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PREFACE 

The circumstances t h a t  l e d  t o  t h e  carrying out  of 
f i r e  t e s t s  on e igh t  b u i l d i n g s  i n  t h e  p ro jec t  known a s  t he  
St .  Lawrence Burns ,  and the  object ives  and the  ways i n  
which these were achieved a r e  f u l l y  described i n  a general  
repor t .  It cons t i t u t e s  t he  complete record of the  planning 
and execution of the  experiments, together  with a l l  general  
information, The d e t a i l s  on each kind of measurement made, 
including t h e  r e s u l t s  obtained, a r e  contained i n  separa te  
companion r epo r t s  of which t h i s  i s  one. A l l  t he  r e s u l t s  
a r e  combined and a r e  discussed and f i n a l  conclusions drawn 
i n  a summary repor t .  

Duplication has  been avoided a s  f a r  as possible and 
it w i l l  be necessary t o  r e f e r  t o  t h e  general r epo r t  i n  
reading any of the  o ther  r epo r t s  inoluding t h i s  one f o r  
any information which is  per t inen t  t o  more than one of 
them. A l i s t i n g  of a l l  r e p o r t s  on the  p ro jec t  follows t h i s ,  
preface. 

m e  pa r t i c ipa t ion  of the  B r i t i s h  Jo in t  F i r e  Research 
Organization i n  t h e  experiment, t h e  i n t e r e s t  and support 
of the  Federal Civ i l  Defence a u t h o r i t i e s ,  the  ass i s tance  of 
the  Ontario H r e  Marshal and h i s  s t a f f ,  and f i n a l l y  the  
complete co-operation and very considerable ass i s tahce  
extended by the  Hydro-Electric Power Commission of Ontario 
a r e  a l l  g ra t e fu l ly  acknowledged. It is  a pleasure a l s o  t o  
be ab le  t o  record the  spec ia l  contr ibut ion made by members 
of the  staff of t h e  Fi re  Section who worked long hours, 
of-ten under t ry ing  f i e l d  condit ions and a t  g r e a t  personal 
inconvenience, t o  meet t h e  many deadlines and t o  oomplete 
the  p ro jec t  i n  a most s a t i s f a c t o r y  manner, 

Ilhe author  of this r epo r t  i s  M r .  J, H. McGuire, 
now research o f f i c e r  w i t h  t he  F i r e  Seotion of t h i s  Division, 
who as a member of the s t a f f  of t h e  B r i t i s h  J o i n t  F i re  
Research Organization planned and supervised t h e  measure- 
ments made with the  radiometers, anemometers and r e s i s t ance  
thermometers. 

Ottawa 
December 1959 

N. B. Hutcheon 
Assis tant  Direotor 
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ST.  LAWRENCE BURNS 
RADIOMETER MEASUREMENTS 

Early i n  1958 a number of con t ro l led  burning 
experiments were ca r r ied  out a t  Au l t sv i l l e ,  Ontario, by 
the F i re  Section of t he  Division. of Building Research, 
Eational  Research Council. The general d e t a i l s  of these 
experiments, which involved the  burning of s i x  dwellings 
and tmro l a r g e r  buildings,  a r e  described i n  the  first of 
a s e r i e s  of r epo r t s  on the  S t ,  Lawrence Burns (1). 

One of the  objects  of the  t e s t s  was t o  provide 
information on the  s p a t i a l  separa t ions  which should be 
es tabl ished between bui ld ings  i n  order  t o  reduce the  
likelihood of spread of f i r e  by r ad i a t i ve  heat  t r ans fe r ,  
This r epo r t  describes the  instrumentation of the  experiments 
from t h i s  aspect  and l is ts  the r e s u l t s  obtained. 

INS TRUhIENTS 

The type of radiometer used i s  i l l u s t r a t e d  i n  Fig. 9. 
The sensing element cons i s t s  of a t h i n  blackened gold d i s c  
with a 40 swg chromel-constantan thermocouple attached. It 
i s  mounted behind a t h i n  mica window i n  t he  body of the  
radiometer, which i s  heavy brass  t o  ensure that  the  r a t e  of 
temperature r i s e  of the body i s  small compared with the 
i n i t i a l  r a t e  of temperature r i s e  of the  d i sc .  A second 
d i s c  and thermocouple a r e  mounted wi thin  t h e  enclosure t o  
cons t i tu te  a cold junction. A t yp i ca l  ca l i b ra t i on  is  
i l l u s t r a t e d  i n  Pig. 10. T h i s  c a l i b ra t i on  has been found 
t o  be almost independent of ambient temperature. A s  t he  
instruments were spec ia l ly  made f o r  use during the  St .  
Lawrencz burns no time was ava i lab le  t o  determine accura te ly  
the  e f f e c t  of draughts. This work is now i n  hand, however, 
and w i l l  be described i n  a l a t e r  r epo r t ,  although a provisional  
est imate of t he  e f f e c t  is t h a t  it i s  small - l e s s  than 1 0  
per cen t  f o r  t h e  winds experienced during the  f i r e  t e s t s .  

