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1 .  G E N E R A L  BACKGROUND 

H i s t o r i c a l l y ,  the  f i r e  s a f e t y  code systems now i n  fo rce  had to  be wr i t t en  without  
a c t u a l l y  s t a t i n g  t h e i r  ob jec t ive  leve l  of s a f e t y  and,  s t i l l  f a r  l e s s ,  without any 
a n a l y t i c a l  measurement of t h e  ob jec t ives  involved. For t h i s  reason,  t he re  i s  an 
urgent need f o r  f u t u r e  a t tempts  t o  eva lua te  t h e  l e v e l s  of s a fe ty  inherent  i n  pre- 
s e n t  loca l  and na t ional  f i r e  p ro tec t ion  r egu la t ions .  Lack of knowledge with r e s -  
pec t  t o  a n a l y t i c a l  models descr ib ing  the physical processes of design components 
and systems has f o r  a long time e f f e c t i v e l y  prevented e f f o r t s  t o  q u a n t i t a t i v e l y  
a s ses s  r i s k  l e v e l s .  

As a r e s u l t  of t h e  powerfully increased ex ten t  of the  in t e rna t iona l  f i r e  r e sea rch ,  
more and more components and systems a r e  now becoming amenable t o  a n a l y t i c a l  and 
computer modelling. Considerable progress then has been made concerning such 
phenomena and procedures a s ,  [ l  1 t o  1 5 1 :  

* The f i r e  growth in a compartment, 
* the  f u l l y  developed compartment f i r e ,  
* t h e  r eac t ion  t o  f i r e  of m a t e r i a l s ,  
* the f i r e  spread between bu i ld ings ,  
* the  f i r e  behaviour of bui lding s t r u c t u r e s ,  
* the  smoke f i l l i n g  in enc losures  and smoke movement in  escape routes  and rnulti- 

s to rey  b u i l d i n g s ,  
* the  i n t e r a c t i o n  of s p r i n k l e r s  and a f i r e ,  
* the  process of escape, and 
* t h e  systems approach t o  t h e  overa l l  f i r e  s a f e t y  of a bu i ld ing ,  in i t s  most 

general form comprising human response models in t e rac t ing  with f i r e  development 
model S .  

As a consequence of t h i s  progress ,  a rap id  development now i s  going on in the  
f i e l d  of codes,  s p e c i f i c a t i o n s  and recommendations f o r  a f i r e  engineering design 
i n  a broad sense.  Some typica l  t rends  in t h i s  development a r e :  

* An improved connection t o  rea l  f i r e  cond i t ions ,  
* an increas ing  e x t e n t  of des ign ,  based on funct ional  requirements and perforrn- 

ance c r i t e r i a ,  
* a development of new t e s t  methods, which a r e ,  a s  f a r  a s  poss ib l e ,  mater ial  in-  

dependent and d i r e c t l y  r e l a t e d  t o  well-defined p rope r t i e s  and phenomena, 
* an increas ing  a p p l i c a t i o n  of a n a l y t i c a l  design - r e l i a b i l i t y - b a s e d  i n  i t s  most 

advanced form, 
* an extended use of i n t eg ra t ed  assessments ,  and 
* an in t roduc t ion  of goal -or ien ted  systems of a n a l y s i s  of the t o t a l ,  a c t i v e  and 

passive f i r e  pro tec t ion  f o r  a bui ld ing .  

The most man i fe s t ,  o f f i c i a l  v e r i f i c a t i o n  of these  t rends  of development probably 
r e l a t e s  to  t h e  f i r e  engineering design of load bearing and separat ing s t r u c t u r e s .  



An a n a l y t i c a l  p rocedure  f o r  a  d e t e r m i n a t i o n  o f  t h e  f i r e  r e s i s t a n c e  o f  s t r u c t u r a l  
e lements i s  now approved by t h e  a u t h o r i t i e s ,  as  an a l t e r n a t i v e ,  i n  s e v e r a l  
c o u n t r i e s .  I n  some c o u n t r i e s ,  t h e  a u t h o r i t i e s  a l s o  have taken t h e  n e x t  s t e p  t o  
p e r m i t  a  g e n e r a l  p r a c t i c a l  a p p l i c a t i o n  o f  a  d i r e c t  a n a l y t i c a l  des ign  procedure,  
based on t h e  n a t u r a l  compartment f i r e  concep t  161.  I n  o r d e r  t o  s t i m u l a t e  a  f u r t h e r  
development towards a  r e l i a b i l i t y  based s t r u c t u r a l  f i r e  des ign,  t h e  F i r e  Commis- 
s i o n  o f  t h e  C o n s e i l  I n t e r n a t i o n a l  du Bd t imen t  ( C I B  W14) has p repared  a  S t a t e - o f -  
A r t  Repor t  [ 7 ]  and a  Des ign Guide I81 on t h i s  s u b j e c t  as an a i d  i n  t h e  f u t u r e  
d r a f t i n g  o f  c o r r e s p o n d i n g  n a t i o n a l  r e g u l a t i o n s  o r  recommendations. 

The d e s c r i b e d  t r e n d s  o f  development i n  f i r e  s a f e t y  s c i e n c e  and i n  codes, s p e c i f i -  
c a t i o n s  and recommendations f o r  a  f i r e  e n g i n e e r i n g  des ign,  i s  accompanied by  - 
and l a r g e l y  a l s o  i n f l u e n c e d  by - o t h e r  t r e n d s  towards a  g e n e r a l l y  more complex 
s o c i e t y  w i t h  a  r a p i d l y  expanding use of advanced techno logy .  S i m u l t a n e o u s l y ,  t h e r e  
i s  a  s t r o n g ,  ongo ing i n c r e a s e  i n  t h e  p o t e n t i a l  o f  hazards w i t h  t h e  measures f o r  
f i r e  p r e v e n t i o n  and f i r e  f i g h t i n g  becoming more and more an i n t e g r a t e d  component 
o f  t h e  o v e r a l l  concep t  of rescue s e r v i c e s ,  

From t h e  p r e s e n t a t i o n  above, i t  i s  e v i d e n t  t h a t  a  q u a l i f i e d  and optimum h a n d l i n g  
o f  t h e  c o n t i n u o u s l y  more and more complex q u e s t i o n s  w i t h i n  t h e  s o c i e t y ,  r e l a t e d  
t o  t h e  f i r e  and emergency hazards,  r e q u i r e s  a  g e n e r a l l y  i n c r e a s e d  l e v e l  of compe- 
tence  f o r  a l l  g roups o f  p r o f e s s i o n a l s  i n v o l v e d .  T h i s  a p p l i e s  t o  those  who have t o  
dea l  w i t h  t h e s e  q u e s t i o n s  as t h e i r  p r i n c i p a l  t a s k  ( s e n i o r  o f f i c e r s  o f  t h e  f i r e  and 
rescue  s e r v i c e ,  f i r e  s a f e t y  c o n s u l t a n t s ,  f i r e  sa.f.ety managers) as w e l l  as  t o  
e n g i n e e r s  and a r c h i t e c t s  who have t o  i n t e g r a t e  t h e  f i r e  s a f e t y  e n g i n e e r i n g  as  an 
e s s e n t i a l  - and r a t h e r  o f t e n  - d e c i s i v e  component i n  t h e  p lann ing ,  des ign  and con- 
s t r u c t i o n  o f ,  f o r  i n s t a n c e ,  a  b u i l d i n g .  

Except  a  few u n i v e r s i t i e s ,  t h e  r o l e  o f  t h e  u n i v e r s i t y  i n  f i r e  research  and h i g h e r  
f i r e  t e c h n i c a l  e d u c a t i o n  i s  n o t  v e r y  s t r o n g  a t  p r e s e n t .  There i s ,  however, a  
g row ing  i n t e r n a t i o n a l  i n t e r e s t  and e f f o r t s  a r e  made t o  improve t h e  s i t u a t i o n  191. 
I n  o r d e r  t o  meet t h e  p r e s e n t  and f u t u r e  demand o f  t h e  s o c i e t y ,  t h e  u n i v e r s i t i e s  
must e x t e n s i v e l y  i n c r e a s e  t h e i r  r e s p o n s i b i l i t y  f o r  and engagements i n  r e s e a r c h  
as w e l l  as underg radua te  and p o s t g r a d u a t e  e d u c a t i o n  w i t h i n  t h e  f i e l d  o f  f i r e  
s a f e t y  s c i e n c e  and e n g i n e e r i n g .  

The f o l l o w i n g  p r e s e n t a t i o n  w i l l  f o c u s  on how f i r e  r e s e a r c h  and h i g h e r  f i r e  t e c h n i -  
c a l  e d u c a t i o n  have developed a t  Lund U n i v e r s i t y ,  w i t h i n  t h e  frame-work o f  a  co-  
o r d i n a t e d  Swedish f i r e  research ,  as  an example. As an i n t r o d u c t i o n ,  i n t e r n a t i o n a l  
d e f i n i t i o n s  o f  some r e l e v a n t  s c i e n t i f i c  concep ts  a r e  r e f e r r e d .  The s c i e n t i f i c  r e -  
qu i rements  and t h e  requ i rements  o f  p r a c t i c a l  r e l e v a n c e  and a p p l i c a b i l i t y  o f  a  
r e s e a r c h  p r o j e c t  a r e  ana lysed  and examples o f  r u l e s  a r e  g i v e n  which may c o n t r i b u t e  
t o  a  s imu l taneous  f u l f i l m e n t  o f  t h e  two t ypes  o f  requ i rements .  Some f ragmentary  
c o n c l u s i o n s  a r e  drawn w i t h  r e s p e c t  t o  t h e  r o l e  o f  t h e  u n i v e r s i t y  i n  f i r e  r e s e a r c h  
and e d u c a t i o n .  



2 .  DEFINITIONS OF SOME RESEARCH CONCEPTS. THE TWOFOLD REQUIREMENTS FOR RESEARCH 

I n t e r n a t i o n a l l y ,  t h e  f o l l o w i n g  defjdjtjgn; a p p l y  t o  t h e  main c a t e g o r i e s  o f  r e -  
search and development:  

* B a s i c  - - - - - - - - - - - - - V  r esearch :  O r i g i n a l  i n v e s t i g a t i o n  w i t h  t h e  p r i m a r y  a im o f  a  more comple te  
knowledge o r  unders tand ing  o f  t h e  s u b j e c t  under  s tudy .  B a s i c  research  can be 
d i v i d e d  i n t o :  

- Pure b a s i c  research :  B a s i c  research  c a r r i e d  o u t  w i t h o u t  w o r k i n g  f o r  l o n g - t e r m  
economic o r  s o c i a l  b e n e f i t s  o t h e r  than  t h e  advancement of knowledge and no 
p o s i t i v e  e f f o r t s  b e i n g  made t o  a p p l y  t h e  r e s u l t s  t o  p r a c t i c a l  problems, o r  t o  
t r a n s f e r  t h e  r e s u l t s  t o  s e c t o r s  r e s p o n s i b l e  f o r  a p p l i c a t i o n .  

