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Table 1

Numberof floors
Floor height 36

stair shafì dimensions 12.3 ÍI
Length
w¡d[h 22.72fr. Heishr 

oo3:6.11Stair shaf t door dimensions
WídthHeisht g3 llShaft loss and door leakageàhäracteristics_ _

lhis pressure-d if f erential range complies;with new Massachusetts Code require_ment of 0.0S" wg with all doors closed.

c. Discharge air damper: MoCu.
¡ating type, normally open.

2. System On

3. System Off
a. Outside air and bypass ¿iirdampers, ctosed. outside uíl o"mpìi

only, open on failure to controt supiÇ
air.

PERFORMANCE TEST

. 
. presignal devices sounded lhr:distinctive code identify¡nS .áok"'ä,i

the 25th f loor, and actiúate"the rnu.fäl
City f ire alarm box.

_ . The air_handling units servin:r
Zone 2 (24rh through 36rh froãr;t;;;¿
shut down.

f ans
dica
sole

. The processor printed out the
stalus log of the events.

masler city f ire alarm box; stairpressurization fans were starled wilh a

on-
led

i:;
Overall, the results of the sla¡r

pressurization system were in line wilh
lhe design
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NOTE: Anarysis was done w¡th the rowest outdoor air. tempefarure (winter des¡gntemperature) which is the worsiôà1" ióirã¡ii"'ii'¡ö'pi!!"rr" rnside rhe shart.

Table 2

All Doors Closed
Stairs

Ag

0.12
0.12
0.12
0.02
0.04
0.06
o.12

0.18
0.24
o.22

0.18
0.34
0.2
71 70

NOTE:'DoorOpen

- No read¡ngs have been taken

3 Doors
Open
Stairs

AB

5 Doors
Open
Stairs

AB \ir fcrsmcl<e Control

The fire underlines lhe need lo
understand "slack effect" and how
smoke and f ire gases move f rom a f ire,
lest protection of people in a building
may become difficult and fire-fighting
may be exasperating. The-problem is
further compounded when firefighters
may not recognize how little material it
lakes to create major smoke and fire
gas concentral¡ons remote from the
initial fire area, even in the early
stagesofafire

ROBERT E. TAYLOR
Af IiIiATE ASHRAE
Chairman, ASH RAE TC 5.6,
Control oÍ Fire & Smoke

p nsff n Sunday morning, Aprit 7,
* 1977 at approximately 6:45 A.M a
fire al Allegheny General Hospital in
Pittsburgh, PA highlighted the singte
greatest problem slowing lhe adopt¡on
of air systems lor smoke and fire
control: While fire services have been
given rudimenlary lraining in "ven-
iilating" lechniques, lhey have never
i.;een lrained in why such techniques
',vork and how to adãpl them to the
everyday fireground Field fire of-
f icers, for the most oart, have been
given no training in HVAC systems or
components and how they can be used
to make "ventilation" or smoke
control more ef f ective
in f ire attack as well as
risk and degree oIprop

in helping them
in reducing lif e

erty losses
i,l F-. fayior s a Dtrecþr '...,ttn flûÞubltc Sleel
a:orp. Cleveland OH.
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In this case smoke f rom an
alleged arson f ire in a basement D.C.
switchgear room traveled horizontally
lhrough exposed open and empty
electrical conduit to a corf idof area
near an elevalor lobby, Due to stack
ef f ect, the smoke lhen moved ver-
tically up through an elevalor shaft to
lhe top stories of the 22-story building
As the smoke built-up on patient f loors,
an eslinrated 165 patients were moved
down stairways by the hospital staff
Patients f rom 16 through I O were

moved to lower f loors below the
neulral plane which were not con-
taminated by smoke and where air
systems were operat¡ng. lt is reported
lhal 22 nurses suffered from smoke
inhalation and exhaustion. No fìremen
helped in lhe evacuation.

Fig. 1, shows how the smoke
moved via "stack ef f ect" up the
elevator shaft and stairwells as doors
were opened for the evacuation. None
of the nurses or patienls appears to
have sufiered any long term effects. lt

- should be noted that the coatings on
the wiring that was burning was old
and basically did not involve modern
polymers.

