
Publisher’s version  /   Version de l'éditeur: 

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 
pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 
first page of the publication for their contact information. 

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Internal Report (National Research Council of Canada. Division of Building 
Research), 1977-04

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=d76ff8bb-e113-4580-b330-74b01533372a

https://publications-cnrc.canada.ca/fra/voir/objet/?id=d76ff8bb-e113-4580-b330-74b01533372a

NRC Publications Archive
Archives des publications du CNRC

For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien 
DOI ci-dessous.

https://doi.org/10.4224/20359139

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

Toward a fire protection planning approach II: some considerations in 

implementing the life safety design assessment procedure
Phillips, A. M.



PREFACE 

Systematic approaches to the fire protection planning of 
buildings are not new. Dissatisfactions with aspects of the 
customary building code approach have led to the proposal at 
various times of a number of philosophic approaches intended to 
complement or supplant traditional procedures, but these have 
scldom addres3ed themselves intimately to the building designer 
and the design process. 

The life safety design assessment procedure discussed here 
was conceived as a practical working tool that would be simple 
for designers to use and as an aid to common sense and plain 
thinking in designing for fire safety. The initial steps taken 
to develop that tool are described. Although certain weaknesses 
preclude further development of the approach in its present form, 
a possible way around this difficulty is thought to lie in the 
concept of a fundamental set of "attributes" that underlie, and 
characterize the effectiveness of, the techniques utilized by 
fire protection designers. 

Ottawa 
April 1977 

C . B. Crawford 
Director, DBR/NRC 
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During development o f  t he  phi losophic  foundat ion d i scussed  by 
Qu i roue t t e ,  ' thought  was a l s o  given t o  how the  approach, a s  then 

conceived, might be  developed i n t o  a p r a c t i c a l  working t o o l .  The 
philosophy i t s e l f  was subsequent ly f u r t h e r  developed and modified, 
so  t h c r e  i s  no longer  an  e x a c t  correspondence between t h e  c u r r e n t  
vc r s ions  of t he  working and ph i lo soph ic  approaches. This  r e p o r t  
i s  in tended  simply a s  a  record  o f  thoughts  developed and work done 
on t h e  working approach. 

The working approach, which w i l l  be  termed t h e  l i f e  s a f e t y  
design assessment  procedure, was in tended  t o  be  s imple i n  use,  an 
a i d  t o  common sense  and p l a i n  th ink ing  about des ign ing  f o r  f i r e  
s a f e t y .  C e r t a i n  weaknesses prec lude  f u r t h e r  development o f  t h e  
approach i n  i t s  p r e s e n t  form, bu t  t h e r e  i s  a  p o s s i b l e  way around 
t h i s  d i f f i c u l t y .  

DESCRIPTION O F  THE PROCEDURE 

The h e a r t  o f  t h e  procedure i s  a  t a b l e  der ived  from one 
o r i g i n a l l y  drawn up by Qu i roue t t e  (F igure  1 ) .  The fundamental 



t o o l s  o f  f i r e  p r o t e c t i o n  p r a c t i c e  a r e  l i s t e d  i n  a  column a t  t he  l e f t  o f  

t h e  t a b l e ,  exp re s sed  i n  forms t h a t  make them a s  b a s i c  and independent  o f  

each o t h e r  a s  p o s s i b l e .  The l i s t  i s  open t o  improvement. These b a s i c  
concepts  w i l l  be  r e f e r r e d  t o  a s  p r i n c i p l e s .  Any r e a l i s t i c  b u i l d i n g  f i r e  

s a f e t y  des ign  must n e c e s s a r i l y  combine s e v e r a l  of t h e  p r i n c i p l e s .  Such 
a  workable combination w i l l  be  r e f e r r e d  t o  a s  a  system. This i s  t h e  
only usage o f  t h e  word t h a t  w i l l  be  employed i n  t h i s  r e p o r t .  

This  o r i g i n a l  t a b l e ,  i d e n t i f i e d  a s  "Form B", was in t ended  t o  be  

used f o r  l i f e  s a f e t y  assessment .  Other  v e r s i o n s  o f  t h e  form were t o  

have been used f o r  a s s e s s i n g  p r o t e c t i o n  o f  o t h e r  va lues ,  e .  g. , p r o p e r t y .  
The v a r i o u s  types  o f  hazards ,  which i n  t h e  l i f e  s a f e t y  c o n t e x t  a r e  F i r e  

and Smoke, were cons idered  s e p a r a t e l y  u s ing  two d i f f e r e n t  render ings  o f  

Form B .  The use o f  t h e  t a b l e s  w i l l  b e  i l l u s t r a t e d  by r e f e r e n c e  t o  Case 
S tudy  No. 1  which as  Qu i roue t t e  has exp la ined  p e r t a i n s  t o  a  h i g h - r i s e  
apar tment  b u i l d i n g  o f  a  s p e c i f i c  c o n f i g u r a t i o n .  

The empty columns i n  t h e  t a b l e  a r e  a s s igned  t o  a l l  t hose  t y p i c a l  
a r e a s  o r  spaces  i n  t h e  b u i l d i n g  where people  may b e  when a  f i r e  occu r s ,  

e  .g.  , an apar tment  s u i t e  ( s p e c i f i c a l l y ,  t h e  one on f i r e ) ,  spaces  e l s e -  

where on t h e  f i r e  f l o o r ,  spaces  e l sewhere  i n  t h e  b u i l d i n g  g e n e r a l l y ,  

s h a f t s  i n t ended  f o r  c i r c u l a t i o n ,  and so  on. 

The columns ( b u i l d i n g  spaces )  and t h e  rows ( f i r e  p r o t e c t i o n  
p r i n c i p l e s )  t o g e t h e r  c r e a t e  an a r r a y  o r  ma t r ix  of  smal l  boxes.  The 

in t ended  mode o f  use o f  t h e  a r r a y  was t o  determine,  by a sk ing  t h e  
q u e s t i o n  a t  t h e  f o o t  o f  t h e  t a b l e ,  whether  each p r i n c i p l e  " con t r ibu t ed t t  

t o  t h e  l i f e  s a f e t y  of t h e  occupants  o f  each t y p i c a l  a r e a  o r  space ,  thus  
f i l l i n g  t he  boxes wi th  a f f i r m a t i v e s  (YES) and nega t ives  (NO). The b a s i s  

o f  t h e s e  answers was t o  b e  informed judgement, suppor ted  t o  t h e  maximum 
p o s s i b l e  e x t e n t  by e x p l i c i t  t e c h n i c a l  knowledge. Using a  s e r i e s  o f  such 

t a b l e s  s e q u e n t i a l l y ,  each time cons ide r ing  s e t s  of f i r s t  one, t hen  two, 

then  t h r e e  and s o  on ,  p r i n c i p l e s  combined i n t o  a  system, and each time 
completing a l l  t h e  answers,  one was t o  b e  d i r e c t e d  toward systems which 

c o n s t i t u t e d  workable l i f e  s a f e t y  des igns .  

T1E MEANING OF LIFE SAFEn 

One could  surmise t h a t  an i d e a l  goal  o f  l i f e  s a f e t y  des ign  would 

b e  t o  p r e v e n t  t h e  l o s s  o f  even one l i f e  annua l ly .  by f i r e  i n  Canada, i n  

a1 1  b u i l d i n g s ,  under a l l  imaginable  c i rcumstances ,  r e g a r d l e s s  o f  c o s t .  
P r a c t i c a l l y ,  i t  must b e  admi t t ed  t h a t  i n  some c i rcumstances  t h e r e  i s  no 
conce ivable  way t o  f o r e s t a l l  t h e  l o s s  o f  a  l i f e .  Besides ,  t h e r e  
undoubtedly e x i s t s  some l i m i t  of  t o l e r a t i o n  t o  t h e  expend i tu re s  needed 
t o  a v e r t  l i f e  l o s s e s .  With r e g r e t ,  one concedes t h a t  s o c i e t y  cannot  
a f f o r d  t o  p r o t e c t  i t s  members a g a i n s t  a l l  imaginable  c i rcumstances .  