- S t r a t e g i c  ------ b a s i c  r e s e a r c h :  Bas ic  r e s e a r c h  c a r r i e d  o u t  w i t h  t h e  e x p e c t a t i o n  t h a t  
i t  w i l l  p r o v i d e  a  b road  base o f  knowledge necessary  as t h e  background f o r  t h e  
s o l u t i o n  o f  recogn ized  p r a c t i c a l  problems. 

i e d  o r  t a c t i c a l  research :  O r i g i n a l  i n v e s t i g a t i o n  under taken  i n  o r d e r  t o  
, d  d i r e c t e d  p r i m a r i l y  towards a  s p e c i f i c  p r a c t i c a l  a im 

o r  o b j e c t i v e  such as  d e t e r m i n i n g  p o s s i b l e  uses f o r  f i n d i n g s  o f  b a s i c  r e s e a r c h  o r  
s o l v i n g  a  r e c o g n i z e d  problem. 

* Develoement - - - - - - W - -  work :  Sys temat i c  work, d raw ing  on e x i s t i n g  knowledge, ga ined  f r o m  
r e s e a r c h  and /o r  p r a c t i c a l  exper ience  t h a t  i s  d i r e c t e d  t o  p roduc ing  new m a t e r i a l s ,  
p r o d u c t s  and dev ices ,  t o  i n s t a l l i n g  new processes,  systems and s e r v i c e s  and t o  
i m p r o v i n g  s u b s t a n t i a l l y  those  t h a t  a r e  a l r e a d y  produced o r  i n s t a l l e d .  

* To s a t i s f y  t h e  c u r i o s i t y  o f  peop le ,  
* t o  a c t  as a  moto r  f o r  t h e  development o f  t h e  s o c i e t y ,  
* t o  a c t  as a  source f o r  i n n o v a t i o n s  - see f i g u r e  1 ,  wh ich  i l l u s t r a t e s  t h e  l i n e a r  

c h a i n  o f  i n n o v a t i o n ,  composed o f  d i f f e r e n t  c a t e g o r i e s  o f  research  and deve lop-  
ment,  

* t o  a c t  as  a  b a s i s  f o r  q u a l i f i e d  academic e d u c a t i o n .  

PRODUCT, 

D I S C O V E R I E S  > METHOD, 
RESEARCH PROCESS 

- PURE B A S I C  I RESEARCH 1 
F i g u r e  1 .  L i n e a r  c h a i n  o f  i n n o v a t i o n  

Conf idence i n  r e s e a r c h  p o s t u l a t e s  t h a t  h i g h  z s j e n t j f j s - r g g g j r e g e n t s  as  w e l l  as  
m g u i r e m e n t s  ------------- o f  p r a c t i c a l  r e l e v a n c e  and applfcgajlfty a r e  f u l f i l l e d .  The r e l a t i v e  
impor tance  o f  t h e  d i f f e r e n t  requ i rements  depends on t h e  a c t u a l  ca tegory  of r e -  
search.  I n  p u r e  b a s i c  r e s e a r c h ,  o n l y  t h e  s c i e n t i f i c  requ i rements  a p p l y .  Proceeding 
a l o n g  t h e  c h a i n  o f  i n n o v a t i o n  i n  f i g u r e  1,  t h e  impor tance  o f  t h e  requ i rements  o f  
p r a c t i c a l  r e l e v a n c e  and a p p l i c a b i l i t y  i n c r e a s e s  g r a d u a l l y .  

The s c i e n t i f i c  r e q u i r e m e n t  f o r  a  research  p r o j e c t  c o n t a i n s  a  s e r i e s  o f  sub - requ i re -  
ments w i t h  r e s p e c t  t o  



* d i s t i n c t  d e f i n i t i o n  o f  t h e  p r o j e c t ,  i t s  o b j e c t  and r o l e  i n ,  f o r  i n s t a n c e ,  a  
d e s i g n  p rocess ,  

* r e l e v a n t  a n a l y s i s  r e g a r d i n g  i n p u t  da ta  and methods a p p l i e d ,  
* s t r i n g e n c y  i n  p r e s e n t a t i o n ,  a n a l y s i s  and r e p o r t  o f  r e s u l t s ,  
* o r i g i n a l i t y  i n  r e f e r e n c e  t o  knowledge and/or  methodology,  and 
* c a p a b i l i t y  t o  g e n e r a l i z e  t h e  r e s u l t s  ob ta ined .  

A p r e s e n t a t i o n  o f  r e s e a r c h  p r o j e c t s  a t  i n t e r n a t i o n a l  congresses and seminars and 
i n  renowned j o u r n a l s  i s  a  n a t u r a l  way f o r  a  c r i t i c a l  examina t ion  o f  t h e  s c i e n t i f i c  
l eve1 . 
The r e q u i r e m e n t  o f  p r a c t i c a l  re levance  and a p p l i c a b i l i t y  o f  a  research  p r o j e c t  
compr ises as  sub- requ i rements  t h a t  t h e  method a p p l i e d  and r e s u l t s  r e c e i v e d  shou ld  

* be p resen ted  i n  a n  e a s i l y  comprehens ib le  way w i t h  an a c c u r a t e  s p e c i f i c a t i o n  o f  
t h e  c o n d i t i o n s  f o r  a p p l i c a b i l i t y ,  

* be supplemented w i t h  gu idance on how t h e  r e s u l t s  can be g e n e r a l i z e d  by,  f o r  
i n s t a n c e ,  i n t e r p o l a t i o n  and e x t r a p o l a t i o n ,  

* have t h e  p o t e n t i a l  t o  be used i n  a  c h a i n  o f  i n n o v a t i o n  f o r  a  development o f  new 
m a t e r i a l  S ,  p r o d u c t s  o r  processes,  

* be a b l e  t o  s u p p o r t  q u a l i f i e d  t e c h n i c a l ,  economical and p o l i t i c a l  d e c i s i o n s ,  and 
* f a c i l i t a t e  a  development o f  codes and r e g u l a t i o n s  towards f u n c t i o n a l l y  w e l l -  

d e f i n e d  r e q u i r e m e n t s  and r e l a t e d  c r i t e r i a  f o r  c o n t r o l  and v e r i f i c a t i o n .  

The l e v e l  and e x t e n t  o f  p r a c t i c a l  a p p l i c a t i o n  i s  a  d e c i s i v e  measure o f  t h e  f u l -  
f i l m e n t  o f  t h e  r e q u i r e m e n t  o f  re levance .  

As concerns those  u n i v e r s i t y  f i r e  r e s e a r c h  p r o j e c t s ,  wh ich I have had t h e  p r i v i -  
l e g e  t o  dea l  w i t h ,  t h e r e  a r e  some r u l e s  - more o r  l e s s  s e l f e v i d e n t - -  c o n t r i b u t i n g  
t o  t h e  f u l f i l m e n t  o f  t h e  t w o f o l d  requ i rements  d e s c r i b e d .  These r u l e s  can be 
e x e m p l i f i e d  by t h e  impor tance o f  

d e f i n i n g  a  ma jo r  p r o j e c t  as a  coheren t  system o f  components, e n a b l i n g  a  r a t i o n a l  
c h o i c e  o f  more l i m i t e d  p r o j e c t s  - i f  p o s s i b l e ,  on t h e  b a s i s  o f  a  s e n s i t i v i t y  
a n a l y s i s  o f  t h e  c o n t r i b u t i o n s  o f  t h e  d i f f e r e n t  components t o  t h e  u n c e r t a i n t y  o f  
t h e  system, 
p l a n n i n g  a  p r o j e c t  i n  a  way, e n a b l i n g  a  s tep -w ise  r e p o r t i n g  o f  p r a c t i c a l l y  
a p p l i c a b l e  r e s u l t s ,  
a  ba lance  i n  l e v e l  o f  a m b i t i o n  o r  q u a l i t y  between i n p u t  i n f o r m a t i o n ,  process 
model and f o r m u l a t i o n  o f  p r a c t i c a l  ' r equ i rements  and c r i t e r i a ,  
an access t o  - a t  l e a s t  a  s t r u c t u r e  o f  - an a n a l y t i c a l  model b e f o r e  an e x p e r i -  
men ta l  i n v e s t i g a t i o n  i s  f i n a l l y  p lanned and per formed,  
d e s c r i b i n g  t h e  p r a c t i c a l  a p p l i c a t i o n  o f  t h e  r e s u l t s  o f  a  p r o j e c t  w i t h  r e s p e c t  
t o  c h a r a c t e r  and e x t e n t  a l r e a d y  i n  c o n n e c t i o n  w i t h  t h e  s p e c i f i c a t i o n  and p lann-  
i n g  o f  t h e  p r o j e c t ,  
a  c o n t i n u o u s  c o n n e c t i n g  l i n k  t o  p r a c t i c e  o f  t h e  p r o j e c t  f r o m  b e g i n n i n g  t o  f i n a l  
r e p o r t i n g  - v i a ,  f o r  i n s t a n c e ,  a  r e f e r e n c e  group,  and 
a  s u i t a b l e  c h o i c e  o f  f o r m  o f  r e p o r t i n g  o f  t h e  p r o j e c t  w i t h  r e g a r d  t o  t h e  s c i e n -  
t i f i c  r e q u i r e m e n t s  on one s i d e  and t h e  requ i rements  o f  p r a c t i c a l  r e l e v a n c e  and 
a p p l i c a b i l i t y  on t h e  o t h e r .  



3. THE DEVELOPMENT OF SWEDISH FIRE RESEARCH. A  NATIONAL FIRE RESEARCH PROGRAMME 

Up t o  t h e  v e r y  l a t e  f i f t i e s ,  ve ry  l i t t l e  f i r e  r e s e a r c h  was conducted i n  Sweden. 
A t  t h i s  t i m e  o n l y  one r e s e a r c h  body, t h e  Swedish N a t i o n a l  T e s t i n g  I n s t i t u t e ,  was 
a c t i v e  i n  t h e  f i e l d .  I t s  p r o j e c t s  were m a i n l y  r e l a t e d  t o  t h e  f i r e  r e s i s t a n c e  o f  
s t r u c t u r a l  e lements and t h e  a im o f  t h e  work was t o  produce f i r e  t e s t  methods. Very 
few p r o j e c t s  i n v o l v i n g  i n - d e p t h  s t u d i e s  were i n i t i a t e d  d u r i n g  t h i s  p e r i o d .  