THE STRUCTURE

The hospital was built in 1932. Ad-
ditions and renovations have been
made since then. Constructed of fire
resislive materials, it has a capacily of
676 beds. Each f loor below the Bth has
a different f loor conIiguraljon. From B
up to 16 the f loor layouts are almost
idenlical Patient rooms end on i 6.
Of f ices and mechanical rooms use the
space uo to 22

The hospital originally operaled
on lts own DC electrical supply The
present switch gear room was
originally the DC power supply room
with all power f or the hospital
originating f ròm there. When the
hospital switched over to commercial
AC power, only certain equipment (3
low-lif t elevators, t high-rise elevalor,
some pumps, and ventilalion fans)

"ofWG "of WG "ofWG "ofWG "ofWG "ofWG
Lobby
Sth Flr

11th Flr
14th Flr
17th Flr
19th Flr
23rd Flr
24lh Flr
25th Flr
26th Flr
29th Flr
32nd Flr
33rd Flr
34th Flr
35th Flr
36th Flr
Total Cfm

0.22
0.2
0.14
0.14
0.08
0.09
o,12

0.18
0.2
0.24

0.28
0.38
0.2

0.23
0.14
0.12
0.02
0.07
0.05
0.01
0.04.
o.02',
0.07'
0.14
0.1

0.12
0.14
0.06
0-08
0.02
o.02
0.02
0.015'
0.01 '
0.06.
0.06
0.16

0.03.
0.08
0.07
0.05
0.03
0.03
0.01

0.03-
0.01
0.05
0.06
0.01
0.02
0.02

0.12
0.29
0.17

0.24
0.32
0.'t4

o.04
0.06
0.02
0.01-
0.02'
0.04 -

0.01 .

0.05
0.01
0.04
0.01',
0.01-
0.02'
0.01'100 7

o lndicale lhe zone (one zone per r lndicate the run status of each
li""?fllj?: 

operaror's consoreìno-on 't* p,".iii;;i;"; îån"i",' rhe robbt

lhe masler City fire . print out lhe slatus
central processor located on

t
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. Activate
alarm box.

. Shul down air_handling units by
zone (Znd to 23rd f loors_Zoñe i , aná
24th to 36th f loors- Zone 2).

.. .. Slart the four stair pressuriza_
tion fans

f loor engineer's off ice.

1. General
a. Oulside air damper;

laling type, normally open.
b. Bypass air damper:

fating type, normally closed.

log at a
the 35th

fr/odu-

Modu-

¿t)
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were left on DC. At that time the
function of the room changed con-
siderably and was used for rouling
control wires for the emergency 110V
circuits, for housing some emergency
swilchover equipment, and as a DC
wire terminus point

The building is heated by
radiators f rom a cenlral power house,
From lhe 9th floor up, there is no air
conditioning Ventilation is through
windows. A corridor and bathroom
exhaust system has il fans in the upper
mechanical rooms. These fans have
direct current (DC) motors. Below the
8th f loor, all f loors are au conditioned
wilh power being supplied by the 440V
service coming up the mechanical
tower. An exception is the Slh floor
which has a separale power source for
lhe air condilionlng

Because of the age and design of
the slructure, the hospital manage-
rhenl has planned a new hospilal lo be
built in stages so that the same site
can be used and the old building torn
down Unfortunately, locai civic
groups have considerably delayed the
new construction. The hospital engi-
neer responsible for fire safely re-
cognized the smoke and fire safety
problems in the existing slructure and
instiluted a rigorous fire safety cam-
paign including fire prevenlion
educatron, use of fire fighting equip-
rnent, patÌent evacuation, and other
basic operations, This is reviewed in
the May 1978 NFPA Fire Jorunal. This
outstanding emphasrs on training may
well have been the major reason no
lives were lost or patients furlher
injured during the evacuation.

THE FIRE

The actual f ire itself starled in stored
dlsposable linens in lhe swrtchgear
room some time before 6:00 A,M The
centralized control system starled to
print out abnormal conditions at ap-
proximately 6;09 A M., mosl likely

noliced. (This occurrence emphasizes
lhe need for audible alarms, s¡ .
secondary prinlout in a 24-hour
supervised a rea )

At 6.45 A.M. several cvents
occurred almost at once A call on lhe
emergency telephone line f rorn 1¡g-.third 

f loor reported smoke in an
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I HVAC Systems and Smoke Cr-rntrol
ASHRAE TC 5.6 Leads the Way

I

1

I

prese n ASH RAE's major
high-rise bui

th rust
has been owards td

new project u n d ertaken by 'fc
5.6

will assess the problems ¡n lower
buildings as well, and the problems
involved in everyday fires in homes
and apartments.

