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DESIGN OF ELEVATOR SMOKE CONTROL
SYSTEMS FOR FIRE EVACUATION

J.H. Klote, D.Sc., P.E.
Member ASHRAE

ABSTRACT

A joint U.S./Canadian project was undertaken to
evaluate the feasibility of using elevators for the evacua-
tion of the handicapped during a fire. This project con-
sisted of conceptual studies, full-scale fire experiments,
and theoretical analysis. This paper summarizes the
findings that are relevant to the design of smoke control
systems for elevators.

A method of dealing with elevator piston effect is
discussed. Elevasor piston effect is the transient pressures
produced by elevator car motion, and this effect depends
on air temperature, building leakage areas, elevator car
velocity, and hoistway size. All other things being equal,
piston effect is considerably greater for single-car hoist-
ways than for muliiple-car hoisiways. Different ap-
proaches for dealing with the pressure fluctuations due to
the opening and closing of building doors are presented.
An approach for design analysis is presented with example
analyses of two different elevator smoke control systems.
Results indicate that many types of elevator smoke control
systems can be designed to provide acceptable levels of
pressurization even under severe conditions of doors
opening and closing.

INTRODUCTION

Throughout most of the world, signs next to elevators
indicate they should not be used in fire situations; stair-
wells should be used for fire evacuation. These elevators
are not intended as means of fire egress, and they should
not be used for fire evacuation (Sumka 1987). However,
some people caonot use stairwells because of physical
disabilities, and the use of elevators is a potential solution
to this problem. The logistics of evacuation, reliability of
electric power, elevator door jamming, water damage to
electric controls, and need for fire and smoke protection
are long-standing obstacles to the use of elevators for fire
evacuation, but all these obstacles except smoke protection
can be addressed by existing technology (Klote 1983).

A joint U.S./Canadian project was undertaken to
evaluate the feasibility of using elevators for the evacua-
tion of the handicapped during a fire. Full-scale fire
experiments were conducted in a 10-story fire research
tower near Ottawa (Tamura and Klote 1987a,b,c; 1988).
These experiments verified that pressurization can provide
smoke protection for the elevator system. Additionally,
the project addressed the impact of pressure disturbances
caused by elevator car motion on smoke control (Klote
and Tamura 1986b, 1987; Klote 1988). Such piston effect
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Fellow ASHRAE

is a concern, because it can pull smoke into a normally
pressurized elevator lobby. This paper summarizes the
findings of the joint project that are relevant to the design
of smoke control systems for elevators.

PISTON EFFECT

Analysis of the airflows and pressures produced by
elevator car motion in a pressurized hoistway (elevator
shaft) was developed by Klote (1988) btased on the
continuity equation for the contracting control volume in
a hoistway above an ascending car. From this analysis, an
expression was developed for the critical pressure dif-
ference from the elevator lobby to the building at which
piston effect cannot overcome lobby pressunzation:

-
3

Apcrit = p’ ch [A' A’ V (1)
2 |AAw

where

Ap,, = ocritical pressure difference, in. H;O (Pa)

o, = air density in hoistway, 1b/ft*> (kg/m")

A, = cross-sectional area of the hoistway, ft? (m?)

A, = leakage area between the lobby and the
building, ft* (m?

A, = free area around the elevator car, f¢ (m?

A, = effective area between the hoistway and the
outside, ft* (m?)

v = elevator car velocity, ft/min (m/s)

C. = flow coefficient for flow around car, dimen-
sionless

K, = coefficient, 1.66 X 10° (1.00).

The flow coefficient, C,, was determined experimentally
(Klote and Tamura 1986b) at about 0.94 for a multiple-
car hoistway and 0.83 for a single—car hoistway. An
example calculation of piston effect is presented. The
effective area between the hoistway and the outside is

R @
A, Ay A,
where
A, = leakage area between the hoistway and the
lobby, ft? (m?)
A, = leakage area between the building and the

outside, ft? (m?).

John H. Kiote is Head of Building Fire Physics Group for the National Institute of Standards and Technology, Gaithersburg, MD. and
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SYSTEM CONCEPT "

Smoke control systems for elevator evacuation must
provide smoke protection for elevator lobbies, hoistways,
and machinery rooms. Protection of lobbies is essential so
that people will have a safe place to wait for the elevator.
Accordingly, the elevator smoke control concept discussed
in this paper includes enclosed elevator lobbies with lobby
doors that close automatically upon activation of the
smoke control system. Protection of the machinery room
is important to:prevent damage to elevator machinery.
Figure 1 illustrates a system that pressurizes the hoistway
directly 'and pressurizes the elevator lobby and the
machinery room indirectly. The hoistway vent is not
shown, but this topic is addressed later in this paper.

i b B
Hoistway Pressurization
and Lobby Pressurization

A {

Considering tbe leakage: from the elevator lobby to
the outside to be negligible, the mass flow rate from the
hoistway to the elevator lobby equals the flow from the
lobby to'the building space,

¢ m = Csr}:-K"n Asr v 2 Psr AP" " 3)
= Crl K. Arl 2 PPy 5
where C %
m = mass flow rate, 1b/s (kg/s)
Cxk = flow coefficient for path between hoistway
and lobby, dimensionless
C, = flow coefficient for path between lobby'4nd
bmldmg, dimensionless "
P = air density in path between honstway and
lobby, 1b/f (kg/m?)
Pt , = an; deqsﬂy in path between lobby and build-
ing, Ib/ft’ (kg/m’)
Ap, = pressure difference from hoistway to lobby,
in. H,0 (Pa)
Ap, = pressure difference from lobby to building,
in H,O (Pa)
K = coefﬁcient 12.9 (1 00). - b

