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ELEVATORS AS A MEANS OF FIRE ESCAPE 

John H .  Klote  

Abstract  

This  paper i s  t h e  i n i t i a l  r e p o r t  of an 

ongoing p r o j e c t  a t  NBS t o  i n v e s t i g a t e  t h e  use  

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 use  of stairwells f o r  f i r e  

evacuat ion poses a problem f o r  people who 

cannot use  stairs because of phys ica l  d i s-  

a b i l i t i e s .  This  paper d i scusses  some of t h e  

major problems a s soc ia t ed  wi th  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  and proposes 

a conceptual s o l u t i o n  t o  those  problems. A 

r e p o r t  i s  made on f i e l d  tests of fou r  bu i ld ings  

wi th  e l e v a t o r  p r o t e c t i o n  systems. 

t e c t i o n  systems and t h e i r  i n t e r a c t i o n s  wi th  o t h e r  

systems a r e  examined. 

These pro- 

Key Words: Building f i r e s ;  e l e v a t o r s  ( l i f t s ) ;  

eg res s ;  evacuat ion;  handicapped; p re s su r i za t ion ;  

smoke con t ro l ;  stairwells.  

1. INTRODUCTION 

I n  most e l e v a t o r  lobbies  i n  t h e  United S t a t e s  t h e r e  a r e  s i g n s  

which have s ta tements  s i m i l a r  t o  t h e  fol lowing:  

- WARNING - 
ELEVATOR SHALL NOT BE 

USED I N  THE EVENT OF FIRE 

USE MARKED EXIT STAIRWAYS 

1 



Unfortunately some people cannot use stairs because of physical 

disabilities. Because of this problem, the Veterans Administration 

(VA) is sponsoring a project at National Bureau of Standards (NBS) ,  

Center for Fire Research (CFR) to investigate the feasibility of using 

elevators as a means of fire exit for the physically handicapped. 

project consists of a field investigation stage and an analysis stage. 

The field tests are intended to provide information concerning the 

performance of systems intended for elevator protection. 

analysis stage the most promising protection systems will be analyzed 
in detail. 

which can be used by building designers. 

This 

During the 

The ultimate goal of this project is to provide information 

This paper contains a brief discussion of the problem, presentation 
of a conceptual solution, and a report of field tests on four buildings 

which have smoke control systems intended to protect elevators during 
fire situations. 

control systems in addition to systems for elevator protection. 

systems are also discussed in terms of their interaction with the 

elevator protection system. 

Some of the buildings tested had other types of smoke 
These 

2 .  PROBLEMS W I T H  ELEVATORS 

The National Fire Protection Association (NFPA) 101, Life Safety 
1 Code 1976 [l] 

elevators as fire exits. 

lists the following problems involved with the use of 

1. "Persons seeking to escape from a fire by means of an elevator may 

have to wait at the elevator door for some time, during which they 

may be exposed to fire or smoke, or panic may develop. 

'Numbers in brackets refer to the literature references listed at the 
end of this paper. 
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2 .  

3 .  

4 .  

t o  

Automatic e l e v a t o r s  respond t o  t h e  p res s ing  of but tons  i n  such a 

way t h a t  i t  would b e  q u i t e  poss ib l e  f o r  an e l e v a t o r  i n  use  f o r  

descent  from f l o o r s  above a f i r e  t o  s t o p  automat ica l ly  a t  t h e  

f l o o r  involved i n  t h e  f i r e  and the doors  t o  open automat ica l ly  

exposing occupants t o  f i r e  and smoke. 

Modern e l e v a t o r s  cannot s tar t  u n t i l  doors  are f u l l y  c losed .  A 

l a r g e  number of people seeking t o  crowd i n t o  an e l eva to r  i n  case 

of emergency might make i t  impossible t o  start .  

Any power f a i l u r e ,  such as t h e  burning ou t  of electric supply 

cab le s  dur ing  a f i r e ,  may render  t h e  e l e v a t o r s  inope ra t ive  o r  

might r e s u l t  i n  t rapping  persons i n  e l e v a t o r s  stopped between 

f l o o r s .  Under f i r e  cond i t ions  t h e r e  might no t  b e  t i m e  t o  permit 

rescue  of trapped occupants through emergency escape hatches 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  serv ing  more than t h r e e  f l o o r s  
2 

automat ica l ly  descend t o  t h e  ground f l o o r  i n  t h e  event of a f i r e  . 
F i r e  f i g h t e r s  have keys wi th  which they can manually c o n t r o l  e l e v a t o r s  

and use  them during bu i ld ing  evacuat 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 requent ly  th rea t ens  l i f e  and 

h inde r s  e l e v a t o r  u se  by f i r e  f i g h t e r s .  

I t  i s  a l s o  c u r r e n t  p r a c t i c e  t o  top  vent  e l e v a t o r  s h a f t s  serv ing  

more than t h r e e  f l o o r s  . The i n t e n t  of such vent ing  i s  t o  al low t h e  

e l e v a t o r  s h a f t  t o  act as a smoke s h a f t  ca r ry ing  smoke from t h e  f i r e  

f l o o r  out  of t h e  bui ld ing .  However, because of leakage around e l eva to 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 i n 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 eva to r  s h a f t  i t s e l f .  

3 

2The opera t ion  of e l e v a t o r s  under f i r e  condi t ions  i s  mandated by sec t ion  

3The requirement f o r  ven 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 

3 

211.3 of ANSI A17.1  [2 ] .  

of ANSI A 1 7 . 1  [ 2 ] .  



I n  Sec t ion  3 a conceptual method i s  presented t o  overcome t h e  

above problems and a l low f i r e  evacuat ion by means of e l eva to r s .  

3 .  CONCEPTUAL SOLUTION 

I n  order  t o  overcome t h e  problems discussed 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  

fol lowing a t t r i b u t e s :  

1. Elevator  c o n t r o l  must a s su re  s a f e  and e f f i c i e n t  evacuation. 

2 .  Rel i ab le  electr ic  power must be supplied.  