One of the most perplexìng
situations to firemen ls "stack ef-
fect." Most field fire officers and
f iremen know very little about how air

TALT fìI'II DING 
-

STACK FFFtrCT

sysiems in buildings function É)ven in
normal situations, let alone what
happens due to "stack effect" rvhen a
fire actually occurs and the building
air system is turned off ancj "stack
effect" takes over.

One would think also that in-
surance underwriiers would be quick
to adopt a technique which promises
to keep most fires to inciden:s and
reduce property losses from :,;moke
and fire dramatically. Yet so far, few
have really been involved. lt rn,-rst be
said now that some companies are
becoming involved.

ASHRAE has sponsored many
seminars across North America for
architects, engineers and building
officials on smoke and fire control
using air, More are scheduled.
However, TC 5.6 has now taken a new
direction and started to pfesent
command courses f or the f ire st¡rvice.
The f irst was sponsored by the Oity of
Beachwood, OH Fire Departmenl in
February 1978 through their Fire

ain weight at O"t O860 rÞstcu ft
air weight at ECPÍ _9.Æ_ ^

diffenence rn arr werght Of35
take this x height of Þui¡dtn9 of 256 tt.
convert to rnches of wat¡r
rnuttrplJ by 12 to get teet rnt¿ inches
and divlde by 62.4 lbs/cu ft.

l kk e¿fect
rnc fE5 of wdl¿r

A*Aft^tz- ' '6646I'rch6 or w¿rêr
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Prevention Bureau, and under
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direction of Fire Chief George Vild
and Lieutenant Bud Billings. lt was
called "Air-And How Do WE Use lt
To Fight Fires" and was attended bY

thirty departments. The seminar was
held at the new Marriott Hotel in
Beachwood. The , Marriott has two
sleeping room wings, both of which
are pressurized. The system inc;ludes
stairwell, elevator shaf t and corridor
pressurization. These systems were
demonstrated to those who attended.
Basically however, the program
concenlrated on how air systems and
HVAC systems work, how lhey can be
easily used for f ire control, an('i how
they, as firefighlers, cân u:,e air
systems, either with autorrìal¡c ol
manual controls, to their advantage
during f ire suppression

Since that start in February, a

similar program has been presentâd

a- "-

+
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5witchboard operalor also called the

iire dePartment.
When f iremen arrived on the

scene, smoke was evident in the

hospital and crews went 1o the third
lloor where the receptionist had

reported smoke. lt was determined

to the entire Cleveland Fire Depart-
ment command Cleveland, OH and

orograms are being planned for the
Ñew York City Fire Command, the
Chicago, lllinois areaand others.

Hopef ully the program will
become a basic part of the National
Fire Prevention and Control Ad-
ministration's future basic fire
fighting courses. Among the subjects
covered which directly relate to
exist¡ng low-rise as well as high-rise
structures, including homes and
apartments, were the f ollowing:

Basic air movement Problems:. Preplanning use of existing
building systems to control smokel
fire-location of critical controls for
the fire service and owner coopera'
lion . Pre-size-up of the extent of the
problems that can develop-assess'
inr,: ex posu re h azard s.

. Wind direction, temperature,
ancì humidity effects on preplanned
f ires.

. Maintaining window and door
integ rity.

. Exhaust system use to help
locate fire, remove combustible fire
gases.

. People-to evacuate or not.
Emphasis then was Placed on

f ire attack procedures, with a
discussion of "stack effect" and
negative wind pressure problems, in
the f ollowing areas of structures:

. Basements

. Below the neutral plane

. Above the neutral plane
These discussions included:
. Handling of f lame plumes.
o Controlling radiant heat ex-

posu res.
. Use of air fans and fog lines to

control smoke and f ire remotelY.
. An understanding of the limit-

alions and abilities of natural ventila'
tion.

. Possible probiems with sPrin-
kler: systems when HVAC systems
are operational.

. Use of existing HVAC equiP-
ment.

