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The circumstance:; t h a t  l e d  t o  the  car ry ing  out  
of f i r e  t e s t s  on e igh t  bu i ' l  dings i n  the  p ro jec t  lcnown a s  
the  S t .  Lawrence Burns, a r l > l  t h e  ob jec t ives  and the  ways 
i n  which these  were achicvtci a r e  f u l l y  described i n  a 
general  r epo r t .  I t  c o n s t i t u t e s  t h e  complete record of the 
planning and execution of t he  experiments, t o ~ e t h e r  wi th  
a l l  general  inforniation. The d e t a i l s  on each kind of 
measurement made, inc luding t he  r e s u l t s  obtained,  a r e  con- 
t a ined  i n  separa te  companion r e p o r t s  of which t h i s  i s  one. 
A l l  t h e  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  a s  poss ib le ,  
and i t  w i l l  be necessary t o  r e f e r  t o  t he  general  r epo r t  
i n  reading any of the  o the r  r epo r t s  including t h i s  one f o r  
any information which i s  pe r t i nen t  t o  more than one of 
them. A l i s t i n g  o f  a l l  r e p o r t s  on the  p ro j ec t  fol lows 
t h i s  preface.  

Tho p a r t i c i p a t i o n  of t h e  B r i t i s h  J o i n t  F i re  
Research Organization i n  t he  experiment, the  i n t e r e s t  and 
support  of the  Federal C i v i l  Defence a u t h o r i t i e s ,  t h e  
a s s i s t ance  of the  Ontario F i 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 
a s s i s t ance  extended by t h e  Hydro-Xlectric Power Commission 
of Ontario a r e  a l l  g r a t e f u l l y  acknowledged. It is a 
pleasure a l s o  t o  be able  t o  record the  spec i a l  con t r ibu t ion  
made by members of t he  s t a f f  of the  F i re  Sect ion  who worked 
long hours,  o f t en  under t r y i n g  f i e l d  condi t ions  and a t  
g r e a t  personal inconvenience, t o  meet the many deadl ines 
and t o  complete the  p ro j ec t  i n  a  most s a t i s f a c t o r y  manner. 

The au thor  of t h i s  r epo r t  i s  D r .  D. G. Stepheneon, 
research  o f f i c e r  with the  Building Services Sect ion of 
t h i s  Division, who a s s i s t e d  the  F i re  Sect ion  i n  t h i s  
p ro j ec t  by arranging f o r  and analys ing  the  readings of 
r a d i a n t  temperature of window openings. 

Ottawa 
December 1959 

N. B. Hutcheon 
Ass i s t an t  Direc tor  



REPORTS ON THE ST. LA~"lRBIlTCE BURRS - -- 

Sub-Tit13 Author 

General Report G. 1.V. Shor ter  

Smoke and Sowid Nea surenent  s G. Williams-Leir 

Temperature Idea surement s G. JJ!illiams-Leir 

Radiometer Measurements J . H .  McGuire 

Vent i la t ion  Rate Measurements J .H .  I~IcGuire 

Resis-tance Thermometer 
Measurements J .H.  McGuire 

Radiant Temperature of Openings D. G. Stephenson 

Gas Analysis J . R .  J u t r a s  

Summary Report  G. W. Shor te r  and 
J . H .  McGuire 



ST.  LA!O3ENCE BURNS 

R A D I A N T  TEMPERATURE OF OPENINGS 

D.G. Stephenson 

Since a  burning b u i l d i n g  can i g n i t e  ne ighbowing  
s t r u c t u r e s  i f  the r a d i a t i o n  reaching  t h e  exposed su r face8  i s  
s u f f i c i e n t l y  i n t e n s e ,  bu i ld ing  codes u s u a l l y  s p e c i f y  a  
minimum s e p a r a t i o n  between bui ld ings .  I t  i s  poss lb l e  t o  
c a l c u l a t e  t h e  sepa ra t ion  which i s  r equ i red  t o  prevent  f i r e  
spread by r a d i a t i o n  i f  the fo l lowing  d a t a  a r e  a v a i l a b l e :  

1. The i n t e n s i t y  of t h e  r a d i a t i o n  emi t t ed  by 
a  burning bui ld ing;  

2. The r a d i a n t  energy f l u x  which w i l l  i g n i t e  
t h e  exposed wooden p a r t s  of a n  ad jacen t  
bu i ld ing .  