The radiometers were connected by copper-cored 
cables  t o  a 0- t o  5-mil l ivol t ,  16-channel recorder  p r in t ing  
a t  a r a t e  of once every four  seconds. Fixed carbon r e s i s -  
tance potentiometers were included, mounted near  the. 
recorder,  t o  introduce su i t ab l e  s ca l e  f ac to r s .  The nominal 
value of the r e s i s t o r  connected across  t h e  recorder mas 
always 100 ohms and the  r e s i s t o r  i n  s e r i e s  w i t h  the  
radiometer ranged between 100 ohms (nominal) and 330 ohms 



(nominal). Since the  recorder was of t he  servo-potentiometric 
type and the  res i s tance  between t h e  terminals  of the  radio- 
meters was l e s s  than two ohms, the  s ca l e  f a c t o r  introduced 
by the  res i s tance  potentiometers was purely a  function of 
the  values of the  r e s i s t ances  involved. 

FIELD DETAILS 

Locations of t h e  radiometers a r e  shown i n  Figs. 
1 t o  8. For the  first burn th ree  were placed a t  d i f f e r e n t  
distances from the  same s ide  of Building No. 1 with t he  
object  of deriving the  form of t he  r e l a t i o n  between r ad i a t i on  
l e v e l  and distance from the  s ide  of the  building. To a  
close approximation in te rpo la t ion  would give the  r a d i a t i o n  
l eve l  a t  an  intermediate point  between radiometers. During 
the  course of the  f i r e ,  it was noticed t h a t  the  wind di rec-  
t i o n  g rea t ly  a f fec ted  rad ia t ion  l eve l s ;  those on t h e  l ee -  
ward s ide  were f a r  g r e a t e r  than those on the  windward s ide  
because of t he  g r e a t e r  volume of flame i s su ing  from the 
windows on the  leeward s ide .  It was there fore  decided t h a t  
measurements should be taken on both s i d e s  of the  bui ld ings ,  
and f o r  subsequent experiments one radiometer was located 
on the  windward s ide  and two a t  d i f f e r e n t  d is tances  from 
the  leeward side.  

It was a l s o  observed during the  course of the  first 
burn t h a t  while the r ad i a t i on  incident  on the  neares t  
radiometer or ig inated almost e n t i r e l y  from the  f i r e  i n  t h e  
main building,  the  more d i s t a n t  radiometers were a l s o  
i r r a d i a t e d  by a  shed which ign i t ed  e a r l i e r  than was expected. 
I n  subsequent t e s t s ,  i g n i t i o n  of sheds was suppressed and 
the  buildings were s t r ipped  of porches, verandahs, e t c  . , 
which would have subs t an t i a l l y  influenced r ad i a t i on  measure- 
ments. 

IIZle radiometers adjacent  t o  t h e  houses were always 
mounted a t  a  height  of 15  f t ,  a t  which it mas estimated 
the  r ad i a t i on  l e v e l  would be a  maximum. In the  case of t he  
l a r g e r  buildings the  nearer  radiometers were mounted a t  a  
height  of 20 ft, the maximum possible with the  mounting 
systems used, although it was estimated t h a t  t he  i n t e n s i t y  
of r ad i a t i on  m i g h t  have been s l i g h t l y  g rea t e r  a t  a  l e v e l  
some 5 f t  higher. 

I n  the  case of the  most d i s t a n t  radiometer the  
mounting height  w a s  only 10 f t ,  a s  a t  this  range no g rea t  
va r i a t i on  of i n t e n s i t y  with he igh t ,  up t o  about 30 f t ,  
would be expected . 



