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SMOKE CONTROL FOR ELEVATORS 

John H. K l o t e  

Na t iona l  Bureau of S tandards  
Washington, D.C.  20234 

T h i s  paper  i s  t h e  second r e p o r t  of an  ongoing p r o j e c t  a t  t h e  

N a t i o n a l  Bureau of Standards  (NBS) t o  i n v e s t i g a t e  t h e  u s e  of smoke 

c o n t r o l  i n  an a t t e m p t  t o  a l l o w  t h e  u s e  of e l e v a t o r s  as a means of 

f i r e  escape  f o r  t h e  handicapped. The u s e  of s ta i rwel ls  f o r  f i r e  

e v a c u a t i o n  poses  a problem f o r  people  who cannot use  stairs 

because  of p h y s i c a l  d i s a b i l i t i e s .  This paper  d i s c u s s e s  some of  

t h e  major problems a s s o c i a t e d  w i t h  t h e  u s e  of e l e v a t o r s  as a means 

of f i r e  e x i t  and proposes  a c o n c e p t u a l  s o l u t i o n  t o  t h o s e  problems. 

A r e p o r t  is  made on f i e l d  tests of s i x  b u i l d i n g s  wi th  e l e v a t o r  

p r o t e c t i o n  systems.  A s imple  r e l a t i o n s h i p  i s  developed f o r  t h e  

p r e s s u r e  d i f f e r e n c e s  a c r o s s  t h e  e l e v a t o r  s h a f t  and a c r o s s  t h e  

e l e v a t o r  lobby f o r  one type  of e l e v a t o r  p r e s s u r i z a t i o n  system. 

Vertical p r e s s u r e  p r o f i l e s  of such systems are a l s o  d i scussed .  

Key words: Bui ld ing  f i res ;  e l e v a t o r s  ( l i f t s ) ;  e g r e s s ;  evacua t ion ;  

handicapped; p r e s s u r i z a t i o n ;  smoke c o n t r o l ;  s ta i rwel ls .  
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1. INTRODUCTION 

I n  most e l e v a t o r  l o b b i e s  i n  t h e  United S t a t e s  t h e r e  are s i g n s  which have 

s t a t e m e n t s  s imilar  t o  t h e  fo l lowing :  

- WARNING - 

ELEVATOR SHALL NOT B E  
U S E D  I h  THE EVENT OF F I R E  - 
USE MARKED E X I T  STAIRWAYS 

Unfor tuna te ly  some people  cannot u s e  s tairs because of p h y s i c a l  

d i s a b i l i t i e s .  Because of t h i s  problem, t h e  Ve te rans  Admin is t ra t ion  (VA) i s  

sponsor ing  a p r o j e c t  a t  t h e  N a t i o n a l  Bureau of Standards  (NBS), Center  f o r  

F i r e  Research ( C F R )  t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  of u s i n g  e l e v a t o r s  as a 

means of f i r e  e x i t  f o r  t h e  p h y s i c a l l y  handicapped. The u l t i m a t e  g o a l  of t h i s  

p r o j e c t  i s  t o  p rov ide  i n f o r m a t i o n  which can be used by b u i l d i n g  d e s i g n e r s .  

1 T h i s  paper  i s  t h e  second r e p o r t  on t h i s  p r o j e c t .  The f i r s t  r e p o r t  [ l ]  

con ta ined  a b r i e f  d i s c u s s i o n  of t h e  problem, p r e s e n t a t i o n  of a concep tua l  

s o l u t i o n ,  and a r e p o r t  of f i e l d  tests on f o u r  b u i l d i n g s  which have smoke 

c o n t r o l  sys tems in tended  t o  p r o t e c t  e l e v a t o r s  d u r i n g  f i r e  s i t u a t i o n s .  The 

i n f o r m a t i o n  from t h e  f i r s t  r e p o r t  i s  p r e s e n t e d  h e r e i n  as a convenience t o  t h e  

r e a d e r .  I n  a d d i t i o n ,  t h i s  paper  c o n t a i n s  a r e p o r t  of f i e l d  tests on two 

a d d i t i o n a l  b u i l d i n g s .  A s imple  r e l a t i o n s h i p  i s  developed f o r  t h e  p r e s s u r e  

d i f f e r e n c e s  a c r o s s  a n  e l e v a t o r  s h a f t  and t h e  e l e v a t o r  lobby ,  and v e r t i c a l  

p r e s s u r e  p r o f i l e s  are a l s o  d i s c u s s e d .  Some of t h e  b u i l d i n g s  t e s t e d  had o t h e r  

'Numbers i n  b r a c k e t s  r e f e r  t o  t h e  l i t e r a t u r e  r e f e r e n c e s  l i s t e d  a t  t h e  end of 
t h i s  paper .  
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t y p e s  of smoke c o n t r o l  systems i n  a d d i t i o n  t o  systems f o r  e l e v a t o r  p r o t e c t i o n .  

These sys tems are a l s o  d i s c u s s e d  i n  terms of t h e i r  i n t e r a c t i o n  w i t h  t h e  

e l e v a t o r  p r o t e c t i o n  system. 

2. PROBLEMS WITH ELEVATORS 

The N a t i o n a l  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  (NFPA), L i f e  S a f e t y  Code 

(NFPA 101-1976) [ 2 ]  l i s ts  t h e  fo l lowing  problems invo lved  w i t h  t h e  use  of 

e l e v a t o r s  as f i r e  e x i t s .  

1 . "Persons  s e e k i n g  t o  escape  from a f i r e  by means of an  

e l e v a t o r  may have t o  w a i t  a t  t h e  e l e v a t o r  door  f o r  some time, 

d u r i n g  which they may be exposed t o  f i r e  o r  smoke, o r  p a n i c  

may develop.  

2 .  Automatic e l e v a t o r s  respond t o  t h e  p r e s s i n g  of b u t t o n s  i n  

such  a way t h a t  i t  would be  q u i t e  p o s s i b l e  f o r  a n  e l e v a t o r  i n  

u s e  f o r  d e s c e n t  from f l o o r s  above a f i r e  t o  s t o p  automat i-  

c a l l y  a t  t h e  f l o o r  invo lved  i n  t h e  f i r e  and t h e  doors  t o  open 

a u t o m a t i c a l l y  exposing occupan ts  t o  f i r e  and smoke. 

3 .  Modern e l e v a t o r s  cannot  s t a r t  u n t i l  d o o r s  are  f u l l y  c l o s e d .  

A l a r g e  number of people  s e e k i n g  t o  crowd i n t o  an e l e v a t o r  i n  

case of emergency might make i t  imposs ib le  t o  s tar t .  
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4 .  Any power f a i l u r e ,  such as t h e  burning o u t  of e l e c t r i c  supply 

c a b l e s  d u r i n g  a f i r e ,  may r e n d e r  t h e  e l e v a t o r s  i n o p e r a t i v e  o r  

might r e s u l t  i n  t r a p p i n g  persons  i n  e l e v a t o r s  s topped between 

f l o o r s .  Under f i r e  c o n d i t i o n s  t h e r e  might n o t  be time t o  

pe rmi t  r e s c u e  of t r apped  occupan ts  through emergency escape  

h a t c h e s  o r  doors ."  

It i s  common p r a c t i c e  f o r  e l e v a t o r s  s e r v i n g  more than  t h r e e  f l o o r s  t o  

2 a u t o m a t i c a l l y  descend t o  t h e  ground f l o o r  i n  t h e  even t  of a f i r e  . F i r e  

f i g h t e r s  have keys w i t h  which they can manually c o n t r o l  e l e v a t o r s  and u s e  them 

d u r i n g  b u i l d i n g  evacua t ion  and f i r e  f i g h t i n g .  However, smoke i n f i l t r a t i o n  

i n t o  e l e v a t o r  s h a f t s  f r e q u e n t l y  t h r e a t e n s  l i f e  and h i n d e r s  e l e v a t o r  use  by 

f i r e  f i g h t e r s .  

It i s  a l s o  c u r r e n t  p r a c t i c e  t o  p rov ide  t o p  v e n t s  i n  e l e v a t o r  s h a f t s  

3 s e r v i n g  more t h a n  t h r e e  f l o o r s  The i n t e n t  of such v e n t i n g  i s  t o  a l l o w  t h e  

e l e v a t o r  s h a f t  t o  a c t  as a smoke s h a f t ,  c a r r y i n g  smoke from t h e  f i r e  f l o o r  ou t  

of t h e  b u i l d i n g .  However, because of l e a k a g e  around e l e v a t o r  doors  t h i s  

f e a t u r e  may s i g n i f i c a n t l y  c o n t r i b u t e  t o  smoke movement t o  f l o o r s  beyond t h e  

f i r e  f l o o r  by way of t h e  e l e v a t o r  s h a f t  i t s e l f .  

'The o p e r a t i o n  of e l e v a t o r s  under f i r e  c o n d i t i o n s  i s  mandated by s e c t i o n  2 1 1 . 3  
of ANSI A17.1  [3 ]  

3The requirement  f o r  v e n t s  i n  e l e v a t o r  s h a f t s  i s  l i s t e d  i n  s e c t i o n  100.4 of 
ANSI A17 -1 [ 3 ]  
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3 .  CONCEPTUAL SOLUTION 

I n  o r d e r  t o  overcome t h e  problems d i s c u s s e d  i n  t h e  proceeding s e c t i o n ,  an  

e l e v a t o r  system used as a f i r e  ex i t  needs t o  have t h e  f o l l o w i n g  a t t r i b u t e s :  

1. E l e v a t o r  c o n t r o l  must a s s u r e  safe and e f f i c i e n t  evacua t ion .  

2 .  R e l i a b l e  e lec t r ic  power must be s u p p l i e d .  

3 .  E l e v a t o r  l o b b i e s  and t h e  e l e v a t o r  s h a f t  must be p r o t e c t e d  

a g a i n s t  f i r e  and smoke. 

3.1 E l e v a t o r  C o n t r o l s  

The e l e v a t o r  can be c o n t r o l l e d  so  t h a t  i t  w i l l  descend t o  t h e  ground 

f l o o r  i n  t h e  even t  of a f i r e  alarm. F i r e  depar tment  o r  o t h e r  a u t h o r i z e d  

p e r s o n n e l  can t h e n  u s e  t h e  e l e v a t o r s  f o r  evacua t ion .  k i t h  t h e  e l e v a t o r s  

c o n t r o l l e d  by a u t h o r i t y  f i g u r e s ,  t h e  l i k e l i h o o d  t h a t  a large number of peop le  

would crowd i n t o  t h e  e l e v a t o r  and make i t  i m p o s s i b l e  t o  c l o s e  t h e  doors  w i l l  

p robably  be reduced.  

3 .2  Elec t r ic  Power 

Cons iderab le  e x p e r i e n c e  exis ts  i n  a s s u r i n g  t h e  supp ly  of e l e c t r i c a l  power 

f o r  c r i t i c a l  f u n c t i o n s  i n  h o s p i t a l s ,  communication f a c i l i t i e s ,  computer f a c i l -  

i t i e s ,  and t h e  l i k e .  The most common methods employed are emergency 

b a t t e r i e s ,  emergency g e n e r a t o r s ,  and m u l t i p l e  power f e e d s .  While i t  i s  beyond 
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t h e  scope of t h i s  paper  t o  examine methods of a s s u r i n g  power r e l i a b i l i t y ,  i t  

appears  t h a t  s t a t e- o f- t h e- a r t  s o l u t i o n s  are a v a i l a b l e  f o r  e l e v a t o r  sys tems.  