A p r a c t i c a l  goal may b e  thought  o f  a s  op t imal  b u i l d i n g  f i r e  
p r o t e c t i o n  - -  t h e  most economic form o f  f i r e  p r o t e c t i o n  capable  o f  
p rovid ing  an a p p r o p r i a t e  degree o f  s a f e t y  t o  t he  occupants  o f  a  b u i l d i n g  
i f  t h e r e  i s  a  f i r e .  This r e d e f i n i t i o n  s t i l l  evades t h e  r e a l  q u e s t i o n ,  



because t h e  meaning o f  an  "appropr ia te"  degree o f  s a f e t y  i s  n o t  made 
c l e a r .  To d i scove r  i t ,  one would b e  forced  t o  re -ask  t h e  o l d  q u e s t i o n s .  
How s a f e  i s  s a f e ?  Mow s a f e  i s  s a f e  enough? What does s o c i e t y  expec t?  
What w i l l  s o c i e t y  accept?  What i s  a  knowledgeable r i s k ?  What is  a  
reasonable  p recau t ion?  The answers t o  t h e s e  q u e s t i o n s  have y e t  t o  b e  
d i scovered .  

For t h e  time being ,  t o  p rov ide  mot iva t ion  and an o b j e c t i v e  f o r  t h e  
s tudy ,  t h e  fol lowing h i e r a r chy  of l i f e  s a f e t y  goa ls  i s  p u t  forward. 
Occupants should  be  p r o t e c t e d  i n  p l a c e  i f  p o s s i b l e ,  b u t  f a i l i n g  t h i s  i t  
should b e  ensured  t h a t  i f  anyone i s  c a l l e d  upon t o  l eave  t h e  f i r e  loca-  
t i o n  o r  t h e  b u i l d i n g ,  he o r  s h e  can  do s o  i n  an o r d e r l y  unhurr ied  
manner, which we term evacua t ion .  I t  i s  n o t  d e s i r a b l e  t h a t  any occupant  
should b e  s u b j e c t e d  t o  t h e  need t o  escape  --  t h a t  i s ,  t o  d e p a r t  i n  undue 
h a s t e  because of imminent p e r i l .  I t  is  n o t  t o l e r a b l e  t h a t  any occupant  
should  e v e r  have t o  r e l y  e n t i r e l y  upon e x t e r n a l  a i d  under  ex t remely  
despe ra t e  c i rcumstances - - t h a t  i s ,  upon r e scue .  

EXECUTING 'ME PROCEDURE FOR SMOKE HAZARDS 

These c o n s i d e r a t i o n s  prompted replacement  o f  t h e  ques t i on  asked  i n  
Form B ( i . e . ,  whether  a  p r i n c i p l e  c o n t r i b u t e d  t o  l i f e  s a f e t y )  by t h e  
more p o s i t i v e  one o f  whether  t h e  p r i n c i p l e  o r  system under c o n s i d e r a t i o n  
was p o t e n t i a l l y  capable ,  wi thout  f u r t h e r  a d d i t i o n s ,  o f  p rov id ing  a n  
a p p r o p r i a t e  degree o f  s a f e t y .  I n  a d d i t i o n ,  t h e  range o f  p o s s i b l e  
answers was extended by t h e  use  o f  a  ques t i on  mark a s  a  q u a l i f i e r ,  t hus  
g i v i n g  NO (no promise o f  c a p a b i l i t y ) ,  NO? (dubious promise) ,  YES? 
( p o s s i b l e  promise) and YES ( d e f i n i t e  promise) . 

The amended t a b l e  (F igure  2) has  been completed t o  show t h e  r e s u l t s  
o f  t h e  o p e r a t i o n s  which w i l l  now b e  exp la ined .  Case No. 1 - -  h i g h - r i s e  
r e s i d e n t i a l  - -  i s  under  s tudy ,  and t h e  sub-case s p e c i f i c a l l y  examined i s  
t h a t  o f  f i r e  o c c u r r i n g  i n  one o f  t h e  apartment  s u i t e s .  For t h e  moment, 
on ly  t h e  smoke hazards  a r e  cons ide red .  The s i g n i f i c a n c e  of t h e  l a b e l s  
o f  t h e  va r ious  occupied spaces  must a l s o  b e  exp la ined .  "Sui te"  i s  t h e  
f i r e  s u i t e .  "Floor" i s  a l l  t h e  r e s t  o f  t h e  f i r e  f l o o r ,  exc lud ing  t h e  
f i r e  s u i t e .  "Building" i s  a l l  t h e  rest o f  t he  b u i l d i n g  exc lud ing  t h e  
f i r e  f l o o r .  Each space  i s  thus  e x c l u s i v e  o f  t h e  lower-sca led  spaces  t o  
i t s  l e f t  in  t h e  t a b l e ,  except  t h a t  "shaf t "  does n o t  f i t  i n t o  t h i s  r e l a -  
t i o n s h i p  and perhaps should  have been p l aced  s e p a r a t e  from t h e  o t h e r s .  

F igure  2  was used t o  apply  t h e  q u e s t i o n  abou t  p o t e n t i a l  s u f f i c i e n c y  
t o  t hose  systems t h a t  comprised on ly  a  s i n g l e  one of t h e  f o u r t e e n  b a s i c  
p r i n c i p l e s .  The answers were f i l l e d  i n  ve ry  q u i c k l y  s imply by i n s p e c t i o n .  
The i n t u i t i v e  judgements s o  made a r e  of course  open t o  c h a l l e n g e ,  
a l though t h e  s i t u a t i o n s  a r e  s o  c l e a r c u t  t h a t  any group o f  f i re  technology 
s p e c i a l i s t s  would probably expe r i ence  l i t t l e  d i f f i c u l t y  i n  r each ing  
agreement on t h e  c o r r e c t  answers t o  b e  e n t e r e d  i n t o  t h e  dec i s ion  ma t r ix .  
The reasoning  behind t h e i r  judgements, which a t  t h i s  s t a g e  might amount 
t o  only a  s imple s en t ence  o r  two f o r  each e n t r y  i n  t he  a r r a y ,  cou ld  be  
w r i t t e n  down and p re se rved ,  a  p rocess  which w i l l  b e  termed documentation. 



The conc lus ion  t o  be drawn from Figure  2 i s  t h a t  no s i n g l e  f i r e  
p r o t e c t i o n  f e a t u r e ,  used e n t i r e l y  a lone ,  can p rov ide  e f f e c t i v e  p r o t e c t i o n  

a g a i n s t  t h e  hazard  o f  smoke f o r  any person  anywhere i n  t h e  b u i l d i n g .  The 
l o g i c a l  n e x t  s t e p  i n  s eek ing  s u p e r i o r  performance i s  t o  examine systems 
compris ing two o f  t h e  f o u r t e e n  b a s i c  p r i n c i p l e s .  There i s  a  very l a r g e  

number o f  such two-level  systems, and t h e  s t r i c t  l o g i c  o f  t h e  procedure  
imposes t h e  cons ide rab l e  t a s k  o f  a s s e s s i n g  them a l l  because t h e r e  i s  s o  
f a r  no r a t i o n a l e  f o r  dec id ing  which a r e  t h e  most promising p r o s p e c t i v e  

combinat ions.  For t h e  e x p l o r a t o r y  purpose o f  t h i s  s t u d y  i t  was dec ided  
t o  examine on ly  those  two-level  systems compris ing s p r i n k l e r s  as  one o f  

t h e  two p r i n c i p l e s .  The r e s u l t s  o f  t h i s  examinat ion a r e  p re sen t ed  i n  
F igure  3. 

Once a g a i n ,  t h e s e  r e l a t i v e l y  s imple systems do n o t  s u f f i c e  t o  
provide  a n  a p p r o p r i a t e  degree o f  s a f e t y  t o  a l l  t h e  occupants  o f  t h e  
b u i l d i n g .  Once a g a i n ,  documentation could have been p repa red  t o  
e x p l a i n  t h e  reasoning  behind  each d e c i s i o n .  

