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On a mesure l a  p r e s s i o n  e t  l e  t aux  de  gaz  t r a c e u r  dans  un h a t e l  
d e  1 5  g t a g e s ,  e n  h i v e r  ( l o r s q u e  l ' e f f e t  d e  t i r a g e  se 
m a n i f e s t a i t  dans  l e  b a i m e n t ) ,  a f i n  d 'bvaluer  l e s  dangers  de  l a  
fumBe a s s o c i e s  a u  f e u .  Du g a z  t r a c e u r  a B t G  e m i s  
cont inuel lement  pour s i n u l e r  l a  product ion d e  f u d e  f r o i d e  dans  
l a  p i ece  d ' e s s a i  au  feu. Lorsque l ' e s s a i  a 6 t e  e f f e c t u e  au  
rez-de-chaussb , l a  fumee s'est repandue tres rapidement dans  
l e s  cages  d ' e s c a l i e r ,  les g a i n e s  d 'ascenceur  e t  aux &ages  
sup'erieurs.  L o r s q u ' i l  a 6 tB e f f e c t u s  dans une chambre du 
deuxisme Btage, l a  fum6e ne s ' e s t  pratiquement pas p r o p a g b  
dans  le  bgtiment t a n t  que l e  mur e x t e r i e u r  de l a  p i e c e  d ' e s s a i  
est demeurg i n t a c t  e t  que l a  p o r t e  de  l a  p i e c e  e s t  r e s t &  
ferm6e. Cdpendant, l e  degr6 de  propagat ion de  fumee s ' e s t  
a c c r u  considerablement  quand on a p r a t i q u e  une ouve r tu re  dans  
l e  mur e x t e r i e u r  pour s i n u l e r  une f e n s t r e  brisi5e. 11 n ' a  cess t i  
d 'augmenter lorsqu 'on a a u s s i  ouve r t  l a  p o r t e  d ' e n t r g e  de  l a  

p i e c e  d ' e s s a i ,  p u i s  l a  p o r t e  de l ' e s c a l i e r  de 116 tage  e n  
cause. 

On a mesure l e s  d i fEErences  de  p res s ion  e t  l a  d i r e c t i o n  d e  
l 'bcoulement de l ' a i r  l o r s  du fonctionnement d e s  sys tsmes d e  
e r e s s u r i s a t i o n  d e s  cages  d ' e s c a l i e r  e t  d e s  g a i n e s  d 'ascenceur .  

E t a n t  donnB que l e s  c o r r i d o r s  s e  t rouven t  ind i r ec t emen t  
p r e s s u r i s e s  p a r  c e s  systSmes, i1 est peu probable  que l a  fumee 
provenant de l a  p i e c e  e n  f eu  se propage dans  l e  r e s t e  du 
batiment.  



Smoke Movement Studies in a 15-Story Hotel 
G.T. Tamura, P.E. P.J. Manley, P.E. 
ASHRAE Member 

Pressure and t r a c e r  gas measurements f o r  a  15-story h o t e l  i n  winter  (when t h e  bui lding was 
under t he  inf luence  of s tack  ac t ion )  a r e  used t o  a s se s s  the  smoke hazard assoc ia ted  with f i r e .  

Tracer gas was re leased  continuously t o  s imulate  generat ion of cold smoke i n  t h e  f i r e  room. 
With f i r e  on the  ground f l o o r ,  t h e  s t a i r  and e leva tor  s h a f t s  and the  upper f l o o r s  became smoke 
f i l l e d  i n  a  very s h o r t  time. With f i r e  i n  a  room on t h e  second f l o o r ,  t he  h o t e l  remained 
r e l a t i v e l y  uncontaminated provided t h a t  the  e x t e r i o r  wall of t he  f i r e  room remained i n t a c t  and 
t h e  room entrance door remained closed. The ex ten t  of contamination increased s i g n i f i c a n t l y ,  
however, when an opening i n  t h e  e x t e r i o r  wall  was c rea ted  t o  s imulate  a  broken window. 

Contamination increased f u r t h e r  when t h e  room ent rance  door was a l s o  opened and increased 
s t i l l  more when the  s t a i r  door on t h e  f i r e  f l o o r  was open. 

Measurements of pressure  d i f f e r ences  and a i r f l ow  d i r e c t i o n  were made with t h e  s t a i r  and 

e l eva to r  s h a f t  p r e s su r i za t i on  systems i n  operation. Because of t h e  i n d i r e c t  p r e s su r i za t i on  of 
t h e  co r r ido r s  by these  systems, smoke from t h e  f i r e  room w i l l  probably be prevented from 

contaminating the  remainder of t he  building. 

INTRODUCTION 

The smoke hazard i n  apartment bui ld ings  and h o t e l s  i s  p o t e n t i a l l y  l e s s  than t h a t  i n  open-floor 
bui ldings because compartmentation r e s i s t s  flow of smoke within a  building. S ign i f i can t  

numbers of f a t a l i t i e s  i n  recent  h o t e l  f i r e s ,  however, i n d i c a t e  t h a t  smoke can spread during 
f i r e  t o  endanger t he  l i v e s  of occupants remaining i n  rooms or at tempting t o  escape through 
co r r ido r s  and stairways.  

To gain a  b e t t e r  understanding of how smoke moves i n  a  compartmented bui ld ing ,  s t u d i e s  
have been conducted under various simulated f i r e  condit ions i n  a  15-story ho te l  (MacLaren 
Engineers Inc. 1984). Pressures and a i r f l ow  pa t t e rns  were obtained by measuring t h e  pressure  
d i f f e r ences  across  t he  closed doors of room entrances,  ou ts ide  balconies ,  e l eva to r s ,  and 
s t a i r s  on a  number of f l o o r s .  A t r a c e r  gas,  SF6 ( su l fu r  hexaf luor ide)  (Klote and Fo the rg i l l  
1983), was re leased  continuously t o  s imulate  smoke from f i r e s  on the  ground f l o o r  and i n  a  
second f l o o r  room. Gas samples co l l ec t ed  throughout t h e  h o t e l  provided a  measure of t h e  SF6 
concentrat ion build-up with time. 

The h o t e l  i s  equipped with pressur iza t ion  f a n s  t o  p ro t ec t  t h e  two s t a i r s h a f t s  and t h e  
s e r v i c e  e l eva to r ,  which is designated t o  serve  f i r e f i g h t e r s  i n  t he  event of f i r e .  These 

systems were assessed by measuring and comparing pressure  d i f f e r ences  and a i r f l ow  d i r e c t i o n s  
with and without f ans  i n  operation. 

G.T. Tamura i s  a  s en io r  research o f f i c e r ,  Division of Building Research, National Research 
Council of Canada, Ottawa, Canada, KlA 0R6; P.J. Manley is  a  s en io r  p ro j ec t  manager, MacLaren 
Engineers Inc., Toronto, Canada. 