3 . 3  F i r e  and Smoke P r o t e c t i o n  

Cons iderab le  i n f o r m a t i o n  i s  a v a i l a b l e  concern ing  t h e  f i r e  r e s i s t a n c e  of 

wal ls ,  p a r t i t i o n s ,  f l o o r s ,  d o o r s ,  etc. The a b i l i t y  t o  des ign  and b u i l d  

e l e v a t o r  l o b b i e s  and e l e v a t o r  s h a f t s  t h a t  can w i t h s t a n d  s e v e r e  b u i l d i n g  f i r e s  

h a s  e x i s t e d  f o r  y e a r s .  Even though smoke p r o t e c t i o n  i s  a more d i f f i c u l t  

problem, smoke movement a c r o s s  a b a r r i e r  can be prevented by t h e  use  of 

p r e s s u r e  d i f f e r e n c e s  as d i s c u s s e d  i n  s e c t i o n  5.1. 

I n  implementing e l e v a t o r  s h a f t  p r e s s u r i z a t i o n ,  t h e  jamming of e l e v a t o r  

d o o r s  i n  t h e  open p o s i t i o n  can  be a p o t e n t i a l  problem. The f o r c e s  used t o  

c l o s e  t h e  d o o r s  of au tomat ic  e l e v a t o r s  are l i m i t e d  s o  a s  t o  p reven t  i n j u r y  t o  

any person who might be i n  t h e  way of t h e  doors .  A p r e s s u r e  d i f f e r e n c e  a c r o s s  

t h e  d o o r s  would add t o  t h e  f r i c t i o n  f o r c e s  t h a t  t h e  door  c l o s e r  must overcome. 

A s u f f i c i e n t l y  l a r g e  p r e s s u r e  d i f f e r e n c e  could  cause  a n  e l e v a t o r  t o  jam i n  t h e  

open p o s i t i o n .  I n  t h e  e a r l y  stages of t h i s  p r o j e c t  i t  was f e l t  t h a t  t h i s  door  

jamming problem might be so  s i g n i f i c a n t  t h a t  i t  might p r o h i b i t  t h e  use of 

e l e v a t o r s  as a means of f i r e  ex i t .  However, s u c c e s s f u l  o p e r a t i o n  of e l e v a t o r  

doors  wi thout  jamming i n  t h e  f i e l d  tests has  shown t h a t  t h i s  problem is  no t  

t h e  concern i t  w a s  o r i g i n a l l y  env i s ioned  t o  be. 
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4 .  FIELD TESTS 

F i e l d  tests were performed i n  s i x  b u i l d i n g s  w i t h  p r e s s u r i z e d  e l e v a t o r  

s h a f t s .  These tests form a s c r e e n i n g  of some e x i s t i n g  systems. The r e a d e r  i s  

c a u t i o n e d  t h a t  t h e  sys tems t e s t e d  shou ld  n o t  be cons idered  model d e s i g n s  f o r  

smoke c o n t r o l .  However, some u s e f u l  i n s i g h t  i n t o  e l e v a t o r  s h a f t  p r e s s u r i z a-  

t i o n  can be ga ined  from t h e s e  tests. The pr imary purpose of a l l  of t h e  

p r e s s u r i z e d  e l e v a t o r  systems was f o r  u s e  by t h e  f i r e  depar tment  f o r  rescue a n d  

f i r e  f i g h t i n g .  Only two b u i l d i n g s  ( b u i l d i n g s  4 and 5 )  had e l e v a t o r  l o b b i e s  

s e p a r a t e d  by b a r r i e r s  from o t h e r  b u i l d i n g  spaces .  

I n  a l l  of t h e s e  tests t h e  d i f f e r e n c e  between t h e  i n d o o r  and outdoor  

t e m p e r a t u r e s  was ve ry  small. Also,  d u r i n g  t h e s e  tests t h e  wind v e l o c i t i e s  

were r e l a t i v e l y  calm and,  a c c o r d i n g l y ,  no wind d a t a  was taken .  I n  g e n e r a l ,  

t h e  p r e s s u r e  f l u c t u a t i o n s  d i d  n o t  exceed 1.2 Pa (0.005 i n  H 2 0 ) ,  so  only  

average  v a l u e s  of p r e s s u r e  d i f f e r e n c e  are  l i s t e d  i n  t h e  t a b l e s .  There was one  

e x c e p t i o n  among t h e  f i e l d  tests where t h e  f l u c t u a t i o n  exceeded t h i s  l e v e l ;  

t h i s  i s  s p e c i f i c a l l y  addressed  i n  t h e  d i s c u s s i o n .  

I n  many of t h e  e l e v a t o r  s h a f t  p r e s s u r i z a t i o n  systems t e s t e d ,  t h e  p r e s s u r-  

i z a t i o n  was by a p r o p e l l e r  f a n .  This t y p e  of f a n  i s  u s u a l l y  in tended  t o  move 

a l a r g e  q u a n t i t y  of a i r  a g a i n s t  a very  low p r e s s u r e  head 4 . However, when a 

p r o p e l l e r  f a n  o p e r a t e s  a t  h i g h e r  p r e s s u r e  heads  t h e  f low r a t e  d rops  dramat i-  

c a l l y .  For t h i s  r eason ,  t h e  a c t u a l  f low rates of t h e  f a n s  i n  t h e s e  tes ts  were 

probably  much lower  than  t h e  r a t e d  c a p a c i t i e s  of t h e  f a n s .  

4General  i n f o r m a t i o n  concern ing  p r o p e l l e r  f a n s  and o t h e r  f a n  t y p e s  i s  provided 
by ASHRAE 141 . 
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4.1 Bui ld ing  1 

The f i r s t  test  b u i l d i n g  i s  a f o u r  s t o r y  o f f i c e  b u i l d i n g  l o c a t e d  i n  Ohio. 

The b u i l d i n g  (shown i n  f i g u r e  1 )  has  a f o u r  s t o r y  e l e v a t o r  w i t h  two cabs which 

open o n t o  an a t r ium.  The e l e v a t o r  s h a f t  was p r e s s u r i z e d  by a roof mounted 

p r o p e l l e r  f a n  r a t e d  a t  2000 R/s (4300 cfm) a t  31 Pa (1/8 i n  H20) s t a t i c  

p r e s s u r e  . 

With a l l  t h e  e l e v a t o r  doors  c l o s e d  t h e  p r e s s u r i z a t i o n  system mainta ined 

d i f f e r e n t i a l  p r e s s u r e s  a c r o s s  t h e  e l e v a t o r  s h a f t '  i n  t h e  range  of 3 . 0  t o  5.0 

Pa  (0.012 t o  0.02 i n  H20) as l i s t e d  i n  t a b l e  1. 

system was o p e r a t i n g ,  t h e  e l e v a t o r  doors  opened and c l o s e d  normally.  I n  

a d d i t i o n ,  because  t h e  e l e v a t o r s  are programmed t o  go t o  t h e  ground f l o o r  

d u r i n g  a f i r e  alarm, t h e  p r e s s u r i z a t i o n  system was a l s o  t e s t e d  wi th  t h e  

e l e v a t o r  cabs a t  ground l e v e l  and a n  e l e v a t o r  door  open a t  ground l e v e l .  

Under t h i s  ar rangement ,  no p r e s s u r e  d i f f e r e n t i a l  could  be measured a c r o s s  t h e  

e l e v a t o r  door  (however, movement of c i g a r e t t e  smoke i n d i c a t e d  t h a t  t h e r e  was 

some a i r  f low ou t  of t h e  s h a f t ) .  

While t h e  p r e s s u r i z a t i o n  

T h i s  drop i n  p r e s s u r i z a t i o n  can be exp la ined  by comparing t h e  f low a r e a s  

of c l o s e d  e l e v a t o r  d o o r s  w i t h  t h a t  of open e l e v a t o r  doors .  Even though f low 

areas were no t  measured f o r  t h i s  b u i l d i n g ,  i n  a r e p o r t  by Tamura and Shaw [SI 

measurements of t h i s  type  were r e p o r t e d  f o r  seven b u i l d i n g s .  They found t h e  

f low area around c l o s e d  e l e v a t o r  doors  t o  be i n  t h e  range of 0.051 t o  0.065 m 2 

51n t h i s  r e p o r t ,  t h e  p h r a s e  " d i f f e r e n t i a l  p r e s s u r e  a c r o s s  t h e  e l e v a t o r  s h a f t "  
means t h e  p r e s s u r e  d i f f e r e n c e  between t h e  e l e v a t o r  s h a f t  and t h e  e l e v a t o r  
lobby where a h i g h e r  e l e v a t o r  s h a f t  p r e s s u r e  is  cons idered  p o s i t i v e .  
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(0 .55  t o  0.70 f t L )  and t h a t  of an  open e l e v a t o r  door  w i t h  cab i n  p l a c e  a t  0.56 

rn2 (6.0 f t 2 ) .  

1 are i n  t h e  same range ,  t h e n  opening a n  e l e v a t o r  door  amounts t o  approxi-  

mately  doubl ing  t h e  t o t a l  f low area from t h e  e l e v a t o r  s h a f t  t o  t h e  b u i l d i n g .  

T h i s  accounts  f o r  t h e  s i g n i f i c a n t  d e c r e a s e  of s h a f t  p ressure .  

I f  t h e  l eakage  p a t h s  f o r  t h e  e l e v a t o r  s h a f t  t e s t e d  i n  b u i l d i n g  

4.2 Bui ld ing  2 

Trie second Duiiaing ( a l s o  l oca t ed  in Ohio) is a notel c o n s i s t i n g  of t a u r  

wings as shown i n  f i g u r e s  2 and 3 .  The main lobby and f r o n t  desk a r e  l o c a t e d  

i n  wing A which i s  one s t o r y  high.  Wings B,  C ,  and D c o n t a i n  t h e  g u e s t  rooms. 

Wing C i s  f o u r  s t o r i e s ,  and wings B and D are bo th  seven s t o r i e s .  

Wings B ,  C ,  and D have p r e s s u r i z e d  stairwells,  p r e s s u r i z e d  c o r r i d o r s ,  and  

p r e s s u r i z e d  e l e v a t o r  s h a f t s .  The concept  behind p r e s s u r i z e d  s ta i rwel ls  and 

c o r r i d o r s  i s  t h a t  p r e s s u r i z a t i o n  can p r e v e n t  smoke i n f i l t r a t i o n ,  t h u s  main- 

t a i n i n g  t h e  s ta i rwel l  o r  c o r r i d o r  as a smoke f r e e  means of f i r e  e x i t .  

Cons iderab le  i n f o r m a t i o n  r e g a r d i n g  p r e s s u r i z e d  stairwells is  a v a i l a b l e  i n  the 

l i t e r a t u r e  i n  [6-111. 

c o r r i d o r s .  

To d a t e  no l i t e r a t u r e  i s  a v a i l a b l e  on p r e s s u r i z e d  

These smoke c o n t r o l  systems are i n t e n d e d  t o  be a c t i v a t e d  only i n  the wing  

i n  which smoke is  d e t e c t e d  o r  i n  which s p r i n k l e r  f low i s  d e t e c t e d .  Automatic 

c l o s i n g  doors  s e p a r a t e  wing C from t h e  o t h e r  wings when t h e  smoke c o n t r o l  

sys tems i n  wing C are a c t i v a t e d .  

s e p a r a t e l y  . 
For t h i s  r eason  wing C was s t u d i e d  
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4.2.1 Wing C 

A l l  of t h e  smoke c o n t r o l  f a n s  f o r  wing C were roof  mounted p r o p e l l e r  

f a n s .  The c o r r i d o r  f a n  s u p p l i e d  a i r  i n t o  a duc t  which s u p p l i e d  t h e  c o r r i d o r s  

on each f l o o r .  This  f a n  was r a t e d  a t  1900 R/s (4000 cfm). The s ta i rwel l  f a n s  

were l o c a t e d  on t o p  of each of t h e  s t a i r  s h a f t s  and dumped a i r  d i r e c t l y  i n t o  

t h e  s h a f t .  These f a n s  were each  r a t e d  a t  1900 R/s (4000 cfm). The e l e v a t o r  

f a n ,  r a t e d  a t  2300 R/s (4800 cfm), s u p p l i e s  a i r  t o  t h e  t o p  of t h e  e l e v a t o r  

s h a f t .  The e l e v a t o r  s h a f t  i n  wing C con ta ined  one cab but  t h e  s h a f t  was s i z e d  

s o  t h a t  a n o t h e r  cab could  be added. 