In  p repa r ing  t o  examine systems comprising t h r e e  p r i n c i p l e s ,  t h e  

problem aga in  a r i s e s  t h a t  t h e r e  is  a  very l a r g e  number of such systems.  
Even i f  a l l  t hose  no t  i n c l u d i n g  s p r i n k l e r s  were temporar i ly  d i s r ega rded ,  
t h e  t a s k  o f  e v a l u a t i n g  t h e  remainder would s t i l l  be  formidable .  For 

t h e  p r e s e n t  purpose,  guidance f o r  f u r t h e r  s i m p l i f i c a t i o n  was ob t a ined  
from Figure  3,  where i t  can b e  seen  t h a t  t h e r e  i s  p o t e n t i a l l y  some 

promise i n  systems t h a t  combine s p r i n k l e r s  wi th  some form o f  smoke move- 

ment c o n t r o l .  The choice  was made t o  i n v e s t i g a t e  on ly  t h e  t h r e e - l e v e l  

systems t h a t  c o n t a i n  bo th  t h e s e  p r i n c i p l e s .  

This  method o f  choosing i n d i c a t e s  a  p o s s i b l e  method o f  s i m p l i f y i n g  
the  t a s k  o f  p r e p a r i n g  documentation f o r  a l l  t h e  p o s s i b l e  combinations o f  
f o u r t e e n  p r i n c i p l e s  taken  s e v e r a l l y  a t  a t ime, exceeding t h r e e  hundred 

thousand i n  number. Each succes s ive  t a b l e  might b e  used a s  one s t e p  i n  

a  s e q u e n t i a l  s ea rch  procedure which would d i r e c t  t h e  u se r  toward t h e  
most promising systems,  thus  provid ing  r e l e v a n t  r e s u l t s  a s  qu i ck ly  a s  

p o s s i b l e .  The f u n c t i o n a l  impera t ives  o f  a  given occupancy o r  a  
p a r t i c u l a r  b u i l d i n g  design might p rov ide  a d d i t i o n a l  c o n s t r a i n t s  which 

would reduce t h e  a r ea  t o  be  swept by t h e  s ea rch  procedure .  The 

d i f f i c u l t y  of  t h i s  o the rwi se  a t t r a c t i v e  simp1 i f i c a t i o n  i s  t h a t  many 
pa ths  which appear  u n s a t i s f a c t o r y  i n  low- l e v e l  t a b l e s  might e v e n t u a l l y  
produce e f f e c t i v e  and economic systems a s  a d d i t i o n a l  p r i n c i p l e s  were 

added. In  a d d i t i o n ,  t h e  o r i g i n a l  predetermined choice  o f  de s ign  para-  
meters  would b e  pe rpe tua t ed ,  whereas a  wider - ranging  procedure might 
sugges t  v i a b l e  a1 t e r n a t i v e  des ign  impera t ives .  Ove r - s imp l i f i ca t i on  o f  
t h e  procedure  can thus  r e s u l t  i n  t h e  adopt ion  o f  suboptimal systems.  

The t h r e e - l e v e l  systems shown i n  F igure  4 a l l  appear  t o  promise 
some p o t e n t i a l  e f f e c t i v e n e s s  i n  provid ing  p r o t e c t i o n  a g a i n s t  s m k e  

hazards  t o  persons o t h e r  than those  i n  t h e  s u i t e  where t h e  f j . r e  
o r i g i n a t e d .  The e x p l o r a t o r y  s t u d y  was n o t  c a r r i e d  beyond t h i s  l e v e l ,  

b u t  i t  i s  e v i d e n t  t h a t  from h e r e  on reasoned argument f o r  each d e c i s i o n ,  
and documentation, would b e  e s s e n t i a l  t o  guide each s u c c e s s i v e  choice  
o f  pa th  i n  t h e  search  procedure .  



EXECUTING THE PROCEDURE FOR FIRE HAZARDS 

The analogous t a b l e  f o r  a n a l y s i s  o f  t h e  hazard  of d i r e c t  exposure t o  

f i r e  i s  somewhat sma l l e r  (Figure 5) because two e x c l u s i v e l y  smoke-related 
p r i n c i p l e s  have been dropped. I n  t h e  p r e s e n t  ca se ,  t h e  p r i n c i p l e s  l i s t e d  
i n  t he  t a b l e ,  and t h e  ques t ion  asked,  r e f e r  on ly  t o  sp read  o f  f i r e  w i t h i n  
t h e  b u i l d i n g .  A s  b e f o r e ,  t h e  dec i s ions  f o r  t h i s  one- leve l  t a b l e  were 
e n t e r e d  i n t o  t h e  a r r a y  very r a p i d l y  on t h e  b a s i s  of i n t u i t i v e  judgements. 

I t  aga in  appears  t h a t  no s i n g l e  p r i n c i p l e  used a lone  provides  
a p p r o p r i a t e  p r o t e c t i o n .  This t ime, however, t h e r e  a r e  a  few q u a l i f i e d  
answers i n  t h e  t o p  l i n e  ( e . g . ,  "maybe yes") t h a t  sugges t  t h e  next  s t e p  i n  
t h e  sea rch  procedure might wel l  be  two-level  systems i n c o r p o r a t i n g  s p r i n -  
k l e r s  as  one o f  t he  two p r i n c i p l e s .  Following t h i s  more promising d i r e c -  
t i o n  a s  a  s h o r t  c u t  l e a d s  t o  a  two-level  a r r a y  (F igure  6) t h a t  o f f e r s  
many more promising f u r t h e r  d i r e c t i o n s  than  d i d  t h e  corresponding smoke 
t a b l e .  The rows conta in ing  the  g r e a t e s t  aggrega te  promise va lues  pre-  
sumably i n d i c a t e  t h e  most favourable  d i r e c t i o n s ,  bu t  t h e r e  is no c l e a r c u t  
choice .  I-Lowever, c i r c u l a t i o n  r o u t e s  (which can a l s o  b e  used f o r  eg re s s )  
a r e  one o f  t he  func t iona l  impera t ives  o f  convent iona l  b u i l d i n g ,  so  t h e  
choice  was made (F igure  7) t o  examine t h r e e - l e v e l  systems combining 
s p r i n k l e r s  and r o u t e s  o f  e g r e s s  wi th  any one o t h e r  p r i n c i p l e .  

In  t h i s  new dec i s ion  a r r a y  t h e r e  a r e  two q u i t e  promising systems, 
i n d i c a t e d  by arrows. I n  p a r t i c u l a r ,  i t  looks a s  though systems having 
s p r i n k l e r s  and e g r e s s  r o u t e s  p l u s  a l a rm systems may b e  p o t e n t i a l l y  
s u f f i c i e n t  t o  a s su re  s a f e t y  o f  a l l  occupants  o f  t h e  b u i l d i n g  a g a i n s t  t h e  
hazard o f  d i r e c t  exposure t o  f i r e  o r i g i n a t i n g  i n  a  s u i t e .  The dec i s ions  
a r e  o f  course  s t i l l  only  snap judgements; i f  documentation had been 
prepared  t h e  accompanying reasoned assessments  might very l i k e l y  have 
r e s u l t e d  i n  a  d i f f e r e n t ,  and perhaps l e s s  promising, l i ne -up  o f  d e f i n i t e  
o r  q u a l i f i e d  a f f i r m a t i v e s  and nega t ives .  

COMBINING THE SMOKE A N D  FIRE SYSTEM3 

The f i r e  p r o t e c t i o n  des ign  f i n a l l y  adopted must be capable  o f  
achiev ing  a l l  t h e  o b j e c t i v e s  s p e c i f i e d  by both t h e  smoke and f i r e  
a n a l y s e s .  When t h e  two systems comprise t h e  same o r  n e a r l y  t h e  same l i s t  
o f  p r i n c i p l e s ,  b u t  wi.th d i f f e r i n g  i n t e n s i t i e s ,  it is mainly a  m a t t e r  o f  
ensu r ing  t h a t  a l l  those  p r i n c i p l e s  a r e  p r e s e n t  i n  t h e  f i n a l  des ign  and 
t h a t  each i s  a p p l i e d  a t  t h e  h i g h e s t  i n t e n s i t y  c a l l e d  f o r  by e i t h e r  o f  t h e  
two systems.  This  p roces s  i s  analogous t o  t h a t  o f  meeting the  most 
r e s t r i c t i v e  requirements  i n  convent ional  code-type des ign .  