RESULTS AND DISCUSSION 

The r e s u l t s  a r e  g iven  i n  P igs .  11 t o  18. To a l low 
comparison of  t h e  v a r i o u s  r e s u l t s  t h e  c o n f i g u r a t i o n  f a c t o r s  
of t h e  window and o t h e r  unpro t ec t ed  openings have been 
o a l c u l a t e d  f o r  every p o i n t  a t  which a rad iometer  w a s  l o c a t e d .  
Dividing t h e  r e s u l t s  by t h e  a p p r o p r i a t e  c o n f i g u r a t i o n  f a c t o r s  
g i v e s  h y p o t h e t i c a l  v a l u e s  of  t h e  r a d i a t i o n  l e v e l s  a t  t h e  
openings.  These v a l u e s  should n o t  be t aken  as  t h e  black-body 
emiss ions  of t h e  openings s i n c e  t h e r e  w a s  cons ide rab le  volume 
of f lame above t h e  windows, p a r t i c u l a r l y  on t h e  leeward s i d e ,  
which made s u b s t a n t i a l  c o n t r i b u t i o n  t o  t h e  measured l e v e l s  
of  r a d i a t i o n  remote from t h e  b u i l d i n g s .  To determine t h e  
e f f e c t i v e n e s s  of t h i s  approach as a  means of  comparing 
r e s u l t s ,  F igs .19  t o  25 have been p l o t t e d ,  each f i g u r e  r e -  
l a t i n g  t o  t h e  two r ad iome te r s  l o c a t e d  on t h e  same s i d e  of  
a bu i ld ing .  This concept  appea r s  t o  be u s e f u l ,  f o r  t h e r e  
i s  a fhir measure o f  agreement between t h e  two curves  i n  
each f i g u r e .  Agreement i n  t h e  c a s e s  of b u m s  No. 4 ,  5 ,  and 
6 (F igs .21 ,  22 and 23) i s  good, and f o r  burns  No. 2 and 3 
(Figs .  1 9  and 20) it is accep tab le .  I n  t h e  ca se  of t h e  
school  burn (No. 8, Fig .  25)  t h e  agreement i s  poor. This 
r e s u l t s  l a r g e l y  from t h e  f a c t  that  t h e  windows of  t h e  s choo l  
annex made a s u b s t a n t i a l  c o n t r i b u t i o n  t o  t h e  c o n f i g u r a t i o n  
f a c t o r  a t  t h e  more d i s t a n t  r ad iome te r ,  b u t  n o t  a t  t h e  
n e a r e r  one. A t  t h e  t ime  when t h e  r a d i a t i o n  from t h e  main 
body o f  t h e  b u i l d i n g  was a maximum t h e  f i r e  i n  t h e  annex was 
n o t  f u l l y  developed. Values of  t h e  hypothe t i c a l  r a d i a t i o n  
l e v e l  a t  t h e  windows, de r ived  from t h e  r e s u l t s  g iven  by t h e  
more d i s t a n t  rad iometer ,  a r e  t h u s  much lower  t h a n  t h o s e  
r e l a t i n g  t o  t h e  n e a r e r  one. Agreement f o r  b u m  No. 7 (P ig .  
24) i s  a l s o  marred,  t o  a l e s s e r  e x t e n t ,  by a similar e f f e c t .  

No cu rves  a r e  g iven  f o r  t h e  f irst  burn ,  because as  
s t a t e d  i n  t h e  prev ious  s e c t i o n  t h e  more d i s t a n t  r ad iome te r s  
were a l s o  i r r a d i a t e d  by a shed which i g n i t e d  e a r l i e r  t h a n  
w a s  expected,  \ 

Most combustible m a t e r i a l s  w i l l  i g n i t e  w i t h i n  a 
minute when exposed t o  a t h r e s h o l d  l e v e l  o f  r a d i a t i o n ,  and 
t h e  maximum v a l u e s  o f  r a d i a t i o n  measured a r e  thus o f  con- 
s i d e r a b l e  i n t e r e s t .  These a r e  g iven  i n  Table I. Confining 
d i s c u s s i o n  t o  t h e  h y p o t h e t i c a l  r a d i a t i o n  l e v e l s  a t  window 
openings and u s i n g  t h e  term r a d i a t i o n  l e v e l  on ly  i n  th i s  
c o n t e x t ,  t h e  maximum v a l u e s  f o r  t h e  f o u r t h  and seventh  
bu rns  a r e  about  t h e  same, as a r e  t h o s e  f o r  t h e  t h i r d  and 
f i f t h  burns.  It would, t h e r e f o r e ,  seem that  t h e  u se  of 
c lapboard  e x t e r i o r  c l add ing  does  n o t  a p p r e c i a b l y  i n c r e a s e  
t h e  maximum l e v e l s  o f  r a d i a t i o n  from a dwel l ing .  Where t h e  
dwe l l i ngs  were l i n e d  throughout  w i t h  h i g h l y  combustible 
m a t e r i a l ,  as i n  b u i l d i n g s  No. 3 and 5,  v a l u e s  of  up  t o  



