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L'EVACUATION ET AUTRES MESURES DE SECURITE 

INCENDIE DANS LES GRANDS IMMEUBLES 

Les mesures d'evacuation et le comportement des occupants d'un edifice 

en cas d'incendie ne sont pas aussi bien connus que d'autres aspects de la 

conception de plus en plus systematique et technologique de la securite 

incendie dans les edifices. La situation evolue toutefois. Des recherches 

recentes et en cours au Canada, dans le Royaume-Uni et aux Etats-Unis 

cornportent Isetude des methodes d'evacuation des tours de bureaux, et 

aussi des ternpsd'evacuation, du mouvement des personnes, des aspects 

physiques et humains de la securite des escaliers, de I'organisation de la 

securite incendie, des alertes et des communications, et du comportement 

humain dans des incendies reels. II en resultera peut-etre une revision de 

certaines dispositions des codes du batiment et des codes de prevention 

des incendies. Le degre de securite incendie de nos edifices complexes 

augmente la responsabilite juridique etablie dans les codes et exige une 

conscience et une competence accrues des architectes, des experts 

consiels, des proprietaires, des cadres, du personnel d'exploitation, des 

services d'incendie et, dans une certaine mesure, de tous les utilisateurs. 



ON AND OTHER F RE SAFETY 
MEASURES 
J.L. PAULS 

S i n c e  t h e  l a t e  1 9 6 0 ' s  t h e  p rob l em o f  f i r e  i n  h i g h - r i s e  b u i l d i n g s  h a s  r e c e i v e d  a  g r e a t  d e a l  o f  

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

s a f e t y  r e g u l a t i o n s  ( 1 - 6 ) .  I n  t h e  l a s t  few y e a r s ,  c o n c e r n  f o r  f i r e  s a f e t y ,  p a r t i c u l a r l y  i n  
h i g h - r i s e  b u i l d i n g s ,  h a s  l e d  t o  t h e  i n s t a l l a t i o n  o f  somet imes  complex s y s t e m s  o f  f i r e  d e t e c t i o n  

and e x t i n g u i s h m e n t ,  smoke c o n t r o l ,  a n d  communica t ion .  I n  a d d i t i o n ,  s y s t e m a t i c  a p p r o a c h e s  t o  

d e s i g n i n g  f o r  f i r e  s a f e t y  a r e  b e i n g  d e v e l o p e d  ( 7 ,  8) . 

E v a c u a t i o n  i n  t h e  v a r i o u s  forms  i t  migh t  t a k e  i n  h i g h - r i s e  b u i l d i n g s  a s  a  r e s u l t  o f  t h e s e  

deve lopmen t s  i s  l e s s  u n d e r s t o o d  t h a n  many o t h e r  a s p e c t s  of  s u c h  s y s t e m s  a p p r o a c h e s  t o  f i r e  
s a f e t y .  G e n e r a l l y ,  knowledge a b o u t  t h e  b e h a v i o r  o f  b u i l d i n g  o c c u p a n t s  d u r i n g  e m e r g e n c i e s  i s  

p o o r l y  d e v e l o p e d ,  a l t h o u g h  t h e r e  h a s  been  r e c e n t  p r o g r e s s  i n  Canada,  t h e  U n i t e d  Kirigdom, and 

t h e  U n i t e d  S t a t e s  ( 9 - 1 1 ) .  P r e l i m i n a r y  r e s u l t s  o f  s t u d i e s  c a r r i e d  o u t  i n  Canada p r o v i d e  b e t t e r  

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

v a n t  t o  p r a c t i c a b l e  t o t a l  e v a c u a t i o n .  They a l s o  r a i s e  q u e s t i o n s  a b o u t  t h e  v a l i d i t y  o f  some 

t r a d i t i o n a l l y  a c c e p t e d  c o n c e p t s  and  f o n n u l a s  f o r  e x i t  d e s i g n .  

A few comments a b o u t  t c r m i n o l o g y  arid s c o p e  may be  r e q u i r e d .  I n  t h i s  p a p e r  t h e  t e r m  
" e v a c u a t i o n "  i s  used  i n  a  b r o a d  s e n s e  t o  d e s c r i b e  t h e  movement o f  some o r  a l l  b u i l d i n g  occu-  

p a n t s  t o  a  p l a c e  o f  a c c e p t a b l e  s a f e t y  i n  t h e  e v e n t  o f  f i r e .  " T o t a l  e v a c u a t i o n "  means t h e  
c o n v e n t i o n a l ,  s i m u l t a n e o ~ ~ s  movenlent o f  a l l  o c c u p a n t s  t o  t h e  b u i l d i n g  e x t e r i o r  a t  g round  l e v e l .  

O t h c r  t e rms  such  a s  "phased  e v a c u a t i o n "  and " p a r t i a l  e v a c u a t i o n "  d e s c r i b e  t h e  more c o n t r o l l e d  

and  u s u a l l y  more l i m i t e d  movement o f  o c c u p a n t s  n e c e s s i t a t e d  by i n s u f f i c i e n t  e s i t  c a p a c i t y  o r  
nude  p o s s i b l c  by f i r e  and  smoke c o n t r o l  m e a s u r e s .  

The e v a c u a t i o n  p r o c e d u r e s  and s t u d y  f i n d i n g s  now d e s c r i b e d  p e r t a i n  t o  o f f i c e  b u i l d i n g s .  