As a working knowledge of these
Procedures becomes second nature
to firemen, dramatic changes in the
extent of losses in property and--
people may well occur. This offers, in
m'/ op¡nlon, is one of the greatest
sleps forward in f ire attack since the
vi idespread adoption of f og lines.
R.E.T. C T

that the f ire was not on the third f loor,
and findìng the fire was going to be
difficult because of the smoke A
second alarm was struck. Total
equipment on lhe scene al this point
was six engrnes, one elevating plat-
form, two lrucks, one rescue squad,
one salvage squad, one ballalion chief
and one deputy chief for a total of
approxìmately 48 men

Smoke was also observed to be
com¡ng from the ground floor area
(one floor below the first floor, above
ground in front, underground in rear).
Smoke cont¡nued to build An unusual
amount of smoke was issuìng f rom an
electric ceiling junction/pull box cover
in the f irst f loor corr¡dor near the
elevator shaf t. The cover was removed
and Iarge quanlities of smoke poured
from emply conduits on the east side
of the box

At 7:38, the f ire deparlment
decided to check out the old boiler
house area At this time, the f ire ìn the
switchgear room was discovered and
water applied about seven minutes
later,

ApproximatelY 15 minutes af ter
the fire was reporled, lhe hosPital
emergency plan was Put into effect
and each f loor was notif ied to prepare
for evacuation, Smoke started to build-
up heavily on upper f loors and opening
windows only appeared to intensify the
smoke movement. (This is a natural
occurrence as the uppef floors afe
above the neutral Plane Air flow at
those points would be oul of lhe
windows,)

Between 7'.2O and 7:30 evacua-
lion ol palienls on upper f loors began
N/any patients were ambulatory and
walked down stairwells. Other palients
were carried down Patienls were
removed from 16 down through .1 

0
(Fortunately, since it was Sunday, no
workers were on the off ice f loors
above.) Smoke from lower floors in-
vaded sta¡rwells on each f loor as
doors were held open'for evacuation.
There was also dense smoke f rom the
third floor down Little or no smoke
was reporled on the floors below lhe
neutral plane from 4 through 9. lt
should be noled those air systems
stayed on The inleresting lhing is that
the smoke was dense from 3 down.
Dense smoke on the basemenl level
kepl tiremen f rom f inding lhe fire for a

considerable time At the time the fire
was finally surPressed it was just
starting to cause the ceìling to fail and

the wall to buckle in the adjoining
slorage room

The fire was apparenlly of in-
cendiary origin and burned for a
considerable amount of time before
discovery As best as can be deter-
mined the fire was discovered at the
same time as the power failed The
outdoor temperature was near

freezing; this would help account for
the rapid stack action in carrYing
smoke upward.

The smoke spread f rom the
sw¡lchgear room to the base of lhe
tower through empty eleÇtrical conduit
and some parlially filled conduit from
which the cover Plates had been
removed or were removed bY Ìhe fire
department in the corridor near lhe
central elevator shaf t. This allowed
substantial smoke lnto the elevator
lobby f or movemenl uPstairs.

Virtually everything in the swilch-
gear room including the DC sw¡tch-
gear and some of the f ire alarm wir¡ng
was lost. There was loss of all the
1 l OV branch circuils f rom the third
f loor to basement. This meant no lights
al all in this area. This occurred
because the transfer sw¡lch for these
cìrcuits f rom normal power to
emergency power was located in the
switchgear room. Approximately 607"
of the emergency power l¡nes f or
upper floors wenl through the room
and would have been lost if needed
s¡nce these lines were destroyed as

well Two of 13 operating rooms lost
power

The fact that the f ire deParlment
lacked knowledge of smoke movement
may have caused them to un-

derestimate lhe severity of the smoke
movement upwards Had the hosPilal
staff not been extremely well trained
this could have resulted in perhaps
much more serious lif e and in ju rY

consequences, The openìng of the
vents at lhe lop of lhe tower bY the
hospital staf f probably reduced the
smoke hazard on upper floors as well.
Had this occurred during warm
weather with slìght "stack action" the
result could have been disastrous to
patie nts.

The engineer for the hosPital had
anticipated lhe problems of "stack
ef f ect" and was in the Process of
planning how to pressurize slaìrwells
and the elevator shaf t to reduce
potential smoke movement. lt is little
short of prophelic that lhe arsonisl
chose to strike at the Achilles heel as
pre-planned by the engineer. Fate
takes strange twists

This fire did not represent a

"planned smoke control system " lt

was a classic case of cold weather
stack effect The results were com-
pletely predictable. Teaching fire
deparlments how to anticipate these
"predictable f ires" in buildings without
smoke conlrol systems is a part of the
thls new TC 5 6 Program for the iire
servrces. Equally important, however,
is teaching the f ire services how to use

and pre-plan lhe use of designed
"smoke control systems" so that the

engineered system is used under the

real f ire situation as planned to reduce
both lif e risk and property losses J
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