4.2.1.1 A l l  Smoke Cont ro l  Systems Operat ing 

With a l l  t h r e e  of t h e  smoke c o n t r o l  sys tems o p e r a t i n g  i n  wing C t h e  

p r e s s u r e  d i f f e r e n t i a l  a c r o s s  t h e  e l e v a t o r  and a c r o s s  stairwell 1 a r e  l i s t e d  i n  

t a b l e  2. The e l e v a t o r  p r e s s u r i z a t i o n  system mainta ined d i f f e r e n t i a l  p r e s s u r e s  

i n  t h e  range of 12 t o  16 Pa  (0.050 t o  0.065 i n  H 2 0 )  a c r o s s  t h e  e l e v a t o r  s h a f t  

when a l l  e l e v a t o r  doors  were c losed .  Throughout t h e  tests t h e  e l e v a t o r  doors  

opened and c l o s e d  p roper ly .  The p r e s s u r e s  a c r o s s  stairwell  2 were checked and 

determined t o  be i n  t h e  same range  as t h o s e  a c r o s s  s ta i rwel l  1. 

The e l e v a t o r  p r e s s u r e s  were much h i g h e r  f o r  t h e  t e s t  i n  t h i s  b u i l d i n g  

than f o r  t h e  test  i n  b u i l d i n g  1 ( s e e  t a b l e  1). Both systems are f o u r  s t o r i e s  

and t h e  p r e s s u r i z a t i o n  f a n s  were r a t e d  i n  t h e  same range;  2000 Rls (4300 cfm) 

f o r  b u i l d i n g  1 and 2300 R/s (4800 cfm) f o r  wing C of b u i l d i n g  2. The major 

d i f f e r e n c e  was t h a t  t h e  b u i l d i n g  1 s h a f t  had e i g h t  e l e v a t o r  doors  and t h e  wing 

C s h a f t  only had f o u r  doors .  This would s u g g e s t  t h a t  t h e  h i g h e r  p r e s s u r e s  
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a c r o s s  t h e  e l e v a t o r  s h a f t  i n  wing C were due t o  t h e  lower leakage a r e a  of t h i s  

s h a f t  . 

As i n  t h e  case of b u i l d i n g  1, tests were run w i t h  t h e  e l e v a t o r  cab  a t  t h e  

ground l e v e l  ( f l o o r  1) and w i t h  t h e  e l e v a t o r  door  open. I n  t h i s  s i t u a t i o n  

t h e r e  w a s  a p r e s s u r e  d i f f e r e n c e  of 1.7 Pa (0.007 i n  H20)  a c r o s s  t h e  e l e v a t o r  

s h a f t  a t  t h e  second l e v e l .  A p r e s s u r e  d rop  was expected a f t e r  t h e  exper ience  

w i t h  an open e l e v a t o r  door  i n  b u i l d i n g  1. The decreased  p r e s s u r e  d i f f e r e n c e  

i n  bo th  cases reduces  t h e  l e v e l  of smoke p r o t e c t i o n  of t h e  p r e s s u r i z e d  

e l e v a t o r  s h a f t .  

The e f f e c t  on t h e  p r e s s u r i z e d  e l e v a t o r  s h a f t  of opening a door t o  t h e  

p r e s s u r i z e d  s ta i rwel l  was e v a l u a t e d .  A s  might be expec ted ,  opening a s t a i r -  

w e l l  door on a p a r t i c u l a r  f l o o r  reduced t h e  l e v e l  of e l e v a t o r  s h a f t  p r e s s u r i-  

z a t i o n  on t h a t  f l o o r .  When t h e  f o u r t h  f l o o r  s ta i rwel l  door was opened t h e  

p r e s s u r e  d i f f e r e n c e  a c r o s s  t h e  f o u r t h  floor e l e v a t o r  s h a f t  door dropped from 

16 t o  7.5 Pa (0.065 t o  0.030 i n  H20) .  

f i r s t  f l o o r  t h e  p r e s s u r e  d i f f e r e n c e  a c r o s s  t h e  e l e v a t o r  s h a f t  dropped from 16 

t o  12 Pa (0.065 t o  0.050 i n  H20). These r e s u l t s  demonstra te  t h a t  t h e  e l e v a t o r  

s h a f t  p r e s s u r i z a t i o n  system was c a p a b l e  of m a i n t a i n i n g  p o s i t i v e  p r e s s u r i z a t i o n  

w i t h  a s ta i rwel l  door  open and t h e  e l e v a t o r  door  c l o s e d .  Other t e s t s  demon- 

s t r a t ed  t h a t  an  open e l e v a t o r  door had no measurable  e f f e c t  on t h e  s ta i rwel l  

p r e s s u r i z a t i o n  system. 

When t h e  same t h i n g  was done on t h e  
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4.2.1.2 S t a i r w e l l  P r e s s u r i z a t i o n  and E l e v a t o r  S h a f t  
P r e s s u r i z a t i o n  Operat ing 

A t e s t  w a s  performed w i t h  only  t h e  s t a i r w e l l  p r e s s u r i z a t i o n  systems and 

t h e  e l e v a t o r  s h a f t  p r e s s u r i z a t i o n  system o p e r a t i n g ,  i n  o r d e r  t o  de te rmine  t h e  

e f f e c t  of s h u t t i n g  o f f  t h e  c o r r i d o r  p r e s s u r i z a t i o n  system. The p r e s s u r e s  f o r  

t h i s  test  w i t h  a l l  e l e v a t o r  d o o r s  c l o s e d  are l i s t e d  i n  t a b l e  3 .  It i s  

a p p a r e n t  by comparing t h i s  d a t a  w i t h  t h a t  f o r  t h e  c o r r i d o r  system o p e r a t i n g  

( t a b l e  2 ) ,  t h a t  t h e  c o r r i d o r  p r e s s u r i z a t i o n  system g e n e r a l l y  had l i t t l e  e f f e c t  

on t h e  performance of t h e  e l e v a t o r  s h a f t  p r e s s u r i z a t i o n  system. The excep t ion  

t o  t h i s  w a s  a t  t h e  f i r s t  f l o o r  where wi thou t  c o r r i d o r  p r e s s u r i z a t i o n  t h e  

e l e v a t o r  s h a f t  p r e s s u r e  decreased  from 16 Pa t o  10 Pa (0.065 t o  0.040 i n  

H 2 0 ) .  Due t o  t h e  unknown n a t u r e  of t h e  f low p a t h s  throughout  t h e  b u i l d i n g ,  i t  

i s  d i f f i c u l t  t o  de te rmine  t h e  cause  f o r  t h i s  p r e s s u r e  d rop  on t h e  f i r s t  f l o o r .  

It may have been due t o  an i n c r e a s e  i n  t h e  wind v e l o c i t y  o r  t o  a change i n  t h e  

b u i l d i n g  flow network. One p o s s i b l e  change i n  t h e  f low network could occur  

when a door was opened t o  a g u e s t  room which had an open window. The d e c r e a s e  

could  a l s o  simply r e f l e c t  a new s t e a d y  s t a t e  f low c o n d i t i o n  f o r  t h e  b u i l d i n g .  

4.2.1.3 E l e v a t o r  Shaf t  P r e s s u r i z a t i o n  Operat ing 

A test  w a s  made w i t h  only  t h e  e l e v a t o r  s h a f t  p r e s s u r i z a t i o n  o p e r a t i n g  t o  

f u r t h e r  e v a l u a t e  t h e  i n t e r a c t i o n  between t h e  d i f f e r e n t  smoke c o n t r o l  sys tems.  

The p r e s s u r e s  f o r  t h i s  test  w i t h  a l l  e l e v a t o r  doors  c l o s e d  are l i s t e d  i n  t a b l e  

4 .  By comparing t h e s e  d a t a  w i t h  t h e  tests when a l l  t h e  smoke c o n t r o l  systems 

were on ( t a b l e  2 )  and when j u s t  t h e  stairwell  system was on ( t a b l e  3 ) ,  i t  i s  

apparen t  t h a t  t h e  o p e r a t i o n  of t h e  o t h e r  smoke c o n t r o l  systems g e n e r a l l y  had a 
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minor e f f e c t  on t h e  pertormance of t h e  e l e v a t o r  s h a f t  p r e s s u r i z a t i o n  system. 

An e x c e p t i o n  t o  t h i s  i s  a t  t h e  f o u r t h  f l o o r  where t h e  p r e s s u r e  dropped by 2 o r  

3 Pa (0.007 o r  0.012 i n  H 2 0 )  depending on w i t h  which tes t  i t  i s  compared. 

can  a l s o  be no ted  t h a t  t h e  p r e s s u r e  a c r o s s  t h e  e l e v a t o r  s h a f t  a t  t h e  f i r s t  

f l o o r  was approximately  t h e  same w i t h  a l l  t h r e e  systems on o r  w i t h  only  t h e  

e l e v a t o r  s h a f t  sys tem on. Again, t h e s e  e x c e p t i o n s  may be due t o  changes i n  

t h e  wind, changes i n  t h e  b u i l d i n g  f low network,  o r  they  may simply re f lec t  a 

new s t e a d y  s t a t e  f low c o n d i t i o n .  

I t  

4.2.2 Wings B and D 

Wings B and D are both  seven s t o r i e s  and are connected t o  each o t h e r  a t  

each  f l o o r  by c o r r i d o r s  wi thou t  b a r r i e r s  t o  a i r  o r  smoke movement. Automatic 

c l o s i n g  d o o r s  s e p a r a t e d  wing B from wings A and C. For t h e s e  reasons  wings R 

and D were t e s t e d  t o g e t h e r  as one u n i t .  The e l e v a t o r . s h a f t  p r e s s u r i z a t i o n  

system was t e s t e d  wi th  t h e  stairwell  and c o r r i d o r  sys tems on. The p r e s s u r e s ,  

l i s t e d  i n  t a b l e  5 ,  were measured w i t h  t h e  stairwell  doors  and e l e v a t o r  doors  

c l o s e d .  It can be observed t h a t  t h e  d i f f e r e n t i a l  p r e s s u r e s  a c r o s s  t h e  

e l e v a t o r  s h a f t s  v a r i e d  c o n s i d e r a b l y  from f l o o r  t o  f l o o r .  For t h e  e l e v a t o r  

s h a f t  i n  wing B t h e  p r e s s u r e s  ranged from 2.0 t o  10. P a  (0.008 t o  0.040 i n  

H20). 

less, from 5.0 t o  11. Pa (0.020 t o  0.045 i n  HZO).  

The range over  which t h e  e l e v a t o r  s h a f t  i n  wing D v a r i e d  was somewhat 

I n  order  t o  de te rmine  i f  t h e s e  p r e s s u r e  d i f f e r e n c e s  changed wi th  time, a 

number of t h e  measurements were r e p e a t e d .  The new measurements agreed w e l l  

w i t h  t h e  d a t a  i n  t a b l e  5 e x c e p t  f o r  floor 6 of t h e  e l e v a t o r  in wing B. T h i s  

had been t h e  p o i n t  of lowest  p r e s s u r e  a c r o s s  t h e  e l e v a t o r  a t  2.0 Pa (0.008 i n  
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H 2 0 )  i n  t h e  i n i t i a l  measurements. 

-2.5 Pa (0.01 t o  -0.01 i n  H 2 0 ) .  

s h a f t  w a s  a t  a lower p r e s s u r e  t h a n  t h e  c o r r i d o r .  Such f l u c t u a t i o n s  between 

p o s i t i v e  and n e g a t i v e  p r e s s u r e  have been observed i n  p rev ious  f i e l d  tes ts  of 

p r e s s u r i z e d  stairwells [ 6 ]  and were a t t r i b u t e d  t o  wind e f f e c t s .  However, t h e  

wind e f f e c t s  would n o t  cause  t h e  e l e v a t o r  s h a f t  p r e s s u r e s  t o  va ry  from f l o o r  

t o  f l o o r  t o  t h e  e x t e n t  d i s c u s s e d  above. 