Mass e v a c u a t i o n  i s  l e s s  l i k e l y  i r l  l a r g e  r e s i d e n t i a l  b u i l d i n g s  b e c a u s e  t h e  h i g h  d e g r e e  o f  
c o m p a r t m e ~ i t a t i o n  p r o v i d e d  l i m i t s  f i r c  and  smoke h a z a r d s .  Occupancy c o n d i t i o n s  i n  r e s i d - n t i a l  

b u i l d i n g s  a l s o  make o r g a n i z e d  e v a c u a t i o n  movement much l e s s  l i k e l y .  By way o f  c o n t r a s t ,  

h o s p i t a l s  and  s i m i l a r  i r l s t i t u t i o n s  h a v c  a  h i g h  d e g r e e  o f  o p e r a t i o n a l  o r g a n i z a t i o n ,  a s  \ + f e l l  a s  

e x t e n s i v e  c o m p a r t m e n t a t i o n ,  and  c o n t a i n  s o p h i s t i c a t e d  f i r c  s a f e t y  s y s t e m s .  T h i s  p e r m i t s  

min imal  e v a c u a t i o n  o f  o c c u p a n t s ,  a  p r o c e d u r e  t h a t  w i l l  b e  u s e d  i n c r e a s i n g l y  i n  new o f f i c e  
b u i l d i n g s  b u t  i s  u n f o r t ~ m a t e l y  n o t  a p p r o p r i a t e  f o r  f i r e  e m e r g e n c i e s  i n  many e s i s t i n g  o f f  i c e  
b u i l d i n g s .  

T h i s  p a p e r  d e s c r i b e s  t h e  e v a c u a t i o n  o f  h i g h - r i s e  o f f i c e  b u i l d i n g s  t a k i n g  p l a c e  p r c d o n i i n a n t b  

on e x i t  s t a i r s .  O t h e r  e v a c u a t i o n ,  e s c a p e ,  o r  r e s c u e  f a c i  l i t i e s ,  such  a s  c l c v a t o r s ,  l a d d e r s ,  

r o p e s ,  and h e l i c o p t e r s ,  h a v e  b e e n  i n s t r u m e n t a l  i n  s a v i n g  l i v e s  i n  h i g h - r i s c  f i r e s ;  b u t  w i t h  
t h e  p o s s i b l e  e x c e p t i o n  o f  c e r t a i n  s p e c i a l l y  p r o t e c t e d  e l e v a t o r s  t h e s e  o t h e r  f a c i l i t i e s  have  

i n h e r e n t  l i m i t a t i o n s ,  and  dependence  on t h e i r  u s e  f o r  e v a c u a t i o n  i n  p r o p e r l y  equ ipped  h i g h -  
r i s e  b u i l d i n g s  i s  u n d e s i r a b l e  and  u n n e c e s s a r y .  

I t  s h o u l d  be  n o t e d  t h a t  a  s m a l l  number ( a b o u t  33) o f  t h e  p c o p l c  n o r m a l l y  p r e s e n t  i n  h i g h -  
r i s e  o f f i c e  b u i l d i n g s  c a n n o t  o r  s h o u l d  n o t  a t t e m p t  t o  e v a c u a t e  by means o f  crowded s t a i r s .  I n  

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

J .  L .  P a u l s  i s  Resea rch  O f f i c e r ,  D i v i s i o n  o f  B u i l d i n g  R e s e a r c h ,  X a t i o n a l  Resea r ch  Counci  1 of 
Canada ,  O t t awa .  
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h e a r t  d i s o r d e r s  and c o n v a l e s c e n t s  from r e c e n t  i l l n e s s ,  s u r g e r y ,  o r  a c c i d e n t .  Movement of t h e s e  

i n d i v i d u a l s  t o  a  p l a c e  o f  s a f e t y  w i l l  r e q u i r e  a d d i t i o n a l  p l a n n i n g  and a s s i s t a n c e  from o t h e r  

occupan t s .  

RECENT CANADIAN STUDIES OF BUILDING EVACUATION 

P r e d i c t i o n s  o f  t imes  r e q u i r e d  f o r  t h e  t o t a l  e v a c u a t i o n  o f  h i g h - r i s e  o f f i c e  b u i l d i n g s  were  pre-  

s e n t e d  i n  1969 by G a l b r e a t h  ( 1 2 ) ,  and t h e s e  f i g u r e s  have been wide ly  quo ted  d u r i n g  t h e  l a s t  
5  y e a r s .  S i n c e  t h a t  t i m e  more d e t a i l e d  s t u d i e s ,  i n c l u d i n g  f i e l d  o b s e r v a t i o n s ,  have been con- 
duc ted  by t h e  a u t h o r  ( 9 ) ,  beg inn ing  w i t h  o b s e r v a t i o n s  o f  a  ma jo r  evacua t ion  d r i l l  i n  Vancouver 's  
22- s t o r y  B . C . Hydro B u i l d i n g  (13) . Subsequen t ly ,  o b s e r v a t i o n s  have been made i n  c o o p e r a t i o n  
w i t h  t h e  Dominion F i r e  Commissioner o f  n e a r l y  40 e v a c u a t i o n  d r i l l s  i n  Ot tawa i n  h i g h - r i s e  
o f f i c e  b u i l d i n g s  r a n g i n g  from 8 t o  29 s t o r y s .  The b u i l d i n g s  were occupied mainly  by Canadian 
Federa l  Government employees,  many o f  whom were accustomed t o  t a k i n g  p a r t  i n  evacua t ion  d r i l l s .  