On t h e  o t h e r  hand, when t h e  l ine-ups  o f  p r i n c i p l e s  i n  t he  two 
systems a r e  d i s s i m i l a r ,  t h e  s y n t h e t i c a l  l i n e  of  a t t a c k  j u s t  mentioned 
could  l e a d  t o  overdesign o r  redundancy i n  t h e  f i r e  p r o t e c t i o n  p l a n ,  
because p r i n c i p l e s  c a l l e d  f o r  by on ly  one system may i n  f a c t  be  perform- 
ing  a l s o  some func t ions  which a r e  s e rved  by e n t i r e l y  d i f f e r e n t  p r i n c i p l e s  
r equ i r ed  by t h e  o t h e r  system. The concept  of equa t ing  f i r e  hazard 
a t t r i b u t e s  and f i r e  p r o t e c t i o n  p r i n c i p l e  a t t r i b u t e s ,  proposed by 
Qu i roue t t c ,  could  be  a p p l i e d  wi th  cons ide rab le  e f f e c t  h e r e ,  t o  determine 



which p r i n c i p l e s  a r e  performing l i k e  func t ions  and thus  l ead  t o  

o p t i m i z a t i o n  of  t h e  syn thes i zed  des ign .  

THE S  I  GNI FI CANCE OF DOCUMENTATION 

The pr imary purpose o f  t h e  documentation process  i s  t o  f o r c e  
reasoned assessment  o f  t h e  arguments f o r  and a g a i n s t  each d e c i s i o n ,  
invoking a t  t h e  same time a t  l e a s t  some awareness o f  t h e  goa ls  o f  t h e  
f i r e  p r o t e c t i o n  des ign  and t h e  hazards  and f a c t o r s  involved .  These 
i m p l i c i t  c o n s i d e r a t i o n s ,  which Qu i roue t t e  subsequent ly  made much more 
e x p l i c i t  by h i s  i n t r o d u c t i o n  o f  t h e  concept  o f  a t t r i b u t e s ,  cou ld  be  
expressed  i n  ques t i ons  such a s  "What a r e  t h e  hazards  t o  which a  person 
i n  t h i s  ( c u r r e n t l y  be ing  considered)  space  i s  exposed?", "What a r e  h i s  
t r u e  needs i n  terms o f  f i r e  p ro t ec t i on?" ,  "What a r e  t h e  q u a l i t i e s  ( i  . e . ,  
a t t r i b u t e s )  t h a t  t h i s  o r  t h a t  p r i n c i p l e  can c o n t r i b u t e  t o  provide  
p r o t e c t i o n  a g a i n s t  t h e  hazards?" Documentation tends  t o  promote commn- 
sense  t h i n k i n g  based on f a c t u a l  in format ion  r a t h e r  than emotion. I t  can 
a l s o  promote awareness o f  a r e a s  where in format ion  is d e f i c i e n t  o r  
1  ack ing  . 

THE INTENSITY PROFILE OF A SYSTEM 

P r o j e c t i n g  a  l i t t l e  f u r t h e r  t h e  dec i s ion  a r r a y  manipula t ions  
d i s cus sed  e a r l i e r ,  one can  v i s u a l i z e  t h e  outcome a s  be ing ,  perhaps ,  t h a t  
f o r  a  g iven  b u i l d i n g  s u f f i c i e n t  s a f e t y  i s  provided  by a  p a r t i c u l a r  f i v e -  
l e v e l  system compris ing a  c e r t a i n  s e t  o f  p r i n c i p l e s .  

This  would b e  a  mis lead ingly  o v e r s i m p l i f i e d  s t a t emen t ,  because any 
o r  a l l  of t h e  p r i n c i p l e s  involved  might b e  capab le  o f  be ing  a p p l i e d  wi th  
a range o f  degrees  o f  determinedness  ( i n t e n s i t y ) ,  some o f  which would 
f a l l  below t h e  degree needed f o r  e f f e c t i v e  performance. For example, 
s imply t o  mention t h e  p r i n c i p l e  " f i r e  r e s i s t a n c e "  i gno re s  t h e  f a c t  t h a t  
t h i s  p r i n c i p l e  can  b e  a p p l i e d  w i t h  i n t e n s i t i e s  ranging  from 15 o r  20 

minutes exposure t o  t he  s t a n d a r d  f i r e  t e s t ,  a t  t h e  low end, t o  8 o r  even 
16 hours  a t  t h e  h igh  end. For any given purpose ,  a l l  i n t e n s i t i e s  o f  
a p p l i c a t i o n  below a  c e r t a i n  l e v e l  (say 2 hours )  w i l l  f a i l  t o  provide  t h e  
d e s i r e d  performance, whi le  i n t e n s i t i e s  a t  o r  above t h a t  l e v e l  w i l l  

provide  t h e  d e s i r e d  performance o r  b e t t e r .  

Evident ly  each p r i n c i p l e  must be  a p p l i e d  w i th  an i n t e n s i t y  commen- 
s u r a t e  wi th  t h e  hazard  a g a i n s t  which i t  prov ides  p r o t e c t i o n .  Any l e s s e r  
i n t e n s i t y  w i l l  be  unacceptable  from the  l i f e  s a f e t y  p o i n t  o f  view; any 
h i g h e r  l e v e l  (even i f  overdesigned o r  e x c e s s i v e l y  c o s t l y )  w i l l  be  
a c c e p t a b l e  because one i s  s u r e  o f  ach i ev ing  a t  l e a s t  t h e  d e s i r e d  degree 
o f  s a f e t y ,  (Each p r i n c i p l e ,  o f  course ,  pos se s se s  one o r  more a t t r i b u t e s ,  
each o f  which c o n t r i b u t e s  p r o t e c t i o n  a g a i n s t  one o r  more d i f f e r e n t  types  
o f  hazards .  E f f e c t i v e  p r o t e c t i o n  a g a i n s t  a  g iven  hazard  i s  t h e  sum-to ta l  
r e s u l t  o f  p a r t i a l  p r o t e c t i o n  provided s e p a r a t e l y  by s e v e r a l  p r i n c i p l e s  
pos se s s ing  a  common a t t r i b u t e  r e l e v a n t  t o  t h a t  haza rd .  One can  pe rce ive  
o t h e r  ways i n  which p r i n c i p l e s  i n t e r a c t  t o  p rov ide  s u p e r i o r  l e v e l s  o f  
p r o t e c t i o n .  Thus t h e  remarks about  i n t e n s i t i e s  made e a r l i e r  i n  t h i s  and 
i n  t h e  p reced ing  paragraph should  b e  modif ied t o  recognize t h a t  u l t i m a t e l y  



i t  i s  t h e  t o t a l  i n t e n s i t y  wi th  which a  given a t t r i b u t e  must b e  a p p l i e d  
t h a t  de te rmines  t he  needed i n t e n s i t i e s  o f  the  c o n t r i b u t i n g  p r i n c i p l e s . )  

Suppose t h a t  t h e  i n t e n s i t i e s  wi th  which each p r i n c i p l e  can b e  
a p p l i e d  can  be q u a n t i f i e d  i n  some manner on an a r b i t r a r i l y  de f ined  s c a l e  
running from one t o  t en .  Any p a r t i c u l a r  f i r e  p r o t e c t i o n  system can then  
be  r e p r e s e n t e d  by a  b a r  c h a r t  (Figure 8) i n  which each b a r  r e p r e s e n t s  
one o f  the  c o n s t i t u e n t  p r i n c i p l e s  of t h e  system and t h e  l eng th  o f  t h e  
b a r  r e p r e s e n t s  t h e  i n t e n s i t y  wi th  which t h a t  p r i n c i p l e  i s  a p p l i e d  i n  t h e  
system. Every system w i l l  have a  unique c h a r t :  i t s  i n t e n s i t y  p r o f i l e .  