It was remeasured i n  t h e  range from 2.5 t o  

The n e g a t i v e  p r e s s u r e  i n d i c a t e d  t h e  e l e v a t o r  

I t  was thought t h a t  t h e s e  v a r i a t i o n s  i n  e l e v a t o r  s h a f t  p r e s s u r e s  might be 

due t o  a l a r g e  a i r  connec t ion  from t h e  b u i l d i n g  t o  t h e  o u t s i d e  a t  one o r  more 

f l o o r s .  Wings B and D were checked f o r  such connec t ions .  It was observed t h a t  

a number of t h e  g u e s t  room windows were open, bu t  t h e  d o o r s  from rooms t o  t h e  

c o r r i d o r  were c losed .  There fore ,  no d i r e c t  f low p a t h  from t h e  c o r r i d o r s  t o  

t h e  o u t s i d e  could  be found. It a l s o  can be observed from f i g u r e s  2 and 3 t h a t  

t h e s e  wings B and D are connected t o  wing A a t  t h e  f i r s t  f l o o r  and connected 

t o  wing C a t  f l o o r s  1 th rough  4 .  These connec t ions  and t h e  open g u e s t  room 

windows r e s u l t e d  i n  a complicated f low network which obviously  d i f f e r e d  

c o n s i d e r a b l y  from f l o o r  t o  f l o o r .  

t i o n s  i n  t h e  p r e s s u r e s  a c r o s s  t h e  e l e v a t o r  s h a f t s  from f l o o r  t o  f l o o r .  

These d i f f e r e n c e s  could  r e s u l t  i n  v a r i a-  

4.2.2.1 P r e s s u r i z e d  S t a i r w e l l s  

It can be observed from t a b l e  5 t h a t  t h e  d i f f e r e n t i a l  p r e s s u r e  a c r o s s  t h e  

s ta i rwel l  doors w a s  uniform over  t h e  h e i g h t  of t h e  stairwells.  It can a l s o  be  

observed t h a t  t h e  l e v e l  of p r e s s u r i z a t i o n  w a s  c o n s i d e r a b l y  h igher  f o r  s t a i r -  

w e l l  5 than  f o r  t h e  o t h e r  t h r e e .  This  happened even though each of t h e  s t a i r -  

w e l l s  was s u p p l i e d  by p r o p e l l e r  f a n s  r a t e d  a t  3800 R/s (8000 cfm). The c r a c k s  
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around t h e  doors  of s t a i r w e l l  5 were small and t h e  doors  were not undercu t .  

The d o o r s  t o  stairwells 3 and 4 were undercut  approximately  16 mm (5/8 i n ) .  

Based on p r e v i o u s  s t u d i e s ,  t h i s  i n c r e a s e d  l eakage  area can account f o r  t he  

lower p r e s s u r e s  i n  s ta i rwel ls  3 and 4 .  While t h e  d o o r s  t o  s ta i rwel l  6 were a s  

t i g h t - f i t t i n g  as t h o s e  t o  stairwell 5 ,  t h e  e x t e r i o r  door  t o  s t a i r w e l l  6 had no 

l a t c h  and was h e l d  open by a i r  p r e s s u r e .  When t h i s  e x t e r i o r  door was c l o s e d  

t h e  l eakage  was similar t o  t h a t  i n  s t a i r w e l l  5 ,  and t h e  p r e s s u r e  a c r o s s  s t a i r -  

w e l l  6 w a s  measured t o  be 85 P a  (0.34 i n  H20)  a t  t h e  f i r s t  f l o o r  door from t h e  

s ta i rwel l  t o  t h e  c o r r i d o r .  

4.3 Bui ld ing  3 

The t h i r d  b u i l d i n g  i s  a 20 s t o r y  apar tment  b u i l d i n g  used f o r  s t u d e n t  

housing i n  D e t r o i t ,  Michigan. F loor  p l a n s  f o r  t h e  b u i l d i n g  a r e  shown i n  

f i g u r e s  4 and 5. There i s  one e l e v a t o r  s h a f t  w i t h  two cabs.  The e l e v a t o r  i s  

p r e s s u r i z e d  from t h e  t o p  by a p r o p e l l e r  f a n  r a t e d  t o  supp ly  8000 R/s (17,000 

cfm) a t  62 Pa ( 1 / 4  i n  H20) s t a t i c  p r e s s u r e .  Continuous c o r r i d o r  p r e s s u r i z a-  

t i o n  i s  o b t a i n e d  by a system which s u p p l i e s  c o n d i t i o n e d  a i r  i n t o  t h e  c o r r i d o r  

on each f l o o r .  Th i s  cond i t ioned  a i r  i s  s u p p l i e d  by a roof mounted a i r  

hand l ing  u n i t  w i t h  a supply f a n  r a t e d  a t  14,000 R/s (30,000 cfm) a t  560 Pa ( 2 -  

1 / 4  i n  H20) s t a t i c  p r e s s u r e .  The b u i l d i n g  p l a n s  i n d i c a t e d  t h a t  t h e  s t a i r w e l l s  

were a l s o  p r e s s u r i z e d  by p r o p e l l e r  f a n s ;  however, t h e s e  fans were i n s t a l l e d  

backwards, which would r e s u l t  i n  e x h a u s t i n g  r a t h e r  than  p r e s s u r i z i n g  t h e  

stairwells . For t h i s  r eason ,  t h e  s t a i r w e l l  f a n s  were not  opera ted  d u r i n g  

t h e s e  tests;  however, t he  c o r r i d o r  p r e s s u r i z a t i o n  system was o p e r a t i n g .  

6 

-- 
‘Maintenance personne l  a t  b u i l d i n g  3 s t a t e d  t h a t  ar rangements  were underway t o  

c o r r e c t  t h i s  problem. 
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Table  6 l i s t s  t h e  p r e s s u r e s  a c r o s s  t h e  e l e v a t o r  wi th  t h e  e l e v a t o r  s h a f t  

u n p r e s s u r i z e d  and p r e s s u r i z e d .  With t h e  e l e v a t o r  s h a f t  u n p r e s s u r i z e d ,  t h e  

upper  f l o o r s  of t h e  s h a f t  had p o s i t i v e  p r e s s u r e s  and t h e  lower f l o o r s  had 

n e g a t i v e  p r e s s u r e s .  This  i n d i c a t e s  t h a t  a i r  was f lowing i n t o  t h e  s h a f t  a t  t h e  

bottom and o u t  of t h e  s h a f t  a t  t h e  top.  Th is  f low is r e f e r r e d  t o  as s t a c k  

e f f e c t  and f r e q u e n t l y  o c c u r s  when t h e  b u i l d i n g  t empera tu re  i s  greater  than t h e  

o u t s i d e  temperature .  However, d u r i n g  t h i s  t e s t  t h e  b u i l d i n g  temperature  was 

2 O C  (3.6'F) below t h e  o u t s i d e  t empera tu re .  

must have e x i s t e d .  

Obviously,  o t h e r  d r i v i n g  f o r c e s  

A s  might be expec ted ,  when t h e  e l e v a t o r  p r e s s u r i z a t i o n  system was on,  t h e  

l e v e l  of p r e s s u r i z a t i o n  i n c r e a s e d  wi th  b u i l d i n g  h e i g h t  ( t a b l e  6 ) .  The 

e l e v a t o r  s h a f t  p r e s s u r i z a t i o n  system f a i l e d  t o  m a i n t a i n  p o s i t i v e  p r e s s u r i z a-  

t i o n  a t  t h e  basement and f i r s t  f l o o r .  There fore ,  i n  t h e  even t  of a f i r e  on 

one of t h e s e  l e v e l s  t h e  smoke would i n f i l t r a t e  t h e  s h a f t ,  and t h e  smoke would 

then  be d i s t r i b u t e d  by t h e  e l e v a t o r  s h a f t  throughout  t h e  b u i l d i n g .  

A t  a number of times d u r i n g  t h e s e  tests a d i r e c t  a i r  connect ion e x i s t e d  

from t h e  b u i l d i n g  t o  t h e  o u t s i d e  f o r  a s h o r t  p e r i o d  of t i m e .  On t h e  f i r s t  

f l o o r  t h i s  r e s u l t e d  from opening t h e  ground f l o o r  door. On t h e  o t h e r  f l o o r s  

i t  occur red  as a r e s u l t  of having a n  open door  t o  an apartment which a l s o  had 

a n  open balcony door t o  t h e  o u t s i d e .  S p e c i f i c  d a t a  f o r  such occur rences  a r e  

l i s t e d  as n o t e s  t o  t a b l e  6. A s  expec ted ,  i n  a l l  cases t h e  p r e s s u r e  a c r o s s  t h e  

elevator shaft increased at the f l o o r  with the direct air connection to the 

o u t s i d e .  
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4.4 Bui ld ing  4 

The f o u r t h  b u i l d i n g  is  a 12 s t o r y  apar tment  b u i l d i n g  f o r  t h e  aged i n  

D e t r o i t ,  Michigan. F igure  6 i s  a t y p i c a l  f l o o r  p l a n  f o r  t h i s  b u i l d i n g .  The 

b u i l d i n g  h a s  one e l e v a t o r  s h a f t  w i t h  two cabs .  Unl ike  any of t h e  o t h e r  t e s t  

b u i l d i n g s  d i s c u s s e d  i n  t h i s  paper ,  b u i l d i n g  4 has au tomat ic  c l o s i n g  doors  

which s e p a r a t e  t h e  e l e v a t o r  lobby from o t h e r  b u i l d i n g  spaces .  The b u i l d i n g  

was equipped w i t h  p r e s s u r i z a t i o n  systems f o r  t h e  stairwells and e l e v a t o r  s h a f t  

and w i t h  unique smoke c o n t r o l  c a p a b i l i t i e s  f o r  t h e  c o r r i d o r s .  

Both stairwells and e l e v a t o r  s h a f t s  have t h e i r  own s p e c i a l l y  d e d i c a t e d  

p r e s s u r i z a t i o n  f a n s  l o c a t e d  a t  ground l e v e l .  These t h r e e  f a n s  were c e n t r i f -  

u g a l  t y p e  r a t e d  a t  440 R/s (930 cfm) a t  a s t a t i c  p r e s s u r e  of 370 P a  (1.5 i n  

H20). 

low, and t h e r e f o r e  they  would have a lmost  no p r e s s u r i z i n g  e f f e c t  f o r  the 

stairwells o r  t h e  e l e v a t o r  s h a f t .  

From e x p e r i e n c e ,  i t  w a s  apparen t  t h a t  t h e s e  f a n  c a p a c i t i e s  were t o o  

The c o r r i d o r  smoke c o n t r o l  c o n s i s t e d  of a c o r r i d o r  supply system and two 

c o r r i d o r  exhaus t  sys tems.  Condit ioned a i r  was c o n t i n u o u s l y  s u p p l i e d  t o  t h e  

c o r r i d o r s  from a roof mounted a i r  hand l ing  u n i t .  

c e n t r i f u g a l  t y p e  r a t e d  a t  12,300 R/s (26,100 c f m )  a t  311 Pa (1.25 i n  H 2 0 )  of  

s t a t i c  p r e s s u r e .  The supply a i r  was d i s t r i b u t e d  through a v e r t i c a l  duc t  which 

dumped a i r  i n t o  a plenum over  t h e  e l e v a t o r  lobby.  A i r  from t h e  plenum was 

s u p p l i e d  d i r e c t l y  t o  t h e  c o r r i d o r s  on e i t h e r  s i d e  of t h e  e l e v a t o r  lobby. Upon 

i n s p e c t i o n  of t h e  b u i l d i n g  i t  was found t h a t  a i r  from t h e  plenum on each f l o o r  

w a s  l e a k i n g  through c r a c k s  around door f rames,  l i g h t s  and e l e c t r i c  swi tches  

i n t o  t h e  e l e v a t o r  lobby.  