DESCRIPTION OF TEST BUILDING 

The h o t e l  is  a 15-story tower, wi th  meeting rooms and an e l eva to r  lobby on t h e  f i r s t  f l o o r  and 
guest  rooms on the  next 13 f l oo r s .  Two ha l f - f loors  a t  t he  top  contain t h e  mechanical and 

e l eva to r  machine rooms. On t h e  f i r s t  f l o o r  t h e  tower i s  connected by a  wide cor r idor  t o  a  
l a r g e  s ingle-story bui ld ing  housing t h e  r e g i s t r a t i o n  and lobby a reas ,  lounge rooms, 

r e s t au ran t ,  and r ec rea t iona l  f a c i l i t i e s .  Figures 1 and 2 show plans of t h e  ground f l o o r  and a 
t yp i ca l  guest  f l oo r .  Bu i l t  i n  1980, t h e  h o t e l  has t he  fol lowing f ea tu re s :  

1. Approximate a r ea  per  guest  f l o o r ,  710 m2 (7650 f  t 2 ) ,  
2. Central  s e r v i c e  a r ea ,  inc luding  two s t a i r w e l l s ,  t h r e e  passenger e l eva to r s ,  and one 

s e r v i c e  e l eva to r ,  

3. Separate  a i r  supply and exhaust system f o r  meeting rooms on t h e  f i r s t  f l o o r ,  

4. Corridor a i r  supply on guest  f l o o r s  from a s i n g l e  roof-mounted f a n ,  I 

5. Central  bathroom exhaust from each guest  u n i t  by means of a  s i n g l e  roof-mounted f an ,  

6. Fan c o i l  u n i t s  i n  each guest  room, 
I 

7. Outside balcony f o r  each guest  room, I 

8. Automatic smoke con t ro l  systems comprising 
- pressur iza t ion  f ans  a t  t h e  t op  of each s t a i r w e l l ,  t o  be ac t iva t ed  together  with 

automatic openers f o r  t h e  e x i t  doors a t  t h e  bottom of t h e  s t a i r  s h a f t s  ( e x i t  door 

of t h e  no r th  s t a i r  s h a f t  l e ads  t o  t h e  lobby on t h e  ground f l o o r ,  and t h a t  of t he  

south s t a i r  s h a f t  t o  a  basement c o r r i d o r ) ,  
-- a p re s su r i za t i on  f an  loca ted  a t  t he  top  of t h e  s e r v i c e  e l eva to r  s h a f t ,  

-- automatic c losures  f o r  t h e  f i r e  doors i n  t h e  co r r ido r  of each f l o o r  (Figure 21, 
including t h a t  on the  ground f l o o r  s epa ra t ing  the  tower from the  s ingle-s tory  

s t r u c t u r e  (Figure 1). 

TEST PROCEDURES 

Eight t e s t s  were c a r r i e d  out during December 1983 and January 1984. The f i r s t  two used one of 

t h e  f i r s t  f l o o r  meeting rooms a s  t he  f i r e  room, and the  remaining s i x  t e s t s  involved one of 
t h e  guest  rooms on t h e  no r th  s i d e  of t h e  second f l o o r  a s  t h e  f i r e  room. The t e s t  

conf igura t ions  (Table 1)  were s t ruc tu red  t o  i nves t iga t e  how t h e  bui ld ing  a i r  supply and 

exhaust system, an open balcony door s imulat ing a  broken window i n  t h e  f i r e  room, an open 

en t rance  door t o  t he  f i r e  room, and an open s t a i r  door on t h e  f i r e  f l o o r  would a f f e c t  smoke 
movement. The smoke con t ro l  systems were no t  operated f o r  these  t e s t s .  

Measurements were conducted on t h e  l s t ,  2nd, 3rd, 6 th ,  l l t h ,  and e i t h e r  t he  13th or  14th 
f l o o r s .  Locations where pressure  d i f f e r ence  measurements and co l l ec t i on  of t r a c e r  gas samples 
were taken on t h e  ground f l o o r  a r e  shown i n  Figure 1 and those  f o r  t h e  guest  f l o o r s  i n  

Figure 2. The t e s t  rooms were a l l  served by the  same v e r t i c a l  exhaust duct. This permitted 

study of poss ib le  t r a n s f e r  through t h e  exhaust duct of t r a c e r  gas from t h e  f i r e  room t o  t h e  

upper rooms. With a  guest  room on the  no r th  s i d e  of t h e  second f l o o r  a s  t he  f i r e  room, 
measurements of pressure  d i f f e r ence  and gas samples were taken i n  t h e  rooms adjacent  t o  i t  t o  

i nves t iga t e  t he  t r a n s f e r  of t r a c e r  gas through par ty  walls .  

Pressure d i f f e r ence  and flow d i r e c t i o n  measurements f o r  each t e s t  provided t h e  pressure  

d i f f e r ences  and a i r f l ow  p a t t e r n  i n  t h e  building. Those across  t he  entrance and balcony doors 

of guest  rooms, across  doors of s e rv i ce  e l eva to r  and lobb ie s ,  s t a i r w e l l s ,  and guest  e l eva to r s  
f o r  t h e  t e s t  f l o o r s  were measured with a  p iezo- res i s t ive  pressure  t ransducer  s e n s i t i v e  t o  

1.2 Pa (0.005 i n  of water).  Airflow t e s t e r s  generat ing white  smoke were used t o  show t h e  

d i r e c t i o n  of a i r f l ow  a t  t h e  washroom exhaust i n  t h e  guest rooms and i n  t h e  cor r idor  supply-air 
g r i l l e s .  During one t e s t  with v e n t i l a t i o n  systems on, a i r f l ow  r a t e s  were measured wi th  a  ho t  
wire anemometer i n s i d e  a  t e s t  duct placed aga ins t  t h e  bathroom exhaust-air g r i l l e .  Corridor 

supply a i r  r a t e s  were measured with a  ve loc i ty  pressure-averaging ( p i t o t - s t a t i c )  tube i n s i d e  a  
prefabr ica ted  wooden duct sea led  t o  t h e  perimeter of t he  supply-air g r i l l e .  

Tracer gas concentrat ions were measured fol lowing determinat ion of pressure  d i f f e r ences  
and a i r f l ow  d i r ec t ions  i n  t he  building. The gas r e l e a s e  system cons is ted  of a  cy l inder  of 
e i t h e r  1.01 or 10.5% SF6 i n  n i t rogen ,  a  two-stage r egu la to r ,  and two ca l ib ra t ed  variable-area 

flow meters i n  p a r a l l e l  capable of de l ive r ing  up t o  250 mL/min. Fans were used t o  c r ea t e  a  

homogeneous mixture of t r a c e r  gas and a i r  i n  t h e  f i r e  room. Air samples were taken i n  t he  



h o t e l  p r i o r  t o  t he  s t a r t  of t r a c e r  gas r e l ea se  t o  record any r e s idua l  SF6 from t h e  previous 
day 's  t e s t .  

