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ABSTRACT 

The propagat ion of sound from smoke d e t e c t o r  alarms through r e s i d e n t i a l  
bu i ld ings  has  been i n v e s t i g a t e d  wi th  r e spec t  t o  t h e  e f f e c t  of fu rn i sh ings ,  type 
of hea t ing  system, and number of c losed doors. A simple model r ep resen t ing  t h e  
propagat ion pa th  a s  a s e r i e s  of l inked  rooms, each modifying t h e  sound l e v e l ,  is 
descr ibed and compared wi th  measured a t t e n u a t i o n s  i n  11 houses. The model can 

be used t o  determine t h e  optimum number and l o c a t i o n  of smoke d e t e c t o r  alarms. 

INTRODUCTION 

It is est imated1 t h a t  40 t o  50% of t h e  people  k i l l e d  i n  f i r e s  each y e a r  
could be saved i f  adequate ear ly-warning f i r e  d e t e c t i o n  devices  were i n s t a l l e d .  
A s tudy by e ones^ of mul t ip le  dea th  f i r e s  i n  t h e  U.S. i n d i c a t e s  t h a t  81.4% of 
f i r e s  occur between 8:00 p.m. and 8:00 a.m., wi th  t h e  l a r g e s t  number (40.5%) 
between midnight and 4:00 a.m. 

Smoke d e t e c t o r s  a r e  genera l ly  considered t o  be more e f f e c t i v e  than  people  
i n  de tec t ing  f i r e  a e r o s o l s ,  and because they can be used t o  monitor unfrequented 
a r e a s  they a r e  e f f e c t i v e  ear ly-warning devices  f o r  f i r e .  It i s  important  t o  
remember t h a t  i n  many cases  t h e  sound of t h e  smoke d e t e c t o r  is  t h e  only means of 
a l e r t i n g  a s l eep ing  person t o  t h e  ex i s t ence  of f i r e .  Detectors  can save l i v e s  
only i f  people hear  them. 

The f i r e  d e t e c t o r  has  two main components: a combustion a e r o s o l  d e t e c t o r  
t h a t  determines t h e  ex i s t ence  of f i r e ,  and an alarm device  t o  a l e r t  t h e  
occupants. A breakdown i n  e i t h e r  component w i l l  prevent a f i r e  warning. 

r 

I n  t h e  l a s t  two decades a e r o s o l  d e t e c t i o n  has  received world-wide a t t e n t i o n  
and is  now reasonably w e l l  understood, But t h e  problem of producing a 
s u f f i c i e n t l y  loud a larm s i g n a l  has  received s c a n t  considerat ion.  Defining t h e  
a larm l e v e l  d i s t r i b u t i o n  throughout a r e s i d e n t i a l  home is  important ,  however, i f  
t h e  se l f -contained d e t e c t o r  a larm is  t o  be an  e f f e c t i v e  warning device. 

The sound power output  of a smoke d e t e c t o r  uus t  be such t h a t  a f t e r  
a t t e n u a t i o n  a s  i t  propagates  through a bu i ld ing  t h e  sound l e v e l  i s  s t i l l  
s u f f i c i e n t l y  h igh  t o  waken a s l eep ing  occupant. The Underwriters Laborator ies  
s t andard  ~ ~ 2 1 7 ~  r e q u i r e s  t h a t  such a device  must provide an A-weighted sound 
p ressu re  l e v e l  of a t  l e a s t  85 dB a t  3.05 m when mounted n e a r  t o  two r e f l e c t i n g  
su r faces .  Nober e t  a ~ . ~  concluded t h a t  an a larm l e v e l  of 55 dBA a t  t h e  e a r  
p o s i t i o n  i n  a q u i e t  background is  adequate  t o  waken a college-age person w i t h  
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normal hearing, but t h a t  70 dB i s  required i f  a  window a i r  condi t ioner  is 
opera t ing  i n  t h e  bedroom. I n  another  s tudy,  ~ a h n ~  suggested t h a t  70 dB i s  t h e  

minimum l e v e l  required a t  t h e  e a r  i n  a  q u i e t  background t o  waken college-age 4 
persons with  normal hearing. C lea r ly ,  t h e  minimum l e v e l  t o  waken people i s  not  
we l l  def ined and r e q u i r e s  f u r t h e r  study. Although it is beyond t h e  scope of the$ 
present  inves t iga t ion ,  t h e  ques t ion  requ i res  a t t e n t i o n  i f  t h e  r e s u l t s  of t h i s  b 

study a r e  t o  be used e f f e c t i v e l y .  