The e a r l y  s i x t i e s  saw an e s s e n t i a l  improvement. A t  t h e  r e q u e s t  of t h e  I n t e r - S c a n -  
d i n a v i a n  B u i l d i n g  Research Conference (NBM) and t h e  L i a i s o n  Committee o f  Scandina- 
v i a n  F i r e  i a b o r a t o r i e s  (NBS), a  genera l  programme f o r  Scandinav ian l o n g - t e r m  f i r e  
e n g i n e e r i n g  r e s e a r c h  was e l a b o r a t e d  [ l 0 1  , f o c u s i n g  on t h e  f i r e  behav iou r  o f  b u i l d -  
i n g  s t r u c t u r e s .  The programme d i d  n o t  i n i t i a t e  any j o i n t  Scandinav ian f i r e  r e s e a r c h  
p r o j e c t s  o f  m a j o r  impor tance  b u t  i t  gave t h e  background and t h e  m a t r i x  o f  t h e  ana- 
l y t i c a l  method o f  s t r u c t u r a l  f i r e  des ign ,  l a t e r  developed and g i v i n g  Sweden an 
i n t e r n a t i o n a l  r e p u t a t i o n  w i t h i n  t h i s  f i r e  r e s e a r c h  f i e l d .  The d e s i g n  method i s  
e n t i r e l y  a n a l y t i c a l ,  based on p h y s i c a l  models o f  t h e  des ign  components and r e l a t e d  
t o  w e l l - d e f i n e d  f u n t i o n a l  requ i rements  and performance c r i t e r i a  - f i g u r e  2. The 
s t r u c t u r e  o f  t h e  d e s i g n  method s y s t e m a t i c a l l y  has d i r e c t e d  t h e  c h o i c e  o f  research  
p r o j e c t s  w i t h i n  t h e  f i r e  r e s e a r c h  g roup  a t  Lund U n i v e r s i t y  f o r  a  l o n g  p e r i o d  w i t h  
t h e  a i m  t o  g e t  t h e  method a d a p t a b l e  f o r  a  p r a c t i c a l  a p p l i c a t i o n  [ I l l ,  [121. The 
r e s e a r c h  p r o j e c t s  compr ise  

SAFETY AND 
FREQUENCY 
DiFFERENTiATlON 

MECHANICAL 

IdllTl,ldLITi ... 
DESIGN FIRE 
LOAD DEN- 

EFFECT AT FlRE 

1 
FlRE COMPART- 
MENT CHARAC- 

STRUCTURAL h F]-' 

F i g u r e  2 .  Procedure o f  a  r e l i a b i l i t y - b a s e d  d e s i g n  o f  a  l o a d  b e a r i n g  s t r u c t u r e ,  
exposed t o  a  n a t u r a l  compartment f i r e .  The f a c t o r  o f  s a f e t y  and f r e -  
quency d i f f e r e n t i a t i o n  yn,accounts  f o r  t h e  i n f l u e n c e  o f  t y p e  o f  occup- 
ancy, t y p e  and s i z e  o f  b u i l d i n g ,  number o f  f l o o r s ,  s i z e  and l o c a t i o n  
o f  f i r e  compartments, and t h e  impor tance  o f  t h e  s t r u c t u r e  t o  t h e  ove r -  
a l l  s t a b i l i t y  o f  t h e  b u i l d i n g  as  w e l l  as  t h e  f requency of a  f u l l y  de- 
ve loped compartment f i r e ,  i n c l u d i n g  t h e  e f f e c t  o f  env isaged a l a r m  and 
s p r i n k l e r  systems and a v a i l a b l e  f o r c e  o f  f i r e  f i g h t i n g  b r i g a d e s  [ 8 1  



* surveys of t h e  f i r e  l o a d  d e n s i t y  f o r  d i f f e r e n t  t ypes  o f  occupancies,  
* e x p e r i m e n t a l  and t h e o r e t i c a l  s t u d i e s  and development o f  a  computer model o f  t h e  

f u l l y  deve loped compartment f i r e ,  
* development o f  a n a l y t i c a l  models f o r  t h e  mechanical  behav iou r  o f  s t r u c t u r a l  

m a t e r i a l s  a t  t r a n s i e n t  h i g h - t e m p e r a t u r e  c o n d i t i o n s ,  
* development o f  a n a l y t i c a l  and numer i ca l  methods and r e l a t e d  computer programmes 

f o r  a  d e t e r m i n a t i o n  o f  t h e  thermal  and mechanical  behav iou r  o f  d i f f e r e n t  t ypes  
o f  f i r e  exposed s t r u c t u r e s ,  and 

* p r o b a b i l i s t i c  ana lyses  o f  t h e  u n c e r t a i n t i e s  o f  t h e  v a r i o u s  components o f  t h e  
d e s i g n  p rocedure  as a  b a s i s  f o r  a  development o f  a  r e l i a b i l i t y  based s t r u c t u r a l  
f i r e  d e s i g n .  

I n s t r u m e n t a l  i n  sponsor ing  t h i s  research  a c t i v i t y  was t h e  N a t i o n a l  B u i l d i n g  
Research Counc i l  (BFR). 

I n  t h e  l a t e  s i x t i e s ,  t h e  f i r s t  a c t i o n  was t a k e n  i n  o r d e r  t o  e s t a b l i s h  a  n a t i o n a l  
c o u n c i l  o r  board,  r e s p o n s i b l e  f o r  a  c o - o r d i n a t e d  f i r e  r e s e a r c h  [ 1 3 1 .  The Swedish 
C i v i l  Defense A d m i n i s t r a t i o n  conducted a  survey on t h e  need o f  f i r e  r e s e a r c h  i n  
c o - o p e r a t i o n  w i t h  t h e  N a t i o n a l  Defense Research I n s t i t u t e .  The survey p i n p o i n t e d  
t h e  needs f o r  an e s s e n t i a l l y  broadened f i r e  r e s e a r c h  and proposed a  j o i n t  v e n t u r e  
i n  o r d e r  t o  f o r m u l a t e  and r e a l i z e  a  n a t i o n a l  f i r e  r e s e a r c h  and development p ro -  
gramme. As a  modest b e g i n n i n g ,  a t t e m p t s  were made t o  e s t a b l i s h  a  N a t i o n a l  F i r e  
Research C o u n c i l .  These e f f o r t s ,  however, f a i l e d ,  ., . t h e  l a c k  o f  p r o p e r  f u n d i n g  b e i n g  
t h e  m a j o r  o b s t a c l e .  

I n  s p i t e  o f  t h i s ,  s u c c e s s f u l  f i r e  r e s e a r c h  p r o j e c t s  were c a r r i e d  o u t  i n  Sweden. 
The a c t i v i t y  w i t h i n  t h e  f i r e  r e s e a r c h  group a t  Lund U n i v e r s i t y  expanded i n  t h e  
s e v e n t i e s  t o  new f i e l d s  o f  a p p l i c a t i o n .  E s p e c i a l l y ,  t h e n  t h e  development o f  an 
a n a l y t i c a l  method s h o u l d  be ment ioned f o r  t h e  d e s i g n  o f  dense smal l  house areas 
w i t h  r e s p e c t  t o  t h e  r i s k  o f  f i r e  spread f r o m  one house t o  ano the r  [ 5 1 ,  [ 1 4 1 ,  [ 151 .  
The a n a l y t i c a l  model d e r i v e d  i n c l u d e s  t h r e e  sub-model S,  v i z .  

* a  model f o r  t h e  p o s t f l a s h o v e r  compartment f i r e ,  g i v i n g  t h e  gas tempera tu re - t ime  
c u r v e  and t h e  geometry and tempera tu re  o f  t h e  f l ames  emerging from t h e  windows, 

* a  model ,  d e s c r i b i n g  t h e  r a d i a t i o n  w i t h i n  an area o f  b u i l d i n g s  a t  a  f i r e  i n  a  
s i n g l e  b u i l d i n g ,  and 

* a  model, e v a l u a t i n g  t h e  t i m e  cu rve  o f  t h e  r a d i a t i o n  on t h e  a d j a c e n t  b u i l d i n g  
w i t h  r e s p e c t  t o  i g n i t i o n  o f  d e c i s i v e  combus t ib le  m a t e r i a l s .  

F i g u r e  3 e x e m p l i f i e s  t h e  r e s u l t s  o f  computer c a l c u l a t i o n s ,  u s i n g  t h e  a n a l y t i c a l  
model .  The f i g u r e  shows a  s e t  o f  s i m p l i f i e d  d e s i g n  diagrams f o r  a  q u i c k  de te rm ina-  
t i o n  o f  t h e  r e q u i r e d  minimum d i s t a n c e  c  between p a r a l l e l  sma l l  houses as a  f u n c -  
t i o n  o f  t h e  f i r e  l o a d  d e n s i t y  f ,  t h e  open ing f a c t o r  A\/Fi/At t and t h e  parameter yp ,  f d e f i n i n g  t h e  r a t i o  between t h e  r a d i a t i o n  a rea  and t h e  t o t a  opening area o f  t h e  
house i n  f i r e .  A  i s  t h e  t o t a l  a rea o f  window and door  openings,h t h e  mean v a l u e  
o f  t h e  h e i g h t  o f  t h e  open ings,  we igh ted  w i t h  r e s p e c t  t o  each i n d i v i d u a l  open ing 
a rea ,  and A t o t  t h e  t o t a l  i n t e r i o r  a rea  o f  t h e  s u r f a c e s ,  bounding t h e  f i r e  compart-  
ment,  open ing  area i n c l u d e d .  The diagrams a p p l y  t o  sma l l  houses w i t h  s u r r o u n d i n g  
s t r u c t u r e s  o f  conc re te .  

I n  t h e  s e v e n t i e s ,  more and more, t h e  i n t e r e s t  t u r n e d  f r o m  t h e  f u l l y  developed f i r e  
and  r e l a t e d  a p p l i c a t i o n s  t o  t h e  e a r l y  s tage  o f  t h e  f i r e  development - t h e  p r e f l a s h -  
o v e r  f i r e .  I n  t h i s  f i e l d :  t h e  f i r e  r e s e a r c h  group o f  t h e  N a t i o n a l  Defense Research 
I n s t i t u t e  conducted e x t e n s i v e  work [ l 6 1  and a l s o  sponsored p r o j e c t s  o u t s i d e  t h e  
I n s t i t u t e .  F i g u r e  4 p r e s e n t s  t h e  r e s u l t s  o f  an e x p e r i m e n t a l  i n v e s t i g a t i o n  on t h e  
o c c u r r e n c e  o f  f l a s h o v e r  i n  a  room as a  f u n c t i o n  o f  t h e  mass l o s s  r a t e  R,,, and 
t h e  a i r  f l o w  f a c t o r  Afl, where A i s  t h e  a rea  o f  t h e  open ing and h  i t s  h e i g h t .  The 
g raph  shows an a rea  i n  wh ich  f l a s h o v e r  o c c u r r e d  i n  t h e  exper iments .  