The concentrat ion of  SF6 i n  t h e  f i r e  compartment was monitored continuously by means of a 

nondispersive,  i n f r a r ed  gas analyzer  connected t o  a s t r i p  char t  recorder .  The concentrat ion 
of SF6 was brought t o  approximately 200 ppb i n  t h e  f i r e  compartment within about 5 minutes; 

then t h e  gas flow r a t e  was reduced s o  a s  t o  maintain t h a t  concentrat ion within f25 ppb. The 
s t e a d y s t a t e  concentrat ion i n  t h e  f i r e  compartment was increased t o  approximately 500 ppb f o r  
t he  l a s t  two t e s t s  i n  order  t o  increase  t h e  SF6 concentrat ions throughout t h e  bui lding and 
thereby inc rease  t he  accuracy of t h e  t e s t  r e s u l t s .  

Gas samples t o  be analyzed f o r  SF6 concentrat ion were co l l ec t ed  i n  t h e  guest  rooms, 
co r r ido r s ,  s e r v i c e  lobbies ,  s t a i r w e l l s ,  and passenger e l eva to r  s h a f t  ( s ee  Figures 1 and 2 f o r  

sampling l o c a t i o n s )  a t  15-minute i n t e r v a l s  during a 2-hour period. Samples from t h e  guest  
rooms, s t a i r w e l l s ,  and e leva tor  s h a f t  were co l l ec t ed  i n  t he  co r r ido r ,  using a small pump t o  
draw a i r  a t  a r a t e  of 1 L/min. A clean 50-mL hypodermic syr inge  (22-gauge needle)  was f lushed  
a t  each loca t ion  with t h e  a i r  t o  be sampled, and 45 mL of i t  was then i n j e c t e d  i n t o  a 20- 
evacuated g l a s s  tube (Tamra  and Evans 1983). The samples were s e n t  t o  t h e  labora tory  f o r  
ana lys i s  with an ion-capture de t ec to r  chromatograph ( s e n s i t i v i t y  of 0.5 ppb). The de tec t ion  

l i m i t  f o r  t h i s  method of sampling and ana lys i s  was determined t o  be f1.6 ppb a t  t h e  90% 
confidence i n t e r v a l .  Ins ide  and outs ide  temperatures, and wind speed and d i r e c t i o n  were 
recorded during each t e s t .  

TESTS ON SMOKE CONTROL SYSTEMS 

The e f f e c t  of s h a f t  p r e s su r i za t i on  on t h e  pressure  d i f f e r ence  and a i r f l ow  p a t t e r n s  i n  t h e  
bui lding were assessed. Pressur iza t ion  f a n s  f o r  t he  south s t a i r  s h a f t ,  which e x i t s  t o  outs ide  

a t  t h e  basement l e v e l ,  and f o r  t h e  s e r v i c e  e l eva to r  s h a f t  were operat ing.  The c a r  i n  t h e  
s e r v i c e  e leva tor  s h a f t  was loca ted  a t  t he  fou r th  f l o o r ,  and a l l  e l eva to r  doors were closed f o r  
t he  durat ion of t h e  t e s t s .  The f an  f o r  t h e  no r th  s t a i r  s h a f t ,  which e x i t s  t o  t h e  lobby on t h e  
ground f l o o r ,  was not  operated because i t  would i n t e r f e r e  with h o t e l  operat ion (poss ib l e  

excessive cooling of t h e  ground f l o o r  when t h e  e x i t  door was open). Neither were t h e  
automatic c losures  f o r  t he  f i r e  doors i n  t he  co r r ido r s  ac t iva ted .  Measurements did include 
a i r f l ow  readings i n  t h e  supply a i r  duct f o r  t h e  s e r v i c e  e l eva to r  s h a f t ,  a complete s e t  of 
pressure  and flow d i r e c t i o n  readings on a l l  t e s t  f l o o r s ,  a i r  temperatures within t h e  south 
s t a i r  s h a f t ,  and flow v e l o c i t i e s  a t  t h e  bottom e x i t  door of t h e  south s t a i r  sha f t .  The f low 
r a t e s  of f ans  feeding ou t s ide  a i r  d i r e c t l y  i n t o  t he  top  of each s t a i r  s h a f t  were not  measured; 

those from t h e  s p e c i f i c a t i o n  drawings of t h e  mechanical systems were used. 

With t h e  p re s su r i za t i on  systems f o r  t h e  south s t a i r  s h a f t  and t h e  s e r v i c e  e l eva to r  s h a f t  
operat ing,  various doors of t h e  second f l o o r  were opened i n  sequence a s  follows: (1)  balcony 
door of t h e  no r th  f i r e  room open, (2 )  a s  f o r  (1)  plus s t a i r  door of t h e  south s t a i r  s h a f t  on 
t h e  second f l o o r  open, and (3) a s  f o r  (2 )  plus entrance door of t h e  no r th  f i r e  room open. 

Pressure d i f f e r ences  across  t h e  various doors of t h e  second f l o o r  and flow d i r e c t i o n s  through 
open doors were recorded. 

RESULTS AND DISCUSSIONS 

Airflow d i r e c t i o n ,  pressure  d i f f e r ence ,  and t r a c e r  gas concentrat ion p a t t e r n s  r e s u l t e d  mainly 

from a i r  movement caused by bui ld ing  s t ack  ac t ion  and the  v e n t i l a t i o n  systems. No hea t  was 
generated i n  t h e  f i r e  room t o  s imulate  thermal expansion and increased s t ack  ac t ion  due t o  

e leva ted  temperatures. Stack ac t ion  i s  of ten  the  dominant motive f o r c e  f o r  upward movement of 
smoke i n  high-r ise  bui ldings.  Tests  conducted i n  win ter  without a f i r e  would g ive  a good 
ind i ca t ion  of t h e  smoke movement t o  be expected i n  t h e  event of a smoky, low-temperature 
f i r e .  

In present ing  t h e  r e s u l t s  from t h e  t r a c e r  gas t e s t s ,  t h e  concentrat ions of t r a c e r  gas i n  
t h e  various spaces a r e  expressed a s  a percentage of t h a t  i n  t h e  t e s t  f i r e  room. In  

considering l o s s  of v i s i b i l i t y  from smoke dens i ty  and t o x i c i t y  by CO, an acceptable atmosphere 
was considered t o  be l e s s  than 1% of t he  pol lu ted  atmosphere i n  t h e  f i r e  a r ea  (ASHRAE Handbook 



1980); concentrat ions above t h i s  l e v e l  a r e  considered hazardous. A s  an i nd i ca t ion  of r i s k  t o  

l i f e ,  t h e  percentage concentrat ion of t r a c e r  gas a t  30 minutes was chosen f o r  escape rou te s  
such a s  co r r ido r s ,  s t a i r s ,  and e l eva to r  s h a f t s ;  t h a t  a t  60 minutes was chosen f o r  rooms where 
occupants may remain f o r  t h e  dura t ion  of a f i r e .  In t h i s  context  t h e  percentage 

concentrat ions a t  t he  spec i f i ed  times were ca lcu la ted  and a r e  presented f o r  discussion.  

