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PREFACE 

The circumstances t h ~ h  led t o  t he  carrying out of 
f i r e  t e s t s  on e igh t  buildings i n  the  pro jec t  known a s  the  
S t .  Lawrence B u r n s ,  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 tu tes  the  complete record of the  planning and 
execution of t he  experiments, together  with a l l  general 
information, The d e t a i l s  on each kind of measurement made, 
including the  r e s u l t s  obtained, a r e  contained i n  separate 
companion repor 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 re  discussed and f i n a l  concl-usions drawn 
i n  a summary repor t .  

Duplication has been avoided a s  f a r  a s  poss ible ,  and 
it w i l l  be necessary t o  r e f e r  t o  the  general repor t  i n  reading 
any of the  other  repor t s  including t h i s  one f o r  any information 
which is  per t inent  t o  more than one of them. A l i s t i n g  of a l l  
r epo r t s  on the  project  follows t h i s  preface, 

The pa r t i c ipa t ion  of the  B r i t i s h  J o i n t  Pi re  Research 
Organization i n  the  experiment, the  i n t e r e s t  and support of 
t h e  Federal C iv i l  Defence au tho r i t i e s ,  the  ass i s tance  of t he  
Ontario Fire  Marshal and h i s  s t a f f ,  and f i n a l l y  t he  complete 
co-operation and very considerable ass i s tance  extended by the  
Hydro-Electric Power Commission of Ontario a r e  a l l  g ra t e fu l ly  
achowledged. It i s  a pleasure a l s o  t o  be able t o  record the  
spec i a l  contr ibution made by members of t he  s t a f f  of the  Pire  
Section who worked long hours, of ten under t r y i n g  f i e l d  condi- 
t i o n s  and a t  great  personal inconvenience, t o  meet t he  many 
deadlines and t o  complete the  project  i n  a most s a t i s f a c t o r y  
manner. 

The au.-t-hor of t h i s  r epo r t  is  M r .  J. H. McGuire, now 
research o f f i c e r  with the  Fire  Sec-tion of t h i s  Division, who 
a s  a member of t h e  s t a f f  of t he  B r i t i s l l  J o i ~ l %  Fire Research 
Organization planned and supervised the  meas~zrements made 
w i t h  t he  radiometers, anernorneters and res i s tance  theraometers. 

Ottawa 
Decernber 1959 

N. B. Hutcheon 
Assis tant  a i r e c t o r  
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ST . L4l03RETJCE BURNS 

VENT1 LATION RrlTTt: YIZASUREDIIENTS 

by 

J. H. LlcGuire 

Venti lat ion i s  an important f a c t o r  influencing 
t h e  r a t e  of burning i n  building f i r e s .  A s  very l i t t l e  
information has been avai lable  on t h i s  sub jec t ,  it was 
decided t o  take measurements during the  course of t he  S-t. 
Lawrence experimental building f i r e s  ca r r ied  out a t  
Aul t sv i l l e ,  Ontario, by the  Fire  Section of t he  Division 
of Building Research, National Research Council. I n l e t  
a i r  speed w a s  measured and the  scope of t h i s  note i s  
confined t o  a  t h e o r e t i c a l  invest igat ion of the  a i r  speeds 
t o  be expected, instrumenta-tion, and a  stat-ement of r e s u l t s .  

THEORETICAL 

By adopting c e r t a i n  simplifying ass~unptions, 
estimates of the  speed of a i r  enter ing a burning building 
can be obtained. If f r i c t i o n a l  res i s tance  i s  neglected 
and the  r a t i o  of t he  i n l e t  area t o  the  hor izonta l  cross-  
sec t iona l  area of the  building i s  small,  so t h a t  the  gases 
within the  building can be considered stagnant ,  t he  speed 
of t he  i n l e t  a i r  can be shown (see  Appendix A )  t o  be: 

where To = ambient temperature (abs . )  

T; = absolute tempera-ture of gases within 
building 

I 
8 = temperature r i s e ,  above ambient, of 

gases within building 

R = height  between i n l e t  and ou t l e t  

Al = i n l e t  area 

A2 = o u t l e t  area 

g = accelera t ion due t o  gravity.  