The supply f a n  was a 
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The two c o r r i d o r  exhaus t  systems were designed s o  t h a t  they could exhaust 

a i r  on t h e  f i r e  f l o o r  from e i t h e r  s i d e  of t h e  e l e v a t o r  lobby. Each c o r r i d o r  

e x h a u s t  system had a roof mounted exhaus t  f a n  r a t e d  a t  2000 R/s (4300  cfm) a t  

93 Pa ( 3 / 8  i n  H20) of s t a t i c  p r e s s u r e .  

v e r t i c a l  exhaus t  duc t  ( s e e  f i g u r e  6 )  connected t o  t h e  c o r r i d o r  a t  each f l o o r .  

Behind t h e  exhaus t  g r i l l e s  on each f l o o r  was a normal ly  c l o s e d  damper. I n  t h e  

e v e n t  of a f i r e  alarm t h e  procedure  f o r  a c t i v a t i o n  of t h e  smoke c o n t r o l  

sys tems e n t a i l  t h e  fo l lowing  e v e n t s :  

Each exhaus t  f a n  w a s  connected t o  a 

1. The s t a i r w e l l  p r e s s u r i z a t i o n  systems are a c t i v a t e d .  

2 .  The e l e v a t o r  p r e s s u r i z a t i o n  system i s  a c t i v a t e d .  

3 .  The roof mounted c o r r i d o r  exhaus t  f a n s  are a c t i v a t e d .  

4 .  The normal ly  c l o s e d  dampers of t h e  c o r r i d o r  exhaust  sys tem 

are opened only  on t h e  f l o o r  from which t h e  f i r e  alarm 

o r i g i n a t e d .  

Events  3 and 4 above r e s u l t  i n  p r a c t i c a l l y  a l l  of t h e  c a p a c i t y  of t h e  

exhaus t  f a n s  be ing  c o n c e n t r a t e d  on t h e  f l o o r  where t h e  f i r e  alarm o r i g i n a t e d .  

The concept  behind u s e  of t h e s e  exhaus t  systems was t o  exhaust  smoke from t h e  

f i r e  f l o o r  and t o  create a l e v e l  of p r e s s u r i z a t i o n  on non- f i re  f l o o r s  t o  

p r e v e n t  v e r t i c a l  smoke movement w i t h i n  t h e  b u i l d i n g .  A problem wi th  

exhaus t ing  a i r  from t h e  f i r e  f l o o r  c o r r i d o r  i s  t h a t  t h e  exhaust  might p u l l  

smoke from an apar tment  i n t o  t h e  c o r r i d o r  and the reby  cause  evacua t ion  

problems on t h e  f i r e  f l o o r .  

c o r r i d o r  exhaus t  systems i s  beyond t h e  scope of t h i s  paper.  

An a n a l y s i s  of t h e  b e n e f i t s  and shortcomings o f  
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A s  s ta ted  e a r l i e r ,  t h e  e l e v a t o r  l o b b i e s  i n  t h i s  b u i l d i n g  were s e p a r a t e d  

from t h e  rest of t h e  b u i l d i n g  by au tomat ic  c l o s i n g  d o o r s  ( s e e  f i g u r e  6 ) .  me 

e l e v a t o r s  were no t  in tended  f o r  b u i l d i n g  e v a c u a t i o n ,  bu t  were in tended  f o r  

r e s c u e  and f i r e  f i g h t i n g  by t h e  f i r e  depar tment .  

were t e s t e d  t o  de te rmine  t h e  e x t e n t  t o  which they  provided a p r e s s u r i z e d  

e l e v a t o r  lobby on t h e  f i r e  f l o o r .  

a c t i v a t e  t h e  smoke c o n t r o l  systems . D i f f e r e n t i a l  p r e s s u r e s  were measured a t  

a number of l o c a t i o n s  on t h e  f o u r t h ,  f i f t h ,  and s i x t h  f l o o r s .  These p r e s s u r e  

measurements are l i s t e d  i n  t a b l e  7 .  The e l e v a t o r  lobby was p o s i t i v e l y  

p r e s s u r i z e d  w i t h  r e s p e c t  t o  t h e  c o r r i d o r  a t  a l e v e l  of 6.2 Pa (0.025 i n  H20) 

on t h e  f i f t h  f l o o r  where t h e  c o r r i d o r  system was e x h a u s t i n g  a i r .  On t h e  

f o u r t h  f l o o r  where t h e r e  was no c o r r i d o r  e x h a u s t ,  o n l y  a s l i g h t  e l e v a t o r  l o b b y  

p r e s s u r i z a t i o n  of 0.75 Pa  (0.003 i n  H 2 0 )  e x i s t e d .  It can be observed from the 

d a t a  i n  t a b l e  7 t h a t  t h e  e l e v a t o r  p r e s s u r i z a t i o n  system could n o t  main ta in  

p o s i t i v e  p r e s s u r e  a c r o s s  any of t h e  e l e v a t o r  doors  measured. The p r e s s u r i z a-  

t i o n  system f o r  s ta i rwel l  1 performed s l i g h t l y  b e t t e r  w i t h  a p o s i t i v e  p r e s s u r e  

of 6.2 Pa (0.025 i n  HZO) a c r o s s  t h e  stairwell a t  t h e  f i f t h  f l o o r .  

p r e s s u r e  was h i g h e r  than  f o r  t h e  o t h e r  f l o o r s  and was due t o  t h e  c o r r i d o r  

e x h a u s t  on t h e  f i f t h  f l o o r .  

The smoke c o n t r o l  systems 

A p u l l  box on t h e  f i f t h  f l o o r  was p u l l e d  t o  

7 

This  

4.5 Bui ld ing  5 

The f i f t h  bui l -ding i s  a 38 s t o r y  o f f i c e  b u i l d i n g  l o c a t e d  i n  S e a t t l e ,  

Washington. The f l o o r  p l a n  a t  ground l e v e l  i s  shown i n  f i g u r e  7 .  Located 

under t h e  ground l e v e l  i s  a m a l l  and below t h a t  i s  a park ing  l e v e l .  There i s  

7There i s  a problem w i t h  a c t i v a t i n g  such a smoke c o n t r o l  sys tem from a p u l l  
box i n  t h a t  t h e  box could  be p u l l e d  on o t h e r  t h a n  t h e  f i r e  f l o o r .  
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a n  e s c a l a t o r  between t h e  m a l l  and t h e  ground l e v e l .  F igure  $3 i s  a t y p i c a l  

f l o o r  p l a n  of f l o o r s  3 through 19 which are se rved  by t h e  low r i se  e l e v a t o r s .  

F i g u r e  9 i s  a t y p i c a l  f l o o r  p l a n  of f l o o r s  20 through 36 which are se rved  by 

t h e  h i g h  rise e l e v a t o r s .  The f r e i g h t  e l e v a t o r  s e r v e d  a l l  f l o o r s .  

A concept  c a l l e d  t h e  " l i f e  s a f e t y  core"  was used i n  t h e  d e s i g n  of t h i s  

b u i l d i n g .  A two hour f i r e  r a t e d  p a r t i t i o n  e n c l o s e s  t h e  e l e v a t o r s  and t h e  

stairwells.  This c o r e  i s  s p r i n k l e r e d  and p r e s s u r i z e d  through t h e  e l e v a t o r  

s h a f t s  and s ta i rwel ls .  Automatic c l o s i n g  d o o r s  are l o c a t e d  between t h e  

e l e v a t o r  lobby and t h e  b u i l d i n g  ( s e e  f i g u r e s  8 and 9 ) .  

A i r  i s  s u p p l i e d  t o  t h e  e l e v a t o r  s h a f t s  by a 60,400 R/s (128,000 cfm) 

v a n e a x i a l  f a n  l o c a t e d  on t h e  ground f l o o r .  Th i s  f a n  a l s o  s u p p l i e s  a i r  t o  t h e  

bottom h a l f  of t h e  two stairwells. The t o p  h a l f  of t h e  s t a i r w e l l s  were 

s u p p l i e d  by a 3,780 R/s (8,000 cfm) v a n e a x i a l  f a n  l o c a t e d  i n  t h e  mechanical  

penthouse on t h e  3 7 t h  f l o o r .  Even though t h e  e l e v a t o r  s h a f t s  have only  one 

i n j e c t i o n  p o i n t  each  a t  ground l e v e l ,  t h e  stairwells had a ducted supp ly  

sys tem w i t h  i n j e c t i o n  p o i n t s  every  f i v e  f l o o r s .  Unfor tuna te ly  t h e r e  was no 

way t o  t e l l  e x a c t l y  how t h e  a i r  from t h e  ground f l o o r  f a n  was d i s t r i b u t e d  

between t h e  stairwells and t h e  e l e v a t o r  s h a f t s .  I n  o r d e r  t o  f a c i l i t a t e  

p r e s s u r i z a t i o n ,  t h e  e l e v a t o r  s h a f t s  are n o t  vented t o  t h e  o u t s i d e .  

The p r e s s u r i z a t i o n  system mainta ined p r e s s u r e  d i f f e r e n c e s  from t h e  

e l e v a t o r  s h a f t  t o  t h e  e l e v a t o r  lobby i n  t h e  range of 22  t o  45 P a  (0.09 t o  0.13 

i n  H20) as l i s t e d  i n  t a b l e  8. 

lower.  This  was done wi thou t  any problems of e l e v a t o r  doors  j a m m i n g  open. 

The e l e v a t o r  doors  i n  t h i s  b u i l d i n g  were s e a l e d  on t h e  s i d e s  wi th  a wipe t y p e  

The l e v e l  of s t a i r w e l l  p r e s s u r e  was somewhat 
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g a s k e t  i n  o r d e r  t o  reduce t h e  l eakage  areas around t h e  doors .  

s u r p r i s e  because  i t  was b e l i e v e d  t h a t  such  s e a l i n g  was n o t  f e a s i b l e  w i t h  

commercially a v a i l a b l e  e l e v a t o r  doors .  

This was a 

The a i r  f lowing  from t h e  e l e v a t o r  s h a f t  t o  t h e  lobby r e s u l t e d  i n  a lobby 

p r e s s u r i z a t i o n  r e l a t i v e  t o  t h e  b u i l d i n g  of 12 t o  40 Pa (0.05 t o  0.16 i n  H 2 0 )  

as l i s t e d  i n  t a b l e  8. It shou ld  be no ted ,  t h a t  t h e r e  was a non-powered 

exhaus t  d u c t  connected t o  each  e l e v a t o r  lobby t o  r e l i e v e  some of t h e  p r e s s u r i-  

z a t i o n  a i r  when t h e  lobby doors  were c losed .  The i n l e t  t o  t h i s  exhaus t  was 

f i t t e d  w i t h  a au tomat ic  modulat ing damper which was in tended  t o  main ta in  a 

p r e s s u r e  d i f f e r e n c e  of 1 2  Pa  (0.05 i n  H20) a c r o s s  a c l o s e d  lobby door. On 

some f l o o r s ,  i t  appeared t h a t  t h i s  damper was n o t  o p e r a t i n g  p r o p e r l y .  

However, i t  i s  apparen t  t h a t  t h i s  system i s  capab le  of main ta in ing  p r e s s u r i z a-  

t i o n  of t h e  e l e v a t o r  lobby w i t h  r e s p e c t  t o  t h e  o t h e r  b u i l d i n g  spaces  as s t a t e d  

above . 