Figure 3 .  Minimum d i s t ance  c  between p a r a l l e l  small houses a s  a  funct ion  of f i r e  
load dens i ty  f  (Mcal per m2 surrounding s u r f a c e ) ,  opening f a c t o r  
Am %ot ( m ? )  and t h e  parameter ypAtot ( m 2 ) .  Enclosing s t r u c t u r e s  of 
ordinary concre te  [ 151 



F i g u r e  4. The r e l a t i o n s h i p  between t h e  maximum r a t e  o f  combust ion R,,,, t h e  a i r  
f l o w  f a c t o r  A f i  and t h e  occur rence  o f  f l a s h o v e r  i n  a  f i r e  compartment. 
F i l l e d  symbols denote  exper imen ts  g i v i ,ng  r i s e  t o  f l a s h o v e r  [ l 6 1  
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Another  a t t e m p t  t o  e s t a b l i s h  a  n a t i o n a l  f i r e  r e s e a r c h  programme was made i n  1976. 
The background then  was a l a r m i n g .  D u r i n g  a  p e r i o d  o f  t e n  years ,  t h e  n a t i o n a l  f i r e  
l o s s e s  wen t  up by  some 100% i n  f i x e d  p r i c e s .  A number o f  l a r g e  f i r e s  o c c u r r e d  w i t h  
a  f i r e  l o s s  i n  excess o f  100 m i l l i o n  SEK p e r  f i r e .  Some except ionaT f i r e s  t o o k  up 
t o  20 l i v e s  i n  one f i r e ,  so f a r  an unknown s i t u a t i o n  i n  Sweden. The Swedish f i r e  
f i g h t e r s  compla ined abou t  an i n c r e a s i n g  number o f  more i n t e n s i v e  and u n p r e d i c t a b l e  
f i r e s .  
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The Swedish government t o o k  a  q u i c k  a c t i o n .  A new t r a i n i n g  system f o r  f i r e  o f f i c e r s  
was p repared .  The M i n i s t r y  o f  Housing o r d e r e d  an e x t e n s i v e  survey o f  t h e  f i r e  
hazards i n  b u i l d i n g s  t o  be performed. T h i s  was conducted as an i n t e r - a g e n c y  i n -  
v e s t i g a t i o n ,  i n v o l v i n g  f o u r  governmental  agenc ies  under  t h e  s u p e r v i s i o n  o f  t h e  
N a t i o n a l  Board o f  P h y s i c a l  P lann ing  and B u i l d i n g .  The aims o f  t h e  survey were t o  
i d e n t i f y  t h e  n a t u r e ,  f requency  and s e v e r i t y  o f  p r o d u c t  r e l a t e d  f i r e  i n j u r i e s  and 
t o  i n v e s t i g a t e  a1 t e r n a t i v e  remed ia l  s t r a t e g i e s ,  i .e.  mandatory s a f e t y  r u l e s ,  
v o l u n t a r y  p r o d u c t  s tandards ,  i n f o r m a t i o n  and e d u c a t i o n  [171.  

AIR FLOW FACTOR  AS^; m''' 

As a  f i r s t  s t e p  t o  e s t a b l i s h  a  n a t i o n a l  f i r e  r e s e a r c h  programme, t h e  N a t i o n a l  
Board  f o r  Techn ica l  Development was o r d e r e d  t o  survey t h e  f i r e  r e s e a r c h  s i t u a t i o n  
o f  t h a t  t i m e ,  e s t i m a t e  t h e  needs f o r  f i r e  r e s e a r c h  and propose a c t i o n s .  The t a s k  
was handed o v e r  t o  t h e  N a t i o n a l  Defense Research I n s t i t u t e .  As r e s u l t  o f  t h i s  i n -  
v e s t i g a t i o n ,  a  p roposa l  was l e f t ,  i n c l u d i n g  t h e  a ims,  p r i o r i t i e s  and a  summary 
c o n t e n t  o f  a  n a t i o n a l  programme, d i f f e r e n t i a t e d  w i t h  r e s p e c t  t o  t h r e e  l e v e l s  o f  
t h e  annual  c o s t .  

A d e t a i l e d ,  n a t i o n a l ,  c o l l e c t i v e  f i r e  r e s e a r c h  programme f o r  a  t h r e e  y e a r s  p e r i o d  
was t h e n  e l a b o r a t e d  by  a  work ing  group w i t h  Mr Arne Hagglund, D r  Sven E r i k  
Magnusson, Dr  V i l h e l m  S j o l i n  and P r o f e s s o r  K a i  'bdeen as members. The programme 
was based on t h e  aims and p r i o r i t i e s ,  g i v e n  i n  t h e  r e p o r t  o f  t h e  i n v e s t i g a t i o n  
made by t h e  N a t i o n a l  Defense Research I n s t i t u t e .  The programme was r e l a t e d  t o  t h e  
l o w e s t  c o s t  l e v e l  i n  t h i s  r e p o r t .  

The f i n a n c i n g  o f  t h e  programme was s o l v e d  by  a  j o i n t  f u n d i n g  between t h e  govern- 
ment and  p r i v a t e  e n t e r p r i s e s  on a  50 t o  50% b a s i s .  



The Swedish F i r e  Research Board, BRANDFORSK, was e s t ab l i shed  i n  1979 t o  r e a l i z e  
the programme f o r  the period 1979-81. The members of the  board represent  govern- 
ment agencies  in  t h e  f i e l d  of s a fe ty  and a  number of p r iva t e  i n t e r e s t s .  

The ove ra l l  aim of BRANDFORSK i s ,  with the  a i d  of s u i t a b l y  d i r ec t ed  research and 
development measures, t o  provide the  neccessary bas i s  f o r  a  b e t t e r  formulation 
and f u l f i l m e n t  of t h e  requirements of t h e  soc ie ty  with regard t o  the  sa fe ty  of 
people and t h e  pro tec t ion  of property. Within t h i s  overa l l  aim, t h e  most important 
s u b j e c t s  were i d e n t i f i e d  to  give high p r i o r i t y  t o  a c t i v i t y  with a  view t o  p ro tec t  
r e s i d e n t s ,  i n d u s t r i a l  workers and f i r e  f i g h t e r s ,  and to  con t r ibu te  t o  a  b e t t e r  
understanding of t h e  p ro tec t ion  a g a i n s t  major f i r e s .  Obviously, such a  comprehen- 
s i v e  aim c a l l s  f o r  long-term and extremely variegated research e f f o r t s .  

There was a  f u r t h e r  e s s e n t i a l  aim behind t h e  formation of BRANDFORSK. For many 
y e a r s ,  appropr i a t ions  of varying s i z e  had been made to f i r e  s c i e n t i s t s  by a  number 
of organiza t ions  such a s  t h e  Swedish Council f o r  Building Research, the  F i r e  
Insurance Companies Research Board, the  National Defense Research I n s t i t u t e ,  the 
Civ i l  Defense Board and t h e  Swedish Board f o r  Technical Development. The f e a t u r e  
common t o  a l l  these  bodies was t h a t  they concerned s p e c i f i c  s ec to r s  and lacked a  
long-term co-ord ina t ion .  The na t ional  f i r e  research programme of BRANDFORSK i s  an 
a t tempt  t o  co-ord ina te  a l l  f i r e  research e f f o r t s  within Sweden and decide on 
p r i o r i t i e s .  

The na t ional  f i r e  research programme f o r  the  period 1979-81 included 26 research 
p r o j e c t s ,  covering the  major research f i e l d s :  

* F i r e  development and f i r e  environment - s e c t o r  B ,  
* impact on human behaviour - s e c t o r  H ,  
* e f f e c t  on ma te r i a l s  and products - s e c t o r  M ,  
* f i r e  f i g h t i n g  and f i r e  pro tec t ion  techniques - s e c t o r  K, 
* systems a n a l y s i s  - s e c t o r  S ,  and 
* general  and overa l l  funct ions  and surveys - s e c t o r  F .  

1 1  m i l l i on  SEK were provided f o r  t h e  programme. Table 1 gives the  c o s t  leve l  pro- 
granimed and the  number of p ro jec t s  f o r  t h e  individual  f i r e  research f i e l d s .  To 
these  c o s t  item;, the  c o s t  of the  adminis t ra t ion  of the  programme i s  to  be added. 

The programme f o r  t h e  period 1982-84 embraced two l e v e l s  of ambition. The basic  
leve l  - shown in t a b l e  1 - comprises 42 research p r o j e c t s  r e l a t e d  t o  the  same 
major f i r e  research f i e l d s  a s  appl ied  i n  the  f i r s t  programme. The t o t a l  c o s t  of 
t h e  b a s i c  leve l  amounts t o  14 mi l l ion  SEK which roughly means an index-adjustment 
of t h e  c o s t  of t h e  f i r s t  programme. The higher  leve l  of ambition was est imated a t  
a  t o t a l  c o s t  of approximately 20 mi l l ion  SEK. As the  supplementary c o s t  would in 
a l l  p r o b a b i l i t y  have t o  be f inanced by t h e  indus t ry  and commerce, high p r i o r i t y  
was given in the add i t iona l  p a r t  of the programme t o  i n d u s t r i a l  f i r e  defence re-  
search .  The basic  leve l  was sponsored - a s  f o r  the  f i r s t  research programme - 
j o i n t l y  by the  government and the p r iva te  s e c t o r .  

For g e t t i n g  an increased f l e x i b i l i t y ,  t h e  research programme included a  reserve  
fund of 1 .5  mi l l ion  SEK to  meet t h e  need of car ry ing  out  a  few unpredictable re- 
search p r o j e c t s  of importance during t h e  period.  

The money received f o r  t h e  a c t i v i t y  during t h e  period 1982-84 corresponded roughly 
t o  t h e  bas i c  leve l  of t h e  research programme. 

A t h i r d  f i r e  research programme i s  now running f o r  the period 1985-87. The pro- 
gramme includes 40 research p ro jec t s  with an est imated t o t a l  cos t  of 18 mi l l ion  
SEK. With due regard taken t o  t h e  index-adjustment,  t h i s  roughly means a  preserved 
level  of ambition a s  compared t o  the  two previous research periods. With respec t  



t o  t h e  s t r u c t u r e  o f  t h e  programme, t h e  research  f i e l d  " F i r e  f i g h t i n g  and f i r e  p r o -  
t e c t i o n  techn iques"  has been s p l i t  up i n t o :  

* Rescue s e r v i c e  - s e c t o r  R, and 
* i n d u s t r i a l  p r o t e c t i o n  techn iques  - s e c t o r  I .  

The f i r s t  f i e l d  embraces f i r e  r e s e a r c h  and development d i r e c t e d  towards t h e  l o c a l  
and p u b l i c  f i r e  b r i g a d e s .  The second f i e l d  d e a l s  w i t h  f i r e  research  and deve lop-  
ment r e g a r d i n g  t h e  f i r e  p r o t e c t i o n  o f  i n d u s t r i a l  p l a n t s  and processes.  Fo r  t h e  
r e s t ,  t h e  programme i s  s t r u c t u r e d  i n  t h e  same way as t h e  p r e v i o u s  programmes. 

T a b l e  1 .  N a t i o n a l  Swedish Programme f o r  F i r e  Research 

T o t a l  c o s t  ( m i l l i o n  SEK) 
Number of pi7ojects 

F i r e  Development and 
F i r e  Environment 

I m p a c t  on Human Behav iou r  

E f f e c t  on M a t e r i a l s  and 
P r o d u c t s  

F i r e  F i g h t i n g  and F i r e  
P r o t e c t i o n  Techniques 

Rescue S e r v i c e  

I n d u s t r i a l  P r o t e c t i o n  
Techniques 

Systems A n a l y s i s  

Genera l  and O v e r a l l  
F u n c t i o n s  and Surveys 

Reserve f u n d  t o  meet u n p r e d i c t a b l e ,  
i m p o r t a n t  r e s e a r c h  p r o j e c t s  

From t h e  b e g i n n i n g ,  t h e  F i r e  Research Board was aware o f  t h e  f a c t  t h a t  l a r g e  
p a r t s  of t h e  a c t i v i t y ,  b e i n g  f i n a n c e d  by BRANDFORSK, were go ing  t o  l i e  w i t h i n  r e -  
sea rch  a reas ,  t o  wh ich  sma l l  resources  had been d i r e c t e d  e a r l i e r .  The need o f  a  
l o n g - t e r m  b u i l d i n g  up o f  competence w i t h i n  new e s s e n t i a l  r e s e a r c h  a reas  conse- 
q u e n t l y  was ve ry  s t r o n g l y  pronounced. Hence, one i m p o r t a n t  t a s k  o f  BRANDFORSK has 
been t o  meet t h i s  need. A c c o r d i n g l y ,  t h e  main p a r t  o f  t h e  g r a n t s  w i t h i n  c e r t a i n  
f i e l d s  has been d i r e c t e d  t o  one o r  a  few research  bod ies .  

