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La v i s i b i l i t 6  3 t r a v e r s  l a  fum6e des panneaux " s o r t i e "  d'un 

bdtiment e s t  un important  f a c t e u r  3 cons idgrer  dans l e  choix du 
type  de panneau 3 i n s t a l l e r .  Une 6tude menge r6cernment s u r  ce 

s u j e t  a po r t6  s u r  p l u s i e u r s  panneaux recommand& ac tue l lement  
au  Canada. Ce r t a ins  p a r a d t r e s  i n f l u a n t  s u r  l a  v i s i b i l i t g  des  
panneaux ont  6tC i5tudi6s. Ce r t a ins  panneaux ac tue l lement  
accept& ne son t  pas v i s i b l e s  3 t r a v e r s  la  fumge, m6me l6gSre. 
Les f a c t e u r s  q u i  i n f l u e n t  s u r  l a  v i s i b i l i t 6  des  panneaux 
" s o r t i e "  dans l a  f u d e  son t  d 6 c r i t s  dans ce document, q u i  

f o u r n i t  des l i g n e s  d i r e c t r i c e s  concernant l e u r  concept ion e t  
l e u r  i n s t a l l a t i o n .  
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Abstract 

The v i s i b i l i t y  o f  egress signs i n  smoke should 
be an important f a c t o r  when spec i f y ing  t h e  type o f  
s ign t o  be i n s t a l l e d  i n  a  bu i ld ing.  We have recen t l y  
colrpleted a  study o f  t h e  v i s i b i l i t y  5n smoke o f  
several e x i t  s igns cu r ren t l y  recommended f o r  use i n  
Canada. Some parameters i n f l uenc i ng  s i gn  v i s i b i l i t y  
i n  smoke have been examined. Some cu r ren t l y  
sanctioned s igns a re  i n v i s i b l e  i n  r e l a t i v e l y  small 
amounts o f  smoke. Factors a f f e c t i n g  s ign  v i s i b i l i t y  
i n  smoke a re  described, w i t h  some guide l ines f o r  t he  
design and i n s t a l l a t i o n  o f  egress signage. 

In t roduc t ion  

Egress signs are p a r t  o f  the  emergency and f i r e  
p ro tec t ion  system i n  bu i ld ings.  These s igns are 
expected t o  d i r e c t  bu i l d i ng  occupants t o  po in ts  o f  
egress dur ing emergencies. Egress signs a re  
especia l ly  important t o  occupant safety  i n  smoke. 
The spec i f i ca t ions  f o r  egress s igns by t h e  var ious 
sanct ioning bodies i n  Canada and elsewhere d i f f e r  
considerably, b u t  a l l  a r e  vague w i t h  respect t o  s ign  
v i s i b i l  i t y .  Some conta in  rscommendations f o r  m i n S m  
o r  maxinum luminances, 1  e t t e r  s i ze  and spacing, 
colour,  and s ign  mounting heights,l-5 bu t  i t  i s  
r a re l y  c l e a r  on what b a s h  these r ecomnda t i ons  have 
been made. 

Several s tud ies have d e a l t  w i t h  egress s i gn  
v i s i b i l i t y . 6 - l 2  However, most o f  these s tud ies have 
no t  adequately def ined t he  op t i ca l  p roper t ies  o f  the  
signs o r  the smoke, nor have they adequately 
character ized t h e  v isua l  capab i l i  t e s  o f  t he  
observers. Usually, s i gn  co lour  and br ightness a re  
only qua1 i t a t i v e l y  described. The experiments o f t e n  
f a i  1  t o  adequately s i nu l a t e  v i s i b i l i t y  through smoke. 
Some stud ies employ o ther  o p t i c a l  methods f o r  
reducing v i s i b i l i t y ,  o r  simply ask subjects t o  make 
value judgements about t h e  v i s i b i l i t y  o f  signs 
wi thout  ac tua l l y  a t tenuat ing v i s i b i l i t y .  An 
exception t o  t h i s  approach has been t h e  work o f  Jin.s 
I n  h i s  study people ac tua l l y  made observations o f  
egress signs through smoke, and from t h e i r  responses 
J i  n  developed an empir ica l  , quan t i t a t i ve  model. The 
enp i r i ca l  model i s  l i m i t e d  i n  i t s  u t i l i t y ,  hawever, 
because i t  i s  more concerned w i t h  t he  op t i ca l  
p roper t ies  a f  smoke than w i t h  t h e  v i sua l  proper t ies  
o f  the signs. 