The above tests were conducted w i t h  t h e  e l e v a t o r  doors ,  s tairwell  doors  

and lobby doors  c l o s e d .  It i s  b e l i e v e d  t h a t  i f  lobby doors  were open on  some 

f l o o r s ,  t h e  p r e s s u r e  d i f f e r e n c e  a c r o s s  c l o s e d  lobby doors  on o t h e r  f l o o r s  

would drop.  U n f o r t u n a t e l y ,  t h e  t e s t i n g  time i n  t h e  b u i l d i n g  was l i m i t e d  and 

t h i s  could  n o t  be v e r i f i e d .  

4 .6  Bui ld ing  6 

The s i x t h  b u i l d i n g  i s  a 22  s t o r y  apar tment  b u i l d i n g  a l so  l o c a t e d  i n  

S e a t t l e ,  Washington. The only p u b l i c  c o r r i d o r s  i n  t h i s  b u i l d i n g  were l o c a t e d  

on t h e  t e r r a c e  and ground l e v e l s ,  and t h e  3 r d ,  7 t h ,  l l t h ,  1 5 t h  and 1 9 t h  f l o o r s  
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as shown i n  f i g u r e  10. The main e n t r a n c e s  t o  each of t h e  apar tments  was 

l o c a t e d  on one of t h e s e  f l o o r s .  The apar tments  were m u l t i s t o r y  wi th  t h e i r  own 

i n t e r n a l  stairs. 

The e l e v a t o r  s h a f t  housed two cabs and was p r e s s u r i z e d  by a 8,500 R/s 

(18,000 cfm) c e n t r i f u g a l  f a n  which s u p p l i e d  a i r  t o  t h e  bottom of t h e  s h a f t .  

Both stairwells were bottom i n j e c t i o n  systems s u p p l i e d  by one 4,700 R/s 

(10,000 cfm) c e n t r i f u g a l  f a n  e a c h ,  and each  stairwell  had a baromet r ic  r e l i e f  

damper t o  t h e  o u t s i d e  a t  t h e  t o p  of t h e  s h a f t .  

With t h e  e l e v a t o r  p r e s s u r i z a t i o n  system and bo th  s ta i rwel l  p r e s s u r i z a t i o n  

systems o p e r a t i n g ,  t h e  p r e s s u r e  from t h e  e l e v a t o r  s h a f t  t o  t h e  c o r r i d o r  was i n  

t h e  range of 45 t o  7 2  Pa (0.18 t o  0.29 i n  H20) as l i s t e d  i n  t a b l e  9.  Even 

w i t h  t h e s e  h igh  p r e s s u r e  d i f f e r e n c e s ,  t h e r e  were no problems w i t h  e l e v a t o r  

doors  jamming open. These e l e v a t o r  d o o r s  d i f f e r e d  from a l l  t h e  doors  i n  t h e  

o t h e r  b u i l d i n g s  t e s t e d  i n  t h a t  t h e s e  doors  were s i n g l e  l e a f  s l i d i n g  doors  and 

t h e  o t h e r s  were double  l e a f  s l i d i n g  doors .  

5 .  ELEVATOR LOBBIES 

A l l  of t h e  e l e v a t o r  p r e s s u r i z a t i o n  systems which have been r e p o r t e d  on  

h e r e  were p r i m a r i l y  in tended  f o r  u s e  by t h e  f i r e  s e r v i c e  f o r  f i r e  f i g h t i n g  and 

t o  a i d  i n  rescue .  The l i f e  s a f e t y  c o r e  concept  i n  b u i l d i n g  5 was a l s o  

i n t e n d e d  f o r  f i r e  e v a c u a t i o n  of t h e  handicapped. This b u i l d i n g  has  an 

e l e v a t o r  lobby which i s  i n d i r e c t l y  p r e s s u r i z e d  through t h e  e l e v a t o r  s h a f t .  

T h i s  o r  some o t h e r  method of p r e s s u r i z i n g  t h e  e l e v a t o r  lobby i s  e s s e n t i a l  t o  

p reven t  smoke i n f i l t r a t i o n  of t h e  lobby w h i l e  handicapped persons  await evacu- 

a t i o n .  
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5 . 1 P r e s s u r e  D i f f e r e n c e s  

When t h e  lobby doors  are c l o s e d ,  a n  o v e r p r e s s u r e  of t h e  e l e v a t o r  lobby 

w i t h  r e s p e c t  t o  t h e  b u i l d i n g  w i l l  p r e v e n t  smoke i n f i l t r a t i o n  from t h e  b u i l d i n g  

s p a c e s  i n t o  t h e  lobby.  It i s  a p p r o p r i a t e  t o  c o n s i d e r  bo th  minimum and maximum 

a l l o w a b l e  p r e s s u r e  d i f f e r e n c e s .  

v a l u e  which does  n o t  r e s u l t  i n  e x c e s s i v e  door  opening f o r c e s .  C l e a r l y ,  a 

p e r s o n ' s  p h y s i c a l  c o n d i t i o n  i s  a major f a c t o r  i n  de te rmin ing  a r e a s o n a b l e  door  

opening f o r c e  f o r  t h a t  person.  S e c t i o n  5-2.1.1 m4.3 of t h e  Na t iona l  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  (NFPA) L i f e  S a f e t y  Code [12] s t a t e s  t h a t  t h e  f o r c e  

r e q u i r e d  t o  open any door  i n  a means of e g r e s s  s h a l l  n o t  exceed 222 N (50 

l b ) .  However, many smoke c o n t r o l  d e s i g n e r s  f e e l  t h a t  a lower v a l u e  should be 

The maximum p r e s s u r e  d i f f e r e n c e  should be a 

u s e d ,  e s p e c i a l l y  i n  occupanc ies  which i n v o l v e  t h e  e l d e r l y ,  c h i l d r e n ,  o r  t h e  

handicapped. NFPA i s  c u r r e n t l y  e v a l u a t i n g  p r o p o s a l s  t o  reduce i t s  maximum 

door opening f o r c e  from 222 N (50 l b )  t o  133 N (30 l b ) .  

For t h e  s a k e  of d i s c u s s i o n ,  i f  t h e  maximum door  opening f o r c e  i s  

c o n s i d e r e d  t o  be 133 N (30 l b ) ,  and t h e  f o r c e  t o  overcome t h e  door  c l o s e r  i s  

27 N ( 6  l b ) ,  a hinged door  0.91 x 2.13 m (36  x 84 i n )  would have a maximum 

a l l o w a b l e  p r e s s u r e  d i f f e r e n c e  of 100 Pa (0.40 i n  H20). 

The c r i t e r i o n  f o r  s e l e c t i n g  a minimum a l l o w a b l e  p r e s s u r e  d i f f e r e n c e  

a c r o s s  t h e  e l e v a t o r  lobby i s  t h a t  no smoke l e a k a g e  s h a l l  occur  dur ing  b u i l d i n g  

evacua t ion .  I n  t h i s  case t h e  smoke c o n t r o l  system m u s t  produce s u f f i c i e n t  

p r e s s u r e  d i f f e r e n c e s  so t h a t  i t  i s  n o t  overcome by t h e  f o r c e s  of wind o r  

buoyancy of ho t  smoke. 
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The p r e s s u r e  d i l i e r e n c e  between a f i r e  compartment and i t s  sur roundings  

can be expressed  a s  

where : 

AP = p r e s s u r e  d i f f e r e n c e ,  Pa ( i n  H20) 

To = a b s o l u t e  tempera ture  of t h e  su r round ings ,  OK (OR) 

TF = a b s o l u t e  tempera ture  of t h e  f i r e  compartment, OK (OR) 

h = h e i g h t  above t h e  n e u t r a l  p l ane  between f i r e  compartment and 

su r round ings  , m ( f t )  

Ks = c o e f f i c i e n t ,  3460 (7.64) 

The n e u t r a l  p l a n e  i s  t h e  p l a n e  of e q u a l  h y d r o s t a t i c  p r e s s u r e  between t h e  

f i r e  compartment and i t s  sur roundings .  For a f i r e  w i t h  a f i r e  compartment 

tempera ture  of 8OO0C (1470°F), t h e  p r e s s u r e  d i f f e r e n c e  1.52 m (5.0 f t )  above 

t h e  n e u t r a l  p l ane  i s  13 Pa  (0.052 i n  H20). 

caused by room f i r e s  d u r i n g  a series of f u l l - s c a l e  f i r e  tests. During t h e s e  

tests ,  t h e  maximum p r e s s u r e  d i f f e r e n c e  reached  w a s  16 Pa (0.064 i n  HZO) a c r o s s  

t h e  burn room w a l l  a t  t h e  c e i l i n g .  I f  t h e  e l e v a t o r  lobby w a l l s  are s u b j e c t  t o  

smoke of lower t empera tu re ,  a lower p r e s s u r e  d i f f e r e n c e  due t o  buoyancy will 

r e s u l t .  

Fang [13]  has  s t u d i e d  p r e s s u r e s  

For a smoke tempera ture  of 4OO0C (750°F), t h e  p r e s s u r e  d i f f e r e n c e  
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caused by smoke 1.52 m ( 5  .O f t )  above t h e  n e u t r a l  p l a n e  would be 10 P a  ( 0  .[)4 

i n  ~ ~ 0 ) .  

reduces  t h e  p r e s s u r e  d i f f e r e n c e s  due t o  buoyancy. Thus t h e  p r e s s u r e  d i f f e r -  

ence  t h a t  could  r e s u l t  from buoyancy i s  h i g h l y  dependent upon t h e  f i r e  i n t e n-  

s i t y  and i t s  prox imi ty  t o  t h e  e l e v a t o r  lobby. 

p r e s s u r i z a t i o n  of t h e  e l e v a t o r  lobby t o  a l e v e l  of 20 t o  25 Pa (0.08 t o  0.10 

i n  H20) would be s u f f i c i e n t  t o  c o u n t e r  most any buoyancy p r e s s u r e  d i f f e r e n c e .  

Water s p r a y  from s p r i n k l e r s  c o o l s  smoke from a b u i l d i n g  f i r e  a n d  

However, i t  i s  apparen t  t h a t  

The p r e s s u r e  d i f f e r e n c e s  due t o  wind can become very  l a r g e  i n  t h e  even t  

of a broken window i n  a f i r e  compartment. A wind of 22 m / s  (50 mph) can 

r e s u l t  i n  a p r e s s u r e  d i f f e r e n c e  i n  t h e  o r d e r  of 200 Pa (0.80 i n  H 2 0 ) .  

Obviously i f  a system were des igned  such t h a t  i t  would n o t  be overcome by s u c h  

a wind p r e s s u r e ,  then  t h e  door  opening f o r c e s  would be unacceptably  h i g h  

d u r i n g  times of low wind v e l o c i t y .  

One p o t e n t i a l  s o l u t i o n  t o  t h e  wind problem i s  t o  ven t  t h e  f i r e  f l o o r  on  

a l l  f o u r  s i d e s  t o  r e l i e v e  such  p r e s s u r e s .  For a b u i l d i n g  which i s  much l o n g e r  

t h a n  i t  i s  wide, i t  may be a p p r o p r i a t e  t o  ven t  t h e  f i r e  f l o o r  only  on t h e  two 

l o n g e r  s i d e s .  A second p o s s i b l e  approach i s  r e l i a n c e  upon f i r e  s p r i n k l e r s .  