The r e s u l t s  o f  t h e  assessment  and documentation p roces s  can thus  b e  
summarized i n  p r o f i l e  form. P r o f i l e s  can b e  c o n s t r u c t e d  f o r  g e n e r a l i z e d  
systems, producing something a k i n  t o  a  b u i l d i n g  code, o r  f o r  s p e c i f i c  
b u i l d i n g  des ign  p roposa l s .  

PRACTICAL USES OF ?HE PROCEDURE 

Some p o s s i b l e  a p p l i c a t i o n s  o f  t h e  i n t e n s i t y  p r o f i l e  i d e a  have been 
explored  and w i l l  now b e  d i s cus sed .  I t  i s  assumed t h a t  f o r  a  p a r t i c u l a r  
g e n e r a l i  zed b u i l d i n g  occupancy and con f igu ra t i on  a l l  t h e  workable s y s  tems 
have been i d e n t i f i e d ,  t h e  a p p r o p r i a t e  i n t e n s i t i e s  have been a s s e s s e d  f o r  
t he  c o n s t i t u e n t  p r i n c i p l e s  o f  each system, and a l l  t h e  documentation has  
been p repa red .  The r e s u l t  i s  a  v a s t  l i b r a r y  o f  p r o f i l e s ,  which can be  
s o r t e d  and matched e n d l e s s l y  acco rd ing  t o  any needs t h a t  a r i s e .  The 
l i b r a r y  c o n s t i t u t e s  a  b u i l d i n g  code con ta in ing  a l l  t h e  accep tab l e  f i r e  
s a f e t y  des igns  f o r  t he  chosen occupancy and con f igu ra t i on .  P r o f i l e s  o f  
a l l  t h e  unacceptab le  des igns  (which n e c e s s a r i l y  have been examined and 
r e j e c t e d  du r ing  t h e  assessment  procedure)  could  a l s o  b e  f i l e d ,  i n  t h i s  
o r  ano the r  l i b r a r y .  

P o s s i b l e  A T I ~ l i ~ a t i 0 n ~  

1.  The two p r o f i l e s  shown i n  F igure  9 obv ious ly  came from the  same 
s h e l f  i n  t h e  l i b r a r y .  Both systems have a l r e a d y  been through t h e  e n t i r e  
assessment  procedure and have been judged s u f f i c i e n t .  However, i t  w i l l  

b e  seen  t h a t  t h e  t o p  p r i n c i p l e ,  whatever  i t  may b e ,  i s  a p p l i e d  w i t h  l e s s  
i n t e n s i t y  i n  t he  second system, whi le  t h e  bottom p r i n c i p l e  i s  a p p l i e d  
more i n t e n s e l y .  This  means t h a t  t h e  o u t l i n e d  a r e a  a t  t h e  t op  has  been 
exchanged a g a i n s t  t h e  shaded a r e a  a t  t h e  bottom. 

To t h e  e x t e n t  t h a t  t h e  two s y s  tems provide  comparable p r o t e c t i o n ,  
t h i s  i s  a  t r u e  t r a d e o f f .  In  p r a c t i c e ,  one may be  an opt imal  system, 
provid ing  j u s t  enough p r o t e c t i o n ,  whi le  t h e  o t h e r  p rov ides  more than  i s  
e s s e n t i a l .  The b u i l d i n g  des igner ,  knowing t h a t  bo th  have passed  t h e  
assessment  t e s t ,  has  t he  freedom t o  choose whichever of t h e s e  - -  o r  
t he i  r n e a r  r e l a t i v e s  - -  is more economic o r  s u i t a b l e  f o r  h i s  proposed 
bu i ld ing .  

2 .  In  t h e  same s i t u a t i o n  a s  above, t h e  d e s i g n e r  may have c o n s t r u c t e d  
t h e  p r o f i l e  f o r  h i s  own proposed f i r e  s a f e t y  des ign ,  and found t h a t  i t  

does n o t  appea r  anywhere i n  t h e  l i b r a r y ,  b u t  t h a t  t h e  two shown i n  



Figure 9 most n e a r l y  match h i s  own. The documentation f o r  t he  two near  

matches then provides  him with a  sound b a s i s  f o r  a s e s s i n g  what changes 

( i f  any) may be  necessary  i n  h i s  p roposa l .  

3.  The two systems whose p r o f i l e s  a r e  shown i n  Figure 10 a r e  aga in  

almost l ook-a l ikes ,  except  t h a t  i n  t he  second p r o f i l e  one p r i n c i p l e  has 
been omi t t ed  ( s p r i n k l e r s )  and another ,  unspec i f i ed ,  s u b s t i t u t e d  f o r  i t .  
Since both systems a r e  assumed t o  have been s u b j e c t e d  t o  the  assessment  
procedure, and s i n c e  both have been judged s u f f i c i e n t ,  Figure 10 
r e p r e s e n t s  ano the r  type o f  t r a d e o f f .  

4. There a r e  many d i f f e r e n c e s  between the  two systems shown i n  Figure 
11 - -  they  come from e n t i r e l y  d i f f e r e n t  she lves  i n  t h e  l i b r a r y  o f  
p r o f i l e s  - -  so  they  a r e  n o t  r e a l l y  q u i t e  comparable. A des igne r  might 
f i n d ,  however, t h a t  one o r  t h e  o t h e r  o f f e r e d  worthwhile economies and he 

might choose t o  modify h i s  design accord ingly .  This ,  t oo ,  i s  a  type o f  
t r a d e o f f ,  b u t ,  more important ,  t h e  des igne r  i s  consc ious ly  us ing  t h e  
l i b r a r y  a s  a  f r u i t f u l  and comprehensive source of  design i n i t i a t i v e s .  

5 .  Innovat ive  des igns ,  resembling noth ing  eve r  p rev ious ly  cons t ruc t ed ,  
o f t e n  pose problems f o r  f i r e  and code o f f i c i a l s  because they appear t o  
i nco rpora t e  many cont ravent ions  o f  convent iona l ly  accepted c o d i f i e d  

design p r i n c i p l e s .  Lacking precedent ,  and l ack ing  a  coherent  organized  
body o f  knowledge about f i r e  s a f e t y ,  o f f i c i a l s  t end  t o  impose conserva-  
t i v e  and r e s t r i c t i v e  requirements  on the  innovat ive  des ign .  Suggest ions 
t h a t  t h e s e  impos i t ions  sometimes seem completely a r b i t r a r y  imply f a u l t s ,  

no t  i n  t he  o f f i c i a l s ,  b u t  i n  t he  code-making and r e g u l a t i n g  process  

i t s e l f  and i n  t he  suppor t  s e r v i c e s  provided f o r  t he  o f f i c i a l s .  

The i n t e n t  o f  Figure 1 2  i s  t o  show t h a t  t h e  documentation a s s o c i a t e d  
wi th  the  l i b r a r y  o f  p r o f i l e s  can be used by both s i d e s ,  t h e  des igne r  o r  

owner and t h e  o f f i c i a l s ,  a s  a  common base  o f  knowledge f o r  r e s o l v i n g  
d i f f e r e n c e s  about t h e  f i r e  s a f e t y  o f  innovat ive  des igns .  I t  i s  supposed 
t h a t  a  p r o f i l e  o f  t h e  proposed innovat ive  design has  been cons t ruc t ed ,  
u s ing  the  l i b r a r y  documentation as  a  procedura l  guide, and t h a t  t h e  
l i b r a r y  has been searched  f o r  t h e  judged-ef fec t ive  p r o f i l e  t h a t  most 

c l o s e l y  matches the  proposed one. Any d e v i a t i o n s  between t h e  two pro- 
f i l e s  then  become c l e a r l y  e v i d e n t ,  and the  consequences o f  the  dev ia t ions  
can be d iscussed  unequivocal ly i n  the  l i g h t  of  t he  documentation o f  t h e  
l i b r a r y  p r o f i l e .  