Once t h e  a larm sound l e v e l  has  been e s t a b l i s h e d ,  t h e r e  is s t i l l  t h e  
quest ion of where t o  l o c a t e  an alarm s o  a s  t o  provide maximum benef i t .  The 
answer t o  t h i s  quest ion requ i res  a  model t h a t  can be used t o  c a l c u l a t e  t h e  
a t t e n u a t i o n  of the  alarm s i g n a l  a s  i t  propagates through a  building. The model 
would permit one t o  determine t h e  optimum l o c a t i o n  f o r  an alarm t o  achieve t h e  
required s i g n a l  l e v e l  a t  any loca t ion  i n  t h e  building. It is  t h e  purpose of the  
p resen t  s tudy t o  develop such a  model. 

To a s s e s s  t h e  a t t e n u a t i o n  of t h e  a larm s i g n a l  from smoke d e t e c t o r s  i n  
r e s i d e n t i a l  bui ldings  i t  was necessary t o  make measurements i n  a  number of 
bui ldings  and from t h e  d a t a  t o  develop a  genera l  model t o  be app l i ed  f o r  any 
r e s i d e n t i a l  building. Eleven bu i ld ings  were s tud ied ,  c o n s t i t u t i n g  a  reasonable 

cross-sect ion of t h e  common types  of dwelling: bungalows, s p l i t - l e v e l ,  and 
two-story houses. Included i n  t h e  s tudy were both furnished and unfurnished 
homes . 

MEASUREMENT PROCEDURE 

Measurements were made using a  smoke d e t e c t o r  (modified t o  opera te  
cont inuously)  a s  a  source of alarm s igna l .  It was mounted on a  s tand 2.1 m i n  
he igh t  s o  a s  t o  s imula te  a  ceiling-mounted d e t e c t o r  and placed i n  a  number of 
loca t ions  i n  each dwelling: i n  t h e  basement near the  furnace room, i n  the  main 
hallway near  t h e  k i t chen ,  and i n  t h e  hallway near  t h e  bedrooms. From each 
source loca t ion  t h e  a t t e n u a t i o n  of noise  was measured t o  every o the r  room. This 
was done f i r s t  wi th  a l l  doors i n  t h e  propagation pa th  open, then with  them 
closed successively u n t i l  a l l  doors i n  the  path were closed. 

To determine t h e  a t t e n u a t i o n  a long each path,  t h e  sound l e v e l  was measured 
simultaneously near  the  source and i n  the  rece iv ing  room. The source microphone 
was i n  a  f ixed  p o s i t i o n  1 m from t h e  smoke de tec to r ,  whi le  t h e  rece iv ing  room 
microphone was moved about t h e  room t o  provide an average sound l e v e l  f o r  the  
room. A two-channel FFT ana lyse r  c o l l e c t e d  da ta  from t h e  two microphones 
simultaneously. Sixty-four s p e c t r a  were averaged and t h e  r e s u l t a n t  s p e c t r a  f o r  
each microphone were s t o r e d  f o r  subsequent ana lys i s .  A c a l i b r a t i o n  s i g n a l  was 
recorded on each microphone a t  t h e  beginning and end of each measurement 
period. 

A s  a c o u s t i c a l  d a t a  a r e  u s u a l l y  provided i n  thi rd-octave bands, t h e  
narrow-band s p e c t r a  provided by t h e  FFT ana lyse r  were converted t o  thi rd-octave 
s p e c t r a  by summing t h e  energy wi th in  t h e  s tandard th i rd -oc tave  bands. This was 
done by assuming a  r e a l i s t i c  f i l t e r  shape and cor rec ted  using t h e  c a l i b r a t i o n  
s i g n a l  t o  ob ta in  t h e  abso lu te  sound l e v e l s  i n  th i rd -oc tave  bands. The 
a t t enua t ion  was then ca lcu la ted  a s  t h e  d i f fe rence  between source and rece ive r  
l e v e l s  f o r  each thi rd-octave.  

