Table 3 shows tha t  i t  is r e l a t i v e l y  easy t o  get good sound insu la t ion  
from a block o r  s o l i d  concrete wall. The most common problem with concrete 
block walls is missing o r  inadequate caulking where the gypsum wallboard 
meets the  f loor .  This allows sound t o  leak through the porous blocks. I f  
no leaks o r  flanking paths have been i d e n t i f i e d  and i f  the sound i s o l a t i o n  
i s  not adequate, then the  best  procedure is t o  add ext ra  layers  of wallboard 
using the  techniques shown i n  Figs. 6 t o  8. . . 

The method i l l u s t r a t e d  i n  Fig. 6 can be used on any w a l l  no matter how 
i t  is constructed. A frame t h a t  does not contact the  ex i s t ing  wall  is 
constructed from woodz o r  metal studs,  e'ound-absorbing material  as' plae'kd: i n  
t h e  cavity and two l a y e r s  of gypsum board a r e  applied, taped, cau1ked:bnd 
f in ished i n  the  usual way. The disadvantage of t h i s  method is the loss  of 
approximately 120 mm from the  length o r  width of the room. The stud s i z e  . 
and a i r  space can be reauced, but t h i s  reduces the ex t ra  sound i s o l a t i o n  
provided pa r t i cu la r ly  a t  low frequencies. 

Less space is used by the two methods i l l u s t r a t e d  i n  Figs. 7 an'd 8. I n  
Fig. 7 ,  wood fu r r ing  s t r i p s  a r e  na i led  o r  screwed t o  t h e  exis t ing  wall  and 
r e s i l i e n t  channels a re  then secured t o  the fu r r ing  s t r i p s  t o  give a '- 

r e s i l i e n t  connection. I n  Fig. 8, the  r e s i l i e n t  channels a r e  screwed 
d i r e c t l y  t o  the wall surface. This l a s t  method is not as good a s  the  
previous two because the  a i r  space is smaller. There might be no 
improvement a t  low frequencies . 



Floors 

Excessive noise transmission through f loors  can be pa r t i cu la r ly  
d i f f i c u l t  to  deal  wlth because in  addit ion to  airborne sound, there is a lso  
the problem of footsteps and other  impact noise. Fortunately, changes made 
t o  reduce airborne noise w i l l  a l s o  reduce the transmission of impact noise. 
It is common knowledge tha t  adding carpet and underlay to  the walking 
surface w i l l  g rea t ly  reduce foots tep  noise but t h i s  only s l i g h t l y  reduces 
airborne noise transmission. If the occupant i n  an upper apartment does not 
wish t o  use carpets ,  there  I s  l i t t l e  t o  be done t o  a l l e v i a t e  footstep noise 
problems except t o  improve the ce i l ing .  

As with walls ,  the p r inc ip le  involved with f l o o r s  is t o  improve t h e  
construct ion by a l t e r i n g  i t  t o  more c lose ly  resemble the  idea l ,  i.e., two 
layers of material  r e s i l i e n t l y  connected, with sound-absorbing material i n  
the  cavity. 

J o i s t  Floors 

Figure 9 gives three examples of good f loor  construct ion using s o l i d  
wood j o i s t s .  The use of s t e e l  j o i s t s  o r  wood t russes  would not change the 
sound transmission s ign i f i can t ly .  These three f loors  a r e  the sane i n  
principle.  M~st of the weight of the assembly is i n  the  f loor.  This is 
because it is not p r a c t i c a l  t o  have any more than two layers  of gypsum board 
suspended from r e s i l i e n t  channels and it is physical ly e a s i e r  to  add heavy 
materials  on top. 

Y If  a j o i s t  f l o o r  is judged inadequate and i f  a l t e r a t i o n s  can be made 
from both s ides ,  then it is a straightforward task t o  a l t e r  the construct ion 
so that  it resembles one of those shown i n  Fig. 9. I f  the ce i l ing  is  
d i r e c t l y  attached t o  the  j o i s t s ,  then i t  should be removed, r e s i l i e n t  
channels i n s t a l l e d  and sound-absorbing material  added i f  necessary. Gypsum 
wallboard is a f a i r l y  heavy, r e l a t i v e l y  inexpensive material  tha t  can be 
used t o  add weight on f loore, but i t  should be protected with a new wood 
subfloor on top t o  avoid damage. 

With f l o o r  systems where the f l o o r  and ce i l ing  are r e s i l i e n t l y  
connected but there  is no sound-absorbing material  i n  the  jo is t  space, it 
might be possible t o  have sound-absorbing material  blown i n t o  the c e i l i n g  
cavi ty  through small holes. 

If  a l t e r a t i o n s  t o  a j o i s t  f loor  can only be made from below, the best  
approach is t o  remove the  ex i s t ing  c e i l i n g  and a l t e r  the  f loor  using the  
technique shown i n  Fig. 9b. The gypsum board can be added t o  the underside 
of the f l o o r  above i n  pieces conveniently s ized t o  make working eas ier .  
Once e x t r a  weight has been added t o  the underside of the f loor ,  the cav i ty  
can be p a r t i a l l y  f i l l e d  with sound-absorbing m t e r i a l  and then up t o  two 
layers of gypsum board can be attached t o  r e s i l i e n t  channels t o  form the 
ce i l ing .  The assembly should be thoroughly caulked i n  the  usual way. 