The purpose of the  study by Rea, Clark and 
Ouel le t te l3  was t o  develop b e t t e r  r ecomnda t i ons  f o r  
the  v i s i b i l i t y  of  egress s igns through smoke. To 
simulate condi hions t h a t  b u i l d i n g  occupants might 
experience i n a  f i r e ,  ac tua l  s igns and smoke were 
employed i n  the experiment. The data were cons is tent  
w i t h  we l l  es tah l i shed  p r i n c i p l e s  o f  v i s i o n  and 
opt ics.  This paper summarizes the  r ecomnda t i ons  
made from t h e  study . 

Experimentation 

Procedures 

Photometric and psychophysical observations were 
made of t h i r t e e n  egress signs, some o f  which are 
cu r ren t l y  approved f o r  use i n  Canada. The br ightness 
( 'general luminance' o f  each s ign  was obtained i n  4 
smokeless, dark environment. A cosmetic o i l  smoke 
was added t o  a  chamber housing t h e  e x i t  s igns t o  
reduce t h e i r  v i s i b i l i t y .  I n  a  parametric 
psychophysical experiment, s i x teen  volunteers made 
threshold observations o f  each s ign through the smoke 
by two c r i t e r i a ;  de tec tab i l  i t y  and r eadab i l i t y .  
Observations were made both w i t h  and wi thout  ambient 
i 1 lumi na t ion  o f  t h e  smoke chamber housing t he  egress 
signs. F u l l  experimental d e t a i l s  are i n  the  o r i g i na l  
reference . l 3  

Results 

I n  general, the b r i gh te r  the  sign, t he  more 
v i  s i b l e  i t  was through smoke. Thus, t h e  greater the  
measured luminance o f  the sign, the greater the smoke 
densi ty  requ i red  t o  render i t unreadable o r  
undetectable (F igure 1). It took l ess  smoke t o  make 
a  s i gn  unreadable than t o  make i t  undetectable. 
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FIgure 1. The smoke necessary t o  b r i ng  the e x i t  
s igns t o  t h e  r e a d a b i l i t y  and de tec tab i l  i t y  threshoFd 
c r i t e r i a  are p l o t t e d  as funct ions o f  the  general 
iuni nance o f  each e x i t  s ign  face. C r i t i c a l  smoke 
density i s  def ined i n  u n i t s  o f  op t i ca l  densi ty (OD),  
o r  t h e  1  ogarithm o f  rec iprocal  o f  1  i g h t  t ransmi t ted 
a t  632.8 nm/m. A c i r c u l a r  f i e l d  aperture, j u s t  l a rge  
enough t o  cover t h e  exf  t s i gn  face, was used t o  
reasure the genera1 luminance (cd m-2) o f  each sign. 



0 

0.1 1 1 0  100 1000 
GENERAL LUMINANCE ( cd  rnm2 ) 

AMBIENT ILLUMINATION 
LIGHTS OFF 

0 LIGHTS ON .--- 

F igu re  2. The amounts o f  smoke necessary t o  b r i n g  
t h e  e x i t  s i gns  t o  t h r e s h o l d  w i t h  ambient i l l u m i n a t i o n  
'on'  and ' o f f ' .  C r i t i c a l  smoke dens i t y  and 'general  
luminance' a r e  as  de f i ned  f o r  F i g u r e  1. 

The ambient i l l u m i n a t i o n  i n  t h e  room a l s o  
a f f e c t e d  t h e  v i s i b i l i t y  o f  t h e  egress s igns  i n  smoke. 
The egress s igns were more v i s i b l e  through smoke w i t h  
rooms 1  i g h t s  o f f '  than w i t h  t h e  room 1 i g h t s  'on' 
(F igu re  2). Sca t te r  f rom t h e  room l i g h t s  c rea ted  a  
' luminous c loud '  through which t h e  egress s igns  had 
t o  be detec ted o r  read. 