Sound power measurements were made f o r  two smoke d e t e c t o r s  of each of seven 
models i n  accordance with  ANSI ~ 1 . 3 1 - 1 9 8 0 ~  i n  t h e  reverbera t ion  chamber a t  the  
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DISCUSSION OF RESULTS 

1. The reduc t ion  i n  sound l e v e l  t h a t  is provided by w a l l s ,  door s ,  e t c . ,  w i t h i n  

\ a  bu i ld ing  and t h e  sound abso rp t ion  provided by f u r n i s h i n g s  i n c r e a s e  w i t h  
t i nc reas ing  frequency. To be most e f f e c t i v e  it  would thus  be reasonable  f o r  a  
&smoke d e t e c t o r  t o  have most of i t s  a c o u s t i c a l  output  a t  low f r equenc ie s ,  say  
below 500 Hz. The human e a r ,  on t h e  o t h e r  hand, is most a c u t e  i n  t h e  2000- t o  
5000-Hz range. It i s  a l s o  more economical t o  produce an  inexpensive  a larm 
ope ra t ing  i n  a  h ighe r  frequency range,  bu t  t h i s  means t h a t  such a larms mst 
opera t e  a t  a  h ighe r  sound power i f  they a r e  t o  be adequate a s  warning devices .  

Sound power measurements on a  number of smoke d e t e c t o r s  a r e  l i s t e d  i n  
Table 1, which shows t h a t  most smoke d e t e c t o r s  only provide n o i s e  output  i n  a  
few bands, t h e  two dominant ones being t h e  3150- and 4000-Hz bands. For t h e  

purpose of t h i s  s tudy only t h e  3150-Hz band has  been used t o  develop a  
propagat ion model. The h ighe r  f requency band, which was no t  p re sen t  f o r  a l l  
smoke d e t e c t o r s ,  w i l l  tend t o  be a t t e n u a t e d  more and thus  w i l l  be l e s s  u s e f u l  i n  
a l e r t i n g  occupants. Where t h e r e  is  energy i n  lower f requency bands, t h e  model 
w i l l  p r e d i c t  t o o  l i t t l e  a t t e n u a t i o n  and t h u s  provide  an e x t r a  margin of s a f e t y .  

Two d i f f e r e n t  models were considered f o r  p r e d i c t i n g  t h e  a t t e n u a t i o n  of 
n o i s e  from t h e  alarms. The f i r s t  was based on a  model proposed by  err^.^ Its 
most a t t r a c t i v e  f e a t u r e  i s  i t s  s i m p l i c i t y ,  t h e  b a s i c  a t t e n u a t i o n  being assumed 
t o  be a  f u n c t i o n  of t h e  s t r a i g h t - l i n e  h o r i z o n t a l  d i s t a n c e  between source  and t h e  
mid-point  of t h e  r e c e i v i n g  room, wi thout  r ega rd  f o r  changes i n  e l eva t ion .  Added 
t o  t h i s  b a s i c  a t t e n u a t i o n  a r e  t h r e e  c o r r e c t i o n s ,  one f o r  t h e  number of f l o o r  

changes i n  e l e v a t i o n ,  ano the r  f o r  each  c losed  door a long  t h e  propagat ion p a t h ,  
and a  t h i r d  f o r  each open doorway a long t h e  propagat ion path. 

TABLE 1. Maximum sound power output of smoke detectors  

113 Octave Frequency Band, Hz 

A1 0.203 38 39 39 39 63 57 73 96 84 63 50 

A2 0.230 37 38 38 38 44 56 70 98 92 67 56 

B1 0.877 82 82 60 71 74 81 79 95 95 95 88 

B2 0.870 79 81 66 72 76 81 77 93 94 96 92 

C 1 0.986 44 44 44 45 45 50 61 79 102 90 69 

C2 0.989 44 44 44 45 45 50 62 79 102 91 70 

D 1 0.844 46 46 46 46 47 52 63 80 103 93 71 

D2 0.845 44 44 44 45 45 50 62 80 102 88 68 

E 1 1 .O 84 70 69 85 76 92 88 96 92 91 80 

I E 2  1.0 76 83 63 69 80 87 85 97 100 91 89 

k F1 1.0 61 60 72 70 70 74 86 75 83 90 82 

F2 1.0 58 61 69 70 72 77 90 81 82 89 82 
/. 

I 
G1 0.643 37 37 37 38 39 50 63 88 95 69 55 

G2 0.667 38 38 38 38 39 48 61 84 95 71 56 

' ~ e t e c t o r s  with the  same l e t t e r  designation a r e  i d e n t i c a l  models. 
2 ~ h e  duty cycle i s  the f r ac t ion  of time during which the alarm i s  operating. 
10 l o g ( l / r )  was added t o  the  measured mean sound power l e v e l  t o  give the  maximum 
sound power level.  