Measurements a t  Supply and Exhaust G r i l l e s  

Exhaust flow r a t e s  measured i n  one bathroom on each of t h e  2nd, 3rd, 6 th ,  l l t h ,  and 13th 
f l o o r s  var ied  from 7 t o  24 L/s (15 t o  52 cfm), f o r  an average of 15 L/s (31 cfm). S imi la r ly ,  

supply a i r  r a t e s  i n  t h e  co r r ido r s  va r i ed  from 200 t o  540 L/s (430 t o  1140 cfm), f o r  an average 

of 350 L/s (750 cfm) per f l oo r .  From these  values,  t h e  ove ra l l  supply a i r  r a t e  was est imated 

t o  be about twice t h a t  of t h e  exhaust a i r  r a t e .  With t h e  v e n t i l a t i o n  system o f f ,  a i r  flowed 
i n t o  both t h e  exhaust g r i l l e  i n  t h e  bathrooms and the  supply a i r  g r i l l e  i n  t he  co r r ido r s  on 
a l l  t e s t  f l o o r s .  

Test  1 - Ground Floor F i r e  

Tables 2a and 2b g ive  t h e  r e s u l t s  of pressure  and t r a c e r  gas concentrat ion measurements 

f o r  Test l a ,  a ground f l o o r  f i r e  i n  t he  south meeting room; t h e  door of t he  f i r e  room was open 
t o  t he  cor r idor  and t h e  mechanical v e n t i l a t i o n  systems were operating. Measured pressure  
d i f f e r ences  across  closed doors i n d i c a t e  t h a t  t h e  d i r ec t ion  of a i r f low on t h e  ground f l o o r  

would be from t h e  cor r idor  i n t o  t h e  no r th  s t a i r w e l l ,  guest  e l eva to r ,  and s e r v i c e  lobby and 
e leva tor .  Similar  r e s u l t s  were obtained f o r  t h e  second and t h i r d  f l oo r s .  Flow pa t t e rns  on 
t h e  6 th  and l l t h  f l o o r s  were indeterminate;  p ressure  d i f f e r ences  were i n  t h e  order  of 0 t o  
1 Pa (0  t o  0.004 i n  of water).  The d i r ec t ion  of flow on the  13th f l o o r  was i n  t he  opposi te  

d i r ec t ion  t o  t h a t  of t h e  lower f l o o r s  except f o r  t h e  s e r v i c e  lobby door. The n e u t r a l  p ressure  

plane appeared t o  be somewhere between the  6 th  and l l t h  f l oo r s .  

The r e s u l t s  of t r a c e r  gas measurements (Table 2b) i n d i c a t e  t h a t  concentrat ions i n  t h e  
t e s t  spaces were above the  1% l e v e l  except f o r  t he  south s t a i r  s h a f t ,  which extends t o  the  
basement f l o o r  and has no access  door on t h e  ground f loo r .  Concentrations i n  t h e  no r th  s t a i r  

s h a f t ,  which terminates  on the  ground f l o o r ,  were well  above t h e  1% l e v e l ,  however, i nd i ca t ing  
t h a t  leakage flow through cracks round t h e  e x i t  door [average crack width 4.2 mm (0.17 i n ) ]  

contr ibuted s u b s t a n t i a l l y  t o  contamination of t h i s  s t a i r  sha f t .  

The gas concentrat ion i n  t h e  south room on t h e  second f l o o r  ( d i r e c t l y  above t h e  f i r e  
room) was 37% and i n  t h e  nor th  room, 8%; it was 4 and 3% i n  t h e  corresponding rooms on the  

t h i r d  f l o o r ,  and s t i l l  lower on t h e  f l o o r s  above. It appeared t h a t  contamination of t h e  upper 

f l o o r s  occurred l a r g e l y  by t r a n s f e r  of t r a c e r  gas from the  ground f l o o r  through t h e  s t a i r  and 
e l eva to r  s h a f t s ,  whereas contamination of t h e  second f l o o r  occurred d i r e c t l y  through t h e  f l o o r  
construct ion.  I d e n t i f i c a t i o n  of poss ib le  passageways between the  f i r e  room and t h e  room above 
was attempted. Tests  with smoke penci l s  ind ica ted  a d e f i n i t e  movement of a i r  i n t o  t h e  
bathroom through openings round the  plumbing, and gradual movement of a i r  out of t he  room 

through the  hea t ing  and cooling s e r v i c e  plenum loca ted  under t h e  c e i l i n g  of t h e  en t rance  h a l l  
of t he  room. When t r a c e r  gas was re leased  i n  t he  ground f l o o r  room, t he  buildup of t r a c e r  gas 
concentrat ion was confined mainly t o  t h e  closed bathroom belonging t o  t h e  room above, a 

f u r t h e r  i nd i ca t ion  t h a t  t he  plumbing chase provided the  main connection. 

Comparison of t h e  r e s u l t s  of Test l b  ( v e n t i l a t i o n  systems o f f ) ,  shown i n  Table 3a, wi th  
those  of Test l a  ( v e n t i l a t i o n  systems on), a s  i n  Table 2a, i nd i ca t e s  s l i g h t  pressur iza t ion  of 
t h e  cor r idor  by t h e  v e n t i l a t i o n  systems. The t r a c e r  gas concentrat ion pa t t e rn  of Test l b  was 

s imi l a r  t o  t h a t  of Test l a ,  except f o r  t he  nor th  rooms on t h e  t h i r d  and s i x t h  f l o o r s  where 
concentrat ions were l e s s  than 1%. 

Test  2 - Second Floor F i r e  Room 

Pressure d i f f e r ence  and smoke concentrat ion p a t t e r n s  f o r  a simulated f i r e  i n  t h e  no r th  
room on the  second f l o o r  a r e  given i n  Tables 4a and 4b f o r  v e n t i l a t i o n  systems on (Test 2a), 
and i n  Tables 5a and 5b f o r  v e n t i l a t i o n  systems off  (Test 2b). The t e s t  condi t ions  were t h e  
same a s  those f o r  Test 1, except t h a t  t h e  balcony door of t he  room on t h e  13th f l o o r  d i r e c t l y  

above t h e  f i r e  room was open t o  s imula te  an open window. For Test 2a, a l l  measured spaces had 

SF6 concentrat ions below 1% except rooms adjacent  t o  t h e  f i r e  room and t h e  nor th  room on t h e  



13th f l o o r ;  these  had a concentrat ion of 2%. Although p r i o r  t o  t h e  t e s t  t h e  d i r e c t i o n  of f low 
measured i n  t h e  bathroom of t h e  l a t t e r  room was i n t o  t h e  exhaust g r i l l e ,  i t  might have 

reversed during the  t e s t  t o  allow t r a c e r  gas from the  f i r e  room t o  en t e r  i t  through the  
bathroom exhaust duct. Such ducts  a r e  a p o t e n t i a l  passage f o r  smoke migration t o  upper 

rooms. 