SYSTEMS SUB,JECT TO STATISTICAL FAILURE 

Most f i r e  p r o t e c t i o n  p r i n c i p l e s  a r e  a t  l e a s t  s l i g h t l y  s u s c e p t i b l e  
t o  random f a i l u r e  when c a l l e d  upon t o  perform, whether through poor 
des ign ,  c a r e l e s s  i n s t a l l a t i o n ,  f a u l t y  maintenance, human e r r o r  o r  pure 
bad luck (which we c a l l  chance) .  A s u f f i c i e n t l y  s a f e  system then  can 

become a  p o t e n t i a l l y  unsafe one, by reason o f  t he  f a i l u r e  o f  one 
p r i n c i p l e  t o  perform as  expected.  

The imp l i ca t ions  o f  such s i t u a t i o n s  a r e  sometimes d e l i b e r a t e l y  
overlooked,  a s  when excess ive  concessions o r  un l imi t ed  t r a d e o f f s  a r e  



al lowed when a  b u i l d i n g  i s  f u l l y  s p r i n k l e r e d .  On t h e  o t h e r  hand, i t  i s  

u n r e a l i s t i c  t o  a t tempt  t o  des ign  on a  completely s t a t i s t i c a l  b a s i s ,  
u s ing  t h e  va r ious  methods o f  p r o b a b i l i s t i c  a n a l y s i s  o f  f i r e  s a f e t y ,  
because much o f  t h e  neces sa ry  s t a t i s t i c a l  d a t a  base  o f  such ana lyses  i s  
e s s e n t i a l l y  u n a v a i l a b l e .  

A ph i lo soph ic  approach w i l l  now be  p r e s e n t e d  which, a l though 
ingenuous, i s  a  s a t i s f a c t o r y  v e h i c l e  f o r  r i go rous  a p p r a i s a l  o f  random- 
f a i l u r e  s i t u a t i o n s .  

Take t h e  case  o f  a  s i x - l e v e l  system i n c o r p o r a t i n g  s p r i n k l e r s  i n  
which, f o r  one reason o r  ano the r ,  t h e  s p r i n k l e r s  f a i l  t o  perform as  
expected.  The system is  then,  i n  e f f e c t ,  degraded t o  a  f i v e - l e v e l  
system (Figure  13) whose p r o f i l e  can be  matched a g a i n s t  those  i n  t h e  
l i b r a r y .  The documentation be longing  t o  t h e  matches might show t h a t  t h e  
p r o f i l e  s t i l l  r e p r e s e n t e d  a  system capable  o f  ach i ev ing  t h e  d e s i r e d  
degree o f  s a f e t y ,  b u t  one would expec t  t h e  more usua l  r e s u l t  t o  b e  t h a t  
t h e  best-matching p r o f i l e  had p r e v i o u s l y  been a s s e s s e d  a s  i n s u f f i c i e n t .  

The q u e s t i o n  then  a r i s e s  - -  and t h i s  must be  a  p o l i c y  d e c i s i o n  - -  
given  t h e  o b j e c t i v e  o f  s av ing  a l l  l i v e s ,  and g iven  t h a t  i n  a  s t a t i s t i -  
c a l l y  known p ropor t i on  o f  f i r e  i n c i d e n t s  t h e  s p r i n k l e r s  w i l l  f a i l  t o  
perform a s  expec ted ,  i s  one w i l l i n g  t o  accep t  t h e  reduced degree of  
s a f e t y  o f  t h e  f i v e - l e v e l  system on those  few occas ions  when t h e  sp r ink -  
l e r s  may f a i l ?  I n  o t h e r  words, what diminished o b j e c t i v e  may one 
reasonably  s e t  f o r  t h e  diminished system? 

SUGGESTED POLICIES FOR LIFE SAFETY 

A p o s s i b l e  r a t i o n a l e  f o r  e s t a b l i s h i n g  diminished o b j e c t i v e s  fo l lows  
t h e  s a f e t y  h i e r a r c h y  mentioned e a r l i e r :  protect-in-place/evacuate/ 
escape / r e scue ,  each o f f e r i n g  a  g r e a t e r  l i k e l i h o o d  o f  l i f e  l o s s  t o  t h o s e  
i nvo lved .  

Given t h e  o b j e c t i v e  o f  p r o t e c t i n g  everyone i n  p l a c e  (F igure  1 4 ) ,  

then  p a r t  f a i l u r e  o f  one p r i n c i p l e ,  o r  more s e r i o u s  f a i l u r e  o f  one o r  
more p r i n c i p l e s ,  o r  f a i l u r e  of t h e  e n t i r e  l i f e  s a f e t y  system, progres -  
s i v e l y  expose more and more people  t o  p r o g r e s s i v e l y  g r e a t e r  haza rd ,  
e s c a l a t i n g  them downward i n  t h e  s a f e t y  h i e r a r c h y .  

I t  i s  sugges ted  t h a t  t h e  b a s i c  p o l i c y  should  b e  t h a t  a c c e p t a b l e  
p r o f i l e s  must b e  such t h a t  no type of p a r t i a l  f a i l u r e  can s u b j e c t  l a r g e  
numbers o f  people  t o  t h e  l e v e l s  o f  p e r i l  r ep re sen t ed  by escape  o r  r e scue  
c o n d i t i o n s .  A number o f  p r o h i b i t e d  consequences can then  b e  i d e n t i f i e d  
( b a r r e d  i n  t h e  F igu re ) .  Small numbers o f  people ,  such a s  t hose  i n  one 
apartment  s u i t e ,  could conceivably be  allowed t o  be s u b j e c t e d  t o  escape 
o r  rescue  c i rcumstances ,  b u t  t h e r e  must be  f u l l  awareness t h a t  such a  
d e c i s i o n  imp l i e s  t h e  p o l i c y  commitment t h a t  t hose  l i v e s  w i l l  p o t e n t i a l l y  
b e  p l aced  i n  s e r i o u s  r i s k  whenever a  s t a t i s t i c a l  f a i l u r e  occu r s  i n  one 
o r  ano the r  p r i n c i p l e .  This  then g ives  rise t o  a  p r o h i b i t e d  o b j e c t i v e  
( c i r c l e  i n  t h e  F igu re ) .  P r o h i b i t e d  o b j e c t i v e s  should  be  l i m i t e d  t o  



those  c a s e s  where i t  m u s t  be  r e a l i s t i c a l l y  admi t ted  t h a t  e f f e c t i v e  

p r o t e c t i o n  i s  t e c h n i c a l l y  o r  economical ly  n o t  f e a s i b l e .  

ADVANTAGES OF THE LIFE SAFETY DESIGN ASSESSMENT PROCEDURE 

For code w r i t e r s  

- a i d s  i n  i d e n t i f y i n g  every  u sab l e  combination of f i r e  p r o t e c t i o n  
p r i n c i p l e s  

- encourages use o f  knowledge and reasoned assessment  i n  making 
dec i s ions  about  which combinations provide  an accep tab l e  l e v e l  

o f  l i f e  s a f e t y  

- promotes conscious awareness o f  t h e  t r u e  o b j e c t i v e s  o f  l i f e  

s a f e t y  r e g u l a t i o n  

- promotes conscious awareness o f  where knowledge i s  l ack ing  and 
what knowledge i s  l ack ing  

- encourages permanent r eco rd ,  ("documentationtt) o f  t h e  reasoning  
behind  each dec i s ion  and each choice .  

For d e s i ~ n e r s  and build in^ o f f i c i a l s  

- provides  a card- index  o r  l i b r a r y  f u n c t i o n  ( t h e  p r o f i l e s )  t o  

a i d  i n  comparing proposed des igns  wi th  systems known t o  a f f o r d  
an accep tab l e  o r  s u p e r i o r  l e v e l  o f  s a f e t y  

- by r e f e r ence  t o  t h e  documentation, promotes r a t i o n a l  and informed 

n e g o t i a t i o n  ove r  des ign  p roposa l s  which d i f f e r  from any accepted  

s y s  tem 

- a i d s  i n  t h e  i d e n t i f i c a t i o n  and assessment  o f  s o - c a l l e d  t r a d e o f f s .  