3 .  Elevator  lobb ies  and t h e  e l e v a t o r  s h a f t  must b e  pro tec ted  aga ins t  

f i r e  and smoke. 

3 . 1  Elevator  Controls  

The e l e v a t o r  can be  con t ro l l ed  so t h a t  i t  w i l l  descend t o  t h e  

F i r e  department personnel  o r  ground i n  t h e  event of a f i r e  alarm. 

o t h e r  au thor ized  personnel can then  use  t h e  e l e v a t o r s  f o r  evacuation. 

With t h e  e l e v a t o r s  con t ro l l ed  by a u t h o r i t y  f i g u r e s ,  t h e  l i ke l ihood  t h a t  

a l a r g e  number of people would crowd i n t o  t h e  e l eva to r  and make i t  

impossible  t o  c l o s e  t h e  doors  w i l l  probably be  reduced. 

3 . 2  Electric Power 

Considerable experience e x i s t s  i n  a s su r ing  t h e  supply of electr ical  

power f o r  c r i t i c a l  func t ions  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 genera tors ,  and mul t ip l e  power 

feeds .  

of a s su r ing  power r e l i a b i l i t y ,  i t  appears  t h a t  s tate- of- the- art  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  systems. 

While i t  i s  beyond t h e  scope of t h i s  paper t o  examine methods 

. -  
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3 . 3  F i r e  and Smoke P ro tec t ion  

Considerable information i s  a v a i l a b l e  concerning t h e  f i r e  r e s i s t a n c e  

of w a l l s ,  p a r t i t i o n s ,  f l o o r s ,  doors ,  etc. The a b i l i t y  t o  design and 

bu i ld  e l e v a t o r  l obb ies  and e l e v a t o r  s h a f t s  t h a t  can withstand seve re  

bu i ld ing  f i r e s  has  e x i s t e d  f o r  yea r s .  However, smoke p ro tec t ion  i s  a 

more d i f f i c u l t  problem. 

Smoke movement can b e  con t ro l l ed  by t h e  use  of a i r  flow and 

p res su re  d i f f e rences .  However, smoke c o n t r o l  i s  a new f i e l d  and no 

consensus has  been reached as t o  what c o n s t i t u t e  reasonable a i r  flows 

and p res su re  d i f f e r e n c e s  f o r  e l e v a t o r  p r o t e c t i o n  and f u r t h e r  no accepted 

methods exist  of achieving these  a i r  flows and p res su re  d i f f e rences  i n  

t h e  case of e l e v a t o r  p ro tec t ion .  The development of t h i s  information 

i s  c r i t i c a l  t o  t h e  main goal  of t h i s  p r o j e c t ,  i .e.,  t o  determine t h e  

f e a s i b i l i t y  of us ing  e l e v a t o r s  as a means of f i r e  ex i t  f o r  t h e  handicapped. 

I n  implementing e l e v a t o r  s h a f t  p re s su r i za t ion ,  t h e  jamming of 

e l e v a t o r  doors  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. 

f o r c e s  used t o  c l o s e  t h e  doors  of automatic e l e v a t o r s  are l imi t ed  so as 

t o  prevent  i n j u r y  t o  any person who might b e  i n  t h e  way of t h e  doors.  

A d i f f e r e n t i a l  p re s su re  a c r o s s  t h e  doors  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  

d i f f e r e n t i a l  p re s su re  could cause an e l e v a t o r  t o  j a m  i n  t h e  open 

p o s i t i o n .  During t h i s  i n i t i a l  series of f i e l d  tests, t h e  success fu l  

opera t ion  of e l e v a t o r  doors  w a s  observed f o r  a range of d i f f e r e n t i a l  

p re s su res  t o  provide some information regarding t h i s  concern. 

The 

4 .  FIELD TESTS 

F i e l d  tests w e r e  performed i n  fou r  bu i ld ings  wi th  pressur ized  

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

systems, and t h e  systems t e s t e d  should n o t  b e  considered model des igns  

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  

These tests form an i n i t i a l  screening of some e x i s t i n g  

5 



pressu r i za t ion  can b e  gained from these  tests. 

were intended f o r  genera l  evacuation b u t  were intended f o r  use  by t h e  

f i r e  department f o r  rescue  and f i r e  f i g h t i n g .  Accordingly, none of 

t hese  e l eva to r s  were provided wi th  a pressur ized  lobby. 

None of t hese  e l e v a t o r s  

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

temperatures w a s  very small. Also, during these  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 accordingly no wind d a t a  w a s  taken. 

t h e  p res su re  f l u c t u a t i o n s  due t o  t h e  wind d id  not  exceed 1 . 2  Pa  (0.005 

i n  H20) and s o  only average va lues  of p re s su re  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 .  

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  is  s p e c i f i c a l l y  addressed i n  t h e  

d iscuss ion .  

I n  genera l  

There was one exception among the f i e l d  tests where t h e  

I n  a l l  b u t  one of t h e  e l e v a t o r  s h a f t  p re s su r i za t ion  systems t e s t e d ,  

t h e  p res su r i za t ion  was by a p r o p e l l e r  fan.  

intended t o  move a l a r g e  quan t i ty  of a i r  a g a i n s t  a very  low p res su re  

head . 
t h e  flow ra te  drops dramat ica l ly .  

r a t e s  of t h e  f a n s  i n  these  tests were probably much lower than t h e  

r a t ed  c a p a c i t i e s  of t h e  fans .  

This type of f an  is usua l ly  

4 However, when a p r o p e l l e r  f a n  opera tes  a t  h igher  p re s su re  heads 

For t h i s  reason,  t h e  a c t u a l  flow 

4 . 1  Building 1 

The bu i ld ing  1 is  a fou r  s t o r y  o f f i c e  bu i ld ing  loca ted  i n  Ohio. 