I 1 1 1 I I 1 I ! 

- 

- - 
1 I I I I I I I I I I 

0 10 20 

A T T E N U A T I O N .  d B  

Figure 1. Histogram of sound attenuation due to closure of single door in 

propagation path. 

Figure 1 shows a histogram of the increase in attenuation provided by 
closing a single door in a propagation path. The wide range in attenuation is a 

result of the wide variation in fit among doors, from doors with large gaps 
beneath to those carefully weather-stripped. The mean value is 10 dB, and this 
was used in the model as the correction for closed doors. At first glance this 

result appears to be in conflict with NFPA* work, which suggests 15 dB, and with 
that of Bradley and wheeler9 and of ~ o b e r , ~  who found 16.4 dB and 15 dB, 
respectively. This is, however, the change in attenuation with a door closure 

rather than an overall~transmission loss of the wall-door system. 

The best fit to the data was found with the following corrections: 10 dB 

for each floor between the source and receiver, 3 dB for each open doorway along 
the path, and 10 dB more for each closed door along the path. Figure 2 shows 

the measured attenuation minus the three corrections plotted as a function of 

distance from the source for the best fit values for these corrections. The 

slope of the least squares fit line drawn through the points gives the 
dependence on distance for this model. There is a very large range in the 

scatter, making this a less than satisfactory model for sound attenuation. Some 
of the scatter is a result of the range in measured attenuation of doors, but it 
is insufficient to explain all of the scatter. The major weakness of the model 

is its inability to make allowances for differing sound absorption in different 

rooms. 
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Figure 2. Measured a t t e n u a t i o n  minus cor rec t ions  f o r  open doors ,  c losed doors,  
and number of f l o o r s  between alarm and receiver .  

The second model considered t akes  a s l i g h t l y  d i f f e r e n t  approach. I n  i t ,  

t h e  propagstion path is viewed a s  a s e r i e s  of l inked rooms, each of which 
modifies t h e  sound l eve l .  The path t o  be used is  t h e  most d i r e c t  pa th  a s  would 
be t r aversed  by a person walking from t h e  source t o  t h e  receiver .  Each space 

enclosed by wa l l s  o r  p a r t i t i o n s ,  including hallways, is counted a s  a room 
provided t h a t  the  opening leading from t h e  previous room is  a doorway o r  
equivalent .  For t h e  purpose of t h i s  model, i t  is assumed t h a t  l i t t l e ,  i f  any, 
sound i s  t ransmit ted through t h e  p a r t i t i o n s  o r  f loors .  From reverbera t ion  room 

theory, t h e  sound l e v e l  i n  a room due t o  t ransmission of sound through a n  
opening o r  p a r t i t i o n  i n t o  t h e  room is given by1' 

S T6' C (1.086) 
LR = L - R + 10 log  [ 

60 vR I 

where R = t ransmission l o s s  of p a r t i t i o n ,  
LS = sound p ressure  l e v e l  i n  source room, 
LR = sound p ressure  l e v e l  i n  r ece iv ing  room, 

S = a r e a  of p a r t i t i o n  (m2), 
TsO = reverbera t ion  time, 

C = speed of sound (m/s), 
VR = volume of r ece iv ing  room (m3). 

A t  room temperature, t h i s  reduces t o  



I 

T60 
LR = Ls - + lo log "R I (2) ' 

I 
It may be further simplified by assuming that sound enters the room only via an 
open doorway of area 2 m2 with zero transmission loss, and that rooms are always 
2.4 m high. A normally furnished room of average size, that is one with carpet 
and furniture, has a reverberation time of about 0.4 s at 3150 Hz.* The result 
is that the receiving room level is given by 

area 
L = L - [lo log (m) + corr] 
R s ( 3 )  

where 'area' is the floor area of the receiving room and 'corr' provides a 

means of adjusting this correction for instances in which reverberation time 
differs substantially from 0.4 s, as happens in a "hard," unfurnished room or in 

* 

an extremely "soft" room. This would have a value of -2 dB for hard rooms such 
as bathrooms or kitchens, zero for normal rooms, and +2 dB for very soft rooms 
such as a bedroom with carpet, heavy drapes, and bedspread. Thus, the term 

10 log + corr (4) 

may be viewed as a correction to the sound level due to absorption within the 

room or, alternatively, as the room attenuation. Attenuation due to absorption 
can thus be calculated for each room in the house, independent of where source 
and receiver are located. The overall attenuation of the detector alarm is thus 

the sum of the attenuations for all rooms in the propagation path plus 10 dB for 
each closed door. 