Requirements f o r  such d r i l l s  and f o r  r e l a t e d  b u i l d i n g  f i r e  emergency o r g a n i z a t i o n ,  f a c i l i t i e s ,  
and a c t i v i t i e s  have been e s t a b l i s h e d  by t h e  Dominion F i r e  Commissioner ( 1 4 ) .  T o t a l ,  phased ,  
and p a r t i a l  e v a c u a t i o n  p rocedures  were used,  depending on each b u i l d i n g ' s  s i z e ,  p o p u l a t i o n ,  and 
communication f a c i l i t i e s .  

The o b s e r v a t i o n s  o f  t h e  Ottawa e v a c u a t i o n  d r i l l s  were conducted by teams o f  up t o  15 obse r -  
v e r s  whose d u t i e s  i n c l u d e d  moving w i t h  evacuees  down e x i t  s t a i r s  o r  making f low coun t s  a t  

f i x e d  l o c a t i o n s .  A 1  1 o b s e r v a t i o n s  were r ecorded  ( d u r i n g  t h e  e v a c u a t i o n s )  on c o n t i n u o u s l y  run- 
n i n g  p o r t a b l e  c a s s e t t e  r e c o r d e r s ;  and emergency b u i l d i n g  communication sys t ems ,  when u s e d ,  
were r ecorded  a s  w e l l .  Pho tograph ic  and v i d e o - t a p e  cameras a l s o  p rov ided  u s e f u l  r e c o r d s .  

Ex tens ive  q u e s t i o n n a i r e s ,  answered by samples o f  evacuees  immedia te ly  f o l l o w i n g  e v a c u a t i o n  o f  
two b u i l d i n g s ,  p rov ided  a d d i t i o n a l  i n f o r m a t i o n  t h a t  i n c l u d e d  i n s i g h t  i n t o  evacuees '  i n t e r -  
p r e t a t i o n s  o f  one p a r t i c u l a r l y  e x c i t e d  and ambiguous announcement, made o v e r  a  p u b l i c  a d d r e s s  

sys tem,  s u g g e s t i n g  a  r e a l  f i r e  r e q u i r i n g  r a p i d  e v a c u a t i o n .  

Although n e i t h e r  t h e  Ottawa e v a c u a t i o n  s t u d i e s  n o r  p r e v i o u s  ones  i n c l u d e d  d e t a i l e d  o b s e r -  
v a t i o n s  o f  e v a c u a t i o n  i n  c a s e s  o f  a c t u a l  f i r e ,  it seems r e a s o n a b l e  (and i n d e e d  i s  n e c e s s a r y )  
t o  use  d e t a i l e d  d a t a  from e v a c u a t i o n  d r i l l  o b s e r v a t i o n s  i n  deve lop ing  d e s i g n  and o p e r a t i o n a l  

measures f o r  u s e  i n  a c t u a l  h i g h - r i s e  f i r e s .  I t  seems p a r t i c u l a r l y  a p p r o p r i a t e  f o r  t h e  Ottawa 
e v a c u a t i o n  o b s e r v a t i o n s  b e c a u s e ,  i n  c o n t r a s t  w i t h  p r e v i o u s  s t u d i e s  o f  movement down s t a i r w a y s ,  
t h e y  were conducted i n  t h e  c o n t e x t  o f  modern h i g h - r i s e  o f f i c e  b u i l d i n g s .  Fur thermore ,  some o f  
t h e  observed evacuees  a r e  known t o  have i n t e r p r e t e d  t h e  d r i l l s  a s  a c t u a l  f i r e  emergenc ies .  

T o t a l  Evacua t ion  

An impor tan t  f a c t o r  i n  t o t a l  e v a c u a t i o n s ,  where a l l  b u i l d i n g  occupants  a t t e m p t  t o  evacua te  
s i m u l t a n e o u s l y ,  i s  t h e  d e n s i t y  o f  evacuees  on s t a i r s .  Dens i ty  i s  i n f l u e n c e d  by i n d i v i d u a l  
p s y c h o l o g i c a l  d e s i r e  f o r  space  and i n t e r p e r s o n a l  s e p a r a t i o n  ( 1 5 ) .  I n  t h e  observed t o t a l -  
e v a c u a t i o n  d r i l l s  most evacuees  chose  t o  occupy a  space  r e q u i r i n g  an a v e r a g e  of abou t  2  s t a i r  

t r e a d s  of  a  t y p i c a l  4 4 - i n .  (1 .12 m) wide e x i t  s t a i r .  Based on t h e  v e r y  l i m i t e d  b e h a v i o r a l  
i n f o r m a t i o n  a v a i l a b l e ,  it  i s  p r e d i c t e d  t h a t  i n d i v i d u a l s  p e r c e i v i n g  an immediate t h r e a t  t o  
t h e i r  s a f e t y  might d e s i r e  more space  i n  which t o  move, t h u s  p roduc ing  lower d e n s i t i e s  on s t a i r s ;  
a l t e r n a t e l y ,  i f  more s p a c e  were n o t  a v a i l a b l e ,  t h e y  might e x p e r i e n c e  a d d i t i o n a l  a n x i e t y .  