The above expres s ion  was used t o  assess  t h e  
r anges  of wind cpced  f o r  v!llicil a su i t ab l - e  i n s  tnrnent; 
should be desi{;ned. 11 vnl~rc-2 of  1000°C was assumed f o r  
o ' ,  Table I lis-ts v a r i o u s  p o s s i b l e  cond i t i ons .  During 
t h e  e a r l y  s t a z e s  of a f i r e  t h e  i n l e t  a i r  speeds  would be 
s u b s t a n t i a l l y  l e s s  -than ti~o:;e -ivr?n by equa-tion (1) and 
Table I ,  and it v v a s  decided t h z t  t h e  rninin~un air speed 
which a s u i t a b l e  instnj-rncnt should be capable  of re,e; is- tering 
was 1.5 mph. 

Tne e s t i n a t e s  of maximlam a i r  speed given by Table 
I can  be expected t o  be h igh ,  p r i n c i p a l l y  because they 
r e l a t e  t o  the c o n d i t i o n s  ob-Laini-ng a f t e r  t h e  roof  h;-~il 
c o l l a p s e d ,  vihen i n  f a c t  l o w r  mean g a s  t empera tu re s  [night 
have been expected.  For t h i s  reason and because in te res i s  
was focused p r i m a r i l y  on t h e  i n i t i a l  s ta tyes  of t-he f i r e s  
p r i o r  t o  t h e  c o l l a p s e  of t h e  r o o f ,  it was n o t  cons idered  
e s s e n t i a l  t h a t  t i le  anemometer should respond t o  a i r  speeds  
h i g h e r  t h a n  15 mph, 

- 

ESTIPiIATES OF 1NL:ET A I R  SPEED 

S e p a r a t i o n  I Condi t ion r e p r e s e n t e d  I i n l e t - o u t l e t  

I House, roof  i n t a c t  I 1 0  

House, roof  open 

Comnunity H a l l ,  
roof  i n t a c t  

I n l e t  
A i r  Speed 
mph 



To measure induced ventilatrioli  r a t e s  umcler t h e  
condi t ions  which prevail-ed during t h e  St .  LavJrence exper i -  
ments it was necessary f o r  an  anemometer t o  operate  over 
a wide range of temperatures;  a t  t h e  s t a r t  of a t e s t  t h e  
anemometer temperature might have been -20°P, while a t  a 
l a t e r  s t age  it migh-t have r i s e n  s e v e r a l  h-uncired degrees 
cent igrade .  

To meet t h i s  requirement and t o  ensure s i m p l i c i t y  
and p o r t a b i l i t y ,  a d e f l e c t i o n  type was chosen, tile f i n a l  
des ign  being i l l u s t r a t e d  i n  Fig. 9. The ca l ib ra - t ion  of t h e  
instrument  can be a l t e r e d  by clnanging %be dis- tance be-tl~een 

m t h e  vane and t h e  pivot .  .ihe movement i.s c j a ~ p e d  electromagnet ic-  
a l l y  a s  a r e s u l t  of eddy c u r r e n t s  induced i n  t h e  copper p l a t e  
when it moves i n  t h e  f i e l d  c rea ted  by t h e  permanent magnets. 
It was no t  p r a c t i c a l  t o  atternpt t o  read t h e  s c a l e  of each 
i n s t ~ m n e n t  d i r e c t l y  because of t h e  i n t e n s e  h e a t  and t h e  
danger o f  personal  i n j u r y  from f a l l i n g  d e b r i s .  Telescopes 
which allowed readines  tcr be taken a t  a range of 50 f t  were 
t h e r e f  ore  used. 

9 i o  i d e n t i c a l  anemometers were cons t ruc ted  and 
t h e  c a l i b r a t i o n  of one of them i s  given i n  Pig. 10. 

SITING AND RECOVERY OF AN.Ff'IOli4ETERS 

Anemometers were placed on t h e  s i l l s  of t h e  ground 
f l o o r  windoiris, wllich were of t h e  sash  type and were opened 
a t  t h e  bottom t o  leave  about a t h i r d  of t h e  window a rea  
uncovered. The p rec i se  l o c a t i o n s  i n  t h e  va r ious  t e s t s  a r e  
i l l u s t r a t e d  i n  Figs. 1, 6 and 8. 