The derivation of Eq. (1) is based on the assumption that there is a 
diffuse sound field in both source and receiving rooms, a condition very 

unlikely to occur in a residential building. Similarly, the assumption of zero 

transmission loss through the open doorway is an over-simplification because it 

ignores any edge or interference effects of the doorway. A comparison of the 
sound attenuation predicted by this model with the measured attenuation 

indicates that an additional 5 dB attenuation needs to be added for each room in 

the propagation path. This may be viewed as the transmission loss associated 
with an open doorway. Note that the addition of transmission loss for the open 

doorway to the 10 dB insertion loss of the closed door gives a total attenuation 

of 15 dB, which compares favourably with values quoted by other workers. 
1 

It is well established from field studies of transmission loss of walls and 
floors that heating ducts can provide a flanking path that will short-circuit a 
partition and result in lower noise reductions than would otherwise be obtained. 

This was borne out in the present study; it was found that buildings that do not 

*J.S. Bradley. Unpublished data. 



have forced-air hea t ing  provide an a d d i t i o n a l  6 dB a t t enua t ion  f o r  each room i n  
9 t h e  propagation path. 

These cor rec t ions  can a l l  be summarized i n  the  following expression: 

n  a r e a  
Atten = [ 1 { l o  l o g  (d) + 5 + c o r r r  + K}] + 10 (door) 

r = l  

where a rea  = f l o o r  a rea  of room 'r ' (m2), 
door = number of c losed doors i n  pa th ,  
c o r r  = -2 f o r  hard rooms (k i t chen ,  ba th ) ,  

= 0 f o r  normal rooms, 
= 2 f o r  s o f t  rooms (rugs ,  d raper ies ) ,  

K = 0 f o r  forced a i r  heat ing,  
= 6 f o r  e l e c t r i c  o r  ho t  water h e a t ,  

n  = number of rooms i n  pa th  from smoke d e t e c t o r  t o  po in t  of 
i n t e r e s t ,  no t  counting room containing smoke de tec to r .  

Figure 3 shows t h e  a t t e n u a t i o n  ca lcu la ted  us ing  t h i s  model p l o t t e d  a g a i n s t  
measured a t t enua t ions  f o r  a l l  source-receiver configurat ions  i n  t h e  11 houses 
s tudied.  The s o l i d  l i n e  i s  t h e  least -squares  f i t  t o  t h e  d a t a ,  wi th  a  s tandard 
dev ia t ion  of 7.5 dB. Although some of t h i s  s c a t t e r  w i l l  be due t o  v a r i a t i o n  i n  
t h e  a t t enua t ion  f o r  c losed doors (shown i n  Fig. l ) ,  much of i t  appears t o  be 
assoc ia ted  with measurement of t h e  source room sound l eve l .  The source room 
sound p ressure  l e v e l  was measured a t  a  s i n g l e  p o s i t i o n  r a t h e r  than wi th  a  moving 
microphone, a s  was done i n  t h e  rece iv ing  room. The measured sound l e v e l  w i l l  be 
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Figure  3. Comparison of ca lcu la ted  and measured a t t enua t ions .  



more represen ta t ive  of the  near  f i e l d  of the  alarm, a s  modified by adjacent  
r e f l e c t i n g  su r faces ,  r a t h e r  than t h e  mean sound l e v e l  i n  t h e  room. c 

Obviously t h e r e  a r e  many o t h e r  t ransmission pa ths  i n  r e a l  bu i ld ings  which 
could be included i n  a more d e t a i l e d  ca lcu la t ion .  The inc lus ion  of such e x t r a  1 
d e t a i l s  would r e q u i r e  extremely complicated c a l c u l a t i o n s  and i s  unl ike ly  t o  * 
provide a b e t t e r  f i t  t o  t h e  measured da ta  than t h e  semi-empirical method 
descr ibed above. 