Observed d e s c e n t  s p e e d s ,  which v a r i e d  accord ing  t o  d e n s i t y  ( F i g .  l ) ,  r a n g e d  from abou t  8 
s t o r y s  p e r  minute f o r  wide ly  s e p a r a t e d  i n d i v i d u a l s  t o  0  f o r  crowd d e n s i t i e s  e q u i v a l e n t  t o  3  

evacuees  on eve ry  two 44- in .  (1.12 m) wide s t a i r  t r e a d s .  A t  t h e  a p p a r e n t l y  comfor table  d e n s i t y  
o f  1 evacuee t o  e v e r y  2  t r e a d s ,  t h e  d e s c e n t  speed was about  4  s t o r y s  p e r  minu te ,  t h e  e q u i v a l e n t  
o f  abou t  100 f t / m i n  (30 m/min) a l o n g  t h e  s l o p e  o f  t h e  s t a i r s .  

F i g .  2  shows how f lows on s t a i r s ,  o r  number o f  peop le  p e r  minute  p a s s i n g  a  f i x e d  p o i n t ,  a l s o  
v a r i e d  accord ing  t o  d e n s i t y ,  w i t h  t h e  h i g h e s t  observed mean f low be ing  abou t  30 pe r sons  p e r  
minute p e r  22 i n .  (0 .56 m) o f  s t a i r  w i d t h .  T h i s  occur red  a t  an  ave rage  d e n s i t y  abou t  50% 

g r e a t e r  t h a n  t h e  a p p a r e n t l y  c o n f o r t a b l e  d e n s i t y  d e s c r i b e d  above.  During a  t o t a l  e v a c u a t i o n  

i n  midwinter ,  when evacuees  wore b u l k y  ou tdoor  c l o t h i n g ,  mean flows were a b o u t  20 p e r s o n s  pe r  

minute p e r  22 i n .  (0.56 m) o f  s t a i r  w id th .  The mean f lows i n  a l l  o t h e r  obse rved  d r i l l s  ave r -  

aged o n l y  24 pe r sons  p e r  minute p e r  22 i n .  (0 .56 m) o f  s t a i r  w i d t h .  These flows a r e  much lower 
t h a n  t h a t  o f  45 pe r sons  p e r  minute  p e r  22 i n .  (0 .56  m) o f  s t a i r  width  f r e q u e n t l y  ment ioned i n  

t h e  l i t e r a t u r e  and assumed by b u i l d i n g  codes .  

F ig .  3  shows how observed crowd e v a c u a t i o n  f lows i n c r e a s e  i n  p r o p o r t i o n  t o  s t a i r  w i d t h ,  

accord ing  t o  a  ramp f u n c t i o n  r a t h e r  t h a n  t h e  s t e p  f u n c t i o n  ( w i t h  2 2 - i n .  and 12- in .  i nc remen t s  



of  s t a i r  width)  assumed i n  b u i l d i n g  codes .  (The t r a d i t i o n a l  2 2 - i n .  " u n i t  o f  e x i t  w id th t1  con- 
c e p t  i s  d e s c r i b e d  i n  t h e  NFPA L i f e  S a f e t y  Code ( 1 6 ) ) .  The t r a d i t i o n a l  assumpt ion i s  t h a t  crowd 

movement i s  most e f f e c t i v e  w i t h  a  s h o u l d e r  t o  s h o u l d e r  ar rangement  o f  p e o p l e  on s t a i r s  ( i . e . ,  
2  f i l e s  on a  4 4 - i n .  s t a i r ) .  Obse rva t ions  i n d i c a t e  n o t  only  t h a t  such  h i g h l y  o rgan ized  ar range-  
ments a r e  r a r e  and a lmost  i m p o s s i b l e  t o  ma in ta in  b u t  a l s o  t h a t  f r e e r ,  l e s s - o r g a n i z e d  a r r a n g e -  
ments l e a d  t o  e f f e c t i v e  f lows on a  r ange  o f  s t a i r  w id ths .  In  r e c o g n i t i o n  o f  both t h i s  crowd 
movement phenomenon and t h e  mean f lows d e s c r i b e d  above,  it  i s  recommended t h a t ,  w i t h  conver s ion  
t o  m e t r i c ,  codes adopt  a  s t a i r  d e s i g n  fo rmula  t h a t  assumes f lows  of  4  o r  5  pe r sons  p e r  minute 

p e r  0 .13 m (4 i n . )  o f  s t a i r  w i d t h .  

I t  shou ld  be no ted  t h a t  a  minor c o n s t r i c t i o n  i n  t h e  w i d t h  o f  t h e  e g r e s s  p a t h  does n o t  s i g n i -  
f i c a n t l y  r educe  e g r e s s  f low.  For example, a  crowd descend ing  a  4 8 - i n .  (1 .22 m) s t a i r  can  move 
through a  36- in .  (0.91 m) doorway w i t h o u t  r e d u c i n g  flow below t h e  50 t o  60 persons  p e r  minute 
s u s t a i n e d  on t h e  s t a i r  a l o n e .  