Scattered 1  i g h t  f rom t h e  egress s i g n  i t s e l f  a l s o  
a f f e c t e d  v i s i b i l i t y .  S c a t t e r  f rom ' d w n l i g h t s '  a t  
t h e  bot tom o f  t h e  s i g n  and luminous backgrounds f o r  
t h e  s i g n  1  e t t e r i n g  reduced v i s i b i l i t y .  Readab i l i t y  
was reduced more than d e t e c t a b i l  i t y .  An observer 
c o u l d  s t i l l  t e l l  where t h e  s i g n  was located,  even 
though he cou ld  n o t  read t h e  l e t t e r i n g .  

Recommendations 

Egress s igns should be b r i g h t  t o  he v i s i b l e  
through smoke. Simply rep1 a c i  ng i ncandescent 1  amps 
w i t h  more e f f i c a c i o u s  f l uo rescen t  sources woul d  
i np rove  t h e i r  b r i gh tness  by as much as f i v e  t imes f o r  
t h e  same lamp wattages.14 

The v i s i b i l i t y  o f  egress s igns  would be inproved 
i f  s c a t t e r e d  1  i g h t  from o t h e r  luminous sources ( 1  i g h t  
f i x t u r e s )  c o u l d  be reduced by app rop r ia te l y  l o c a t i n g  
egress s igns  w i t h  respec t  t o  o t h e r  1  i g h t  f i x t u r e s .  
S i m i l a r l y ,  t h e  r e a d a b i l i t y  o f  egress s igns  cou ld  be 
i np roved  i f  unnecessary sources o f  s c a t t e r  f rom t h e  
s i g n  i t s e l f  c o u l d  be 1  imi ted.  Thus down1 i g h t s  and 
b r i g h t  areas surrounding t h e  1  e t t e r i n g  should be 
avoided. Cutout  s igns  w i l l  be more readable f o r  t h e  
same br ightness.  

( i  .e. s i g n  faces),  reduce t h e  amount o f  t ransmi t ted  
l i g h t .  The ac tua l  b r i gh tness  o f  t h e  s i g n  w i l l  depend 
upon (a) t h e  s p e c t r a l  p w e r  d i s t r i b u t i o n  o f  t h e  lamp, 
( b )  t h e  spec t ra l  t ransmiss ion ( o r  re f l ec tance )  o f  the  
sign, ( c )  t h e  s p e c t r a l  t ransmiss ion and s c a t t e r  o f  
t h e  ambient medium (e.g. smgke), and ( d l  t h e  spect ra l  
s e n s i t i v i t y  o f  t h e  observer. Typ ica l l y ,  t rans lucent  
green m a t e r i a l s  w i l l  be b r i g h t e r  t o  more people than 
t r a n s l u c e n t  r e d  m a t e r i a l s  f o r  t h e  same 1 i g h t  source. 
Thus, green s igns  a r e  1  i k e l y  t o  be more v i s i b l e  
through smoke t h a n  r e d  signs. Jin9 demonstrated t h a t  
smokes d i f f e r  i n  t h e i r  wavelength dependent 
sca t te r i ng ;  hwever ,  t h i s  was a  r e 1  a t i v e l y  small 
e f f e c t  i n  t h e  study by Rea e t  al.13 

Because co loured s igns  a re  t rans1 ucent, t h e i  r 
br ightnesses w i l l  be  l e s s  than  i f  no f i l t e r  had been 
used. It might  be argued, therefore,  t h a t  
co lou r less ,  o r  whi te,  egress s igns  should be used. 
However, because most o t h e r  1  umi nous sources i n  
b u i l d i n g s  a r e  co lou r less ,  some confus ion may e x i s t  i n  
a smoke f i l l e d  room o r  ha1 lway between a  wh i te  
c e i l i n g  f i x t u r e  and a  w h i t e  egress sign. A1 though 
t h i s  has n o t  been p rev ious l y  studied,  i t  seems 
reasonable t o  enploy co lou red  egress s igns t o  a i d  
occupants i n  d i s c r i m i n a t i n g  between 1  uminous sources. 
I n  r e t a i l  areas where many co loured 1  i g h t  sources are 
used, o t h e r  s t r a t e g i e s  should be employed t o  a i d  
d i  sc r im i  nat ion.  