I n  o rde r  t o  recover  t h e  anemmeters  when it became 
apparent  t h a t  they  were l i k e l y  t o  be damaged by f a l l i n g  
d e b r i s  o r  by overheat ing,  each w a s  a t t ached  t o  a continuous 
wire pass ing  through an  eye-bol t  f i x e d  t o  t h e  wal l  above 
t h e  window. It was t h u s  poss ib le  t o  withdraw a n  instrument  
s a f e l y  f r o m  a d i s t a n c e  of about 50 f t .  

RESULTS 

The r e s u l t s  a r e  shown i n  Pigs.  11 t o  14 .  During 
t h e  f i r e  i n  house No. 1 t h e  outdoor wind speed ranged from 
zero  t o  6 mph, and s i n c e  t h e  a i r  speeds given i n  Fig. 11 
a r e  small compared wi th  this value it cannot be s a i d  whether 
they  rep resen t  v a r i a t i o n s  i n  t h e  outdoor wind condi t ions  o r  
induced v e n t i l a t i o n  a i r  speeds. I n  t h e  l i s h t  of t h i s  
experience no fu r t i l e r  mea surernent s were attempted dur ing  
subsequent house burnins  experiments. 



In t h e  case  of -Lho commvnity ha1.3 , t h e  anemor,,eter 
on t h e  leeljvarci s i d e  nl!xa?;s gave nefi9t-j.ve readirl2:j nrlcl ii; 
appeared t h a t  no air ~: .n te red  t he  bu i ld ing  fl.olit t h a t  s i d e .  
On t h e  vrindnrarcl s i d e  t h e  i n l e t  a i r  speed increased from 
about 4.5 rnph a t  t he  s t a r t  of t h e  t e s t  t o  6 mph, at which 
tirne it was thought pr.udent, t o  withdraw t h e  an.er:?orrlei;er. 
The outdoor win(] speed at- t h e  t i ~ ~ - : e  was 6 t o  8 mp1.i. 

&wing t h e  school burn t h e  outdoor wind speed was 
l e s s  than  1 rnph, which war; rr~uch l e s s  t-k~an t-ha-t which 
occurred during any o f  t h e  previous exyerinents .  A t  t h e  
window i n  t h e  main body of t h e  bu i ld ing  an a i r  speed of 
7.4 rnph was recorded. 

The fact; - tha t  t h e  in le- t  a i r  speed a t  th.e wirldow i n  
t h e  subs id ia ry  r e a r  hal.1 eqnal-led, i f  nol; exceeded, t h i s  
value a t  a t ime when t h e  f i r e  was confined t o  .the main hal.1 
was unexpected. The connection betv~ecrl t h e  tvro c.ompar tments 
was b:r a  s i ng l e  open cloor aboul; 6 ft- G in. h i &  by 3 f t  $vide. 
A poss ib le  explanat ion can be offerecl: s ince  t h e  connection 
between t he  r e a r  h . a l l  and t h e  main buil .ding was an  open 
doorway, t he  pos i t ion  of the  r e a r  h a l l  window had no s i g -  
n i f i c a n t  e f f e c t  on t h e  induced air speed. The a i r  cou.ld 
be regarded a s  en te r ing  $he main burning compartment. 
However, t h e  a c t u a l  i n l e t  a rea  wa:; l e s s ,  and ec1ua.tir.ir.l (1) 
su-ggests t h a t  t h i s  ~011.15 tend t o  increase  -the valixe of cvr. 