The bu i ld ing  shown i n  f i g u r e  1, has  a fou r  s t o r y  e l eva to r  wi th  two cabs 

which open onto an atr ium. 

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  H 0) s t a t i c  pressure .  

The e l e v a t o r  s h a f t  was pressur ized  by a 

2 

‘General information concerning p r o p e l l e r  f a n s  and o t h e r  f a n  types is  
provided by ASHRAE [ 31 . 
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With a l l  t h e  e l eva to r  doors c losed  t h e  p r e s s u r i z a t i o n  system 

maintained d i f f e r e n t i a l  p re s su res  ac ross  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. 

t h i s  paper ,  t h e  phrase  d i f f e r e n t i a l  p re s su re  ac ross  t h e  e l e v a t o r  s h a f t  

means t h e  p res su re  d i f f e r e n c e  between t h e  e l eva to r  s h a f t  and t h e  e l eva to r  

lobby where a h igher  e l e v a t o r  s h a f t  p re s su re  i s  considered p o s i t i v e .  

While t h e  p r e s s u r i z a t i o n  system w a s  opera t ing ,  t h e  e l eva to r  doors 

opened and c losed  normally. I n  add i t ion ,  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  dur ing  a f i r e  alarm, t h e  pressur iza-  

t i o n  system w a s  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 level and 

an e l eva to r  door open a t  ground l e v e l .  Under t h i s  arrangement, no 

p res su re  d i f f e r e n t i a l  could be  measured ac ross  t h e  e l eva to r  door (how- 

ever ,  movement of c i g a r e t t e  smoke ind ica t ed  t h a t  t h e r e  w a s  some a i r  

flow out  of t h e  s h a f t )  . 

I n  

4 . 2  Building 2 

The bu i ld ing  2 a l s o  loca ted  i n  Ohio is  a motel cons i s t ing  of fou 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 are 

loca ted  i n  wing A which i s  one s t o r y  high. Wings B ,  C ,  and D conta in  

t h e  gues t  rooms. 

seven s t o r i e s .  

Wing C i s  fou r  s t o r i e s ,  and wings B and D are both 

Wings B, C ,  and D have pressur ized  stairwells, pressur ized  c o r r i d o r s ,  

and pressur ized  e l eva to r  s h a f t s .  

w e l l s  i s  t h a t  p r e s s u r i z a t i o n  can prevent  smoke i n f i l t r a t i o n  i n t o  t h e  

s t a i r w e l l  and thus  t h e  s t a i r w e l l  w i l l  be  a smoke f r e e  means of f i r e  

e x i t  (cons iderable  information regarding pressur ized  stairwells i s  

a v a i l a b l e  i n  t h e  l i t e r a t u r e ;  f o r  example [ 4 -91 ) .  The concept of cor-  

r i d o r  p r e s s u r i z a t i o n  i s  t o  prevent  smoke i n f i l t r a t i o n  t o  t h e  c o r r i d o r ,  

aga in  providing a smoke f r e e  means of f i r e  e x i t .  

has  been done on pressur ized  c o r r i d o r s .  

The concept behind pressur ized  stair-  

To d a t e  no research  

7 



These smoke c o n t r o l  systems are intended t o  be ac t iva t ed  only i n  

t h e  wing i n  which smoke i s  de tec ted  o r  i n  which s p r i n k l e r  flow i s  

de tec t ed .  

when t h e  smoke c o n t r o l  systems i n  wing C are ac t iva t ed .  For t h i s  

reason wing C w a s  s tudied  sepa ra t e ly .  

Automatic c los ing  doors  sepa ra t e  wing C from t h e  o t h e r  wings 

4.2.1 Wing C 

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

f ans .  The c o r r i d o r  f an  supplied a i r  i n t o  a duct  which supplied t h e  

c o r r i d o r s  on each f l o o r .  This  f an  w a s  r a t e d  a t  1900 R/s (4000 cfm). 

The stairwell f ans  were both loca ted  on top of t h e  s ta i r  s h a f t  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 .  

(4000 cfm) each. The e l e v a t o r  f an ,  r a t e d  a t  2300 R/s (4800 cfm), 

supp l i e s  a i r  t o  t h e  top  of t h e  e l eva to r  s h a f t .  

wing C contained one cab but  t h e  s h a f t  w a s  s i zed  so  t h a t  another  cab 

could be  added. 

These f a n s  were r a t e d  a t  1900 Ills 

The e l eva to r  s h a f t  i n  

4.2 .1 .1  A l l  Smoke Control  Systems Operating 

With a l l  t h r e e  of t h e  smoke c o n t r o l  systems opera t ing  i n  wing C 

t h e  p res su re  d i f f e r e n t i a l  ac ross  t h e  e l eva to r  and stairwell  1 are 

l i s t e d  i n  t a b l e  2 .  The e l eva to r  p re s su r i za t ion  system maintained 

d i f f e r e n t i a l  p re s su res  i n  t h e  range of 16 t o  1 2  Pa (0.065 t o  0.050 i n  

H 0) ac ross  t h e  e l eva to r  s h a f t  when a l l  e l eva to r  doors were closed.  

Throughout t h e  tests  t h e  e l eva to r  doors opened and closed properly.  

The pressures  ac ross  s ta irwel l  2 were checked and determined t o  be i n  

t h e  same range as  those ac ross  s ta irwel l  1. 

2 

The e l eva to r  p re s su res  were much h igher  f o r  t h e  test  i n  t h i s  

Both bui ld ing  than f o r  t h e  tes t  i n  the bu i ld ing  1 ( s e e  t a b l e  1). 

systems a r e  four  s t o r i e s  and t h e  p res su r i za t ion  f a n s  were r a t e d  i n  t h e  

same range a t  2000 R/s (4300 cfm) f o r  bu i ld ing  1 and 2300 R/s (4800 

cfm) f o r  wing C.  The major d i f f e r e n c e  was t h a t  t h e  bu i ld ing  1 s h a f t  
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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 four doors.  