Float ing Floors  

I f  t he re  i s  a s o l i d  connection between the f l o o r  and c e i l i n g  and 
a l t e r a t i o n s  can only be made from above, then a d i f f e r e n t  approach using a 
f l o a t i n g  f l o o r  is  necessary. 

The bas ic  p r inc ip l e  of a f l o a t i n g  f l o o r  is shown i n  Fig. 10. The 
r e s i l i e n t  l aye r  reduces the  d i r e c t  t ransmission of sound from the upper 
l aye r s  t o  t he  s t r u c t u r e  below. The s t i f f n e s s  of the r e s i l i e n t  layer  is  
important.  Glass or  rock wool f i b r e  shee t s  with a dens i ty  of about 
100 kg/$ ( 6  l b / f t 3  ) give  acceptab le  f l o o r  d e f l e c t i o n s  (about 2 mm) and 
reduce the  impact transmission. Other r e s i l i e n t  ma te r i a l s ,  such as  rubber, 
could be used together  with d i f f e r e n t  sound-absorbing materials. The new 
sur f  ace l a y e r  should be r e l a t i v e l y  heavy; f o r  example, a wood subf l oo r  
r e s t i n g  on the  bat tens,  two l aye r s  of gypsum wallboard and then an upper 
l aye r  of wood t o  p ro t ec t  t he  gypsum. 

Concrete F loors  

Concrete f l oo r s  are usua l ly  t h i ck  enough, and heavy enough, to  provide 
reasonable sound i s o l a t i o n ,  e.g., a 1501nm s o l i d  concrete  s l a b  provides 
about STC 52. I f  a noise  t ransmission problem e x i s t s  with a concrete f l o o r ,  
then e i t h e r  a f l o a t i n g  f l o o r  should be added on top (Fig. 10) o r  a 
r e s i l i e n t l y  suspended c e i l i n g  should be added below using the  techniques 
shown i n  Figs. 6 t o  8 f o r  walls. 

Conclusion 

It is not d i f f i c u l t  t o  obta in  high values of sound i s o l a t i o n  between 
homes. It only requi res  reasonable design and a t t e n t i o n  t o  d e t a i l .  
Although it is usua l ly  more troublesome t o  improve a cons t ruc t ion  a f t e r  i t  
is b u i l t ,  i t  can usua l ly  be done, as described i n  t h i s  note. The cos t ,  
however, may be considered too high. 



TABLE 1: Wood Stud Walls 

(A11 walls have a t  l e a s t  75 mm of sound-absorbing material  
i n  the  cavi ty)  

STC Construction Description 

49 Staggered wood s tuds ,  s ing le  l aye r  
gypsum board each side. 

53 Staggered wood s tuds ,  double l aye r  
gypsum board one s ide ,  s ing le  l aye r  
other  side. 

56 Staggered wood s tuds ,  double l aye r  
gypsum board each side.  

56 Single wood s tuds ,  r e s i l i e n t  channel, 
double layer  gypsum board each s ide .  

56 Double wood s tuds ,  s ing le  layer  gypsum 
board each side.  

60 Double wood s tuds ,  double layer  gypsum 
board one s ide ,  s i n g l e  l aye r  o ther  
side. 

63 Double wood s tuds ,  double layer  gypsum 
board each side. 
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TABLE 2 :  Metal Stud  Walls 

(A l l  wal l s  have at  l e a s t  7 5  mm of sound-absorbing material 
in  the cavi ty)  

STC Construct ion Description 

46 metal s tuds ,  s i n g l e  layer gypsum 
board each s i d e .  

49 metal studs,  double layer gypsum 
board one s i d e ,  s i n g l e  layer 
other s ide .  

-- -- 

56 metal s tuds ,  double layer gypsum 
board each s i d e .  



TABLE 3: Concrete Block Walls 

Approximate 
Side 1 'S ide  2 STC 

Gypsum board d i r e c t l y  
appl ied As S ide  1 

Gypsum board on wood 
f u r r i n g  s t r i p s  A s  Side 1 52 

Sound-absorbing 
mater ia l  and gypsum 
board on wood f u r r i n g  Gypsum board d i r e c t l y  
s t r i p s  appl ied  5 5 

Sound-absorbing 
material and gypsum 
board on r e s i l i e n t  Gypsum board d i r e c t l y  
channels appl ied  5 8 - 
25 mn a i r  space, 40 ann 
metal  s tuds ,  sound- 
absorbing m a t e r i a l  and Gypsum board d i r e c t l y  
gypsum board appl ied  6 0 
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TABLE 4:  Estimating Sound Transmission Class 

Rat lng Privacy A£ forded 

Normal speech e a s i l y  understood 

Normal speech audible but not i n t e l l i g i b l e  

Loud speech audible and f a i r l y  understandable 

40 Loud speech audible but not i n t e l l i g i b l e  

45 Loud speech barely audible  

5 0 Shouting barely audible  

55 Shouting not audible 

u 
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FIGURE 4 
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EXAMPLES O F  C A U L K I N G  
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M E T H O D  FOR I M P R O V I N G  A N Y  WALL 
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FIGURE 7 
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FIGURE 8 
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F IGURE 9 

SOME EXAMPLES OF  J O I S T  FLOOR C O N S T R U C T I O N S  
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