Even though l i t t l e  r e s e a r c h  h a s  been done on t h e  s u b j e c t ,  i t  i s  obvious  t h a t  

t h e  o p e r a t i o n  of f i r e  s p r i n k l e r s  reduces  t h e  chances of a window breaking i n  a 

f i r e  compartment. A t h i r d  approach i s  t h e  u s e  of a v e s t i b u l e  between t h e  

e l e v a t o r  lobby and t h e  b u i l d i n g  i n  a n  a t t empt  t o  p rov ide  a d d i t i o n a l  p r o t e c t i o n  

a g a i n s t  t h e  f o r c e s  of t h e  wind. F u r t h e r  r e s e a r c h  is  needed w i t h  r e s p e c t  t o  

wind and methods t o  minimize wind e f f e c t s  on p r e s s u r i z e d  e l e v a t o r  sys tems.  
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5.2 Open Doors 

It i s  accep ted  t h a t  when a door  i n  a boundary of a smoke c o n t r o l  system 

is open, smoke may f low through t h e  open door i n t o  t h e  space  which i s  in tended  

t o  be p r o t e c t e d .  However, t h e  door  of a n  e l e v a t o r  lobby in tended  f o r  evacua- 

t i o n  of t h e  handicapped i s  a very  s p e c i a l  case. Due t o  t h e  b a s i c  i n s t i n c t  f o r  

s e l f  p r e s e r v a t i o n ,  people  i n s i d e  t h e  e l e v a t o r  lobby w i l l  n o t  do n o t h i n g  whi le  

smoke f lows i n t o  t h e  lobby through a n  open doorway. Obviously,  t h e  lobby 

occupan ts  w i l l  see t o  i t  t h a t  lobby doors  are o n l y  open f o r  t h e  s h o r t  p e r i o d s  

of  t i m e  needed f o r  o t h e r  people  t o  t a k e  re fuge  i n s i d e  t h e  lobby. Thus smoke 

i n f i l t r a t i o n  of t h e  e l e v a t o r  lobby w i l l  be k e p t  t o  a minimum provided t h a t  

p o s i t i v e  lobby p r e s s u r i z a t i o n  is mainta ined.  Small q u a n t i t i e s  of smoke t h a t  

do i n f i l t r a t e  when a door i s  momentari ly opened w i l l  be purged by t h e  lobby 

p r e s s u r i z a t i o n  a i r .  Th is  approach e l i m i n a t e s  t h e  need t o  c o n s i d e r  a d e s i g n  

a i r  f l o w  through open e l e v a t o r  lobby doorways t o  p reven t  smoke i n f i l t r a t i o n  of 

t h e  lobby. 

6 .  HORIZONTAL PRESSURE PROFILES 

Consider a n  e l e v a t o r  p r o t e c t i o n  system where t h e  e l e v a t o r  lobby i s  

p r e s s u r i z e d  i n d i r e c t l y  by a i r  l eakage  from t h e  e l e v a t o r  s h a f t .  The f l o b  from 

t h e  e l e v a t o r  s h a f t  t o  t h e  lobby can be expressed  as  

where: 
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= VolUmtltric a i r  flow ra te  from t h e  e l e v a t o r  s h a f t  t o  t h e  l o b b y ,  
QEL 

m3/s (cfm) 

= f l o w  area between t h e  e l e v a t o r  s h a f t  and t h e  lobby,  m2 ( f t 2 )  A~~ 

= p r e s s u r e  d i f f e r e n c e  between t h e  e l e v a t o r  s h a f t  and t h e  lobby,  Pa  
*'EL 

( i n  H20) 

Kf = c o n s t a n t ,  0.839 (2610) 

The f low from t h e  lobby t o  t h e  b u i l d i n g  can be expressed  as 

where: 

QLB = v o l u m e t r i c  a i r  f low ra te  from t h e  lobby t o  t h e  b u i l d i n g ,  m3/s 

( c f d  

ALB = f low area between lobby and b u i l d i n g s ,  m2 ( f t 2 )  

APLB = p r e s s u r e  d i f f e r e n c e  between t h e  lobby and t h e  b u i l d i n g ,  Pa ( i n  

H*0) 

With a system where no a i r  i s  s u p p l i e d  o r  exhausted d i r e c t l y  t o  o r  from 

t h e  e l e v a t o r  lobby,  and n e g l e c t i n g  any small changes i n  a i r  d e n s i t y ,  t h e  F l o w  

from t h e  e l e v a t o r  s h a f t  t o  t h e  lobby e q u a l s  t h e  f low from t h e  lobby t o  t h e  

b u i l d i n g .  
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QEL = QLB ( 4 )  

The p r e s s u r e  d i f f e r e n c e  from t h e  e l e v a t o r  s h a f t  t o  t h e  b u i l d i n g  e q u a l s  

t h e  sum of t h e  p r e s s u r e  d i f f e r e n c e s  from t h e  s h a f t  t o  t h e  lobby and from t h e  

lobby t o  t h e  b u i l d i n g .  

APEB = APEL + APLB ( 5 )  

S u b s t i t u t i n g  eq. ( 2 )  and ( 3 )  i n t o  eq. ( 4 ) ,  r e a r r a n g i n g  and c a n c e l l i n g  Kf 

y i e l d s  

Div id ing  eq.  ( 5 )  by APLB and s u b s t i t u t i n g  eq. (6)  and r e a r r a n g i n g  y i e l d s  

*'LB 1 
(7)  

It can be observed from t h e s e  two e q u a t i o n s  t h a t  t h e i r  p r e s s u r e  d i f f e r -  

ences  are f u n c t i o n s  of t h e  areas ALB and AEL. 

g r a p h i c a l l y  i n  f i g u r e  11. For a lobby leakage  area h a l f  t h a t  of t h e  e l e v a t o r  

Equation ( 7 )  i s  i l l u s t r a t e d  

from t h e  lobby t o  t h e  b u i l d i n g  "LB 9 
s h a f t  l e a k a g e ,  t h e  p r e s s u r e  d i f f e r e n c e ,  

i s  80% of the t o t a l  p r e s s u r e  difference,  APEB, from t h e  elevator to the 

b u i l d i n g .  Obviously ,  a r b i t r a r y  d e s i g n  v a l u e s  of AP 

s e l e c t e d  wi thou t  regard  t o  l eakage  areas, ALB and AEL. 

and APEB cannot b e  LB 
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7 . VERTICAL PRESSURE PROFILES 

When t h e  p r e s s u r e  i n  a n  e l e v a t o r  s h a f t  and o u t s i d e  can be cons idered  

h y d r o s t a t i c ,  t h e  p r e s s u r e  d i f f e r e n c e  from t h e  s h a f t  t o  t h e  o u t s i d e  can be 

expressed  as 

where 

= p r e s s u r e  d i f f e r e n c e  from t h e  e l e v a t o r  s h a f t  t o  t h e  o u t s i d e  a t  AyEo 

h e i g h t  y above t h e  e l e v a t o r  s h a f t  bottom, Pa ( i n  H 2 0 )  

= p r e s s u r e  d i f f e r e n c e  from t h e  e l e v a t o r  s h a f t  t o  t h e  o u t s i d e  a t  t h e  "EOb 

e l e v a t o r  s h a f t  bottom, Pa ( i n  H20) 

To = a b s o l u t e  t empera tu re  of o u t s i d e  a i r ,  OK (OR) 

TE = a b s o l u t e  t empera tu re  of a i r  i n s i d e  t h e  e l e v a t o r  s h a f t ,  

Ks = c o e f f i c i e n t ,  3460 ( 7 . 6 4 )  

y = h e i g h t  above t h e  e l e v a t o r  s h a f t  bottom, i n  ( f t )  

OK ( O R )  

Equat ion (8) i s  v a l i d  when t h e  wind v e l o c i t y  and t h e  p r e s s u r e  l o s s  i n  t h e  

s h a f t  due t o  f r i c t i o n  are n e g l i g i b l e .  

d i f f e r e n c e  from t h e  s h a f t  t o  t h e  o u t s i d e  as i l l u s t r a t e d  i n  f i g u r e  12 f o r  

This  r e l a t i o n  g i v e s  t h e  p r e s s u r e  
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w i n t e r  c o n d i t i o n s  ( i . e . ,  To < Ts) .  For t a l l  b u i l d i n g s  when the o u t s i d e  

i s  much g r e a t e r  a t  t h e  t o p  * t empera tu re  i s  c o l d ,  t h e  p r e s s u r e  d i f f e r e n c e ,  

of t h e  s h a f t  t h a n  i t  is  a t  t h e  bottom. During summer c o n d i t i o n s  ( i . e . ,  Ts < 

To),  t h e  o p p o s i t e  case i s  t r u e .  

I n  t h e  case of a p r e s s u r i z e d  e l e v a t o r  s h a f t ,  t h e  p r e s s u r e  d i f f e r e n c e ,  

* 'PEL, between t h e  e l e v a t o r  s h a f t  and t h e  lobby and t h e  p r e s s u r e  d i f f e r e n c e ,  

APLB , between t h e  lobby and t h e  b u i l d i n g  are of p a r t i c u l a r  i n t e r e s t .  

p r e s s u r e  d i f f e r e n c e s  a r e  dependent on t h e  b u i l d i n g  f low network,  i n c l u d i n g  

These 

p a r t i c u l a r  v a l u e s  of f low areas, and are  a l s o  dependent on whatever o t h e r  

smoke c o n t r o l  systems t h e r e  are i n  t h e  bu i ld ing .  Because AP v a r i e s  cons ider -  EO 
a b l y  accord ing  t o  eq.  (8),  i t  can be expected t h a t  AP 

v a r y  c o n s i d e r a b l y  w i t h  h e i g h t .  

and APLB w i l l  a l s o  

This  means t h a t  a t  any one t i m e  t h e  system 

EL 

w i l l  be producing a range of p r e s s u r e  d i f f e r e n c e s .  It i s  our  concern t h a t  

t h e s e  a l l  be w i t h i n  t h e  range of a l l o w a b l e  minimum and maximum p r e s s u r e  

d i f f e r e n c e s  as d i s c u s s e d  i n  s e c t i o n  5.1. This  concern i s  obviously  more a c u t e  

f o r  t a l l  b u i l d i n g s ,  e s p e c i a l l y  ones  l o c a t e d  where extreme o u t s i d e  t empera tu res  

can ex i s t  i n  e i t h e r  summer o r  win te r .  

For a few s imple  cases, s t r a i g h t f o r w a r d  e q u a t i o n s  f o r  t h e s e  pressi.ire 

d i f f e r e n c e s  can be developed. However, f o r  most r ea l i s t i c  cases ( i . e . ,  

b u i l d i n g s  wi th  zone smoke c o n t r o l  systems o r  w i t h  v e r t i c a l  leakage through 

f l o o r  and s h a f t s ) ,  s t r a i g h t f o r w a r d  s o l u t i o n s  f o r  AP and AP are n o t  r e a d i l y  

a p p a r e n t .  To t h e  e x t e n t  t h a t  t h e  b u i l d i n g  f low p a t h s  are known, such cases 

can  be analyzed w i t h  t h e  a i d  of a d i g i t a l  computer and a computer program such 

EL LB 

as t h e  NBS program f o r  a n a l y s i s  of smoke c o n t r o l  systems [ 1 4 ] .  
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8 CONCLUSIONS 

1. The p o t e n t i a l  problem of e l e v a t o r  doors  jamming open was n o t  

observed i n  any of t h e  f i e l d  tests, even f o r  p r e s s u r e  d i f f e r e n c e s  as 

h i g h  as 7 2  Pa (0.29 i n  H20)  which occur red  i n  b u i l d i n g  6 .  

f o r e ,  t h e  door  jamming problem i s  n o t  t h e  major concern t h a t  i t  was 

e n v i s i o n e d  t o  be i n  t h e  e a r l y  s t a g e s  of t h i s  p r o j e c t .  

There- 

2 .  Fo r  a p r e s s u r i z e d  e l e v a t o r  s h a f t ,  t h e  i n c r e a s e  i n  t o t a l  f low area 

r e s u l t i n g  from opening a n  e l e v a t o r  door  can s i g n i f i c a n t l y  reduce 

s h a f t  p r e s s u r i z a t i o n  l e v e l s  below t h o s e  when a l l  e l e v a t o r  doors  a r e  

c l o s e d .  F i e l d  tests on b u i l d i n g  1 and t h e  e l e v a t o r  s h a f t  i n  wing C 

o €  b u i l d i n g  2 i l l u s t r a t e  t h i s .  Obviously ,  such a d e c r e a s e  i n  

p r e s s u r i z a t i o n  can reduce  t h e  l e v e l  of smoke p r o t e c t i o n  of t h e  

s y s t e m .  