This  would sugges t  t h a t  t h e  h igher  p re s su res  ac ross  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 area of t h i s  s h a f t .  

A s  i n  t h e  case of t h e  bu i ld ing  1, tests w e r e  run wi th  t h e  e l eva to r  

cab a t  t h e  ground level ( f l o o r  1) and wi th  t h e  e l eva to 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 res su re  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 level. This is  considerably 

b e t t e r  than  t h e  similar s i t u a t i o n  i n  t h e  bu i ld ing  1 where no p res su re  

d i f f e r e n c e  could be  measured. 

The e f f e c t  on t h e  pressur ized  e l e v a t o r  s h a f t  of opening a door t o  

t h e  pressur ized  stairwell w a s  evaluated.  A s  might be expected, opening 

a stairwell  door on a p a r t i c u l a r  f l o o r  reduced t h e  level 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  stairwell  

door w a s  opened t h e  p res su re  d i f f e r e n c e  ac ross  t h e  f o u r t h  f l o o r  e l e v a t o r  

s h a f t  dropped from 16 t o  7.5 Pa (0.065 t o  0.030 i n  H20). 
t h ing  w a s  done on t h e  f irst  f l o o r  t h e  p res su re  d i f f e r e n c e  ac ross  t h e  

e l e v a t o r  s h a f t  dropped from 16 t o  1 2  Pa (0.065 t o  0.050 i n  H20). 
Therefore,  the e leva to r  s h a f t  p r e s s u r i z a t i o n  system success fu l ly  main- 

ta ined  p o s i t i v e  p r e s s u r i z a t i o n  wi th  a stairwell door open and t h e  

e l e v a t o r  door closed.  Other tests w e r e  made which determined 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  stairwell pressur iza-  

t i o n  system. 

When t h e  same 

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 Elevator  Shaf t  
P r e s s u r i z a t i o n  Operating 

A test w a s  performed wi th  only t h e  s tairwell  p r e s s u r i z a t i o n  systems 

and t h e  e l eva to r  s h a f t  p r e s s u r i z a t i o n  system opera t ing ,  i n  order  t o  

determine t h e  e f f e c t  of s h u t t i n g  o f f  t h e  co r r ido r  p re s su r i za t ion  system. 

The p res su res  f o r  t h i s  tes t  wi th  a l l  e l e v a t o r  doors closed are l i s t e d  

i n  t a b l e  3 .  It i s  apparent  by comparing t h i s  d a t a  wi th  t h a t  f o r  t h e  

c o r r i d o r  system opera t ing  ( t a b l e  2 ) ,  t h a t  i n  genera l  t h e  co r r ido r  

p r e s s u r i z a t i o n  system had l i t t l e  e f f e c t  on t h e  performance of t h e  
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e l eva to r  s h a f t  p r e s su r i za t ion  system. The exception t o  t h i s  was a t  the  

f i r s t  f l o o r  where without c o r r i d o r  p re s su r i za t ion  t h e  e l eva to r  s h a f t  

p ressure  decreased from 16 Pa t o  10 Pa  (0.065 t o  0.040 i n  H20). 
t h e  unknown n a t u r e  of t h e  flow pa ths  throughout t h e  bu i ld ing ,  i t  i s  

d i f f i c u l t  t o  determine t h e  cause f o r  t h i s  pressure drop on t h e  f i r s t  

f l o o r .  

a change i n  t h e  bu i ld ing  flow network. 

network could occur when t h e  maid service opened t h e  door t o  a guest  

room which had an open window. 

a new steady state flow condi t ion  f o r  t h e  bui lding.  

Due t o  

It may have been due t o  an inc rease  i n  t h e  wind v e l o c i t y  o r  t o  

One poss ib l e  change i n  t h e  flow 

The decrease could also simply r e f l e c t  

4 . 2 . 1 . 3  Elevator  Shaf t  P re s su r i za t ion  Operating 

A test w a s  made wi th  only t h e  e l eva to r  s h a f t  p r e s su r i za t ion  

opera t ing  t o  f u r t h e r  eva lua te  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 con t ro l  systems. 

doors c losed a r e  l i s t e d  i n  t a b l e  4 .  

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 t h e  

stairwell system w a s  on ( t a b l e  3 ) ,  i t  is  apparent t h a t  i n  general  t h e  

opera t ion  of t h e  o the r  smoke c o n t r o l  systems had minor e f f e c t  on t h e  

performance of t h e  e l eva to r  s h a f t  p r e s su r i za t ion  system. An exception 

t o  t h i s  i s  a t  t h e  fou r th  f l o o r  where t h e  pressure  dropped by 2 o r  3 Pa 

(0.007 o r  0.012 i n  H20) depending on with  which test It is  compared. 

It can a l s o  be  noted t h a t  t h e  pressure  ac ros s  t h e  e l eva to r  s h a f t  a t  t h e  

f i r s t  f l o o r  w a s  approximately t h e  same with a l l  t h r e e  systems on o r  

w i t h  only t h e  e l eva to r  s h a f t  system on. 

due t o  changes i n  t h e  wind, changes i n  t h e  bu i ld ing  flow network, o r  

simply r e f l e c t  a new steady state flow condi t ion.  

The pressures  f o r  t h i s  test with a l l  e l eva to r  

By comparing these  da t a  wi th  t h e  

Again, t hese  except ions may be 

4.2.2 Wings B and D 

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

o the r  a t  each f l o o r  by c o r r i d o r s  without b a r r i e r s  t o  a i r  o r  smoke 

movement. 

For t hese  reasons wings B and D w e r e  t e s t e d  toge ther  a s  one u n i t .  The 

10 

Automatic c lo s ing  doors separated wing B from wings A and C .  