WEAKNESSES OF THE LIFE SAFETY DESIGN ASSESSMENT PROCEDURE 

This procedure has been p re sen t ed  a s  a s tagewise  p roces s .  The 
p r e s e n t a t i o n  has  been l a r g e l y  conceptual  r a t h e r  t han  conc re t e ,  d e s c r i b i n g  
what each s t a g e  i s  in tended  t o  do r a t h e r  than  how it would a c t u a l l y  work 
i n  p r a c t i c e .  The l i n k s  between s t a g e s  have been handled i n  a s i m i l a r l y  

f a c i l e  f a sh ion .  Fu r the r ,  s t r u c t u r e s  needed t o  i nco rpo ra t e  t h e  a t t r i b u t e  

concept i n t o  t h e  procedure have been a l l u d e d  t o  b u t  n o t  developed.  

The dominant weakness o f  t h e  procedure a s  desc r ibed  i s  t h e  seemingly 
i ne scapab le  n e c e s s i t y  t o  s y s t e m a t i c a l l y  perform assessments on a1 1 

p r i n c i p l e -  i n t e n s i t y  p r o f i l e s  f o r  a l l  t y p i c a l  b u i l d i n g  c o n f i g u r a t i o n s  i n  
a l l  occupancies .  ?he t a s k  i s  n o t  merely formidably l a r g e ;  i t  i s  
imposs ib le .  Perhaps,  i f  a s t a r t  were made, v a l i d  s h o r t - c u t s  might 
g r adua l ly  be  d i s ce rned  o r  ways found f o r  apply ing  r e s u l t s  o b t a i n e d  f o r  
one c o n f i g u r a t i o n  o r  occupancy t o  another ,  bu t  t h e s e  a r e  by no means 
c e r t a j  n .  



INCORPORATING ?FIE A l T R  I  BUTE CONCEPT 

The a t t r i b u t e  concept seems t o  o f f e r  a  way o u t  of  t h i s  dilemma. 

(1) I t  seems almost  c e r t a i n  t h a t  gene ra l i zed  r u l e s  could  be devised  f o r  
c o n s t r u c t i n g  t h e  a t t r i b u t e - i n t e n s i t y  p r o f i l e  r e q u i r e d  by a  s p e c i f i c  
des ign  proposal  f o r  any p a r t i c u l a r  combination of occupancy and 
b u i l d i n g  conf igu ra t ion .  

( 2 )  I t  seems almost  c e r t a i n  t h a t  r u l e s  could b e  devised  f o r  c o n s t r u c t i n g  
the  sum-to ta l  a t t r i b u t e  p r o f i l e  o f  any proposed f i r e  s a f e t y  system. 

(3) I t  seems probable t h a t  t h e  r e s u l t s  o f  1 and 2 could be  expressed  on 
a  common b a s i s .  The assessment procedure would then  be  simply one 
o f  comparing these  two a t t r i b u t e  p r o f i l e s  and vary ing  t h e  occupancy/ 
con f igu ra t ion  cond i t i ons  and t h e  f i r e  s a f e t y  design u n t i l  t h e  
p r o f i l e s  matched. 

( 4 )  A more a t t r a c t i v e  and s impler  procedure would be  a v a i l a b l e  i f  
gene ra l i zed  r u l e s  could b e  devised f o r  c o n s t r u c t i n g  p r i n c i p l e -  
i n t e n s i t y  p r o f i l e s  t h a t  s a t i s f y  the  r e q u i r e d  a t t r i b u t e  p r o f i l e  - -  
t h a t  i s ,  t h e  i n v e r s e  o f  process  2 mentioned above. 

( 5 )  Process  2 would n e c e s s i t a t e  development o f  r u l e s  f o r  weight ing the  
c o n t r i b u t i o n  o f  each p r i n c i p l e  i n  a  system t o  each element  o f  t h e  
a t t r i b u t e  p r o f i l e .  Each weight ing  f a c t o r  would presumably depend 
on what o t h e r  p r i n c i p l e s  were p r e s e n t  i n  t h e  system and t h e  
i n t e n s i t i e s  with which they were a p p l i e d .  

(6) Process 4 would c a l l  f o r  r u l e s  by which a  r equ i r ed  a t t r i b u t e -  
i n t e n s i t y  p r o f i l e  could  b e  decomposed t o  y i e l d  a l l  t h e  p o s s i b l e  
p r i n c i p l e - i n t e n s i t y  p r o f i l e s  capable  o f  s a t i s f y i n g  t h e  a t t r i b u t e  
requirements;  knowledge o f  t h e  weight ing f a c t o r s  would s t i l l  be  
necessary .  

I f  t hese  ope ra t ions  could b e  computer-programmed, a s  appears  
l i k e l y ,  an e f f e c t i v e  des ign  t o o l  would r e s u l t :  t he  des igne r  could 
r e a d i l y  i n s e r t  h i s  own c o n s t r a i n t s  and could vary  h i s  des ign  requirements  
a t  w i l l ,  o b t a i n i n g  a s  o u t p u t  a  l i m i t e d  range o f  s o l u t i o n s  h i g h l y  r e l e v a n t  
t o  h i s  needs.  The p o s s i b i l i t y  o f  c o n f l i c t  wi th  r e g u l a t o r y  o f f i c i a l s  is 
s t i l l  p r e s e n t  i n  execut ion  o f  t h e  i n i t i a l  s t e p  (1) o f  determining the  
a t t r i b u t e - i n t e n s i t y  requirements  o f  a  s p e c i f i c  des ign  proposa l .  

DEFINING RESEARCH AND STUDY NEEDS 

The numbered processes  above i d e n t i f y  a r e a s  where r e sea rch  o r  s tudy  
would be  needed f o r  developing these  modified procedures .  The develop- 
ment t a sk  would be  l e s s  formidable than t h a t  f o r  t h e  o r i g i n a l  procedure 
because gene ra l i zed  r u l e s  a r e  sought  r a t h e r  than a  l i b r a r y  o f  i n d i v i d u a l  
assessments and because t h e  t a sk  i s  broken down i n t o  s e v e r a l  l a r g e l y  
independent a r e a s  which could be  t ack led  s e p a r a t e l y .  Fu r the r ,  t h e  
o r i g i n a l  judgement and documentation p roces s ,  which was h i g h l y  d e t a i l e d  
and f a c t u a l  and might w e l l  have had t o  have a  committee-type t r ea tmen t ,  
has  been r ep laced  by d i s c r e t e  subtasks  of  a  more a b s t r a c t  c h a r a c t e r  



amenable t o  a n a l y t i c  t r ea tmen t  by t e c h n i c a l  s p e c i a l  i s  ts. The r e sea rch  
e f f o r t  r e q u i r e d  would thus  be  f a r  l e s s  e x t e n s i v e ,  and t h e  t a s k  could  be 
t a c k l e d  p iecewise  o v e r  a  long  p e r i o d  and y e t  y i e l d  d e f i n i t e  r e s u l t s  
whi le  s t i l l  incomplete .  

The comments on the  p r a c t i c a l  employment o f  t h e  a t t r i b u t e  concept  
l a r g e l y  echo those  o f  Qu i roue t t e .  They a r e  s t i l l  e n t i r e l y  conceptua l ,  
b u t  p rov ide  a  good guide t o  e s t a b l i s h i n g  a  d e t a i l e d  schedule  o f  r e sea rch  
and s tudy  needs.  Some o f  t h e  most impor tan t  needs a r e  a s  fo l lows:  

I d e n t i f y  t h e  p m t e c t i v e  a t t r i b u t e  requirements  imposed by t h e  
haza rds  t o  which b u i l d i n g  occupants  may be  s u b j e c t e d ;  

f i n d  o u t  how t o  q u a n t i f y  a t t r i b u t e  i n t e n s i t y  requi rements ,  probably 
i n  r e l a t i o n  t o  t h e  type  o f  space  t h e  occupant  i s  i n  and t h e  b u i l d i n g  
c o n f i g u r a t i o n ;  

i d e n t i f y ,  and l e a r n  how t o  q u a n t i f y ,  t h e  a t t r i b u t e  c o n t r i b u t i o n s  o f  
f i r e  p r o t e c t i o n  p r i n c i p l e s  o f  vary ing  i n t e n s i t i e s ;  

d i s c o v e r  how t o  weigh t h e  a t t r i b u t e  c o n t r i b u t i o n s  o f  t h e  s e v e r a l  
p r i n c i p l e s  i n  a  system s o  a s  t o  determine t h e  n e t  e f f e c t i v e  
a t t r i b u t e  p m f i l e  o f  t h e  e n t i r e  system. 