I A q u i t e  complete I n v e s t i g a t i o n  of "The I n i t i o n  of 
Wood by ~ a d i a 1 ; l o n "  was made by Lawson and Simms 7 l 9 5 2 ) ,  bu t  
very  few measurements of tho r a d i a t i o n  emi t ted  by a  burning 
bu i ld ing  have been repor ted .  Whon c a l c u l a t i n g  the energy whiah 
may be t r a n s f e r r e d  by r a d i a t i o n  i t  i s  common t o  assume t h a t  
t h e  openings i n  the  s h e l l  of a  burning bu i ld ing  r a d i a t e  a 3  
b lack  bodies a t  1000°C. The v a r i a t i o n  i n  r a d i a t i o n  i n t e n s i t  % w i t h  time i s  normally no t  taken i n t o  account,  i . e . ,  t h e  1000 C 
i n t e n s i t y  i s  assumed t o  e x i s t  long enough f o r  the  exposed 
su r faues  t o  come t o  an  equ i l ib r ium temperature.  

The S t .  Lawrence burns  provided an ususua l  oppor tuni ty  
t o  ob ta in  f i e l d  measurements of the r a d i a t i o n  emi t ted  by 
different types  of burning b u i l d i n g s  a t  va r ious  s t a g e s  i n  t h e  
development of a  f i r e .  A r e p r e s e n t a t i v e  of t h e  J o i n t  F i r e  
Research Organizat ion (Grea t  ~ r i t a i n )  measured the  t o t a l  
r a d i a t i o n  ino iden t  on a  su r face  l o c a t e d  a known d i s t a n c e  from 
t h e  burning bui lding.  To supplement h i s  r e s u l t s  it was decided 
t o  measure t h e  equiva len t  b lack  body temperature  of a wlndow 
i n  t h e  room where the  f i r e  s t a r t e d .  These r a d i a n t  temperature  
measurements a r e  t h e  s u b j e c t  of t h i s  r e p o r t .  



Desc r ip t ion  of A p p a r ~ t u s  and --- Procedure 

A thermopile radiometer  designed by Linke and Feussner  
and manufactured by P m J o  Kipp and Zonen of D e l f t  was used a s  
t he  r a d i a t i o n  sens ing  devico. Tho ins t rument  was modified 
by r e p l a c i n g  one of t he  1/2-bil;- d iameter  g l a s s  f i l t e r s  by a  
double walled sc reen  w i t h  a 114-in. d iameter  ho le  a t  i t s  
cent re .  With t h i s  a p e r t u r e  t h e  i n s t r ~ ~ r n e n t  oould be l o c a t e d  
up t o  20 f t  from an openlng 2 f t  wide and s t i l l  have t h e  
opening completely f i l l  t h e  f i e l d  of view of tho ins t rumente  

The e lec t romot ive  f o r c e  genera ted  by the  radiometer  thermo- 
p i l e  was recorded by a s e l f  -balancing poten t iometer  s t r i p - a h a r t  
r eco rde r ,  The r e c o r d e r  had a  range from -5 t o  + 5  m i l l i v o l t s  and 
a  o h a r t  speed of 1 in.  p e r  minute, A 5 - m i l l i v o l t  b i a s  vo l t age  was 
put  i n  s e r i e s  w i t h  t h e  po ten t iometer  i n p u t  so t h a t  t h e  e f f e c t i v e  
range was from 0 t o  +10 m i l l i v o l t s .  