The p re s su r i za t i on  of t h e  co r r ido r s ,  wi th  and without mechanical v e n t i l a t i o n  (Tests  2a 
and b) ,  was s imi l a r  t o  t h a t  of Tes ts  l a  and b. With t h e  v e n t i l a t i o n  system operat ing 

(Test 2a) ,  t h e  pressure  d i f f e r ence  across  t h e  door of t h e  f i r e  room was neg l ig ib l e ;  w i th  
v e n t i l a t i o n  systems off (Test 2b), t h e  pressure  d i f f e r ence  was 4 Pa (0.016 i n  of water)  with 

a i r  flowing from t h e  f i r e  room i n t o  t h e  cor r idor .  This r e s u l t e d  i n  t r a c e r  gas concentrat ions 
of 1 and 2% i n  t he  cor r idor  and s e r v i c e  lobby of t h e  second f l o o r  and i n  t he  lower half  of t h e  
no r th  s t a i r  sha f t .  Thus, p r e s su r i za t i on  of t h e  cor r idor  with v e n t i l a t i o n  systems on inh ib i t ed  

movement of t r a c e r  gas from t h e  f i r e  room i n t o  t h e  corr idor .  For Test 2b, t h e  t r a c e r  gas 
concentrat ion i n  t h e  no r th  room of t h e  14th f l o o r  wi th  balcony door open was n e g l i g i b l e ,  
i nd i ca t ing  t h a t  t h e r e  was no t r a n s f e r  of t r a c e r  gas t o  t h i s  room through t h e  bathroom exhaust 

duct. It i s  poss ib le ,  of course, t h a t  d i l u t i o n  occurred from t h e  open window. 

Test 3 - Second Floor F i r e  (Balcony Door of F i r e  Room Open) 

The condi t ions  f o r  Test 3a, conducted wi th  t h e  v e n t i l a t i o n  systems on, were s i m i l a r  t o  

those  of Test 2a except t h a t  t h e  balcony door of t he  f i r e  room was open t o  s imulate  a window 
e i t h e r  open o r  broken a s  a r e s u l t  of f i r e  and t h e  balcony door of t h e  no r th  room on t h e  14th  
f l o o r  closed (Tables 6a and b). The pressure d i f f e r ence  across  t h e  entrance door of t h e  f i r e  
room was 5 Pa (0.02 i n  of water ) ,  a s  compared t o  0 Pa f o r  Test 2a; i t  r e s u l t e d  i n  heavy 
contamination of adjacent  rooms (21% and 58%), of t h e  room d i r e c t l y  above (12%), and of t h e  

second f l o o r  co r r ido r  (1 t o  6%). There was much l e s s  contamination (about 1%)  i n  t h e  e l eva to r  

s h a f t ,  s t a i r s ,  and upper f l oo r s .  The r e s u l t s  of Test 3b, v e n t i l a t i o n  systems o f f ,  a r e  given 

i n  Table 7a and b; they were s imi l a r  t o  those of Test 3a except t h a t  t h e  l e v e l s  of 
contamination were lower, t he  concentrat ions i n  t he  rooms and co r r ido r s  on the  11th and 13th 
f l o o r s  being l e s s  than 1%. The pressure  d i f f e r ence  across  t h e  entrance door of t h e  f i r e  room 
was 2 Pa (0.01 i n  of water).  

With t h e  balcony door open, t h e  pressures  i n  t h e  f i r e  room increased ,  approaching those 
of t h e  e x t e r i o r ,  a s  might be expected i n  winter  f o r  a room loca ted  below the  n e u t r a l  p ressure  
l e v e l  of a building. This r e su l t ed  i n  an increase  i n  t h e  amount of contamination beyond t h e  
f i r e  room. 

Test 4 - Second Floor F i r e  ( ~ a l c o n y  and Entrance Doors of F i r e  Room Open) 

Test 4a was conducted with t h e  balcony door of t h e  f i r e  room open and t h e  v e n t i l a t i o n  

system on, a s  f o r  Test 3a except t h a t  t he  entrance door of the  f i r e  room was a l s o  open. The 
r e s u l t s  of measurements a r e  given i n  Tables 8a and b. The pressure  d i f f e r ences  across  t h e  
s t a i r  and e leva tor  doors i n  t h e  center  core of the  second f l o o r  were g rea t e r  f o r  Test 4a (room 

ent rance  door open) than f o r  Test 3a (room ent rance  door closed). Tracer gas concentrat ions 
i n  t h e  cor r idor  of t he  second f l o o r  increased t o  about 40% and i n  t h e  south room of t he  second 
f l o o r  t o  above 20%. The s t a i r s ,  e l eva to r s ,  and co r r ido r s  i n  t h e  f l o o r s  above t h e  f i r e  f l o o r  

were heavi ly  contaminated. The concentrat ions of t r a c e r  gas i n  t h e  rooms i n  t he  upper f l o o r s  
va r i ed  from 1 t o  4%, except f o r  t h e  south rooms on t h e  t h i r d  and s i x t h  f l o o r s  where 
concentrat ions were l e s s  than 1%. On t he  ground f l o o r ,  concentrat ions of t r a c e r  gas above 1% 

were confined t o  t h e  meeting rooms and s t a i rwe l l s .  This t e s t  demonstrated t h e  importance of 
automatic c losures  f o r  room entrance doors. 

When, i n  addi t ion ,  t h e  f i r e  f l o o r  door of t h e  no r th  s t a i r  s h a f t  was open (Test 4b, 
Tables 9a and ti), t h e  l e v e l  of contamination increased dramatical ly i n  a l l  t e s t  spaces except 

t h e  cor r idor  and s e r v i c e  lobby of t h e  ground f loo r .  The concentrat ions of t h e  t r a c e r  gas i n  

t h e  rooms on the  f l b o r s  above t h e  second var ied  from 2 t o  8%; i n  t h e  south room of t h e  second 
f l o o r  i t  was 37%. 

Resul ts  of Smoke Control System Tes t s  

The supply a i r  r a t e  f o r  p re s su r i za t i on  of t h e  no r th  and south s t a i r  s h a f t s ,  according t o  
"as b u i l t "  drawings, is 8.8 m /s (18 600 cfm) f o r  each fan. The supply a i r  r a t e  f o r  



pressur iza t ion  of t h e  s e r v i c e  e l eva to r  s h a f t  was measured a t  6.5 m 3 / s  (15 500 cfm). 

Pressure measurements taken i n  t h e  south  s t a i r w e l l  wi th  t h e  bottom e x i t  door open and t h e  
s e r v i c e  e leva tor  s h a f t  p ressur ized  (Table 10) show t h a t  t h e  pressure  d i f f e r ences  var ied  from 
19 t o  41 Pa (0.07 t o  0.16 i n  of water)  and t h e  a i r f l ow  r a t e  a t  t h e  e x i t  door was 4.3 m 3 / s  
(9100 cfm). A s  wel l ,  t h e  s e r v i c e  e l eva to r  s h a f t  was pressur ized  from 14 t o  23 Pa (0.05 t o  

0.09 i n  of water )  and t h e  s e r v i c e  e l eva to r  l obb ie s ,  i n  t u r n ,  were pressur ized  from 39 t o  46 Pa 
(0.15 t o  0.18 i n  of water).  Pressur iz ing  t h e  south s t a i r  s h a f t  and s e r v i c e  e l eva to r  s h a f t  

r e su l t ed  i n  i n d i r e c t l y  p re s su r i z ing  t h e  co r r ido r s ,  causing a i r  t o  flow i n t o  t h e  rooms and from 
t h e r e  t o  t he  e x t e r i o r  f o r  t h e  e n t i r e  height  of t h e  bui lding.  The amount of cor r idor  

pressur iza t ion  would have been g r e a t e r  i f  t h e  p re s su r i za t i on  f a n  of t h e  no r th  s t a i r  s h a f t  had 
a l s o  been ac t iva ted .  