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  stairwells and 

c o r r i d o r  systems on. 

wi th  t h e  stairwell doors  and e l eva to r  doors  closed.  It can be observed 

t h a t  t h e  d i f f e r e n t i a l  p re s su res  a c r o s s  t h e  e l e v a t o r  s h a f t s  var ied  

cons iderably  from f l o o r  t o  f l o o r .  For t h e  e l eva to r  s h a f t  i n  wing B t h e  

p res su res  ranged from 2.0 t o  10. Pa (0.008 t o  0.040 i n  H 0). The range 2 
over which t h e  e l e v a t o r  s h a f t  i n  wing D var ied  w a s  somewhat less, from 

The p res su res ,  l i s t e d  i n  t a b l e  5, were measured 

5.0 t o  11. Pa (0.020 t o  0.045 i n  H20). 

I n  o rde r  t o  determine i f  t hese  p res su re  d i f f e r e n c e s  changed wi th  

t i m e ,  a number of t h e  measurements w e r e  repeated.  The new measurements 

agreed w e l l  wi th  t h e  d a t a  i n  t a b l e  5 except  f o r  f l o o r  6 of t h e  e l e v a t o r  

i n  wing B. 

e l eva to r  a t  2.0 Pa (0.008 i n  H 0) i n  t h e  i n i t i a l  measurements. It w a s  

remeasured i n  t h e  range from 2 .5  t o  -2.5 Pa (0.01 t o  -0.01 i n  H20). 

The negat ive  p res su re  ind ica t ed  t h e  e l eva to r  s h a f t  w a s  a t  a lower 

p res su re  than 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 

negat ive  p res su re  have been observed i n  previous f i e l d  tests of pressur ized  

stairwells [ 3 ]  and w e r e  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 not  cause t h e  e l e v a t o r  s h a f t  p re s su res  t o  vary  from f l o o r  

t o  f l o o r  t o  t h e  ex ten t  d iscussed  above. 

This  had been t h e  p o i n t  of lowest p re s su re  a c r o s s  t h e  

2 

It w a s  thought t h a t  t hese  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  pressures  

might be  due t o  a l a r g e  a i r  connection from t h e  bu i ld ing  t o  t h e  ou t s ide  

a t  one o r  more f l o o r s .  Wings B and D w e r e  checked f o r  such connections. 

It w a s  observed t h a t  a number of t h e  gues t  room windows w e r e  open, b u t  

t h e  doors  from rooms t o  t h e  c o r r i d o r  were closed.  Therefore, no d i r e c t  

flow pa th  from t h e  c o r r i d o r s  t o  t h e  ou t s ide  could be found. It can 

a l s o  be  observed from f i g u r e s  2 and 3 t h a t  t hese  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 through 4 .  

r e s u l t e d  i n  a complicated flow network which obviously d i f f e r e d  con- 

s ide rab ly  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 t i o n s  i n  t h e  p res su res  ac ross  t h e  e l eva to r  s h a f t s  from f l o o r  t o  

f l o o r .  

These connect ions and t h e  open guest  room windows 
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4.2.2.1 Pressur ized  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 ressure  

ac ros s  t h e  s t a i r w e l l  doors w a s  uniform over t h e  he ight  of t h e  s t a i r w e l l s .  

It can a l s o  be observed t h a t  t h e  l e v e l  of p re s su r i za t ion  was consider-  

ably  h igher  f o r  s t a i r w e l l  5 than f o r  t h e  o the r  th ree .  This happened 

even though each of t h e  s t a i r w e l l s  w a s  suppl ied by p rope l l e r  f ans  r a t e d  

a t  3800 R/s (8000 cfm). 

were s m a l l  and t h e  doors were not  undercut. The doors t o  stairwells 3 

and 4 were undercut approximately 16  mm (5/8 i n ) .  

s t u d i e s ,  t h i s  increased leakage a r e a  can account f o r  t h e  lower pressures  

i n  s t a i r w e l l s  3 and 4 .  While t h e  doors t o  stairwell 6 were as t i g h t -  

The c racks  around t h e  doors  of stairwell 5 

Based on previous 

f i t t i n g  as those  t o  s t a i r w e l l  5 ,  t h e  e x t e r i o r  door t o  stairwell 6 had 

no l a t c h  and was held open by a i r  pressure.  

w a s  c losed t h e  leakage w a s  similar t o  t h a t  i n  stairwell 5, and t h e  

p re s su re  ac ros s  stairwell 6 w a s  measured t o  be 85 Pa ( 0 . 3 4  i n  H20) a t  

t h e  f i r s t  f l o o r  door from t h e  s t a i r w e l l  t o  t h e  co r r ido r .  

When t h i s  e x t e r i o r  door 

4 . 3  Building 3 

The bu i ld ing  3 i s  a 20 s t o r y  apartment bu i ld ing  used f o r  s tudent  

Floor  p lans  f o r  t h e  bu i ld ing  are shown housing i n  D e t r o i t ,  Michigan. 

i n  f i g u r e s  4 and 5. 

e l eva to r  is pressur ized  from t h e  top by a p rope l l e r  f an  r a t ed  t o  supply 

8000 R/s (17000 cfm) a t  62 Pa (1/4 i n  H20) s t a t i c  pressure.  Continuous 

co r r ido r  p re s su r i za t ion  i s  obtained by a system which supp l i e s  condi- 

t ioned 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 .  This conditioned a i r  is  

suppl ied by a roof mounted a i r  handling u n i t  wi th  a supply f an  r a t ed  a t  

14000 R/s (30000 c f m ) , a t  560 Pa (2- 1/4 i n  H20) s t a t i c  pressure.  

bu i ld ing  p lans  ind ica ted  t h a t  t h e  s t a i r w e l l s  were a l s o  pressur ized  by 

p rope l l e r  fans ;  however, t he se  f ans  were i n s t a l l e d  backwards, which 
5 would r e s u l t  i n  exhaust ing r a t h e r  than p re s su r i z ing  t h e  stairwells . 