Roughly ,  t h e  p r e s e n t  r e s e a r c h  s i t u a t i o n ,  as  concerns t h e  n a t i o n a l  f i r e  research  
programmes, can b e  summarized i n  t h e  f o l l o w i n g  way: 

* I n  t h e  main, t h e  p r e v i o u s  l a c k  of c o - o r d i n a t i o n  o f  t h e  Swedish f i r e  research  i s  
e l i m i n a t e d .  The r e s e a r c h  c o n t r i b u t i o n s  a r e  now r e l a t e d  t o  i n t e g r a t e d  e s t i m a t i o n s  
- f r e q u e n t l y  from a  b a s i s  of l o n g - t e r m  research  programmes o r  s p e c i a l  surveys.  

* The e x t e n t  o f  t h e  t o t a l  Swedish f i r e  r e s e a r c h  has i n c r e a s e d  d u r i n g  t h e  
BRANDFORSK p e r i o d .  However, t h e  c o s t  l e v e l  o f  t h e  f i r e  research  i s  s t i l l  v e r y  



l o w  i n  r e l a t i o n  t o  t h e  t o t a l  c o s t s  of f i r e  damage and f i r e  p r o t e c t i o n  measures 
- r o u g h l y  I 0 / o o .  

* A  j o i n t  c e n t r e  f o r  s t u d i e s  o f  t h e  e a r l y  s tage  o f  t h e  f i r e  development - t h e  p r e -  
f l a s h o v e r  f i r e  - has been s e t  up a t  Lund U n i v e r s i t y  and t h e  N a t i o n a l  T e s t i n g  
I n s t i t u t e  i n  Bords. The s t u d i e s  i n v o l v e  measur ing and r e c o r d i n g  o f  d i f f e r e n t  
r e a c t i o n  t o  f i r e  p r o p e r t i e s  o f  m a t e r i a l s  and p r o d u c t s  i n  f u l l ,  reduced and sma l l  
s c a l e  exper iments  as  w e l l  as t h e o r e t i c a l  ana lyses  and development o f  mathemat i -  
c a l  models and r e l a t e d  computer programmes. 

* A  development o f  ma themat i ca l  models and r e l a t e d  computer programmes f o r  t h e  
smoke f i l l i n g  o f  a  room and f o r  t h e  spread o f  smoke and combust ion gases between 
rooms and w i t h i n  a  b u i l d i n g  i s  i n  p r o g r e s s  a t  t h e  N a t i o n a l  Defense Research 
I n s t i t u t e ,  j o i n t l y  f i n a n c e d  by t h e  r e s e a r c h  i n s t i t u t e ,  t h e  C i v i l  Defense Board 
and BRANDFORSK. The models a r e  t e s t e d  a g a i n s t  f u l l  s c a l e  exper iments .  

* A  r e s e a r c h  competence has been b u i l t  u p  on t h e  impac t  on human b e h a v i o u r  a t  t h e  
Royal  I n s t i t u t e  o f  Technology i n  Stockholm. S t u d i e s  now a r e  i n  p rog ress  concern-  
i n g  t h e  p h y s i c a l  c o n d i t i o n s  f o r  f i r e  escape, f o c u s i n g  on t h e  e v a c u a t i o n  o f  
hand icapped i n d i v i d u a l s ,  on one s i d e ,  and o f  many peop le  s imul  taneous ly ,  on t h e  
o t h e r  - i n  s t o r e s ,  t h e a t r e s ,  cinemas, e t c .  

* A  r e s e a r c h  a c t i v i t y  has been e s t a b l i s h e d  on e x t i n g u i s h i n g  agents  a t  t h e  N a t i o n a l  
T e s t i n g  I n s t i t u t e  a t  Borss.  Examples o f  p r o j e c t s  d e a l t  w i t h  a r e  S- dies of t h e  
mechanisms o f  powder and l i g h t  foam e x t i n g u i s h i n g  agents  and an i n v e s t i g a t i o n  
o f  t h e  f i r e  p r o p e r t i e s  o f  h y d r a u l - l i q u i d s .  

* A  g roup  o f  p r o j e c t s ,  r e l a t e d  t o  t h e  p r o t e c t i o n  o f  i n d u s t r i a l  p l a n t s  and process-  
es ,  a r e  per formed a t  t h e  Swedish F i r e  P r o t e c t i o n  A s s o c i a t i o n .  A t  t h e  Swedish 
I n s t i t u t e  o f  S t e e l  C o n s t r u c t i o n ,  p r o j e c t s  a r e  c a r r i e d  o u t  on m a t e r i a l s  used i n  
t h e  c o n s t r u c t i o n  o f  i n d u s t r i a l  b u i l d i n g s  ( s t a t i s t i c a l  survey)  and on c o - o r d i n a -  
t i o n  o f  s p r i n k l e r s  w i t h  g i r d e r s  and i n t e g r a t i o n  o f  s p r i n k l e r s  w i t h  l a t t i c e  
g i r d e r s  o f  r e c t a n g u l a r  h01 low s e c t i o n s  i n  i n d u s t r i a l  b u i l d i n g s ,  among o t h e r  
t h i n g s .  

* I n d u s t r i a l ,  i n s u r a n c e  and c o n s u l t a n t  companies a r e  g e t t i n g  i n v o l v e d  i n  t h e  f i r e  
r e s e a r c h  and development a c t i v i t i e s  t o  an i n c r e a s i n g  e x t e n t  w i t h  g r a n t s  f r o m  
BRANDFORSK. P l a n n i n g  o f  i n d u s t r i a l  a reas  w i t h  r e s p e c t  t o  f i r e s ,  e x p l o s i o n s  and 
r e s c u e  work, models f o r  r i s k  e v a l u a t i o n  and l e a d e r s h i p  means f o r  rescue  s e r v i c e  
a r e  examples o f  p r o j e c t s  d e a l t  w i t h  by these bod ies .  The o r i g i n  and spread o f  
e x p l o s i v e  and t o x i c  gas c l o u d s  a r e  s t u d i e d  i n  a  p r o j e c t ,  c a r r i e d  o u t  a t  t h e  
N a t i o n a l  Defense Research I n s t i t u t e .  

The aims and c h a r a c t e r i s t i c s  o f  t h e  n a t i o n a l  f i r e  r e s e a r c h  programme f o r  t h e  p r e -  
s e n t  p e r i o d  can be d e f i n e d  as :  

* A  s t r o n g  i n c r e a s e  o f  t h e  research  and development work on t h e  p r o t e c t i o n  o f  
i n d u s t r i a l  p l a n t s  and processes,  

* a  s t r o n g  i n c r e a s e  o f  t h e  r e s e a r c h  and development work t o  meet t h e  needs o f  t h e  
p u b l i c  rescue s e r v i c e ,  

* a  c o n t i n u a t i o n  o f  t h e  p r e v i o u s  l a r g e  c o n t r i b u t i o n s  concern ing  research  on t h e  
p r e f l a s h o v e r  f i r e ,  p a r t i c u l a r l y  w i t h  r e g a r d  t o  a n a l y t i c a l  methods f o r  a  s i m u l a -  
t i o n  o f  t h e  p h y s i c a l  processes and f o r  an e v a l u a t i o n  o f  t h e  f i r e  h a z a r d  o f  mate- 
r i a l s  and p r o d u c t s  as  w e l l  as  f o r  a  d e t e r m i n a t i o n  of t h e  p r o d u c t i o n  and movement 
o f  smoke and combust ion gases, 

* a moderate i n c r e a s e  o f  t h e  r e s e a r c h  devoted t o  t h e  r o l e  and b e h a v i o u r  o f  peop le  
i n  f i r e  s i t u a t i o n s  and t o  t h e  r e l a t i o n s h i p  between t h i s  behav iou r  and t h e  tech -  
n i c a l  f i r e  p r o t e c t i o n  measures, and 

* an e s t a b l i s h m e n t  o f  a  l o n g - t e r m ,  s t r o n g l y  c o - o r d i n a t e d  research on t h e  f i r e  be-  
h a v i o u r  o f  wood and wooden s t r u c t u r e s  - j o i n t l y  f i n a n c e d  by BRANDFORSK, t h e  



Swedish Board f o r  Techn ica l  Development, t h e  Swedish Counc i l  f o r  B u i l d i n g  
Research and t h e  Founda t ion  f o r  Research o f  t h e  Wood Working I n d u s t r i e s .  
Research w i t h i n  t h i s  f i e l d  now i s  i n  p r o g r e s s  a t  Lund U n i v e r s i t y ,  t h e  Swedish 
F o r e s t r y  P roduc ts  Research L a b o r a t o r y  and t h e  N a t i o n a l  T e s t i n g  I n s t i t u t e .  The 
l o n g - t e r m  r e s e a r c h  programme enables  a c o n s i d e r a b l e  enlargement o f  t h i s  a c t i v i -  
t y  [181. 



4.  THE R O L E  OF THE UNIVERSITY IN FIRE RESEARCH 

With reference  t o  t h e  d e f i n i t i o n s  of some research concepts ,  given in chapter  2 ,  
t h e  r o l e  of the  un ive r s i ty  in  f i r e  research i s  t o  focus primari ly on basic  re- 
search.  The f i n a n c i a l  support  of the  pure basic  research then must be guaranteed 
by the  government, while research boards and counci l s  l i k e  BRANDFORSK a r e  the 
na tura l  organiza t ions  f o r  i n i t i a t i n g  and f inancing  the  s t r a t e g i c  bas i c  research 
a s  well a s  appl ied  research and development work. To some e x t e n t ,  i s  i s  necessary 
f o r  the u n i v e r s i t i e s  t o  combine bas i c  research with appl ied  research  in order  to  
g e t  a  c l o s e  l i n k  t o  t h e  app l i ca t ion  of t h e  research r e s u l t s  in  p r a c t i c e  and t o  g e t  
a  feed-back from r e l a t e d  a c t i v i t i e s  within the soc ie ty  with regard t o  p r i o r i t y  and 
relevance in the  choice of research p ro jec t s .  