The a i r  temperatures i n  t h e  south s t a i r w e l l  20 minutes a f t e r  s t a r t i n g  t h e  p re s su r i za t i on  
f a n  were a s  fol lows:  

Floor - 
Outside 

15 
13 
11 
6  

3  
Basement 

Temperature, OC 

The a i r  temperature was above f r eez ing  below t h e  14th f l o o r  l e v e l ,  wi th  i n t ake  of ou t s ide  a i r  
a t  -16OC. The a i r  f e l t  warmer i n  t he  upper l e v e l s  than t h e  temperatures ind ica ted ,  poss ib ly  

because of r ad i an t  hea t  t ransf  e r  from t h e  walls .  

With t h e  smoke cont ro l  pressur iza t ion  systems opera t ing ,  t h e  pressure  d i f f e r ences  on t h e  

second f l o o r  were unaffected by t h e  opening of t he  balcony door of t he  f i r e  room on the  nor th  
s i d e  of t h e  same f l o o r ;  p ressure  measurements on o ther  f l o o r s  were not  made. When, i n  

addi t ion ,  t h e  door of t he  south s t a i r  s h a f t  on the  second f l o o r  was opened, t h e  cor r idor  was 
pressur ized ,  causing increased pressure  i n  t h e  co r r ido r  r e l a t i v e  t o  t h a t  of t h e  n o r t h  room, 
i.e., from 7  Pa (0.03 i n  of water)  t o  25 Pa (0.10 i n  of water).  When t h e  entrance door of t he  

nor th  f i r e  room was a l s o  opened, t h e r e  was a  s t rong  cur ren t  of a i r  from t h e  south s t a i r w e l l  

through t h e  cor r idor  i n t o  t h e  no r th  f i r e  room and from the re  t o  the,exter ior .  In t h e  event of 

f i r e ,  smoke generated i n  t h e  f i r e  room would probably be i n h i b i t e d  from en te r ing  t h e  cor r idor .  
Under t h e  same condit ion,  but without t h e  smoke cont ro l  systems i n  operat ion (Test  4b), t he  

r e s u l t s  of t h e  t r a c e r  gas t e s t  ind ica ted  t h a t  t h e  e n t i r e  bui ld ing  would be heavi ly  
contaminated with smoke. 

Table 10 a l s o  shows t h a t  on t h e  ground f l o o r  t h e  d i r e c t i o n  of flow is  from t h e  f l o o r  
space i n t o  the  nor th  s t a i r s  and passenger e l eva to r  s h a f t ,  both of which were not  pressur ized  
during t h e  t e s t .  In t h e  event of f i r e  on t h e  ground f l o o r  some smoke contamination would be 

expected i n  these  sha f t s .  

SUMMARY 

1. During t e s t s  s imulat ing f i r e  on t h e  ground f l o o r  of a  15-story bui ld ing ,  wi th  and without 

v e n t i l a t i o n  systems operat ing,  t r a c e r  gas (under t h e  inf luence  of s t ack  a c t i o n )  moved 

r ap id ly  up t h e  e l eva to r  and no r th  s t a i r  sha f t s .  The c r i t i c a l  l e v e l  of concentrat ion of 1% 

of t h a t  of t h e  f i r e  room was genera l ly  exceeded i n  t he  co r r ido r s  and rooms of upper 
f l oo r s .  The south s t a i r w e l l ,  wi th  no access t o  t h e  main f l o o r ,  remained uncontaminated. 
The t e s t s  revealed t h a t  t h e  t r a c e r  gas migrated from t h e  f i r e  room on the  ground f l o o r  

through t h e  plumbing raceway, causing r ap id  bui ld-up of t r a c e r  gas concentrat ion i n  t h e  
room above. 

2. For t e s t s  s imulat ing f i r e  on t h e  second f l o o r ,  with balcony and entrance doors of t he  f i r e  
room closed and t h e  v e n t i l a t i o n  system o f f ,  t h e  only s i g n i f i c a n t  t r a c e r  gas concentrat ions 
noted were i n  t h e  cor r idor  and s e r v i c e  lobby of t he  second f loo r .  With t h e  v e n t i l a t i o n  

system on, t h e  ex ten t  of t r a c e r  gas contamination i n  t h e  bui ld ing  was minimal, i n d i c a t i n g  
t h a t  p r e s su r i za t i on  of t h e  co r r ido r s  by mechanical v e n t i l a t i o n  a s s i s t s  i n  preventing smoke 



from spreading beyond the  f i r e  room. Presumably t h e  t r a c e r  gas i n  t h e  f i r e  room migrated 
t o  t h e  e x t e r i o r  through t h e  bathroom exhaust duct.  

3. During t h e  second-floor room-fire t e s t ,  with t h e  balcony door open t o  s imulate  a broken 
window, t h e  adjacent  rooms ( t h a t  d i r e c t l y  above, t h e  second-floor co r r ido r ,  e l eva to r  and 
s t a i r  s h a f t s ,  and t h e  co r r ido r s  of t h e  upper f l o o r s )  were a l l  considered t o  be 

contaminated. When, i n  add i t i on ,  t h e  f i r e  room ent rance  door was opened, t h e  e n t i r e  
bui ld ing  (except f o r  p a r t  of t h e  ground f l o o r )  was contaminated by smoke. This worsened 

when t h e  s t a i r  door on t h e  second f l o o r  was a l s o  opened. 
4. Operating t h e  s t a i r  and e l eva to r  s h a f t  p r e s su r i za t i on  systems i n d i r e c t l y  pressur ized  the  

co r r ido r s ,  causing a i r  t o  f low i n t o  t h e  guest  rooms and out  through t h e  e x t e r i o r  w a l l s ;  
thus ,  t h e  co r r ido r s  and rooms a s  well  a s  t h e  s t a i r  and e l eva to r  s h a f t s  were pro tec ted  from 
smoke contamination. With a f i r e  on t h e  ground f l o o r ,  however, some smoke contamination 
would be expected i n  unpressurized sha f t s .  

It may be concluded t h a t  i n  compartmented bui ld ings  without smoke con t ro l ,  severe  smoke 
contamination of escape rou te s  and rooms can be expected i f  t h e r e  is  f i r e  on t h e  (open type) 
ground f l o o r .  S imi la r ly ,  severe  contamination can be expected i f  t h e r e  is f i r e  i n  a 
lower-floor room t h a t  has a l a r g e  opening i n  t he  e x t e r i o r  wall  and t h e  en t rance  door is  open. 
The s e v e r i t y  of smoke contamination would be much less i f  t h e  en t rance  door of t h e  f i r e  room 
were closed. 