The preceeding arguments f o r  egress s i g n  design 
a r e  based upon t h e  a s s m p t i o n  t h a t  b u i l d i n g s  employ 
convent ional ,  ' s t a t i c '  s igns t h a t  operate t h e  same 
way under a l l  b u i l d i n g  cond i t ions .  These 
recommendations a l s o  had t h e  aim of  improving egress 
s i g n  v i s i b i l i t y  through smoke. Other c r i t e r i a  cou ld  
be met, hwever ,  i f  egress s igns  cou ld  respond t o  
d i f f e r e n t  environmental  cond i t ions .  B r i g h t  s igns are 
probably unnecessary f o r  good v i s i b i l i t y  under most 
b u i  1  d ing  o p e r a t i n g  cond i t ions ;  they a r e  c e r t a i n l y  
unappealing w i t h  respec t  t o  energy and aesthet ics .  A 
'smart '  s i g n  t h a t  b r i g h t e n s  i n  response t o  smoke 
would be most des i reab le .  It c o u l d  be h i g h l y  v i s i b l e  
i n  smoke and s t i l l  be energy e f f i c i e n t  and 
aes the t i ca l  l y  l e s s  o f f e n s i v e  under normal opera t ing  
cond i t i ons .  Operated i n  con junc t i on  w i t h  an 
automated 1  i g h t i n g  c o n t r o l  system, ambient f i x t u r e s  
t h a t  produce d e l e t e r i o u s  sca t te red  l i g h t  i n  smoke 
cou ld  be ex t i ngu ished  o r  dimmed when smoke i s  
detected. T h i s  would f u r t h e r  i np rove  t h e  1  i k e l  ihood 
t h a t  t h e  b r i g h t  egress s i g n  would be seen. 

The study by Rea e t  a l l 3  has i n d i c a t e d  some 
b e t t e r  p r i n c i p l e s  f o r  egress s i g n  v i s i b i l i t y  i n  
smoke. More experiments should be conducted t o  
r e f i n e  t h e  recommendations made he re  and i n  t h a t  
repo r t .  

This paper i s  a  c o n t r i b u t i o n  o f  t h e  D i v i s i o n  o f  
B u i l d i n g  Research, Na t iona l  Research Counci l  Canadc 
and i s  pub l ished w i t h  t h e  approval o f  t h e  Director- ci 
t h e  Di v i s ion .  

The c o l o u r  o f  t h e  s i g n  a l s o  i n f l uences  
v i s i b i l i t y  t o  some extent .  Translucent f i l t e r s  



References 
C 

1. A u s t r a l i a n  Standard 2293, P a r t  1-1983. 
Emergency Evacuat ion L i g h t i n g  i n  B u i l d i n g s  
P a r t  1 - I n s t a l l a t i o n  Requirements Sect ion 2.5. 
E x i t  S i  gns. Standards Assoc ia t i on  o f  Aus t ra l i a ,  
N. Sydney, NSW (1983). 

2. Nat ional  F i r e  Codes Vol. 9. Nat iona l  F i r e  
P r o t e c t i o n  Associat ion,  USA 101, Sec t i on  5-10. 
Quincy, MA (1982). 

3. B r i t i s h  Standard BS2560:1978. S p e c i f i c a t i o n s  
f o r  E x i  t Si  gns (i n t e r n a l  l y  i 1 lumi nated). 
B r i t i s h  Standards I n s t i t u t i o n .  London (1978). 

4. Nat iona l  B u i l d i n g  Code of Canada, 1980. 
Sec t i on  3.4.6.1. E x i t  Signs. Associate 
Committee on t h e  Nat iona l  B u i l d i n g  Code, 
Na t iona l  Research Counc i l  Canada, Ottawa 
(1980). 

5. Canadian General Standards Board. Standard 
109-GP-34 ( 1  978) Standard fo r :  E x i t  L i g h t i n g  
F ix tures .  Hu l l ,  Qugbec (1978). 

6. Undewr i  t e r s '  Laborator ies  Inc., USA. Report on 
Supplemental Self-Lumi nous E x i t  S i  gns and 
Markers, Santa Clara, CA (1976). 