2 40 oal/cm /sec were obtained. Where t h e  l i n i n g s  were 
noncombustible, as i n  b u i l d i n g s  No. 4 and 7 ,  t h e  maximum 
l e v e l s  of r a d i a t i o n  were only about  h a l f  t h i s  value.  
Building No. 2  gave a maximum value of only 11 cal/cm2/sec9 
al though it included f ib reboard  and plywood l i n i n g s  down- 
stairs. It i s  thought that t h i s  was d u e ' p a r t l y  t o  t h e  absenoe 
of combustible l i n i n g s  u p s t a i r s  and p a r t l y  t o  t h e  low speed 
of t h e  p r e v a i l i n g  wind. The v e n t i l a t i o n  r a t e  measurements 
and some t h e o r e t i c a l  cons ide ra t ions  ( 2 )  i n d i c a t e  t h a t  t h e  
i n l e t  a i r  speeds involved i n  a  house f i r e  do n o t  u s u a l l y  
exceed 7  mph a s  long a s  t h e  roof  remains i n t a c t .  Ambient 
wind speeds of as much a s  1 0  t o  1 4  mph, a s  p reva i l ed  i n  
t h e  t e s t s  on t h e  l a s t  f o u r  houses,  could have had a sub- 
s t a n t i a l  e f f e c t  on t h e  r a t e  of burning. 

Examination of Table I a l s o  i n d i c a t e s  t h a t  r a d i a t i o n  
l e v e l s  on t h e  leeward s i d e  of a  b u i l d i n g  were o f t e n  much 
h i g h e r  than  those  on t h e  mindward s i d e ,  b u t  a q u a n t i t a t i v e  
a n a l y s i s  of t h e  e f f e c t  would r e q u i r e  f u r t h e r  i n v e s t i g a t i o n .  
From phys ica l  cons ide ra t ions  it seems l i k e l y  t h a t  non- 
l i n e a r i t i e s  would be involved. For example, when a wind 
speed a t t a i n s  a o r i t i c a l  va lue  it would be expeoted t h a t  no 
flames would emanate from windows on t h e  windward s i d e  of a 
bui ld ing .  During c e r t a i n  s t a g e s  of s e v e r a l  of t h e  S i r e s  t h i s  
e f f e c t  was apparent .  

It i s  of i n t e r e s t  t o  compare t h e  maximum value  of 
t h e  hypo the t i ca l  r a d i a t i o n  l e v e l  a t  window openings,  given 
above (40 cal/cm2/sec), w i th  t h e  black-body temperature 
measurements given elsewhere (3 ) .  A t  no time mas a  black- 
body temperature h i g h e r  t h a n  1000°C recorded,  a l though it 
is  poss ib le  t h a t  a  s l i g h t l y  h igher  temperature might have 
developed i n  t h e  community hall. about 32 minutes a f t e r  t h e  
s tar t  of t h e  f i r e .  The r a d i a t i o n  l e v e l  correspondin t o  a 9 black-body temperature of 1000°C is  about  3.6 cal/cm /sec 
so  t h a t  it fo l lows t h a t  t h e  window openings themselves only  
made a small c o n t r i b u t i o n  t o  t h e  peak l e v e l s  of r a d i a t i o n  
recorded by t h e  radiometers.  

CONCLUSIONS 

The fol lowing genera l  conclusions can be drawn from 
t h e  r e s u l t s  g iven  above: 

1. The r a d i a t i o n  l e v e l s  from b u i l d i n g s  completely 
l i n e d ,  i n t e r n a l l y ,  wi th  combustible m a t e r i a l s  may 
be double those  where noncombustible l i n i n g s  a r e  used. 

2. If I is  t h e  i n t e n s i t y  of r a d i a t i o n  a t  a d i s t anoe  
from a bu i ld ing  and F is t h e  conf igura t ion  f a c t o r  
f o r  t h e  window openings a t  the  p o i n t  of measurement, 



t hen  ID is a convenient f a c t o r  by which t h e  
r a d i a t i o n  l e v e l s  from d i f f e r e n t  bu i ld ings  may be 
compared. The maximum va lues  of I/F f o r  bu i ld ings  
oompletely l i n e d  wi th  combustible m a t e r i a l  were of 
t h e  o rde r  of 40 cal/cm2/sec. 

3.  !he con t r ibu t ion  of r a d i a t i o n  from openings i n  
t h e  e x t e r i o r  walls was, a t  t h e  per iods  of peak 
r a d i a t i o n ,  s u b s t a n t i a l l y  l e s s  than  that  from t h e  
flames above and surrounding t h e  windows. 

4. A per iod of a t  l e a s t  16  minutes e lapsed  before 
maximum r a d i a t i o n  l e v e l s  were a t t a i n e d .  

5. Radiat ion l e v e l s  were a f f e c t e d  by wind condi t ions ,  
bu t  t h e  r e s u l t s  obtained were n o t  adequate t o  al low 
a q u a n t i t a t i v e  a n a l y s i s  of t h e  e f f e o t s .  

Acknowledgement is due t o  Miss M. Law of t h e  Br i t i sh  
J o i n t  F i r e  Research Organization f o r  much of t h e  a n a l y s i s  of  
t h e  r e s u l t s .  
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