Based on e m p i r i c a l l y  d e r i v e d  d e n s i t y ,  speed ,  and flow r e l a t i o n s ,  F ig .  4  shows how t h e  t ime 
r e q u i r e d  t o  complete t o t a l  e v a c u a t i o n  i s  mainly dependent on a c t u a l  b u i l d i n g  p o p u l a t i o n  and 
a v a i l a b l e  s t a i r  w i d t h .  By comparing p r e d i c t i o n s  g iven  by F i g .  4  w i t h  a c t u a l  t o t a l  e v a c u a t i o n  
t imes  measured i n  56 e x i t  s t a i r s  used i n  nonwin te r  t o t a l - e v a c u a t i o n  d r i l l s  i n  Ottawa, i t  is  
e s t i m a t e d  t h a t  p r e d i c t i o n s  made f o r  nonwinter  t o t a l  e v a c u a t i o n  w i l l  be  a c c u r a t e  t o  w i t h i n  p l u s  
o r  minus 20% f o r  90% o f  e v a c u a t i o n s .  Evacua t ions  i n  which evacuees  wear o r  c a r r y  bu lky  outdoor  
c l o t h i n g  cou ld  t a k e  up t o  50% l o n g e r  t h a n  i s  shown i n  F i g .  4 .  The l a c k  o f  p r e c i s i o n  i n  pre-  
d i c t i n g  t o t a l  evacua t ion  t imes  f o r  o f f i c e  b u i l d i n g s  r e f l e c t s  t h e  l i m i t e d  knowledge a v a i l a b l e  

about  a  nwnber o f  f a c t o r s ,  i n c l u d i n g  evacuees '  e x p e r i e n c e  w i t h  p r e v i o u s  d r i l l s  and normal 

s t a i r  u se  and t h e  o r g a n i z a t i o n a l  o r  management a s p e c t s  of h i g h - r i s e  e v a c u a t i o n s .  

These p r e d i c t i o n s  a r e  based on r e c e n t  e v a c u a t i o n  d a t a  and s u g g e s t  t h a t  t o t a l  e v a c u a t i o n  
w i l l  r e q u i r e  up t o  t w i c e  t h e  l e n g t h  o f  t ime  s u g g e s t e d  i n  p r e v i o u s l y  p u b l i s h e d  p r e d i c t i o n s ,  
based l a r g e l y  on nonevacuat ion d a t a  ( 1 2 ) .  I t  s h o u l d  be  no ted  t h a t  a c t u a l  p o p u l a t i o n s  o f  
gene ra l -purpose  o f f i c e  b u i l d i n g s  appea r  t o  be  t y p i c a l l y  l e s s  t h a n  h a l f  t h e  number assumed i n  
b u i l d i n g  codes ,  and t h i s  may o f f s e t  p r e v i o u s  over-optimism i n  p r e d i c t i n g  e v a c u a t i o n  f l o w s  and 
t i m e s .  

An improved a b i l i t y  t o  p r e d i c t  t o t a l  e v a c u a t i o n  t imes  i s  somwhat academic  u n l e s s  o t h e r  
f a c t o r s  a f f e c t i n g  t h e  a c c e p t a b i l i t y  o f  t h e  t imes  a r e  c o n s i d e r e d .  For example,  when a  s e r i o u s  
f i r e  o c c u r s ,  how much t ime  i s  a v a i l a b l e  b e f o r e  f l o o r  a r e a s  become smoke logged (17) and f o r  
what p e r i o d  o f  t ime  can e x i t  s t a i r s  b e  used by crowds of  evacuees  b e f o r e  smoke becomes psycho- 

l o g i c a l l y  o r  p h y s i o l o g i c a l l y  u n a c c e p t a b l e ?  W i l l  t h e  use  of an e x i t  s t a i r  f o r  f i r e  depa r tmen t  
a c c e s s  and f i r e - f i g h t i n g  o p e r a t i o n s  r u l e  o u t  t h e  u s e  by evacuees  o f  one o r  more e x i t  s t a i r s  
a f t e r  5 ,  10,  o r  15 min? T r a d i t i o n a l l y ,  7  t o  10 min has  been cons ide red  a c c e p t a b l e  a s  a work- 
a b l e  t o t a l  evacua t ion  t i m e ,  b u t  t h i s  c r i t e r i o n ,  l i k e  many o t h e r s ,  i s  i n  need  of  r e -examina t ion .  
Also t o  be  cons ide red  a r e  e v a c u a t i o n  p o s s i b i l i t i e s  e n t a i l i n g  more s e l e c t i v e  use  o f  e x i t  s t a i r -  
ways. 

Phased and P a r t i a l  Evacuat ion 

I n  phased and p a r t i a l  e v a c u a t i o n ,  e x i t  s t a i r s  a r e  g e n e r a l l y  r e s e r v e d  f o r  people  on t h e  f i r e  

f l o o r  and a d j a c e n t  f l o o r s .  The phased e v a c u a t i o n  d r i l l s  obse rved  i n  h i g h - r i s e  o f f i c e  b u i l d i n g s  
i n  Ottawa i n c l u d e d  s e q u e n t i a l  e v a c u a t i o n  o f  occupan t s  on some o r  a l l  o f  t h e  o t h e r  f l o o r s ,  
s t a r t i n g  from t h e  t o p ,  which could  be  made u n t e n a b l e  by smoke moved upwards a s  a  r e s u l t  of  

s t a c k  e f f e c t  ( 1 7 ) .  Phas ing o r  sequenc ing  o f  e v a c u a t i o n  u s u a l l y  r e s u l t e d  i n  much lower evacuee 
d e n s i t i e s  and f lows b u t  h i g h e r  d e s c e n t  speeds  t h a n  was t h e  c a s e  i n  t o t a l  e v a c u a t i o n .  