I t  i s  apparent  t h a t  BRANDFORSK has agreed t o  t h i s  r o l e  of the u n i v e r s i t y  by sup- 
po r t ing  a  research competence being b u i l t  u p  on the  impact by f i r e  on human beha- 
v iour  a t  the  Royal I n s t i t u t e  of Technology in Stockholm and a j o i n t  cen t r e  f o r  
s t u d i e s  of the  e a r l y  s t age  of t h e  f i r e  development being s e t  u p  a t  Lund Universi ty 
and t h e  National Test ing i n s t i t u t e  in  Bords. The choice of a  j o i n t  c e n t r e  f o r  the  
l a t t e r  a c t i v i t y  then con t r ibu te s  t o  a  f r u i t f u l  co-operation between theo re t i ca l  
and experimental s c i e n t i s t s  and t o  an e f f e c t i v e  use of an expensive t e s t  equipment. 

The f i r e  research  p r o j e c t s ,  c a r r i e d  out  a t  Lund Universi ty and r e l a t e d  t o  basic  
research  - and,  t o  some e x t e n t ,  t o  applied research - have genera l ly  c lose ly  
followed t h e  r u l e s ,  spec i f i ed  i n  chapter  2 and con t r ibu t ing  t o  t h e  f u l f i l m e n t  of 
t h e  twofold requirements - t h e  s c i e n t i f i c  requirement and the requirement of 
p r a c t i c a l  relevance and a p p l i c a b i l i t y .  P a r t i c u l a r l y ,  i t  should then be emphasized 
the  importance of def in ing  a  l a r g e  research p ro jec t  a s  a  coherent  system of com- 
ponents and having access  t o  - a t  Teast a  s t r u c t u r e  of - an a n a l y t i c a l  model of 
the  process in  ques t ion  before an experimental i nves t iga t ion  i s  f i n a l l y  planned 
and performed. I t  i s  a l s o  of high importance t o  s t r u c t u r e  a  research p r o j e c t  i n  
such a  way t h a t  a  reasonable balance i s  achieved i n  leve l  of ambition or  q u a l i t y  
between input  information,  process models and formulation of p rac t i ca l  requi re-  
ments and c r i t e r i a .  

Two l a r g e  f i r e  research  p ro jec t s  c a r r i e d  out  a t  Lund Universi ty have been men- 
t ioned and f ragmentar i ly  exemplified previously.  The p ro jec t s  d e a l t  with an ana- 
l y t i c a l  design of load bearing and separa t ing  s t r u c t u r e s ,  exposed t o  a  na tura l  
compartment f i r e ,  and t h e  f i r e  spread from one house t o  another  within dense a reas  
of small houses. 

The long-term, u l t ima te  goal of t h e  research ,  now i n  progress ,  on t h e  e a r l y  s t age  
of t h e  compartment f i r e  development, i s  t o  a r r i v e  a t  a  s i t u a t i o n  in which the  
r e s u l t s  of small s c a l e  r eac t ion  t o  f i r e  t e s t s  can be used t o  p r e d i c t  the  f i r e  
hazard of l i n i n g  m a t e r i a l s ,  f u r n i t u r e ,  e t c .  under real  compartment f i r e  condit ions.  
This  c a l l s  f o r  access  t o  f u n c t i o n a l l y  well-defined performance requirements and 
r e l a t e d  c r i t e r i a  f o r  c o n t r o l .  

The fundamental c h a r a c t e r i s t i c s  f o r  a  desc r ip t ion  of the  e a r l y  s t a g e  of a  compart- 
ment f i r e  c o n s i s t  o f :  

( 1 )  The i g n i t i o n  p rope r t i e s  of exposed ma te r i a l s  and ob jec t s  a s  a  funct ion  of the  
hea t  supp l i ed ,  t h e  exposure t ime,  t h e  presence o r  not  of f lames ,  the  geometri- 
cal  l oca t ion  and thermal data  

and t h e  time v a r i a t i o n  of 

( 2 )  r a t e  of hea t  r e l e a s e ,  RHR, 
( 3 )  r a t e  of su r face  spread of f lame,  
( 4 )  gas temperature,  



( 5 )  smoke produced and i t s  o p t i c a l  d e n s i t y ,  and 
( 6 )  c o m p o s i t i o n  o f  t h e  combust ion p r o d u c t s ,  p a r t i c u l a r l y  t o x i c  and c o r r o s i v e  

gases. 

The r e s e a r c h  p r o j e c t  compr ises a  s tudy o f  a l l  t h e s e  c h a r a c t e r i s t i c s .  The p r o j e c t  
i s  s t r u c t u r e d  as  a  c o h e r e n t  system o f  components a c c o r d i n g  t o  f i g u r e  5 [ l 9 1  and 
i n c l u d e s  t h e  f o l l o w i n g  t ypes  o f  a c t i v i t i e s :  

r ULTIMATE GOAL 
l 

PROCESS 
MODELS 

l 

PREFLASHOVER FUNCTIONAL 
COMPARTMENT REQUIREMENTS, 
FIRE MODELS 

VALIDATION BY 
FULL SCALE TESTS 

F i g u r e  5. S t r u c t u r e  o f  a  Swedish j o i n t  r e s e a r c h  programme, i n  p r o g r e s s ,  concern-  
i n g  t h e  f i r e  hazards and t h e  compartment f i r e  growth 

( 1 )  P a r t i c i p a t i o n  i n  t h e  i n t e r n a t i o n a l  development o f  smal l  s c a l e  r e a c t i o n  t o  f i r e  
t e s t s  f o r  m a t e r i a l s  w i t h  r e s p e c t  t o  i g n i t i o n ,  spread o f  f lame,  r a t e  o f  h e a t  
r e l e a s e  and smoke p r o d u c t i o n ,  

( 2 )  development o f  mathemat ica l  models d e s c r i b i n g  t h e  processes o f  these  t e s t s ,  

( 3 )  development o f  mathemat ica l  models f o r  t h e  p r e f  l a s h o v e r  compartment f i r e ,  

( 4 )  v a l i d a t i o n  o f  t h e  mathemat ica l  models by  f u l l  s c a l e  o r  reduced s c a l e  room f i r e  
t e s t s  w i t h  c o m b u s t i b l e  l i n i n g s  and f u r n i t u r e ,  and 

( 5 )  computa t iona l  procedures,  deve loped t o  c o r r e l a t e  t h e  room f i r e  t e s t  process 
and t h e  r e s u l t s  f r o m  t h e  sma l l  s c a l e  l a b o r a t o r y  t e s t s .  

The p r o j e c t  a l s o  i n c l u d e s  an i n t e r m e d i a t e ,  s h o r t - t e r m  goa l  r e l a t e d  t o  a  deve lop-  
ment o f  a  s t a n d a r d i z e d  f u l l  s c a l e  room f i r e  t e s t  f o r  c o m b u s t i b l e  l i n i n g s  and f u r -  
n i t u r e .  The purpose o f  t h i s  t e s t  i s  t o  measure t h e  r a t e  o f  h e a t  r e l e a s e  and p r o -  
d u c t i o n  o f  smoke and t o x i c  gases and t o  use t h i s  i n f o r m a t i o n  f o r  a  c a l c u l a t i o n  o f  
t h e  r e q u i r e d  t i m e  o f  escape a t  d i f f e r e n t  g e o m e t r i c a l  c o n f i g u r a t i o n s  and v e n t i l a -  
t i o n  c o n d i t i o n s .  

The p r o j e c t ,  wh ich  has been g o i n g  on s i n c e  1980, d e a l s  w i t h  a  h i g h l y  complex a rea  
o f  t h e o r e t i c a l  and e x p e r i m e n t a l  r e s e a r c h  and, n e c e s s a r i l y ,  t he  Swedish c o n t r i b u -  
t i o n s  can o n l y  be a  l i m i t e d  p a r t  o f  t h e  l a r g e  i n t e r n a t i o n a l  e f f o r t s  w i t h i n  t h i s  
f i e l d .  Hence, a  c o - o r d i n a t i o n  w i t h  t h e  i n t e r n a t i o n a l  a c t i v i t i e s  i s  a  p r e r e q u i s i t e  
f o r  success. 



Two examples o f  r e s u l t s  o b t a i n e d  a r e  g i v e n  i n  f i g u r e  6 and t a b l e  2. F i g u r e  6 
shows, f o r  one o f  t h e  f u l l  s c a l e  room f i r e  t e s t s  w i t h  f u r n i t u r e ,  a  comparison 
between t e s t  r e s u l t s  and co r respond ing  va lues  f r o m  computer s i m u l a t i o n s  w i t h  t h e  
Harva rd  Computer F i r e  Code V L201 and w i t h  an improved v e r s i o n  o f  t h i s  code, t a k -  
i n g  t h e  e f f e c t  o f  t h e  h e a t i n g  o f  t h e  l o w e r  s u r f a c e s  o f  t h e  room i n t o  account [Zlj. 
The b u r n i n g  i t e m  was a  f u l l - s i z e  mock-up model o f  a  so fa  w i t h  f i l l i n g  m a t e r i a l  o f  
commonly a v a i l a b l e  s t a n d a r d  p o l y u r e t h a n e  foam and c o v e r  m a t e r i a l  o f  a  t e x t i l e  o f  
100% a c r y l i c  f i b r e s .  
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F i g u r e  6. Upper g a s - l a y e r  tempera tu re  ( l e f t )  and s u r f a c e  tempera tu re  o f  t h e  f l o o r  
( r i g h t )  f o r  a  so fa  b u r n i n g  i n  t h e  f u l l  s c a l e  room. ---- exper iment ,  
---- Harva rd  s i m u l a t i o n ,  -.-.- Harva rd  s i m u l a t i o n ,  i n c l u d i n g  h e a t i n g  
o f  t h e  l o w e r  s u r f a c e s  [21j 

T a b l e  2 r e f e r s  t o  t h e  f u l l  s c a l e  room f i r e  t e s t s  w i t h  c o m b u s t i b l e  l i n i n g s  on w a l l s  
and c e i l i n g  and compares f o r  seven o f  t h e  t e s t e d  m a t e r i a l s  t h e  t i m e  t o  f l a s h o v e r ,  
r e c e i v e d  e x p e r i m e n t a l l y  and by  a  computer s i m u l a t i o n  [ZPI. The s i m u l a t i o n  p roce-  
dure ,  deve loped w i t h i n  t h e  r e s e a r c h  p r o j e c t ,  d e s c r i b e s  t h e  f u l l  s c a l e  t e s t  f i r e  
as a  c o n c u r r e n t  f l a m e  spread phenomenon w i t h  t h e  r e s u l t s  o f  a  sma l l  s c a l e  r a t e  o f  
h e a t  r e l e a s e  t e s t  as i n p u t  da ta .  