3 .  S e a l i n g  e l e v a t o r  doors  on t h e  s i d e s  t o  reduce t h e  l eakage  area i s  

f e a s i b l e  as was observed a t  b u i l d i n g  5 .  

4 .  E l e v a t o r  l o b b i e s  which are s e p a r a t e d  from o t h e r  s p a c e s  on t h e  f l o o r  

by c l o s e d  doors  can be p r e s s u r i z e d  i n d i r e c t l y  by supp ly ing  p r e s s u r i-  

z a t i o n  a i r  i n t o  t h e  e l e v a t o r  s h a f t  as w a s  done i n  b u i l d i n g  5 .  

Obviously ,  c o n s i d e r a t i o n s  ( s e e  s e c t i o n  3 )  beyond smoke c o n t r o l  must 

be addressed  i n  o r d e r  t o  u s e  e l e v a t o r s  f o r  b u i l d i n g  evacua t ion .  I n  

a d d i t i o n ,  a system wi th  a i r  s u p p l i e d  through t h e  e l e v a t o r  s h a f t  may 

have t h e  drawback of l o s s  of lobby p r e s s u r i z a t i o n  when lobby doors  

on o t h e r  f l o o r s  are open. 
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5 .  C o n s i d e r a t i o n  of 3 des ign  a i r  f low through open e l e v a t o r  l o b b y  

doorways t o  p reven t  smoke i n f i l t r a t i o n  of t h e  lobby i s  n o t  

n e c e s s a r y .  Th is  i s  because  lobby occupan ts ,  a c t i n g  o u t  of s e l f  

p r e s e r v a t i o n ,  w i l l  keep lobby doors  c l o s e d  t o  p reven t  smoke i n f i l -  

t r a t i o n  ( s e e  s e c t i o n  5.2). 

6.  For s y s t e m s  t h a t  are s u p p l i e d  p r e s s u r i z a t i o n  a i r  through t h e  

e l e v a t o r  s h a f t  o n l y ,  a r b i t r a r y  d e s i g n  v a l u e s  of t h e  p r e s s u r e  d i f f e r -  

e n c e s  a c r o s s  t h e  e l e v a t o r  s h a f t  and a c r o s s  c l o s e d  lobby doors  cannot 

be s e l e c t e d .  

as a f u n c t i o n  of l eakage  areas (see s e c t i o n  6 ) .  

These p r e s s u r e  d i f f e r e n c e s  are r e l a t e d  t o  each o t h e r  

7 .  I n s u f f i c i e n t  i n f o r m a t i o n  exis ts  a t  t h i s  t i m e  t o  d e s i g n  e l e v a t o r  

p r e s s u r i z a t i o n  systems t o  w i t h s t a n d  t h e  f o r c e s  of wind ( s e e  s e c t i o n  

5 . 1) . 

9 .  FUTURE DIRECTION 

A l l  of t h e  t e s t i n g  done s o  f a r  i n  t h i s  p r o j e c t  h a s  c o n s i s t e d  of p r e s s u r e  

measurements i n  e x i s t i n g  b u i l d i n g s  w i t h  systems in tended  t o  p r o t e c t  e l .evators .  

Even though t h e s e  tests are v a l u a b l e ,  t h e y  do  n o t  provide a b a s i s  f o r  predic-  

t i o n  of how such systems w i l l  react t o  rea l  f i r e s .  For t h i s  r eason ,  t e s t s  t o  

e v a l u a t e  t h e  performance of s imula ted  e l e v a t o r  p r o t e c t i o n  systems dur ing  f i r e  

c o n d i t i o n s  are needed. During such a t e s t  series t h e  e f f e c t s  on t h e s e  systems 

of pa ramete r s  such as open doors  and windows should be e v a l u a t e d .  
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Table  1 .  P r e s s u r e  Across E l e v a t o r  Doors of Bui ld ing  1 
( a l l  e l e v a t o r  d o o r s  c l o s e d )  

Differential P r e s s u r e  
F loor  (Pa) ( i n  H20) 

3 

2 

1 

Ground 

3 .O 

3.8 

3.8 

5 e 0  

0.012 

0.015 

0.015 

0.020 

Indoor  t empera tu re  - 24OC (75'F) 

Outdoor t empera tu re  - 26OC (78'F) 
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T a b l e  2 .  P r e s s u r e s  i n  Wing C of Bui ld ing  2 with  All 
Smoke Control  Systems Operat ing 

F l o o r  
E l e v a t o r  S t a i r w e l l  1 

(Pa> ( i n  H20> (Pa> ( i n  H20>  

16a 0 .06Sa 

16 0.065 

12 0.050 

16b 0 .065b 

- ~ ~ 

67 0.27 

72 0.29 

62 0.25 

67 0.27 

Indoor  t empera tu re  - 25OC (77'F) 

Outdoor t empera tu re  - 23OC (74OF) 

aWhen t h e  f o u r t h  f l o o r  stairwell door  was opened t h e  p r e s s u r e  d i f f e r e n c e  

bWhen t h e  f i r s t  f l o o r  stairwell was opened t h e  p r e s s u r e  d i f f e r e n c e  

a c r o s s  t h e  e l e v a t o r  s h a f t  dropped t o  7.5 Pa (0.030 i n  H20). 

a c r o s s  t h e  e l e v a t o r  s h a f t  dropped t o  12 Pa (0.050 in H20). 
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Table  3 .  Pressures i n  Wing C of Bui ld ing  2 with tlrle 
C o r r i d o r  P r e s s u r i z a t i o n  System Not Opera t ing  

E l e v a t o r  S t a i r w e l l  1 
F l o o r  (Pa> ( i n  H20) (Pa) ( i n  H ~ O )  

... 

4 15 0.060 

3 16 0 -065 

2 14 0 0055 

1 10 0 -040 

67 

65 

7 2  

67 

. 

0m27 

0 -26 

0 a29 

0.27 

Indoor  t empera tu re  - 25OC (77OF) 

Outdoor t e m p e r a t u r e  - 23OC (74OF) 
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T a b l e  4 .  Pressures in Wing C of Building 2 w i t h  
Only the Elevator Shaft Pressurization 

Elevator Stairwell 1 
Floor (Pa) (in H20) (Pa)  (in H20) 

' 4  

3 

2 

1 

13 0.053 -1.2 -0.005 

15 0.060 0 0 

15 0.060 0.25 0.001 

16 0.065 0 0 

Indoor temperature - 25OC ( 7  7'F) 

Outdoor temperature - 23OC (74'F) 

Negative pressures represent air flow from building into the shaft. 
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T a b l e  6.  P r e s s u r e s  i n  Bui ld ing  3 

F loor  
E l e v a t o r  

Unpres s u r  i zed 
(Pa)  ( i n  H20) 

E l e v a t o r  
P r e s  s u r  i zed 

(Pa)  ( i n  H20) 

21 

20 
19 

18 

17 

16 

15 

14 

1 2  

11 

10 

9 

8 

7 

2 05 

2 .Sa 

0.75 

1 .2a 

0.75 

0.75 

0 -75  

+o 
+o 
0 

1.2 

0 

1.2 

0 

0.010 

0 .O1oa 
0.003 

0 .OOSa 

0 0003 

0.003 

0 a003 

+0 

+O 

0 

0 0005 

0 

0.005 

0 

8.7 

7 05 

6 .2b 

5 05 

4 .O 

3 02 
3 .O 

2.7 

2.5 
2 00 

5 00 

3 00 

5 a0 
1.5 

~~~ ~ 

0 a035 
0 -030 

0 .02Sb 

0 0022 

0.016 

0.013 

0.012 

0 001 1 

0 00 10 

0.008 

0 a020 
0.012 

0 0020 

0.006 

6 0 0 2 02 0 0009 

5 -0 -0 1.2 0.005 

4 +O +O 1.2 0 0005 

3 -0.75 -0.003 3 07 0.015 

2 

1 

-0 -0 1.2 0.005 

-8.7' -0 .035' -4 .O d -0 .016d 

B -6.2 -0 a025 -2 00 -0.008 

Indoor  t empera tu re  - 25OC (77OF) 
Outdoor t empera tu re  - 27OC (81°F) 
Negative p r e s s u r e s  i n d i c a t e  a i r  f low from t h e  b u i l d i n g  i n t o  t h e  s h a f t .  

a P r e s s u r e  was 8.7 t o  10 Pa (0.035 t o  0.040 i n  H20) when a d i r e c t  a i r  
connect ion t o  t h e  o u t s i d e  e x i s t e d .  

bPressure  w a s  22 P a  (0.09 i n  H20) when a d i r e c t  a i r  connect ion t o  t h e  

'Pressure was 2.5 P a  (0.010 i n  H20) when a ground f l o o r  door was open. 

d P r e s s u r e  was 15 Pa (0.060 i n  H20) when a ground f l o o r  door  w a s  open. 

o u t s i d e  e x i s t e d .  
. 
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Table  7 .  P r e s s u r e s  i n  Bui ld ing  4 

4 t h  F l o o r  5 t h  Floora  6 t h  F l o o r  
Loca t ion  (Pa)  ( i n  H20) (Pa) ( i n  H20)  (Pa)  ( i n  H 2 0 )  

E l e v a t o r  lobby door  1 
( lobby  p r e s s u r i z e d )  0,75 0.003 6.2 0.025 - - 

E l e v a t o r  door  w i t h  
both  lobby doors  
c l o s e d  -2e5 -0.0'10 -0.75 -0.003 0 0 

S t a i r w e l l  1 door 0 0 6.2 0.025 1.2 0.005 

Indoor  temperature - 23'C (73'F) 

Outdoor t empera tu re  - 24OC (75OF) 

a F i r e  alarm s e n t  from f i f t h  f l o o r  so  t h a t  c o r r i d o r s  a r e  exhausted on 
t h i s  f l o o r  only. 
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Table 8 .  Pressure Differences from Building 5 

Lobby t o  Elevator t o  S t a i r w e l l  2 
lobby t o  lobby rental space 

Floor (Pa) (in H20) ( P a )  (in H20> (Pa) (in H20) 

36 22 0 009 12 0 005 40 0.16 

30 27 0011 5 0 002 30 0 012 

2 1  25 0.10 12 0.05 27 0.11 

20 45 0 018 25 0 010 12 0.05 

I O  25 0.10 12 0.05 25 0.10 

3 3 0 0 012 12 0.05 12 0 005 

-- -- -- -- main lobby 27 0.11 

Average b u i l d i n g  temperature 25OC (77'F) 

Outside temperature 1 7 O C  (63OF) a t  s tar t  of t e s t  and 2 l o C  (7OoF) at  end of 
t e s t  
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Table  9 .  P r e s s u r e  D i f f e r e n c e s  from Bui ld ing  6 

~- 

North South 
E l e v a t o r  t o  Cor r idor  t o  St a i  rwel 1 S t  a i  rwe 1 1. 

Co rr i d o  r Apartment t o  C o r r i d o r  t o  Cor r idor  
F loor  (Pa)  ( i n  H20) (Pa) ( i n  H20) (Pa) ( i n  H20) (Pa)  ( i n  H20)  

19 72 0.29 30 0012 72 0.29 75 0.30 

11 4 5  0.18 10 0.04 105 0.42 100 0.40 

main lobby 55 0.22a 35 0.14a 77 0.31a 122 0.4gb 

Average b u i l d i n g  t empera tu re  25OC (77OF) 

Outs ide  t empera tu re  19OC (66OF) 

- -~ - 

a P r e s s u r e  d i f f e r e n c e s  taken w i t h  ground f l o o r  e x t e r i o r  lobby door open. 

bPrc.ssure between s o u t h  s t a i r w e l l  and o u t s t d e .  
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