Aside from t h e  t e c h n o l o g i c a l  d i f f i c u l t i e s  o f  p r o v i d i n g  working sys tems f o r  f i r e  and smoke 
c o n t r o l  and f o r  communication, bo th  o f  which make t h e  more s e l e c t i v e  approaches  t o  e v a c u a t i o n  

p o s s i b l e ,  t h e r e  a r e  p s y c h o l o g i c a l ,  economic, l e g a l ,  and o t h e r  d i f f i c u l t i e s  n o t  y e t  r e s o l v e d .  
For example, s e l e c t i v e  approaches  t o  h igh-  r i s e  e v a c u a t i o n  a r e  h e a v i l y  dependent  on t h e  j u d i c i m s  
u s e  o f  communication sys tems by t r a i n e d  and exper i enced  p e r s o n n e l  from t h e  b u i l d i n g  f i r e  emer- 

gency o r g a n i z a t i o n  o r  t h e  f i r e  depar tment  t h a t  t a k e s  charge  on a r r i v a l .  Pre-programmed, 
r ecorded  p u b l i c  address  announcements have some advantages  o v e r  l i v e  announcements ( 1 8 ) ,  b u t  
t h e y  may cause  d i f f i c u l t i e s  i f  a c t i v a t e d  by f a l s e  a larms o r  by l e g i t i m a t e  a larms r e g i s t e r e d  on 
a  f l o o r  o t h e r  t h a n  t h e  f i r e  f l o o r .  There  i s  t h u s  s t i l l  a need f o r  competent pe r sonne l  t o  

o p e r a t e  communication equipment ( t o  o v e r r i d e  au tomat i c  s y s t e m s ) ,  and t h e i r  t r a i n i n g  p o s e s  one 
o f  s e v e r a l  new c h a l l e n g e s  i n  o p e r a t i n g  l a r g e  h i g h - r i s e  b u i l d i n g s  ( 1 9 ) .  

I t  i s  i n c r e a s i n g l y  apparen t  t h a t  f i r e  s a f e t y  i n  l a r g e  b u i l d i n g s  r e q u i r e s  competency, not  
o n l y  i n  d e s i g n  and c o n s t r u c t i o n ,  b u t  a l s o  i n  unjioi~rji o p e r a t i o n ,  i n c l u d i n g  e d u c a t i o n  o f  b u i l d i n g  



u s e r s .  T h i s  i s  r e f l e c t e d  i n  r e v i s i o n s  of major f i r e  codes ,  such  a s  New York C i t y ' s  f i r e  code 
r e v i s i o n ,  Local Law No. 5 .  This  Law a p p l i e s  t o  about  800 h i g h - r i s e  b u i l d i n g s  and r e q u i r e s  

d e s i g n  and o p e r a t i n g  measures ,  i n c l u d i n g  management t r a i n i n g  and c e r t i f i c a t i o n  ( 6 ) .  

There i s  an u r g e n t  need t o  e v a l u a t e  such new measures i n  a c t u a l  c o n d i t i o n s .  Var ious  types  
o f  f i e l d  s t u d i e s ,  i n  many b u i l d i n g s ,  a r e  needed i f  f i r e  s a f e t y  i s  t o  develop i n  a  r a t i o n a l ,  
c o s t - e f f e c t i v e  manner. The Ottawa e v a c u a t i o n - d r i l l  o b s e r v a t i o n s  a r e  an example of such evalua-  
t i o n s .  The need f o r  f u r t h e r  r e s e a r c h  i s  u n d e r l i n e d  by t h e  f a c t  t h a t  t h e  f i n d i n g s  d e s c r i b e d  
above r a i s e  q u e s t i o n s  abou t  long-he ld ,  f i r e  s a f e t y  o p i n i o n s  and e x i t - d e s i g n  p r a c t i c e s .  To 

some e x t e n t ,  r e s e a r c h  on t h e  b e h a v i o r  of  peop le  i n  f i r e s  a l s o  r a i s e s  q u e s t i o n s  about t h e  v a l i -  
d i t y  'of  assumpt ions  under ly ing  p r e s e n t  f i r e  s a f e t y  p r a c t i c e s .  

BEHAVIOR OF PEOPLE IN FIRES 

S c i e n t i f i c  documentation o f  occupant  behav io r  i n  b u i l d i n g  f i r e s  h a s  been r a r e  ( 2 0 ) .  Two r e c e n t  

r e p o r t s  from t h e  U.K. and t h e  U.S. a d d r e s s  themselves  t o  t h e  problem (10,  1 1 ) .  Both p o i n t  o u t  
t h e  inadequacy o f  e x i s t i n g  knowledge, d e s c r i b e  work i n  r e l a t e d  a r e a s  such a s  d i s a s t e r  s t u d i e s  
and exper imen ta l  psychology,  and p r o v i d e  some guidance  f o r  more e x t e n s i v e  s t u d y  (now u n d e r  
way i n  b o t h  c o u n t r i e s ) .  

The r e p o r t  p u b l i s h e d  by t h e  U . K .  F i r e  Research S t a t i o n  i s  s p e c i a l l y  v a l u a b l e  because  ques- 

t i o n n a i r e  r e s u l t s  were used t o  h e l p  d e s c r i b e  t h e  behav io r  o f  o v e r  2,000 p e o p l e  invo lved  i n  
n e a r l y  1 ,000 f i r e s  a t t e n d e d  by f i r e  b r i g a d e s .  The v a r i o u s  a c t i o n s  t aken  by  t h e s e  p e o p l e  were 
c r o s s - t a b u l a t e d  w i t h  p e r s o n a l ,  b u i l d i n g ,  and f i r e  v a r i a b l e s .  Evacuat ion o f  t h e  b u i l d i n g s  and 
movement through smoke were two impor tan t  a r e a s  o f  i n t e r e s t ,  and many f i n d i n g s  o f  a  d e s c r i p t i v e  
n a t u r e  a r e  l i s t e d  i n  t h e  r e p o r t .  I t  s t a t e s ,  " In  g e n e r a l  te rms t h e  m a j o r i t y  of  peop le  appeared 

t o  have behaved i n  what niight be  cons ide red  an a p p r o p r i a t e  f a s h i o n ,  a l though  some 5% of  t h e  
peop le  d i d  something which was judged t o  ' i n c r e a s e  t h e  r i s k 1  " ( 1 0 ) .  