Yrior t o  th.e school burn it had been fo~mil  necessary 
t o  withdraw t h e  anemometers some time before t h e  roo f s  
collapsecl and it was assumed t h a t  t h i s  would be t h e  case 
during t h e  bunl ine  of t h e  scEiool. The ~ a n g e  adjustment was 
t h e r e fo r e  s e t  t o  give t h e  be s t  accura.cy a t  1-ow a i r  specd.s. 
This proved t o  be a wise pol icy  so f a r  a s  t h e  anemometer 
i n  t h e  rnain bil i lding was concerned 'owl; not  f o r  t h e  one 
associ.at;ed with tile aru1e:c. 21:orn t h e  recortl of t h e  obser- 
va t i ons  it h a s  been fomc'l. that- -the t ime at- which t h i s  l a - t t e r  
anemometer went of f  s c a l e  corresponds very cl.osely t o  t h e  
t i n e  a-b which large openings began t o  appear  i n  t h e  roof of 
m a i ~  bui lding.  A s  discussed previously t h e  open window axea 
i n  t h e  annex cons t i tu ted .  an i n l e t  a rea  t o  the  main bui ld ing .  
I n  t h e  l i e h t  of t h i s  f i nd ing  it can be expected t h a t  t h e  
i n l e t  a i r  speeds would be high a f t e r  t h e  roof i n  t h e  main 
bu i ld ing  col lapsed.  A s  soon a s  t h e  annex became fu l l j r  
involved i n  t h e  f i r e  ( a f t e r  45 minutes) rn0L-e 1vindo1:~s 
fractu.r.ed and th.e v e n t i l a t i o n  condi t ions  were no longer  so 
c1osel.y a ssoc ia ted  wikh t h e  f i r e  i n  tile rnain bv.ildirlc. A s  
shovm i n  Fig. 1 4  t h e  i n l e t  a i r  s;:eed.s than  d r o p ~ e d  t o  
v:jlu.es t o  be expected i n  sing1.e-st-or:: buildirlg T i res .  A t  
about- th . i s  poin t  the  anemometer had t 0 be ~~~i:i t i~.d~a!vn. 
m i o r  t o  t h e  burn it  had been expec tp .6  t h a - t  %kt? armex ~ ~ o u l d  
become involved at- a r(r:lc7tivel.y e a r l y  s. tr?i;~ n71d t h a t  %he 
condi t ions  described above wou-ld never  have ex i s t ed .  



It i s  of i n t e r e s t  t o  compare the  r e s u l t s  obtained 
during the  school burn with values estimated from expres- 
s ion (1). A t  t he  time when t h e  measurements i n  t h e  main 
building had t o  be discontj-nued all the  ups t a i r s  and. most 
of t he  dolvnstairs windows had f a l l e n  out.  In  equation (1) 
wf should therefore  assume A 1  = A 2 .  Using the  value 
8 = 1 0 0 0 ° C  a s  previously gives an est imate of 7.8 mph 
which corresponds closel-y with t h e  maximum value recorded 
(about 7 mph). For t h e  condition where la rge  openings had 
appeared i n  t h e  roof of t he  main building t h e  predicted 
maximum a i r  speed was 16 mph. I n  viev of t he  anomalous 
conditiorls causing t h e  i n l e t  a i r  speed a t  t h e  window i n  
t h e  annex t o  be controll.ed temporarily by conditions i n  
t he  main building,  it i s  not therefore  surpr i s ing  t h a t  the  
anemometer i n  t he  annex went off  scale.  
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FIGURE 15 APPLICATION OF BERNOULLI'S EQUATION 



THE SPEED OF A I R  ENTERING R BURITIIJG BUILDING --- ----a 

~ 3 o m  a corsiderat-ion of conservation of mass flow 
at the inlet and outlet, 

where z, A, p and v are over-all fuel/air ratio, 
area, density, and air speed respectively. 

The significance of the sub- and super-scripts is inaicated 
in Fig. 15. 

Neglecting frictional resistance and assuming that 
the gas speed within the building is low (i.e. that the 
inlet and outlet areas are small compared with the horizontal 
cross-sectional area of the building), energy considerations 
at the inlet, following Bernoulli, give 

where p represents pressure. 

Similar considerations, at the outlet, assuming 
that combustion is completed within the enclosure, give 

Adding equations (2) and ( 3 )  

Since the gases within and outside the building 
may be considered stagnant, the left side of equation (4) 
is given by the difference in weights of the inside and 
outside gases. Therefore 



The e f f e c t  of pressure changes on densi ty i s  i n  
t h i s  case neg l ig ib le ,  s o  t h a t  

where QA i s  t h e  temperature r i s e ,  above ambient, of 
t h e  gases within the  building a t  a height  h. 

F r o m  equations ( I ) ,  ( 6 )  and (7 )  

I 
I f  Qh i s  constant then 

A maxim~m estimate of t h e  i n l e t  a i r  speed may be 
obtained by neglect ing the  contr ibut ion of t he  f u e l  t o  t h e  
mass flow. For a f u e l / a i r  r a t i o  of s toichiometric proportions 
the  e r r o r  i n  neglect ing z i s  l e s s  than 20 per  cent.  I n  the  
ea r ly  s tages  of t he  f i r e  t h e  f u e l / a i r  r a t i o  i s  much l e s s  and 
t h e  e r r o r  i s  correspondingly less .  