There i s  one e l eva to r  s h a f t  wi th  two cabs. The 

The 

'Maintenance personnel a t  bu i ld ing  3 s t a t e d  t h a t  arrangements were 
underway t o  c o r r e c t  t h i s  problem. 
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For t h i s  reason,  t h e s e  f a n s  were n o t  operated dur ing  these  tests; 

however, 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 w a s  opera t ing  throughout 

t h e  tests. 

Table 6 l i s ts  t h e  p res su res  ac ross  t h e  e l eva to r  w i th  t h e  e l eva to r  

s h a f t  unpressurized and pressur ized .  With t h e  e l e v a t o r  s h a f t  unpres- 

su r i zed ,  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 res su res  and t h e  

lower f l o o r s  had negat ive  pressures .  This i n d i c a t e s  t h a t  a i r  w a s  

flowing i n t o  t h e  s h a f t  a t  t h e  bottom and ou t  of t h e  s h a f t  a t  t h e  top. 

This flow 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 requent ly  occurs  when t h e  

bu i ld ing  temperature i s  g r e a t e r  than t h e  ou t s ide  temperature. However, 

during t h i s  test  t h e  bu i ld ing  temperature w a s  2°C  (3.6'F) below t h e  

ou t s ide  temperature. Obviously, o the r  d r i v i n g  f o r c e s  must have ex i s t ed .  

A s  might b e  expected, when t h e  e l eva to r  p r e s s u r i z a t i o n  system w a s  

on, t h e  level of p r e s s u r i z a t i o n  increased w i t h  bu i ld ing  he ight  ( t a b l e  

6) .  The e l eva to 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  maintain 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 .  Therefore, i n  t h e  

event of a f i r e  on one of t hese  levels 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 eva to r  s h a f t  

throughout t h e  bui ld ing .  

A t  a number of t i m e s  dur ing  these  tests a d i r e c t  a i r  connection 

ex i s t ed  from t h e  bu i ld ing  t o  t h e  ou t s ide  f o r  a s h o r t  period 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  occurred as a r e s u l t  of having an open door t o  

an apartment which a l s o  had an  open balcony door t o  t h e  outs ide .  

S p e c i f i c  d a t a  f o r  such occurrences are l i s t e d  as no tes  t o  t a b l e  60 

expected, i n  a l l  cases t h e  p res su re  ac ross  t h e  e l eva to r  s h a f t  increased 

a t  t h e  f l o o r  wi th  t h e  d i r e c t  a i r  connection t o  t h e  outs ide .  

A s  
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4.4 Building 4 

The bu i ld ing  4 i s  a 1 2  s t o r y  apartment bu i ld ing  f o r  t h e  aged i n  

D e t r o i t ,  Michigan. 

The bu i ld ing  has  one e l eva to r  s h a f t  w i t h  two cabs. 

o the r  test bu i ld ings  discussed i n  t h i s  paper,  bu i ld ing  4 has  automatic 

c los ing  doors  which sepa ra t e  t h e  e l e v a t o r  lobby from o the r  bu i ld ing  

spaces. 

stairwells and e l eva to 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 igure  6 is  a t y p i c a l  f l o o r  p lan  f o r  t h i s  bui ld ing .  

Unlike any of t h e  

The bu i ld ing  w a s  equipped wi th  p res su r i za t ion  systems f o r  t h e  

f o r  t h e  co r r ido 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  

dedicated p r e s s u r i z a t i o n  f a n s  loca ted  a t  ground level. 

f a n s  were c e n t r i f u g a l  type  r a t e d  a t  440 R / s  (930 cfm) a t  a s ta t i c  

p res su re  of 370 Pa (1.5 i n  H20). From experience, i t  w a s  apparent  t h a t  

t hese  f a n  c a p a c i t i e s  were too low, and the re fo re  they would have almost 

no p res su r i z ing  e f f e c t  f o r  t h e  stairwells o r  t h e  e l eva to r  s h a f t .  

These t h r e e  

The co r r ido r  smoke c o n t r o l  cons is ted  of a c o r r i d o r  supply system 

and two c o r r i d o r  exhaust systems. 

supplied t o  t h e  c o r r i d o r s  from a roof mounted a i r  handling u n i t .  The 

supply f a n  w a s  a c e n t r i f u g a l  type  r a t e d  a t  12,300 R/s (26,100 cfm) a t  

311 Pa (1.25 i n  H20) of s t a t i c  pressure .  The supply a i r  w a s  d i s t r i b u t e d  

through a vert ical  duct  which dumped a i r  i n t o  a plenum over t h e  e l e v a t o r  

lobby. 

e i t h e r  s i d e  of t h e  e l eva to r  lobby. 

w a s  found t h a t  a i r  from t h e  plenum on each f l o o r  w a s  leaking  through 

Conditioned a i r  w a s  cont inuously 

A i r  from t h e  plenum w a s  supplied d i r e c t l y  to’ t h e  c o r r i d o r s  on 

Upon inspec t ion  of t h e  bu i ld ing  i t  

cracks  around door frames, l i g h t s  and electr ic  switches i n t o  t h e  

e l eva to r  lobby . 

The two co r r ido r  exhaust systems w e r e  designed so  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 eva to r  lobby. 

Each co r r ido r  exhaust system had a roof mounted exhaust 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  pressure.  Each 

exhaust f a n  w a s  connected t o  a vert ical  exhaust duct  ( s e e  f i g u r e  6 )  
14 



connected t o  t h e  c o r r i d o r  a t  each f l o o r .  

each f l o o r  w a s  a normally c losed  damper. 

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  systems e n t a i l  t h e  

fol lowing events :  

Behind t h e  exhaust g r i l l e s  on 

I n  t h e  event of a f i r e  alarm 

1. 

2. 

3 .  

4 .  

The stairwell 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 .  

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

The roof mount c o r r i d o r  exhaust f a n s  are a c t i v a t e d .  

The normally closed dampers of t h e  c o r r i d o r  exhaust system are 

opened only on t h e  f l o o r  from which t h e  f i r e  alarm or ig ina ted .  