The a t t e n u a t i o n  ca lcu la ted  by Eq. ( 5 ) ,  when sub t rac ted  from t h e  i n i t i a l  
sound l e v e l  provided by t h e  alarm s i g n a l ,  g ives  t h e  alarm s i g n a l  l e v e l  a t  t h e  
point  of i n t e r e s t .  The i n i t i a l  sound l e v e l  provided by t h e  a larm s i g n a l  can be 
obtained i n  one of two ways. The most d i r e c t  is  t o  measure t h e  mean sound l e v e l  
i n  t h e  room containing t h e  smoke d e t e c t o r  alarm. This i s  not  always p r a c t i c a l ,  
however, e s p e c i a l l y  i f  one i s  t r y i n g  t o  a s c e r t a i n  t h e  bes t  room i n  which t o  
l o c a t e  t h e  alarm. Thus, t h e  second method i s  t o  c a l c u l a t e  t h e  i n i t i a l  sound 
l e v e l  from t h e  sound power output of t h e  alarm,6 using t h e  express ion 

"s Ss A 
L = P - 10 log [(F)(l + -)] + 14 

6 0 "s 

where Ls = mean sound pressure  l e v e l  i n  source room, 
P = sound power output of alarm (dB), 

V, = volume of source room (m3), 
T60 = reverbera t ion  time, 

Ss = sur face  a r e a  of source room (m2), 
X = wave l eng th  of sound (m). 

For an alarm opera t ing  p r imar i ly  a t  3150 Hz i n  a n  approximately square  room 
with  2.4- c e i l i n g  and a reverbera t ion  time of 0.4 s, t h i s  can be reduced t o  

LS = P + 14 - 10 log  [6.06~ + .3a] - c o r r  ( 7 )  

where A = a r e a  of room, 
c o r r  = -2 f o r  hard rooms (ki tchen,  ba th ) ,  

= 0 f o r  normal rooms, 
= 2 f o r  s o f t  rooms (rugs ,  drapes ,  e t c . ) .  

RECOMMENDATIONS 

Of t h e  seven smoke d e t e c t o r s  considered dur ing t h e  s tudy,  no t  one provided 
any information about t h e  sound power output of t h e  alarm. It would seem t o  be 

d e s i r a b l e  t h a t  e i t h e r  a minimum sound power output  should be e s t a b l i s h e d  f o r  
smoke d e t e c t o r s  o r  t h a t  manufacturers should be required t o  i n d i c a t e  c l e a r l y  t h e  
sound power output  and t h e  dominant frequency band. 

One of t h e  problems assoc ia ted  with  these  sel f -contained smoke d e t e c t o r s  i s  
t h a t  t h e  optiaum loca t ion  f o r  e a r l y  de tec t ion  of f i r e s  is not  t h e  same a s  t h e  
optimum l o c a t i o n  t o  ensure  t h a t  t h e  alarm i s  heard. This problem can be 



overcome i n  s e v e r a l  ways, one being t o  make t h e  alarms louder. It may i n c r e a s e  
: t h e  c o s t  of t h e  u n i t ,  and may a l s o  r i s k  hea r ing  damage f o r  people c l o s e  t o  t h e  
1 alarm when i t  is  ac t iva ted .  Another is  t o  have a number of smoke d e t e c t o r s  

in terconnected s o  t h a t  d e t e c t i o n  of a f i r e  by any one would t r i g g e r  a l l  t h e  
alarms. A t h i r d  method would be t o  s e p a r a t e  t h e  d e t e c t o r  and t h e  a larm s o  t h a t  
each could be placed i n  i ts optimum loca t ion .  It is  recommended t h a t  t h e  l a s t  
two op t ions  be incorporated i n  bu i ld ing  regu la t ions  and p r a c t i c e s  f o r  f i r e  
s a f e t y  design. 

CONCLUSION 

A simple express ion  has  been developed t o  c a l c u l a t e  t h e  a t t e n u a t i o n  of t h e  
a larm s i g n a l  from a smoke d e t e c t o r  a s  i t  propagates through a r e s i d e n t i a l  
bui lding,  wi th  t h e  pa th  viewed a s  a s e r i e s  of connected rooms. At tenuat ion 
depends on f l o o r  a r e a  and type of fu rn i sh ings  i n  each room. Correct ions  a r e  
app l i ed  i f  t h e  house does no t  have forced a i r  h e a t i n g  o r  i f  a number of doors  

- a r e  closed. The express ion can be used t o  determine t h e  optimum l o c a t i o n  f o r  
alarms. A s  t h e  b e s t  l o c a t i o n  f o r  an a larm is n o t  n e c e s s a r i l y  t h e  b e s t  l o c a t i o n  

, f o r  a smoke d e t e c t o r ,  i t  is recommended t h a t  in terconnected mul t ip le  
de tec to r / a l a rm systems be used o r  t h a t  d e t e c t o r  and a larm be separated.  

I 
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