T a b l e  2. Time t o  f l a s h o v e r  ( S ) ,  r e c e i v e d  e x p e r i m e n t a l l y  and by  a  computer s imula-  
t i o n ,  f o r  seven o f  t h e  f u l l  s c a l e  room f i r e  t e s t s  w i t h  c o m b u s t i b l e  
l i n i n g s  [22] 

M a t e r i a l  j Exper iment  I S i m u l a t i o n  

I n s u l a t i n g  f i b r e b o a r d  
Medium d e n s i t y  f i b r e b o a r d  
P a r t i c l e b o a r d  
Melamine- faced p a r t i c l e b o a r d  
R i g i d  p o l y u r e t h a n e  foam 
Wood p a n e l ,  spruce 
Paper w a l l  c o v e r i n g  on p a r t i c l e b o a r d  



5 .  THE ROLE OF THE UNIVERSITY I N  HIGHER FIRE TECHNICAL EDUCATION 

I n  most  i n d u s t r i a l i z e d  c o u n t r i e s ,  t h e  t o t a l  programme f o r  h i g h e r  e d u c a t i o n  a t ,  
f o r  i n s t a n c e ,  a  t e c h n i c a l  u n i v e r s i t y  comprises t h e  undergraduate  as w e l l  as p o s t -  
g radua te  l e v e l .  A t  t h e  Swedish t e c h n i c a l  u n i v e r s i t i e s ,  t h e  e d u c a t i o n  programme 
t r a d i t i o n a l l y  has been l i m i t e d  t o  t h e  undergraduate  l e v e l  w h i l e  t h e  g radua te  
l e v e l  e d u c a t i o n  n o r m a l l y  has been an i n t e r n a l  concern between t h e  pos tg radua te  
s t u d e n t  and h i s  s u p e r v i s o r  and examinator .  The p r e s e n t  t r e n d  o f  development i s ,  
however, towards a  more coheren t  e d u c a t i o n  system o f  t h e  undergraduate  and g r a -  
dua te  l eve1 S .  

F i g u r e  7 e x e m p l i f i e s  such a  system, r e f e r r e d  f r o m  an i n t e r n a t i o n a l  c i v i l  eng inee-  
r i n g  e d u c a t i o n ,  i n  t h e  course  o f  p l a n n i n g  a t  p r e s e n t  a t  Lund I n s t i t u t e  o f  Science 
and Technology.  The system compr ises an e i g h t  y e a r s  course  o f  s t u d y  and s c i e n t i -  
f i c  work f o r  a r r i v i n g  a t  t h e  f i n a l  l e v e l  - D o c t o r  o f  Technology. Below t h i s  
l e v e l ,  t h e r e  a r e  two d e f i n e d  i n t e r m e d i a t e  l e v e l s  - t h e  degree o f  l i c e n t i a t e  of 
techno logy  a f t e r  s i x  y e a r s  and t h e  degree o f  c i v i l  eng ineer  (Mas te r  o f  Sc ience)  
a f t e r  f o u r  y e a r s  s t u d y .  The f i r s t  t h r e e  years  a r e  f i l l e d  w i t h  o b l i g a t o r y ,  b a s i c  
and branch courses and t h e  f o l l o w i n g  t h r e e  y e a r s  w i t h  o p t i o n a l  cou rses ,  grouped 
i n t o  t h r e e  b ranch  d i r e c t i o n s ,  I t o  111 - p l a n n i n g  and management, c o n s t r u c t i o n ,  
env i ronment  - and s t r u c t u r e d  w i t h  a  s u c c e s s i v e l y  i n c r e a s i n g  depth .  T h i s  system 
o f  o p t i o n a l  courses i s  open f o r  t h e  f o u r t h  y e a r  o f  t h e  undergraduate  s t u d i e s ,  
t h e  f i r s t  two y e a r s  o f  t h e  p o s t g r a d u a t e  s t u d i e s  a n d  f o r  f u r t h e r  e d u c a t i o n  o f  
peop le  f r o m  i n d u s t r y  and s o c i e t y .  
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F i g u r e  7 E i g h t  y e a r s  coheren t  system o f  underg radua te  and g radua te  l e v e l s ,  
i n c l u d i n g  p o s s i b i l i t i e s  f o r  f u r t h e r  e d u c a t i o n  o f  peop le  f rom i n -  
d u s t r y  and s o c i e t y  



Fundamental c r i t e r i a  f o r  a l l  l e v e l s  o f  t h e  coheren t  educa t ion  system a r e  

* a  b road  b a s i s  o f  knowledge and a  q u a l i f i e d  t r a i n i n g  i n  methodology, and 
* good a b i l i t y  o f  f o r m u l a t i o n  i s  speech and w r i t i n g .  

Fo r  t h e  h i g h e s t  l e v e l  o f  t h e  e d u c a t i o n  system - research  s t u d i e s  f o r  D o c t o r  o f  
Technology - a  t h i r d  c r i t e r i o n  i s  added, v i z .  

* good a b i l i t y  t o  g e n e r a t e  new knowledge, 

i n v o l v i n g  a  r e q u i r e m e n t  o f  s c i e n t i f i c  o r i g i n a l i t y  f o r  t h e  d o c t o r ' s  t h e s i s  

As s t a t e d  i n  t h e  i n t r o d u c t o r y  c h a p t e r ,  a  q u a l i f i e d  and optimum h a n d l i n g  of t h e  
c o n t i n u o u s l y  more and more complex q u e s t i o n s  w i t h i n  t h e  s o c i e t y ,  r e l a t e d  t o  t h e  
f i r e  and emergency hazards,  r e q u i r e s  a  g e n e r a l l y  improved competence f o r  a1 l 
groups o f  p r o f e s s i o n a l s  i n v o l v e d .  I n  o r d e r  t o  meet t h i s  demand o f  t h e  s o c i e t y ,  
t h e  u n i v e r s i t i e s  e x t e n s i v e l y  must i n c r e a s e  t h e i r  r e s p o n s i b i l i t y  f o r  and engage- 
ments i n  underg radua te  and p o s t g r a d u a t e  e d u c a t i o n  w i t h i n  t h e  f i e l d  o f  f i r e  s a f e t y  
s c i e n c e  and e n g i n e e r i n g .  

A t  Lund U n i v e r s i t y ,  t h e  h i g h e r  f i r e  t e c h n i c a l  e d u c a t i o n  has developed i n  t h e  
f o l l o w i n g  way. 

Fo r  a  l o n g  t i m e ,  t h e  s t u d e n t s  a t  t h e  Schools  o f  A r c h i t e c t u r e  and C i v i l  E n g i n e e r i n g  
a r e  o f f e r e d  a  s h o r t ,  o b l i g a t o r y  course  i n  f i r e  p r o t e c t i o n .  The c o n t e n t s  o f  t h e  
course  i s  e lementa ry  and t h e  course  o b j e c t i v e s  a r e  m a i n l y  t o  g i v e  t h e  s t u d e n t s  a  
g e n e r a l  su rvey  on how b u i l d i n g  f i r e  p r o t e c t i o n  has t o  be d e a l t  w i t h  as a  compo- 
n e n t  i n  t h e  p l a n n i n g ,  d e s i g n  and c o n s t r u c t i o n  process.  

F i r e  r e s e a r c h  a t  Lund U n i v e r s i t y  was o r i g i n a l l y  s t a r t e d  w i t h i n  t h e  Department of 
S t r u c t u r a l  Mechanics and Concrete  C o n s t r u c t i o n  i n  t h e  m i d d l e  o f  t h e  1 9 6 0 ' s .  As 
a  consequence o f  t h e  c o n s i d e r a b l e  expans ion o f  t h i s  research ,  a  Department o f  
B u i l d i n g  F i r e  S a f e t y  and Technology was s e t  up i n  1981 and one o f  t h e  two p r o -  
f e s s o r s h i p s  i n  s t r u c t u r a l  mechanics was t r a n s f e r r e d  t o  t h i s  depar tment .  The 
e s t a b l i s h m e n t  o f  t h e  depar tment  meant t h a t  f o r  t h e  f i r s t  t i m e  t h e  s t u d e n t s  a t  
t h e  School  o f  C i v i l  E n g i n e e r i n g  were o f f e r e d  a  ma jo r  course i n  f i r e  s a f e t y  t e c h -  
n o l o g y  as a  p a r t  o f  t h e i r  c u r r i c u l u m .  

The course  i s  o f f e r e d  t o  t h e  f o u r t h  y e a r  s t u d e n t s  and covers  a  7 week semester.  
I t  i s  mandatory o n l y  f o r  t h e  s t u d e n t s  s p e c i a l i z i n g  i n  b u i l d i n g  techno logy,  f o r  
t h e  o t h e r  i t  i s  an e l e c t i v e  course.  The genera l  cou rse  o b j e c t i v e s  a r e :  

* To deve lop  an u n d e r s t a n d i n g  how b u i l d i n g  f i r e  p r o t e c t i o n  must be i n t e g r a t e d  
i n t o  t h e  o v e r a l l  b u i l d i n g  p l a n n i n g  and c o n s t r u c t i o n  process,  

* t o  d e s c r i b e  t h e  background, p r a c t i c a l  a p p l i c a t i o n  and l i m i t a t i o n  o f  b u i l d i n g  
codes, and 

* t o  demonst ra te  t h a t  i n  many i n s t a n c e s  p r a c t i c a l  problems can be s o l v e d  i n  a  
more c o s t - e f f e c t i v e  way by  a p p l i c a t i o n  o f  f i r e  p h y s i c  p r i n c i p l e s  and c a l -  
c u l a t i o n  p rocedures .  

One o f  t h e  Targest  problems i n v o l v e d  i n  t h e  i n t r o d u c t i o n  o f  a  new course  i s  t o  
f i n d  s u i t a b l e  t e x t b o o k  m a t e r i a l .  I n  t h a t  aspec t  we were l u c k y  t o  have access t o  
an e a r l y  v e r s i o n  o f  t h e  book by Douglas Drysda le ,  " F i r e  Dynamics", wh ich formed 
t h e  backbone o f  t h e  f i r e  p h y s i c s  p a r t .  A d d i t i o n a l  m a t e r i a l  was w r i t t e n  f o r  c e r -  
t a i n  a reas  such as plume t h e o r y  and smoke f i l l i n g  rooms, smoke spread i n  b u i l -  
d i n g s ,  the rma l  a c t u a t i o n  of h e a t  d e t e c t o r s  and e x t i n g u i s h i n g  systems. The s t r u c -  
t u r a l  f i r e  a n a l y s i s  was w e l l  covered  by  handbooks and compendiums w r i t t e n  b y  t h e  
depar tment  s t a f f .  The a d d i t i o n a l  m a t e r i a l  needed f o r  t h e  des ign  e x e r c i s e  was 
t a k e n  f r o m  papers appear ing  i n  t r a d e  j o u r n a l s .  



I n  September 1986, t h e  f i r s t  undergraduate  e d u c a t i o n  i n  Europe as p a r t  o f  t h e  
t r a i n i n g  o f  p o t e n t i a l l y  s e n i o r  o f f i c e r s  o f  t h e  f i r e  s e r v i c e  s t a r t e d  a t  Lund 
U n i v e r s i t y .  The comple te  e d u c a t i o n  c o n s i s t s  o f  21 y e a r s  (100 weeks) s t u d i e s  a t  
t h e  u n i v e r s i t y ,  f o l l o w e d  by  a  l - y e a r  p r a c t i c a l  t r a i n i n g  a t  f i r e  b r i g a d e  and c i v i l  
de fence.  The number of s t u d e n t s  a d m i t t e d  i s  25 p e r  y e a r .  