Because some smoke contamination of compartmented bui ld ings  can be expected i n  t h e  event  
of f i r e ,  measures t o  p ro t ec t  occupants a r e  necessary. Automatic door c losures  f o r  room 
ent rance  doors would g r e a t l y  reduce t h e  ex t en t  of smoke contamination. Balconies a t tached  t o  
a l l  guest  rooms, a s  f o r  t he  t e s t  bui lding,  could s e rve  a s  refuge areas.  Mechanical 
p r e s su r i za t i on  of t h e  s t a i r  and e l eva to r  s h a f t s  with ou t s ide  a i r  would provide s m o k e l r e e  
escape o r  f i r e f i g h t e r s '  access  routes .  A sp r ink l e r  system might a l s o  be considered, 
p a r t i c u l a r l y  on t h e  ground f l o o r  where a lobby of ten  serves  a s  p a r t  of an e x i t  route. A l l  

such measures a r e  recognized and included i n  t he  National Building Code of Canada (1980). 
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TABLE 1 
Test Conditions 

F i r e  Room Outside 
Simulated Test 13 th  Floor 2nd Floor Corridor Room 

F i r e  No. Window Door Window S t a i r  Air Exhaust Temp, Wind, 
Do or  supply O C  kmlh 

Ground l a  closed open closed closed on on 
f l o o r  room b closed open closed closed off off -10 28 N 

Second 2a closed closed open closed on on -12 2 E 

f l o o r  room b closed closed open closed o f f  off  -12 9 N  

3a open closed closed closed on on -2 13  WSW 

b open closed closed closed off off 1 17 SW 

4a open open closed closed on on -8 15 SE 
b open open closed open on on 2 15 WNW 

TABLE 2a 
Pressure Difference ac ros s  Doors, Pa, Test la .  

Ground f l o o r  f i r e ,  v e n t i l a t i o n  systems operat ing,  
-16OC, 22 kmlh, W 

Sampling North South Service North South Pass. Service 

Locat ion Room Room Lobby S t a i r s  S t a i r s  Elev. Elevator  Outside 

-. -.. .. . Ref Service North South 
Floor ...- -- . Corridor Lobby Room Room 

-.. 

13 -7 -5 -1 2 1 1 0 -37 -27 
11 -6 -6 0 0 0 0 -1 -17 -16 

6 -1 0 -2 -1 1 0 1 -11 2 
3 0 0 - 3 -3 0 -1 0 12 12 
2 0 0 -8 -7 - 3 -4 0 10 10 
1 -10 f i r e  -33 -37 no door -35 -5 10 7 

room 
B -34 -- 

TABLE 2b 

SF6 Tracer Gas Concentration, % of Concentration i n  F i r e  Region, Test la .  
Ground f l o o r  f i r e ,  v e n t i l a t i o n  systems operat ing,  

-16OC, 22 km/h, W 

Room Corridor S t a i rwe l l  
Service Passenger 

Floor North South West East Lobby North South  levat tor 

Tracer gas concentrat ions i n  guest  rooms a t  60 min and remaining a r e a s  a t  30 min 



TABLE 3a 
Pressure Difference across  Doors, Pa, Test lb. 

Ground f l o o r  f i r e ,  ven t i l a t i on  systems not  operat ing,  
-lO°C, 28 km/h, N 

Sampling North South Service North South Pass. Service 
Location Room Room Lobby S t a i r s  S t a i r s  Elev. Elevator  Outside 

FI oor %'-, Corridor 

-5 -1 0 2 2 2 

-1 f i r e  -2 -31 no door -4 
room 

Service 
Lobby 

. .- . . - - . 

North South 
Room Room 

TABLE 3b 
SF6 Tracer Gas Concentration, % of Concentration i n  F i r e  Region, Test lb. 

Ground f l o o r  f i r e ,  ven t i l a t i on  systems not  operat ing,  
- lO°C, 28 km/h, N 

Room Corridor S ta i rwel l  
Service Passenger 

Pl oor North South West East Lobby North South Elevator 

14 4 3 7 7 5 1 <l 11 

Tracer gas concentrat ions i n  guest rooms a t  60 min and remaining a reas  a t  30 min 



TABLE 4a 

Pressure Difference across  Doors, Pa, Test 2a. 
Second f l o o r  f i r e ,  v e n t i l a t i o n  systems operat ing,  f i r e  room balcony door open, 

- l Z 0 C ,  2 km/h, E 

Sampling North South Service North South Pass. Service 

Location (X)Room(X) Room Lobby S t a i r s  S t a i r s  Elev. Elevator  Outside 

\ 
\ Ref Service North South Floe>-\ Corridor Lobby (X)Room(X) Room - 

13 -24 -9 0 1 0 1 0 open -1 7 
window 

1 0 - -1 8 -29 no door -20 -4 3 4 

-- . - 

(X) Rooms immediately west and e a s t  of f i r e  room 

TABLE 4b 
SF R a c e r  Gas Concentration, X of Concentration i n  F i r e  Region, Test 2a. 

Second Bloor room f i r e ,  v e n t i l a t i o n  systems operat ing,  f i r e  room balcony door open, 
- l Z ° C ,  2 km/h, E 

Room Corridor S t a i rwe l l  
Service Passenger 

Floor (X)North(X) South West East Lobby North South Elevator 

1 3  2 (1 (1 (1 <1 (1 (1 < 1 

B < 1 

1 (X) Rooms immediately west and e a s t  of f i r e  room. Tracer gas concent ra t ions  i n  guest  rooms 
a t  60 min and i n  remaining a r eas  a t  30 min 



TABLE 5a 
Pressure Difference across Doors, Pa, Test 2b. 

Second f loor  f i r e ,  vent i la t ion systems not operating 
-12"C, 9 km/h, N 

Sampling North South Service North South Pass. Service 
Location (X)Room(X) Room Lobby S t a i r s  S t a i r s  Elev. Elevator Outside .. 
'\, Ekf Service North South 

Floor \\, Corridor Lobby (X)Room(X) Room 

14 -32 -5 2 4 5 6 1 open -12 
window 

1 -5 1 -25 -41 no door -4 -6 15 -2 

B -4 7 

(X) Rooms immediately west and eas t  of the f i r e  room 

TABLE 5b 
SF6 Tracer Gas Concentrations, X of Concentration i n  F i re  Region, Test 2b. 