Each of  t h e s e  i s  smal l  enough and s p e c i f i c  enough t o  t a c k l e  comfortably,  
y e t  each  i s  a  v i t a l  p a r t  o f  developing t h e  modif ied assessment  procedure .  

CONCLUDING REMARKS 

The a t t r i b u t e  concept  g ives  promise t h a t  it can be worked up i n t o  an 

e f f e c t i v e  des ign  t o o l .  The f i r s t  s t e p  toward t h i s  end would b e  t o  d e f i n e  
t h e  elements  o f  a  r e sea rch  and s tudy  program t o  develop t h e  t o o l .  
E x i s t i n g  programs could  then  p o s s i b l y  accommdate some o f  t h e s e  e lements  
w i thou t  major s h i f t s  i n  r e sou rces ,  g i v i n g  a  s u s t a i n e d  low-level  o u t p u t  on 
t h i s  p r o j e c t  wi thout  t h e  need t o  ded ica t e  any manpower e x c l u s i v e l y  t o  i t .  
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d 

C O M P R I S I N G  

- S I N G L E  - 

P R I N C I P L E S  

Figure 5 



HAZARD CI/ARACTERIS!!IC 

UNDER EXAMINATION 1.5 

FORM 

CASL STUDY H 1 

F I R E  

F i r e  S t a r t s  i n  a S u i t e  

L O C A T I O N  O F  O C C U P A N T  

P R I N C I P L E  

S p r i n k l e r  and  Automat ic  

F x t i n g u i s h m r n t  (whole  b u i l d i n g 1  

I ' i r c  harrier> 

I:i r e  I k s i  s to r lcc  

I:I;lmc S p r e a d  of  Fir1 i .;I1 

Redlrction o f  F i r e  Load 

(Con t e n t s )  

R e d u c t i o n  o f  F i r e  1,o:ld 

( C o n s t r u c t  i o n )  

I ' r o v i s i o n  o f  One o r  More 

E g r e s s  R o u t e s  

AT?;] o f  Rct'tljie Concept 

l l r t r t . t  i i ) 11  Sys tems  

A l i ~ r ~ n  illld (:ommllnic;~l i o n s  Systcnls 

'I';kct i c;r l  ( :onr ro l  oL' 
. ,~cu ; r r  ion  Rehilviollr 

I : i rc  F i g h t  i n 8  

( ITi rs t  Aid i ~ n d  P r o f e s s i o n a l )  

yes? 

no yes? 

YES/NO - Is t h e  p r i n c i p l e  o r  c o m b i n a t i o n  p o t e n t i a l l y  s u f f i c i e n t  t o  

a s s u r e  t h e  s a f e t y  o f  o c c u p a n t s  o f  t h e  s e l e c t e d  s p a c e ?  

S Y  S ' I ' I . M S  

C O M I ' R I S I N G  

P R I N C I P L E S  2 

F i g u r e  6 



HAZARD CHARACTERISTIC 

UNDER EXAMINATION I S  

F I R E  

FORM 

S p r i n k l e r  and Autom;lt i c  

I x t  inpui  sh~ncnt  (whole b11i i d i n g )  

l : i r c  h a r r ~ c r s  

I. i r c  Hesisr: lncc 

I:lnmc Sprcad o f  F i n i s h  

Reduct ion  o f  I:i r e  Load 

(Con ten t s )  

Reduct ion  o f  F i r c  Load 

(Cons t ruc t  ion)  

I'rovi s i o n  o f  Onc o r  More 

E ~ r e s s  Routes  

Arro o f  Rcfllpc Conccpt 

IlcLcct i<>li Systems 

Al :~ r r :~  illid (:omm11n i c a t  i o11.; Sys t rms 

'S:lct i c a l  Con t ro l  of  
l ivacuat ion Rehaviour  

[ : i r e  F i g h t i n g  

( F i r s t  Aid i~nd  P r o f e s s i o n a l )  

CASE STUDY 7 1 

- - 

F i r e  S t a r t s  i n  a S u i t e  

L O C A T I O N  O F  O C C U P A N T  

I - common to all - I 

S Y S T E M S  

C O M P R I S I N G  

P R I N C I P L E S  

OTHER 

BUILDINGS SII ITE 

YI.S/NO - I s  t h e  p r i n c i p l e  o r  combinat ion  p o t c n t i a l l y  s u f f i c i e n t  t o  

a s s u r e  t h e  s a f e t y  o f  occupan t s  o f  t h e  s e l e c t e d  s p a c e ?  F i g u r e  7 

SHAFT FI.OOR 

ENTIRE 

BUILDING 



I N T E N S  I T Y  

THE D E G R E E  OR " I N T E N S I T Y "  

W I T H  W H I C H  E A C H  O F  THE 

M E A S U R E S  I S  A P P L I E D  I S  

Q U A N T I F I E D  A R B I T R A R I L Y  

O N  A  S C A L E  1 T O  1 0 .  

F I G U R E  8 

'THE ( P R O F I L E I K E Y I M A T R I X )  O F  A  C O M B  I N A T I O N  
O F  S I X  M E A S U R E S  W H I C H  M E E T S  O R  E X C E E D S  
T H E  C H O S E N  D E G R E E  O F  S A F E T Y  

F I G U R E  9 

T R A D E O F F S  - 1, Balanc ing  " I n t e n s i t i e s "  



F I G U R E  10 

T R A D E O F F S  - 2, S u b s t i t u t i o n  o f  P r i n c i p l e s  

F I G U R E  11 

T R A D E O F F S  - 3, D i f f e r e n c e s  o f  D e s i g n  



S Y S T E M  

- 

P R O P O S A L  

F I G U R E  1 2  

G E T T I N G  A P P R O V A L ,  A  B a s i s  f o r  N e g o t i a t i o n s  

6 

P R I N C I P L E S  

SPR I N K  

1 

I 
P R O T E C T S -  e v e r y  p e r s o n  P R O T E C T S - a l l  b u t  

t h r o u g h o u t  t h e  b u i l d i n g .  t h o s e  i n  f i r e  s u i t e .  

A  P O S S I B L E  R A T I O N A L E  F O R  A S S E S S I N G  
S Y S T E M S  W H I C H  C O N T A I N  P R l N C  I P L E S  
H A V I N G  A  S T A T I S T I C A L  C H A N C E  O F  
F A  I L U R E  



F I G U R E  14 

F A I L U R E  

N I L  

( S y s t e m  O K )  

P A R T I A L  

( p a r t  o r  f u l l  

f a i l u r e  o f  o n e  

p r i n c i p l e )  

M o r e  s e r i o u s  

V e r y  s e r i o u s  

P O L I C Y  R E G A R D I N G  A L L O W A B L E  C O I V S E Q U E N C E S  O F  
S T A T I S T I C A L  F A I L L I R E  T O  P E R F O R M  A S  E X P E C T E D  

L O C A T I O N  OF PERSON H A Z A R D E D  

FIRE S U I T E  

0 p l a c e  

E v a c u a t i o n  

E s c o p e  

R e s c u e  

FIRE F L O O R  

P r o t e c t  i n  

p l a c e  

P r o t e c t  i n  

p l a c e  

E v a c u a t i o n  

E/ 

ELSEWHERE 

I N  B L D G  

P r o t e c t  i n  

p l a c e  

P r o t e c t  i n  

p l a c e  

P r o t e c t  i n  

p l a c e  

E v a c u a t i o n  