"Panic" and o t h e r  t e rms  s u g g e s t i n g  h y s t e r i c a l ,  nonadap t ive ,  o r  a n t i s o c i a l  behav io r  a r e  o f t e n  
i n a p p r o p r i a t e l y  used i n  bo th  non techn ica l  and t e c h n i c a l  d i s c u s s i o n s  o f  human behav io r  i n  f i r e  
emergencies and d i s a s t e r s .  Limited r e s e a r c h  on behav io r  i n  f i r e s  and more e x t e n s i v e  r e s e a r c h  

on l a r g e - s c a l e  d i s a s t e r  behav io r  s u g g e s t  t h a t  many common views o f  emergency behavior  a r e  un- 
j u s t i f i e d  and t h a t  they  may l e a d  t o  e r r o r s  i n  measures des igned  t o  cope w i t h  emergencies (21) .  
Within t h e  s p e c i f i c  c o n t e x t  o f  h i g h - r i s e  b u i l d i n g  f i r e s ,  more b e h a v i o r a l  s t u d i e s  a r e  needed t o  
e s t a b l i s h  how b e s t  t o  u t i l i z e  t h e  predominant ly  a d a p t i v e  a!ld manageable b e h a v i o r  of  p e o p l e  i n  

emergencies .  

CONCLUDING REMARKS 

111 view of t h e  d i f f i c u l t i e s  o f  s t u d y i n g  liunian I ~ c h a v i o r ,  e s p e c i a l l y  I n  a c t u a l  emergency s i t u a -  
t i o n s ,  i t  i s  n o t  s u r p r i s i n g  t h a t  conven t iona l  o p i n i o n  has  p layed  a  very l a r g e  r o l e  i n  s e t t i n g  
o u t  and implementing f i r e  s a f e t y  measures .  Some op in ions  about  h i g h - r i s e  f i r e  s a f e t y  h a v e  

changed d u r i n g  t h e  l a s t  5 y e a r s  and o t h e r s  may soon  change,  p a r t l y  a s  a  r e s u l t  of r e c e n t  
r e s e a r c h .  

Opinion may be  d i v i d e d  regarding t h e  v a l i d i t y  o f  p r e d i c t i o n s  f o r  a c t u a l  f i r e  e v a c u a t i o n s  
based on in fo rmat ion  d e r i v e d  from e v a c u a t i o n  d r i l l s  , especj  a 1  l y  i n  government o f f i c e  b u i l d i n g s .  
There appea r s  t o  be a  growing b e l i e f  t h a t  emergency behav io r  and nonemergency behav io r  need 
n o t  b e  t o o  d i s s i m i l a r  i f  t h e  desibm and o p e r a t i o n  of  b u i l d i n g s  a r e  based on a v a i l a b l e  technology.  

There i s  a l s o  a  t r e n d ,  i n c r e a s i n g l y  promoted by l e g a l  and o t h e r  p r e s s u r e s ,  f o r  b u i l d i n g  f i r e  

emergency o r g a n i z a t i o n s  and p r o c e d u r e s  t o  be  s e t  up i n  nongovernnient occupanc ies .  

Acceptance 1s growing of  f i r e  emergency p rocedures  t h a t  do no t  i n v o l v e  t o t a l  e v a c u a t i o n ,  and 

t h i s  i s  r e f l e c t e d  i n  t h e  i n c r e a s i n g  p r o v i s i o n  of  s p e c i a l  communication and c o n t r o l  sys t ems  i n  
h i g h - r i s e  b u i l d i n g s .  Thc a c t u a l  a p p l i c a t i o n  o f  such  p rocedures  and sys tems r a i s e s  d i f f i c u l t i e s ,  

however, p a r t i c u I a r ? y  f o r  e x i s t i n g  h i g h - r i s e  b u i l d i n g s .  For e x m p l e ,  code w r i t e r s ,  enforcement  
o f f i c i a l s ,  d e s i g n e r s ,  and c o n s u l t a n t s  do riot d e a l  s imply  w i t h  r u l e s ;  t h e y  f a c e  new approaches  
t o  d e s i g n ,  i n v o l v i n g  rlew performance s t a n d a r d s  and new equipment .  B u i l d i n g  owners and managers 
a r e  i n c r e a s i n g l y  encouraged,  o r  r e q u i r e d ,  t o  s e t  up f i r e  emergency o r g a n i z a t i o n s  and p rocedures  

wi thou t  hav ing  d e t a i l e d  g ~ i i d e l i n e s  and perhaps  w i t h o u t  t h e  c o o p e r a t i o n  of  some t e n a n t s .  F i r e  

s a f e t y  measures must a l s o  be r e c o n c i l e d  w i t h  r a p i d l y  changing measures f o r  s e c u r i t y .  Opera t ing  
pe r sonne l  a r e  f aced  w i t h  new equipment sys tems,  some of  which w i l l  be  r a r e l y  needed b u t  must be 

ma in ta ined  t o  meet pe r fo rn~ance  r equ i remen t s  t h a t  may t a x  t h e  knowledge even o f  p r o f e s s i o n a l  

e n g i n e e r s .  