Second f loor  room f i r e ,  vent i la t ion systems not operating 
-12"C, 9 km/h, N 

Room Corridor Stairwell  
Service Passenger 

Floor (X)North(X) South West East Lobby North South Elevator 

B <1 

(X) Rooms immediately west and e a s t  of the f i r e  room. R a c e r  gas concentrations i n  guest 
rooms a t  60 min and i n  remaining areas a t  30 min 



TABLE 6a 

Pressure Difference across Doors, Pa, Test 3a. 
Second f loor  f i r e ,  vent i la t ion systems operating, f i r e  room balcony door open, 

-2OC, 13 km/h, WSW 

Sampling North South Service North South Pass. Service 

Locat ion (X)Room(X) Room Lobby S t a i r s  S t a i r s  Elev. Elevator Outside 

Floor -Lyf Corridor 

Service North South 
Lobby (X)Room(X) Room 

2 (-1 )5(0) - 1 -5 -6 -2 -3 0 (6)open(lO) 6 
window 

1 -4 -3 -1 2 -27 no door -22 -6 7 2 

. -- - 

(X) Rooms immediately west and e a s t  of the  f i r e  room 

TABLE 6b 
SF Tracer Gas Concentrations, % Concentration i n  Fi re  Region, Test 3a. 

Second f loor  f i r e ,  vent i la t ion systems operating, f i r e  room balcony door open 
-2OC, 13 km/h, WSW 

Room Corridor Stairwell  
Service Passenger 

Floor (X)North(X) South West East Lobby North South Elevator 

14 1 (1 1 (1 1 (1 <1 2 

B < 1 

(X) Rooms immediately west and eas t  of the  f i r e  room. Tracer gas concentrations i n  guest 
rooms a t  60 min and i n  remaining areas a t  30 min 



TABLE 7a 
Pressure Difference across  Doors, Pa, Test 3b. 

Second f l o o r  f i r e ,  v e n t i l a t i o n  systems not  opera t ing  
- l ° C ,  17 km/h, SW 

Sampling North South Service North South Pass. Service 
Location (X)Room(X) Room Lobby S t a i r s  S t a i r s  Elev. Elevator  Outside 

- - Ref Service North South 
Floor +---,k Corridor -'. Lobby (X)Room(X) Room 

13 -7 -6 0 1 1 - 1 0 -1 4 -12 

2 (0)-2(0) -1 -4 - 3 - 1  -6 0 ( l )open(4)  8 

window 

1 - 1 - -25 -25 no door -20 -6 - 5 11 

B -30 

(X) Rooms immediately west and e a s t  of t h e  f i r e  room 

TABLE 7b 
SF6 Tracer Gas Concentrations, X Concentration i n  F i r e  Region, Test 3b. 

Second f l o o r  f i r e ,  v e n t i l a t i o n  systems not  opera t ing  
- l ° C ,  17 km/h, SW 

Room Corridor S t a i rwe l l  
Service Passenger 

Floor (X)North(X) South West East Lobby North South Elevator 

B < 1 

(X) Rooms immediately west and e a s t  of t h e  f i r e  room. Tracer gas concentrat ions i n  guest  
rooms a t  60 min and i n  remaining a r eas  a t  30 min 



TABLE 8a 
Pressure Difference across Doors, Pa, Test 4a. 

Venti lat ion systems on, f i r e  room balcony and entrance doors open, 
-8"C, 15 km/h, SE 

Sampling North South Service North South Pass. Service 
Location (X)Room(X) Room Lobby S t a i r s  S t a i r s  Elev. Elevator Outside 

. Ref Service North South 
Floor -'-., Corridor Lobby (X)Room(X) Room 

1 

14 -11 -6 1 3 2 3 0 -15 -4 

2 (O)open(-1) 0 -2 -10 -5 -4 0 (5)open(7) 19 
door window 

1 -2 5 -12 -21 nodoor  -17 - 1 6 2 1 

B -19 

(X) Rooms immediately west and eas t  of the  f i r e  room 

TABLE 8b 

SF6 Tracer Gas Concentrations, % Concentration i n  Fi re  Region, Test 4a. 
Venti lat ion systems on, f i r e  room balcony and entrance doors open, 

-8*C, 15 km/h, SE 

Room Corridor Stairwell  
Service Passenger 

Floor (X)North(X) South West East Lobby North South Elevator 

14 2 4 4 3 1 11 3 10 

B <1 

(XI Rooms immediately west and eas t  of the  f i r e  room. Tracer gas concentrations i n  guest 
rooms a t  60 mln and i n  remaining areas a t  30 mln 



TABLE 9a 

Pressure Differences across  Doors, Pa, Test 4b. 

Second f l o o r  f i r e ,  v e n t i l a t i o n  systems opera t ing  
2'C, 15 km/h, WNW 

Sampling North South Service North South Pass. Service 
Location (X)~oom(X) Room Lobby S t a i r s  S t a i r s  Elev. Elevator  Outside 

-,. -, Ref 
PLoor \" '-\ Corridor 

Service North South 

Lobby (X)Room(X) Room 

2 (O)open(-3) -1 -9 -10 open -7 0 (14)open(14) 3 
door door window 

1 -5 0 -1 1 -17 no door -11 1 14 -4 

B - 9 

(X) Rooms immediately west and e a s t  of t h e  f i r e  room 

TABLE 9b 

SF6 Tracer Gas Concentrations, % Concentration i n  F i r e  Region, Test 4b. 

Second f l o o r  f i r e ,  v e n t i l a t i o n  systems operat ing,  
2'C, 15 km/h, WNW 

Ra o m  Corridor St  a i r w e l l  

Service Passenger 
Floor (X)North(X) South West East Lobby North South Elevator 

(X) Rooms immediately west and e a s t  of t h e  f i r e  room. Tracer gas concent ra t ions  i n  guest  
rooms a t  60 min and i n  remaining a r eas  a t  30 min 



TABLE 10 
Smoke Control System Test.  

Pressure  d i f f e r ence  across  doors, Pa 

Sampling North South Service Nor;:! South Peja. Service 

Location Room Room Lobby S t a i r s  S t a i r s  Elev. Elevator  Outside 

C 

1.. Ref 

Floor \ Corridor 

Service North South 

Lobby Room Room 

1 0 +3 +40 -14 no door -11 +2 3 -7 -10 

B 

Test  Conditlone 
1. South s t a i r w e l l  and se rv i ce  e l eva to r  pressur iza t ion  f ans  opera t ing  

2. Service e l eva to r  locked a t  fou r th  f l o o r  
3. Corridor a i r  supply and room exhaust f ans  opera t ing  i n  norms1 mode 

4. Outside: -16OC, 22 km/h W 



LEGEND 
PRESSURE TRANSWCER (REFERENCE POINT 1 

TRACER WS SAMPLING STATION - PROBE OR SAMPLING TRAN 

F i g u r e  I .  Main f l o o r  p l a n  - p r e s s u r e  d i f f e r e n c e  and t r a c e r  g a s  s a m p l i n g  l o c a t i o n s  

HOLDER -EL 

L E W  
8 PRESSURE TRANSDUCER (REFERENCE POINT) 

TRACER tAS SAMPLING STATION 

--' PROBE OR SAMPLING TRAIN 

F i g u r e  2 .  Second and t y p i c a l  f l o o r  p l a n  - p r e s s u r e  , d i f f e r e n c e  and t r a c e r  g a s  s a m p l i n g  l o c a t i o n s  
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