The radiometer  was s e t  on a  s u r v e y o r ' s  t r i p o d  about  5 
f t  above t h e  ground. The t r i p o d  was l o c a t e d  d i r e c t l y  i n  f r o n t  
of and 2 0  f t  from a window of the room i n  which the  f i r e  waa 
s t a r t e d .  To ensure  t h a t  the instrument was a c c u r a t e l y  s i g h t e d  
on the  c e n t r e  of the  window the fo l lowing  procedure was fol lowed:  

I* A 250-watt i n f r a - r ed  lamp was a t t a c h e d  a t  
t h e  c e n t r e  of t he  window. 

2 e  The radiometer  output  was connected t o  a  
d-c a m p l i f i e r  w i th  an  output  meter  whioh 
served  a s  a galvanometer, 

3. The radiometer  was s igh ted  on the lamp 
u s i n g  the peep s i g h t  which i s  a t t a c h e d  t o  
t h e  b a r r e l  of the  ins t rument .  

4. The f i n e  s i g h t i n g  was  done by a d j u s t i n g  
t h e  azimuth and e l e v a t i o n  t o  g i v e  a maximum 
output  from the  thermopile.  W i t h  a  250-watt 
lamp a t  20 f t  t h e  radiometer  i s  very s e n s i t i v e  
t o  angle ,  

The procedure dur ing  a burn was a s  fol lows:  

1. The ins t rument  was s e t  up on t h e  t r i p o d  a t  
l e a s t  an hour before  t h e  burn s t a r t e d ,  

2. The s i g h t i n g  was done a s  desc r ibed  and t h e  
radiometer  output  was then  connected t o  t h e  
r eco rd ing  potentiome t e r m  The p o l a r i t y  of 
t h e  connect ion was checked t o  make s u r e  t h a t  
i nc reas ing  r a d i a t i o n  caused an on-scale  
d e f l e c t i o n .  



3. With the  radiometer s h u t t e r  c losed the  
b i a s  vol tage i n  the input  c i r c u i t  was 
adjus ted  t o  give a recorder  reading of 
zero on the cha r t ,  

4. The shu t t e r  was replaced by the 1/4-in. 
diameter aper ture .  

5. A t  the o f f i c i a l  s t a r t  of t h e  t e s t  t he  
recorder  c h a r t  f eed  was s t a r t e d  and then 
t he  recorder  was l e f t  unattended. 

6. The operator  went t o  the radiometer and 
stayed t he r e  during t he  remainder of t he  
t e a t .  He read and reoorded t h e  radiometer 
temperature a t  1/2-min i n t e r v a l s  and 
recorded observat ions of t he  progress  of 
t he  f i r e ,  gag., when the  g l a s s  broke, when 
t he  flames s t a r t e d  coming out of t h e  window, 
eto.  

7. The radiometer was removed when the operator  
thought i t  might be damaged by the  co l l apse  
of a wal l  o r  when the  heat was so  i n t ense  
t h a t  he could no longer  s t ay  by t he  instrument 

A. Cal ib ra t ion  

The radiometer was purchased a s  a l abora to ry  s tandard 
which could be used t o  c a l i b r a t e  s o l a r  r a d i a t i o n  recorders .  
A s  soon a s  i t  waa received i t  was checked aga ins t  the  S i l v e r  
Disk Pyrheliometer No. 14 which i s  the standard used by the 
Meteorological Branch of t he  Department of Transport. The 
oomparison was made on a c l e a r  day us ing the  sun a s  a source. 
The average of many comparisons indica ted  t h a t  the f a c t o r  f o r  
t h i s  instrument i s  

t = instrument temperature O C  

This i s  based on the  In t e rna t i ona l  s ca l e  of 1956, which 
gives r a d i a t i o n  values 2 pe r  cent lower than does the  1913 soale.  