The u n i v e r s i t y  e d u c a t i o n  i s  m a i n l y  t h e o r e t i c a l  and compr ises:  

* B a s i c  sc ience  - 20 weeks, 
* mass and h e a t  t r a n s f e r ,  h y d r a u l i c s ,  b u i l d i n g  c o n s t r u c t i o n ,  HVAC-systems, 

geotechnology e t c .  - 30 weeks, 
* t h e o r e t i c a l  background t o  f i r e  and rescue s e r v i c e  - 3 0  weeks, and 
* bus iness  a d m i n i s t r a t i o n ,  m isce l l aneous  - 20  weeks. 

The l - y e a r  p r a c t i c a l  t r a i n i n g  i n c l u d e s :  

* B a s i c  t r a i n i n g  i n  f i r e  f i g h t i n g  and f i remansh ip ,  o t h e r  p r a c t i c a l  rescue 
o p e r a t i o n s ,  

* t a c t i c s  f o r  rescue  o p e r a t i o n s ,  
* l e a d e r s h i p ,  psycho logy,  
* i n s t r u c t o r  t r a i n i n g ,  and 
* t r a i n i n g  as c i v i l  de fence s t a f f  o f f i c e r .  

A f t e r  f i n a l i z e d  e d u c a t i o n  and t r a i n i n g ,  t h e  f i r e  eng ineers  s h a l l  be capable  t o  
p l a n ,  o r g a n i z e  and l e a d  peace t i m e  rescue s e r v i c e ,  c i v i l  defence a c t i v i t i e s  and 
war emergency p l a n n i n g  on t h e  m u n i c i p a l  l e v e l .  Tha t  d e f i n e s  t h e  genera l  goa ls  
f o r  t h e  u n i v e r s i t y  e d u c a t i o n  and t r a i n i n g .  The supp lementary  s p e c i f i c  g o a l s  i n -  
c l u d e  and r e f e r  t o :  

* T e c h n i c a l ,  pe rsonne l  and economic management o f  l o c a l  f i r e  b r igades ,  
* a b i l i t y  t o  mas te r  t h e  t h e o r e t i c a l  background o f  f i r e  processes,  d i s p e r s i o n  o f  

gas c l o u d s ,  e x p l o s i o n s ,  e x t i n c t i o n  processes,  
* a b i l i t y  t o  a p p l y  t h e o r y  i n  f i r e  p r e v e n t i o n ,  b u i l d i n g  f i r e  p r o t e c t i o n  and p r a c -  

t i c a l  rescue s e r v i c e  o p e r a t i o n ,  and 
* some b a s i c  t r a i n i n g  as i n d u s t r i a l  f i r e  p r e v e n t i o n  eng ineer .  

The second and t h i r d  s p e c i f i c  g o a l s  t h e n  r e l a t e  t o  t h a t  p a r t  o f  t h e  u n i v e r s i t y  
e d u c a t i o n ,  wh ich  d e a l s  w i t h  t h e  t h e o r e t i c a l  background t o  f i r e  and rescue s e r -  
v i c e .  I n  t h e  p r e s e n t  p l a n s ,  t h i s  p a r t  i n c l u d e s  t h e  f o l l o w i n g  courses :  F i r e  
c h e m i s t r y ,  e x p l o s i o n s ,  f i r e  dynamics I and 11, human r e a c t i o n s  and evacua t ion ,  
p a s s i v e  systems, e x t i n g u i s h m e n t ,  a c t i v e  systems I and 11, r i s k  e v a l u a t i o n  and 
systems a n a l y s i s ,  chemica l  hazards o p e r a t i o n s ,  s p e c i a l  problems. 

F i n a l l y ,  some comments s h o u l d  be g i v e n  c o n c e r n i n g  pos tg radua te  f i r e  e d u c a t i o n  
and e d u c a t i o n a l  r e q u i r e m e n t s  f o r  f i r e  researchers .  

The r e q u i r e d  q u a l i f i c a t i o n s  and e d u c a t i o n a l  b a s i s  f o r  a  f i r e  r e s e a r c h e r  can v a r y  
w i d e l y  depending on t h e  t y p e  o f  prob lem and t h e  c a t e g o r y  o f  r e s e a r c h  on which he 
i s  g o i n g  t o  work.  However, i r r e s p e c t i v e  o f  a  f i r e  r e s e a r c h  a c t i v i t y  of f a r -  
r e a c h i n g  s p e c i a l i z a t i o n  o r  o f  a  more i n t e g r a t e d  c h a r a c t e r ,  i t  i s  e s s e n t i a l  t h a t  
t h e  f i r e  r e s e a r c h e r  d u r i n g  h i s  g radua te  s t u d i e s  has g o t  a  broad, q u a l i f i e d  b a s i s  
o f  knowledge i n  r e l e v a n t  s u b j e c t  areas.  A d i r e c t  p a r t i c i p a t i o n  i n  research  p r o -  
j e c t s  b e f o r e  o r d u r i n g  t h e  work on t h e  d o c t o r ' s  t h e s i s  i s  ano the r  i m p o r t a n t  com- 
ponent  o f  t h e  g radua te  s t u d i e s  g i v i n g  t h e  p r o s p e c t i v e  f i r e  r e s e a r c h e r  an i n t i m a t e  
knowledge o f  r e s e a r c h  methodology,  o f  t h e  r e q u i r e m e n t s  r e g a r d i n g  s c i e n t i f i c  
l e v e l ,  r e l e v a n c e  and a p p l i c a b i l i t y  o f  r e s e a r c h  and o f  t h e  fundamental  r u l e s ,  des- 
c r i b e d  above i n  c h a p t e r  2, w i t h  r e f e r e n c e  t o  p l a n n i n g ,  c a r r y i n g  th rough  and r e p o r -  
t i n g  o f  a  p r o j e c t .  The d o c t o r ' s  t h e s i s  then  c o n s t i t u t e s  t h e  f i n a l  p r o o f  i n  t h e  



research education of the a b i l i t y  of t h e  s tudent  t o  solve independently a 
research problem, including generat ion of new knowledge. 

This leads  t o  the  following elements in  a f i r e  research educat ion,  based on t h e  
Master of Science l e v e l :  

* Obl iga tory ,  supplementary courses i n  such sub jec t s  as  mathematics, mathematical 
s t a t i s t i c s ,  systems a n a l y s i s ,  computer sc ience  and programming, physics ,  
chemistry,  information t echn ics ,  research methodology and measuring t echn ics ,  

* add i t iona l  courses ,  i nd iv idua l ly  chosen in order  t o  give the  postgraduate s t u -  
dent  a broad bas ic  competence, covering those  sub jec t s  of app l i ca t ion  r e l evan t  
t o  his f u t u r e  f i r e  research f i e l d ,  

* s p e c i a l i z e d  courses ,  i nd iv idua l ly  chosen and giving the  postgraduate s tudent  
t h e  necessary s c i e n t i f i c  competence f o r  h i s  work on the  d o c t o r ' s  t h e s i s ,  

* p a r t i c i p a t i o n  i n  some research p r o j e c t s  f o r  a f u r t h e r  prepara t ion  of t h e  post-  
graduate s tuden t  f o r  t h e  work on the  d o c t o r ' s  t h e s i s ,  and 

* d o c t o r s ' s  t h e s i s .  

The p o s s i b i l i t i e s  f o r  a f i r e  researcher  t o  ge t  an up-dating of h i s  competence o r  
any f u r t h e r  educat ion,  rendered necessary by an a l t e r e d  aim and d i r e c t i o n  of 
research ,  i n  a coherent  system of education according t o  f i g u r e  7 could be held 
up a s  a model. 



6. SOME CONCLUDING REMARKS 

As a  r e s u l t  of t h e  p o w e r f u l l y  i n c r e a s e d  e x t e n t  o f  t h e  i n t e r n a t i o n a l  f i r e  r e s e a r c h  
d u r i n g  t h e  l a s t  two decades, more and more components and systems a r e  now becoming 
amenable t o  a n a l y t i c a l  and computer model l i n g .  P a r a l l e l l y ,  a  r a p i d  development i s  
g o i n g  on i n  t h e  f i e l d  o f  codes, s p e c i f i c a t i o n s  and recommendations f o r  a  f i r e  
e n g i n e e r i n g  des ign  towards an i n c r e a s i n g  e x t e n t  o f  a p p l i c a t i o n  o f  a n a l y t i c a l  
methods, based on f u n c t i o n a l  requ i rements  and performance c r i t e r i a ,  an e x t e n d i n g  
use o f  i n t e g r a t e d  assessments, and a n  i n t r o d u c t i o n  o f  g o a l - o r i e n t e d  systems o f  
a n a l y s i s  o f  t h e  t o t a l  f i r e  p r o t e c t i o n  f o r  a  b u i l d i n g .  The t r e n d s  o f  development 
i n  f i r e  s a f e t y  sc ience  and i n  codes,  s p e c i f i c a t i o n s  and recommendations a r e  accom- 
p a n i e d  and i n f l u e n c e d  by  o t h e r  t r e n d s  towards a  g e n e r a l l y  more complex s o c i e t y  
w i t h  a n  expanding use  o f  advanced techno logy.  An e v i d e n t  consequence by t h i s ,  i s  
a  s t r o n g ,  ongo ing i n c r e a s e  i n  t h e  p o t e n t i a l  o f  hazards w i t h  t h e  measures f o r  f i r e  
p r e v e n t i o n  and f i r e  f i g h t i n g  becoming more and more an i n t e g r a t e d  component o f  t h e  
o v e r a l l  concep t  o f  rescue s e r v i c e s .  

To meet t h i s  s i t u a t i o n  i n  a  q u a l i f i e d  and optimum way, r e q u i r e s  a  g e n e r a l l y  i m -  
p roved  competence f o r  a l l  groups o f  p r o f e s s i o n a l s  i n v o l v e d  i n  a c t i v i t y ,  r e l a t e d  
t o  f i r e  and emergency hazards.  T h i s  a p p l i e s  t o  t h o s e  who a r e  d e a l i n g  w i t h  these  
q u e s t i o n s  as  t h e i r  p r i n c i p a l  t a s k  - s e n i o r  o f f i c e r s  o f  t h e  f i r e  and rescue  s e r v i c e ,  
f i r e  s a f e t y  c o n s u l t a n t s ,  f i r e  s a f e t y  managers - as w e l l  as  t o  eng ineers  and a r c h i -  
t e c t s  who have t o  i n t e g r a t e  t h e  f i r e  s a f e t y  e n g i n e e r i n g  as a  component i n  t h e  
p l a n n i n g ,  d e s i g n  and c o n s t r u c t i o n  o f ,  f o r  i n s t a n c e ,  a  b u i l d i n g .  

The c o n s e q u e n t i a l ,  p r e s e n t  and f u t u r e  demand o f  t h e  s o c i e t y  can o n l y  be met, i f  
t h e  u n i v e r s i t i e s  e x t e n s i v e l y  i n c r e a s e  t h e i r  r e s p o n s i b i l i t y  and engagements i n  
r e s e a r c h  as w e l l  as underg radua te  and p o s t g r a d u a t e  e d u c a t i o n  w i t h i n  t h e  f i e l d  o f  
f i r e  s a f e t y  sc ience  and e n g i n e e r i n g .  T h a t  i s  t h e  main message o f  t h i s  l e c t u r e .  
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