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  capac i ty  of 

exhaust f a n s  being concentrated on t h e  f l o o r  were t h e  f i r e  alarm 

or ig ina ted .  The concept behind use  of t hese  exhaust systems w a s  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 re s su r i za t ion  

on non- f i re  f l o o r s  t o  prevent  vert ical  smoke movement wi th in  t h e  bui ld-  

ing .  A problem wi th  exhaust 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  is 

t h a t  t h e  exhaust might p u l l  smoke from an apartment i n t o  t h e  co r r ido r  

and thereby cause evacuat ion problems on t h e  f i r e  f l o o r .  An a n a l y s i s  

of t h e  b e n e f i t s  and shortcomings of c o r r i d o r  exhaust systems is  beyond 

t h e  scope of t h i s  paper.  

A s  s t a t e d  earlier, t h e  e l e v a t o r  l obb ies  i n  t h i s  bu i ld ing  w e r e  

separa ted  from t h e  rest of t h e  bu i ld ing  by automatic c los ing  doors  ( see  

f i g u r e  6 ) .  The e l e v a t o r s  were not  intended f o r  bu i ld ing  evacuat ion,  

b u t  were intended f o r  rescue  and f i r e  f i g h t i n g  by t h e  f i r e  department. 

The smoke c o n t r o l  systems w e r e  t e s t e d  t o  determine t h e  ex ten t  t o  which 

they provided a pressur ized  e l e v a t o r  lobby on t h e  f i r e  f l o o r .  

box on t h e  f i f t h  f l o o r  w a s  pu l led  t o  a c t i v a t e  t h e  smoke c o n t r o l  systems . 
A p u l l  

6 

‘There i s  a problem wi th  a c t i v a t i n g  such a smoke c o n t r o l  system from a 
p u l l  box i n  t h a t  t h e  box could b e  pul led  on o the r  than t h e  f i r e  f l o o r .  

15 



D i f f e r e n t i a l  p ressures  w e r e  measured a t  a number of l oca t ions  on t h e  

4 th ,  5 th ,  and 6 t h  f l o o r s .  These pressure  measurements are l i s t e d  i n  

t a b l e  7 .  The e l eva to r  lobby w a s  p o s i t i v e l y  pressur ized  with r e spec t  t o  

t h e  co r r ido r  a t  a l e v e l  of 6.2 Pa (0.025 i n  H 0) on t h e  f i f t h  f l o o r  

where t h e  co r r ido r  system was exhausting air .  

t h e r e  was no co r r ido r  exhaust,  only s l i g h t  e l eva to r  lobby p re s su r i za t ion  

of 0.75 Pa (0.003 i n  H20) ex i s t ed .  

t a b l e  7 t h a t  t h e  e l eva to r  p re s su r i za t ion  system could not  maintain 

p o s i t i v e  pressure  ac ros s  any of t h e  e l eva to r  doors measured. 

p re s su r i za t ion  system f o r  stairwell 1 performed s l i g h t l y  b e t t e r  with  a 

p o s i t i v e  p re s su re  of 6.2 Pa  (0.025 i n  H 0) ac ros s  t h e  stairwell a t  t h e  

f i f t h  f l o o r .  

was due t o  t h e  co r r ido r  exhaust on t h e  f i f t h  f l o o r .  

2 
On t h e  fou r th  where 

It can be  observed from t h e  da t a  i n  

The 

2 
This pressure  w a s  h igher  than f o r  t h e  o the r  f l o o r s  and 

5. DISCUSSION AND CONCLUSIONS 

1. 

2. 

3 .  

The p o t e n t i a l  problem of e l e v a t o r  door jamming open was not  observed 

i n  any of t hese  tests. 

l e v e l s  exceeded 16 Pa (0.065 i n  H20) . 
However, none of t hese  p re s su r i za t ion  

Elevator  s h a f t  p r e s su r i za t ion  decreased when an e l eva to r  door was 

opened. I n  t h e  bu i ld ing  1 e leva to r ,  when a ground f l o o r  door was 

open t h e  pressure  dropped so low t h a t  i t  could n o t  be measured. 

I n  wing C of t h e  bu i ld ing  2 when a ground f l o o r  e l eva to r  door w a s  

open, t h e  e l eva to r  pressure  dropped from 1 2  Pa (0.050 i n  H20) t o  

1 . 7  Pa (0.007 i n  H20). 
of smoke p ro t ec t ion  of t h e  pressur ized  e l eva to r  s h a f t .  

This decreased pressure  reduces t h e  level 

The pressure  d i f f e r ences  produced ac ros s  e l eva to r  s h a f t s  B and D 

of the bu i ld ing  2 var ied  considerably from f l o o r  t o  f l o o r .  

Apparently t hese  v a r i a t i o n s  w e r e  due t o  v a r i a t i o n s  i n  t h e  bu i ld ing  

flow network. 

t h e  f a i l u r e  of a pressur ized  e l eva to r  system, f u r t h e r  s tudy of 

t h i s  problem i s  needed. 

Because these  p re s su re  v a r i a t i o n s  could r e s u l t  i n  

16 



4 .  The pressur ized  e l e v a t o r  s h a f t  of bu i ld ing  3 was 21 s t o r i e s  t a l l  

and t h e  system f a i l e d  t o  maintain 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 .  P r e s s u r i z a t i o n  a i r  t o  t h i s  system w a s  

supplied by a roof mounted p r o p e l l e r  f a n  which dumped a i r  i n t o  t h e  

top  of t h e  e l e v a t o r  s h a f t .  The f a i l u r e  of t h e  system a t  t h e  lower 

f l o o r s  i n d i c a t e s  t h a t  t h e r e  is  a l i m i t  t o  how t a l l  an e l e v a t o r  

s h a f t  can be  success fu l ly  pressur ized  wi th  only a s i n g l e  i n j e c t i o n  

po in t  of supply a i r .  

which i s  used f o r  pressur ized  stairwells might be  appropr i a t e  f o r  

e l e v a t o r  s h a f t s .  Fu r the r  s tudy of t h i s  problem i s  needed. 