Those who may have been cor~ l r~ laccn t  about s a f e t y  i n  h i g h - r i s e  b u i l d i n g s  have r e c e n t l y  been 
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d i s t u r b e d  ( t o  a  l a r g e l y  unknown e x t e n t )  by popular -media  accoun t s  o f  h i g h - r i s e  f i r e t r a p s .  Now, 
a n o t h e r  p s y c h o l o g i c a l  ad jus tmen t  may b e  r e q u i r e d  t o  make t h e  h i g h - r i s e  r e f u g e  concep t  work .  

T h i s  s i t u a t i o n  i s  f u r t h e r  compl i ca t ed  by t h e  f a c t  t h a t  p e o p l e  v i s i t ,  r e s i d e ,  and work i n  d i f f e -  

r e n t  b u i l d i n g s ,  each  w i t h  a  d i f f e r e n t  f i r e  emergency p r o c e d u r e .  

The t a s k  o f  a c h i e v i n g  h i g h - r i s e  f i r e  s a f e t y  .is complex. I t  e n t a i l s  c o o p e r a t i o n  and comple- 

mentary  measures i n  a l l  a r e a s  o f  b u i l d i n g  d e s i g n  and c o n s t r u c t i o n ,  b u i l d i n g  management, occu- 

p a n t  b e h a v i o r ,  and f i r e  depar tment  o p e r a t i o n .  A s  p a r t  o f  a  s y s t e m a t i c  approach t o  f i r e  s a f e t y ,  

improved knowledge o f  t h e  human f a c t o r s  i nvo lved  i n  e v a c u a t i o n  s h o u l d  l e a d  t o  b e t t e r  d e c i s i o n s  

about  f i r e  s a f e t y  o p t i o n s  and improved awareness o f  t h e  c o n d i t i o n s  and consequences  a s s o c i a t e d  

wi th  t h e s e  o p t i o n s .  
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CLEMENT G .  STEWART (F.H. S i e g f r i e d  Co., S p r i n g f i e l d  V A ) :  With r e g a r d  t o  f i r e  
d e p a r t m e n t  p e r s o n n e l  u s i n g  s t a i r s  t o  r e a c h  f i r e  l o c a t i o n ,  h a s  t h e r e  been any 
e f f e c t  on evacu a t i o r l  when smoke a n d /o r  h e a t  e n t e r s  t h e  s t a i r s  (and when s t a n d -  
p i p e s  a r e  u s e d  w i t h  l i n e s  c h a r g e d ,  t a k i n g  up s t a i r  s p a c e  and w i t h  p o s s i b l e  w a t e r  
l e a k a g e )  ? 

J .L .  PAULS: The downward f l o w  o f  e v a c u e e s  i n  d r i l l s  was n o t  s i g n i f i c a n t l y  a f -  

f e c t e d  i n  t h o s e  few c a s e s  where  s e v e r a l  f i r e  d e p a r t m e n t  p e r s o n n e l  u se d  t h e  e x i t  
s t a i r s  t o  r e a c h  h y p o t h e t i c a l  f i r e  f l o o r s .  The o t h e r  c o n d i t i o n s  ( i . e . ,  smoke, 
h e a t ,  c h a r g e d  h o s e s )  d i d  n o t  o c c u r  i n  t h e  e v a c u a t i o n  s t u d y .  Some i n f o r m a t i o n  

a b o u t  t h e  movement o f  e v a c u e e s  t h r o u g h  smoke i n  a c t u a l  f i r e s  was o b t a i n e d  i n  
a  r e c e n t  B r i t i s h  s t u d y  (Ref 10  i n  t h e  p a p e r ) .  Q u o t i n g  f rom t h e  r e p o r t  o f  t h e  
s t u d y ,  " I n  i n c i d e n t s  where  smoke was p r e s e n t ,  60% o f  t h e  p e o p l e  a t t e m p t e d  t o  
move t h r o u g h  it. N ear ly  50% o f  t h e s e  p e o p l e  moved 1 0  y a r d s  o r  more".  The re- 
p o r t  a l s o  n o t e s  "A s u r p r i s i n g l y  l a r g e  p e r c e n t a g e  o f  p e o p l e  move t h r o u g h  smoke, 
a n  a c t i o n  which  w e  were l e d  t o  b e l i e v e  was f a i r l y  r a r e . . . . T h e r e  i s  c e r t a i n l y  
room f o r  f u r t h e r  r e s e a r c h  i n t o  t h e  r e a s o n s  f o r  and  t h e  c o n d i t i o i l s  under  which 
p e o p l e  move i n t o  smoke." A l a b o r a t o r y  s t u d y  by K e l l y  e t  a l . ,  " C o l l e c t i v e  be- 
h a v i o u r  i n  a  s i m u l a t e d  p a n i c  s i t u a t i o n "  ( J o u r n a l  o f  E x p e r i m e n t a l  S o c i a l  Psychol-  
ogy, 1965 ,  1, p .  20-54) d e s c r i b e s  s o c i a l  f a c t o r s  i n f l u e n c i n g  i n d i v i d u a l  b e h a v i o r  

when t h r e a t e n e d  by smoke. More i n f o r m a t i o n  about. r e s p o n s e s  t o  e n v i r o n m e n t a l  
c o n d i t i o n s  i n  e g r e s s  ( an d  a l s o  r e f u g e )  i s  needed.  
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