T h i s  o a l i b r a t i o n  was determined f o r  the s tandard aper ture ,  
no t  the small  one. To obta in  the f a c t o r  f o r  t h e  reduced aper ture ,  
the radiometer was s e t  up i n  f r o n t  of a gas-f i red r a d i a t i o n  panel 



and' the thermopile output was reaorded a s  the  two aper ture8  
were a l t e rna ted .  The r a t i o  of out u t  wi th  small aper tu re  t o  f: output wi th  l a rge  aper tu re  was 0.2 0. This i s  a l s o  the r a t i o  
of t h e  s o l i d  angle of view f o r  the two aper tures .  The s o l i d  
angle of view f o r  the  standard aper ture  i s  given by the  i n s t r u -  
ment manufacturer a s  W = ?f/125. Thus the  angle f o r  the reduced 
aper tu re  i s  0.260 x , 71'/480. 

125 

The r a d i a t i o n  from a burning bui ld ing has a  peak i n t e n s i t y  
a t  wavelengths between 2 and 2.5 microns, whereas so l a r  r a d i a t i o n  
h a s  i t s  peak i n t e n s i t y  a t  about 0.5 micron. It was decided t o  
check the  radiometer c a l i b r a t i o n  f o r  long wavelength r a d i a t i o n  
s lnce  the  instrument had only been ca l i b r a t ed  with s o l a r  r ad ia t ion .  
The Divis ion  does not have a  high temperature furnace which i s  
su i t ab l e  f o r  c a l i b r a t i n g  a radiometer i n  the 2.5-micron range, 
so t h a t  a  blaok body a t  100°C (10-micron wavelength) was used. 
The r e s u l t s  a r e  given i n  Appendix A. This t e s t  showed t h a t  the 
c a l i b r a t i o n  constant  f o r  the inf ra- red  r a d i a t i o n  i s  s l i g h t l y  h igher  
than t h a t  f o r  the s o l a r  spectrum. The f a o t o r  appropriate  f o r  s o h  r 
r a d i a t i o n  was used $or ca lou l a t i ng  the rad ian t  temperature of the 
burning bui ldings.  

B. Calculat ion of Radiant Temperature from Radiometer Output 

The normal r a d i a t i o n  i n t e n s i t y  from a b lack body a t  To 
Kelvin i e  

& - 
I n  - 'r Langley/min Steradian  

where 4. = 81.3 x lom1* 
The r a d i a t i o n  inuident  on the thermopile when the radiometer f i e l d  
of view i s  completely f i l l e d  by' a  r a d i a t o r  a t  To Kelvin i s  In times 
the so l i d  angle of the f i e l d  of view, 

Thus 
inc ident  r a d i a t i o n  = 

.a 0-A 
We? Langle y/min 

and the  r a d i a t i o n  emitted by the radiometer wi th in  t h i s  same s o l i d  
angle i s  

Then radiometer output emf i s  





M r .  Bernard ~ r u l 6 ,  Xssaarch Technician with Building 
Services  Sect ion  was l a r g e l y  responsib le  f o r  t h e  opera t ion  of 
the ins t rumenta t ion  i n  the  f dt'lr:i and provided valued ass i s t ance .  
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A P P E N D I X  A 

CHECK ON RADI OhEiTER C A L I B R A T I O N  A T  

LONG VJAVELENGTHS 

The radiometer  was s igh ted  i n t o  a c o n i c a l  b lack  body 
which was maintained a t  100°C by condensing steam a t  atmospherio 
pressure ,  

A, Data f o r  small  aper ture :  - 

T = 373' Kelvin 

Calcula t ion:  

B. Data f o r  s tandard  ape r tu re :  

Calcula t ion:  

125 x 0.092 mv 
= B1.3 x 0.01158 = 12,22 Langle y/min 

The good agreement between t h e  va lues  of K found f o r  the 
small  and the  s tandard  a p e r t u r e s  i s  conf i rmat ion  of t h e  accuraay 
of the s o l i d  angle r a t i o .  