Poss ib ly  t h e  concept of mul t ip l e  i n j e c t i o n  

5. The tests on bu i ld ing  4 demonstrated t h a t  exhaust ing t h e  c o r r i d o r  

of t h e  f i r e  f l o o r  can he lp  maintain a p o s i t i v e  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 and of t h e  stairwell. However, s i n c e  co r r ido r  

exhaust  can a l s o  p u l l  smoke from adjacent  spaces i n t o  t h e  c o r r i d o r ,  

t h e  b e n e f i t s  of c o r r i d o r  exhaust need f u r t h e r  s tudy.  

6 .  FUTURE DIRECTION 

Addit ional  f i e l d  tests are planned f o r  bu i ld ings  which have 

pressur ized  e l e v a t o r  l obb ies .  A computer a n a l y s i s  w i l l  be performed t o  

i n v e s t i g a t e  t h e  effects of va r ious  parameters on t h e  performance of 

e l e v a t o r  smoke c o n t r o l  systems. 

computer program [lo] s p e c i f i c a l l y  w r i t t e n  a t  NBS f o r  a n a l y s i s  of 

pressur ized  stairwells and of pressur ized  e l eva to r  s h a f t s .  Ult imately 

t h e  information gained w i l l  b e  published i n  a form s u i t a b l e  f o r  use  by 

bu i ld ing  system des igners  . 

The computer a n a l y s i s  w i l l  u t i l i z e  a 
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Table 1. Pressure Across Elevator Doors of Building 1 

Floor 
Differential Pressure 

(Pa) (in H20) 

3 

2 

1 

Ground 

Indoor temperature - 2 4 O C  (75'F) 

Outdoor temperature - ,26'C (78'F) 

3 . 0  

3 . 8  

3 . 8  

5 . 0  

0.012 

0.015 

0.015 

0.020 
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Table 2. Pressures in Wing C of Building 2 with all 
Smoke Control Systems Operating 

4 16a 0. 065a 

3 16 0.065 

2 12 0.050 

1 16b 0 . 065b 

Indoor temperature - 25°C (77OF) 
Outdoor temperature - 23OC (74OF) 

67 0.27 

72 0.29 

62 0.25 

67 0.27 

%hen the fourth floor stairwell door was opened the pressure difference 
across the elevator shaft dropped to 7.5 Pa (0.030 in H20). 

bWhen the first floor stairwell door was opened the pressure difference 
across the elevator shaft dropped to 12 Pa (0.050 in H20). 
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Table 3. Pressures in Wing C of Building 2 with 
the Corridor Pressurization System Not Operating 

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

4 15 0.060 

3 16 0.065 

2 14 0.055 

1 10 0.040 

67 0.27 

0.26 65 

72 0.29 

67 0.27 

Indoor temperature - 25OC (77'F) 
Outdoor temperature - 23OC (74'F) 
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Table 4. Pressures in Wing C of Building 2 with 
only the Elevator Shaft Pressurization 

13 0.053 

15 0.060 

15 0.060 

16 0.065 

~ ~- 

-1.2 

0 

0.25 

0 

-0 . 005 

0 

0 . 001 
0 

Indoor temperature - 25OC (77'F) 
Outdoor temperature - 23OC (74'F) 

Negative pressures represent air flow from building into the shaft. 
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Table 6. Pressures in Building 3 

Floor 
Elevator 

Unpressurized 
Elevator 
Pressurized 

21 
20 
19 
18 
17 
16 
15 
14 
12 
11 

10 

9 
8 

7 
6 

5 
4 

3 

2 

1 

B 

2.5 0.010 8.7 0.035 
2.5a 0 . 01oa 7.5 0.030 
0.75 0 . 003 6.2 0 . 025b b 

1.2a 0.005a 5.5 0.022 
0.75 0 . 003 4.0 0.016 
0.75 0.003 3.2 0.013 
0.75 
+o 
+O 

0 

1.2 
0 

1.2 
0 

0 

-0 

+o 
-0.75 
-0 

-8.7 
-6.2 

C 

0.003 
+o 
+o 

0 

0.005 
0 

0,005 
0 

0 

-0 

+o 
-0 . 003 

-0 

-0 . 035‘ 
-0.025 

3.0 
2.7 
2.5 
2.0 

5.0 
3.0 
5.0 
1.5 
2.2 
1.2 
1.2 
3.7 
1.2 

-4.0 d 

-2.0 

0.012 
0 , 011 
0.010 
0.008 

0.020 
0 . 012 
0.020 
0.006 
0 . 009 

0.005 

0.005 
0.015 
0 . 005 
-0 . 016 d 

-0 . 008 
Indoor temperature - 25OC (77OF) 
Outdoor temperature - 27OC (81OF) 

Negative pressures indicate air flow from the building into the shaft. 

Pressure was 8.7 to 10 Pa (0.035 to 0.040 in H 0) when a direct air 
connection to the outside existed. 
a 

2 

bPressure was 22 Pa (0.09 in H20) when a direct air connection to 
the outside existed. 

C Pressure was 2.5 Pa (0.010 in H 0) when a ground floor door was open. 2 

dPressure was 15 Pa (0.060 in H 0 )  when a ground floor door was open. 2 
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Table 7. Pressures in Building 4 

4th Floor 5th Floora 6th Floor 
Location (Pa) (in H20) (Pa) (in H20) (Pa) (in H20) 

Elevator lobby door 1 
(lobby pressurized) 0.75 0.003 6.2 0,025 - - 

Elevator door with both 
lobby doors closed -2.5 -0.010 -0.75 -0.003 0 0 

Stairwell 1 door 0 0 6.2 0.025 1.2 0.005 

Indoor temperature - 23OC (73'F) 
Outdoor temperature - 24OC (75OF) 

a Fire alarm sent from fifth f l oo r  so that corridors are exhausted on this 
floor only. 
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