7. Schooley, L.C. and Reagan, J.A., V i s i b i l i t y  and 
L e g i b i l i t y  o f  E x i t  Signs P a r t  I: A n a l y t i c a l  
Pred ic t ions.  Journal  of  t h e  I 1  1 uminat ing 
Eng ineer ing Soc ie ty  - 10 (1) 24-28 (1980). 

8. Schooley, L.C. and Reagan, J.A., V i s i b i l i t y  and 
L e g i b i l i t y  o f  E x i t  Signs, P a r t  11: Experimental 
Resul ts.  Journal  o f  t h e  I l l u m i n a t i n g  
Eng ineer ing Soc ie ty  - 10 (1) 29-32 (1980). 

9. J i  n, T., V i s i b i l i t y  through F i r e  Smoke. Journal  
o f  F i  r e  and F1 ammabil i t y  9 135-155 (1978). - 

10. Malhotra, H.L., Movement o f  Smoke on Escape 
Routes, P a r t  1. I n s t r u n e n t a t i o n  and e f f e c t  o f  
Smoke and V i s i b i l i t y .  F i r e  Research Note 
No. 651, F i  r e  Research Sta t ion ,  Boreham Woods, 
UK (1967). 

11. C o l l i n s ,  B.L., and Lerner, N.D., An Eva luat ion  
o f  E x i t  Symbol V i s i b i l i t y .  Na t iona l  Bureau o f  
Standards, Washington, D.C., NBSIR 83-2675 
( A p r i l  1983). 

12. Q u i n t i e r e ,  J.G., Smoke Measurements: An 
Assessment o f  C o r r e l a t i o n s  between Laboratory 
and Fu l l -Sca le  Experiments. F i r e  and Ma te r ia l  s 
6 (3,4), 145-160 (1982). - 

13. Rea, M.S., Clark, F.R.S., and Ouel le t te ,  M.J., 
Photometr ic and Psychophysical Measurements o f  
Egress Signs Through Smoke. I n  p repa ra t i on  as a 
p u b l i c a t i o n  f rom t h e  D i v i s i o n  o f  B u i l d i n g  
Research, Nat iona l  Research Counci 1 Canada, 
Ottawa ( 1985). 

14. Cayless, M.A., and Marsden, A.M., eds., Lanps 
and L i g h t i n g ,  3 r d  Ed. , The P i  tman Press, Bath  UK 
(1983). 



This  paper ,  whi le  being d i s t r i b u t e d  i n  

r e p r i n t  form by t h e  Div is ion  of Bui ld ing  

Research, remains t h e  copyright  of t h e  

o r i g i n a l  publ i sher .  It should no t  be 

reproduced i n  whole or  i n  p a r t  without  t h e  

permission of t h e  pub l i she r .  

A  l i s t  of a l l  p u b l i c a t i o n s  a v a i l a b l e  from 
t h e  Div is ion  may be ob ta ined  by w r i t i n g  t o  

t h e  P u b l i c a t i o n s  S e c t i o n ,  D i v i s i o n  of 

B u i l d i n g  R e s e a r c h ,  N a t i o n a l  R e s e a r c h  

C o u n c i l  of Canada ,  O t t awa ,  O n t a r i o ,  

K l A  0R6. 

Ce document e s t  d i s t r i b u 6  sous forme de 

t i r6 -2-par t  par l a  Div is ion  des  recherches  

en bst iment .  Les d r o i t s  de reproduct ion  

s o n t  t o u t e f o i s  l a  p ropr iBt6  de 1 1 6 d i t e u r  

o r i g i n a l  . Ce document n e  p e u t  3 t r e  

r e p r o d u i t  en t o t a l i t i 5  ou en p a r t i e  sans  l e  

consentement de 1 1 6 d i t e u r .  

Une l i s t e  des p u b l i c a t i o n s  de l a  Div is ion  
peut  Gt re  obtenue en Bcrivant  B l a  Sec t ion  

des  p u b l i c a t i o n s ,  Div is ion  des  recherches  

en bs t iment ,  Consei l  n a t i o n a l  de rechkrches 

Canada, Ottawa, Ontar io ,  K 1 A  0R6. 