Conmdermg p,, =) p,,. and C = C,,, Equanon 3 leads o
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JJJ Ap.r 1L A’i 42 « IREE-

Ap 2415 A’ 'u...["

ey 3 par sy h~ yiody 41 ha

il a1

1r;7

1 4)

i} By ,,;;r "
- Mg S0l DO

L0 X

ar “Por elevatdr doérs with-wide' gaps/iwhiclr areicom-
““mbn in’most’ bmldmgs 'Tamura and Shaw (1976) showed
““that thé-leakage area of the gaps is generally in the range
" of 0.5 to 0.7 ft*'(0.05 to 0.07 m?). Based on genera!
xperience with building leakages (Klote and Fothergill
~1983), A,/A, -is about 0.4 for construction of average
tightness and about 0.1 for®tight construction. From
"Equation 4, Ap,, /Ap;-is, therefore, 0.16 and 0.01 for
average and tight construction. Thus, the pressure in the
elevator lobby can be expected to be close to the pressure
in the hoistway, provided that the construction is not
unusually leaky. Pressurization air can be supplied to the
elevator lobbies (Figure 2). However, from the above
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ngr"e 1 Elevator smoke control by shaft pressurization
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discussion it seems that this direct lobby pressurization
does not result in any sxgmﬁcant improvement in pres-
surization over supplymg the air into the hoistway as
illustrated in Figure 1.©

Direct lobby pressunzaﬂon has some advantage over
dz(ec( hoistway pressurization in purging small amounts of
smoke from the lobby. Part of the presstinization air in an
elevator smoke control system goes from the hoistway to

- the.outside, and the rest gogs from thé lobby through the
building to the outside. With direct lobby pressliﬁzatnon,

both these amounls flow th:ough the lobby. Such an
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“Figure 2 Elevator smoke control by lobby pressurization



increased flow rate tends to better purge any small
amounts of smoke that would get into the lobby before
smoke control activa ion or when a person-is entering the
lobby. The relative benefit of this improved purging
compared to its cost has not been evaluated. The fol-
lowing discussions have been focused arbitrarily on the
hoistway pressurization systems.

Pressure Fluctuations Due to Opeti Doors

Elevator systems must be designed to maintain design
pressure differences under the likely conditions of opened
and closed doors. Klote and Tamura (1986a) showed that
opening a large flow path from the pressurized spaces to
the outside can result in a significant loss in pres-
surization. For exa ple, opening the elevator doors,
elevator lobby doors, and exterior doors resulted in a
pressure drop from 0.13 in. H,O (32 Pa) to 0.03 in. H,0
(7 Pa) for a sys em without features to resist. pressure
fluctuation. - 52

During a fire, it is expected ihat several exterlor
doors will be propped open, and the elevator doors will
open and close as elevators are used for evacuation.
Further, stairwell doors are likely to be opened and closed
as people use them for evacuation. It is envisioned that
lobby doors will close automatxcally upon activation of the
smoke contro] system. However, lobby doors can be
inadvertently blocked and the closing mechanism can fail.
It is anticipated that occupants will close any such opened
Jobby doors to prevent beingexposed to smoke. Doors
may not be closed on floors ‘where there is no smoke
danger or there are no people waiting in the elevator
lobby. 'I'he smoke control system should be designed to
maintain pressurization wher“some elevator lobby ‘doors
are open on floors away from the fire. The examples
presented la er deal with pressure fhictuations due to
doors opening and closing.

DESIGN PRESSURE DIFFERENCES

The maximum allowable pressure difference across
the lobby doors is a value that does not result in excessive
door-opening forces. The force to gpen a door can be
calcula ed by a hydrostatic analysis; of/ the moments on a
door including the pressure difference across the door and
the force of the door-closing mechanism (Klote and
Fothergill-1983). The Life_Safety Code (NFPA 1988a)
states that the force required to openlany door that is a
means of egress shall not exceed 30 b (133;N). For a
door<losing force of 10 Ib (45 N) on a 36.in. (0.91 m)
wide door, a pressure difference of 0.34 in. 'H,O (85 Pa)
results in a door-opening force of 30 Ib (133 N).

Besides the maximum value, a system should also
operate above a minimum value sufficient to prevent
smoke infiltration into the lobby. The design approach is
for this minimum value o incorporate the fire effect of
buoyancy and to account for other driving forces dis-
cussed later in the analysis. The pressure difference due
to buoyancy of hot fire gases between a fire compartment
and its surroundings is expressed as

Ap=x,h(-1--i]

T, T,

®)

' ,‘Baromet(ic Damper Systeg\"'
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where

Ap = pressure difference, in. H,O (Pa)

h® = helght above neu ral plane, ft (m) r

T, = air temperature outsxde of fire compartment, R
X) TS

I, = temperature inside fire compartment, °R (K)

K, = coefficient, 7.64 (3 ,460). o] sl

For a fire compartment tempemture of 1700°F
(930°C), the pressure difference 6.0 ft (1.82 m) above the
neutral plane is-0.065 in. H,O (162Pa). NFPA 92A
(NFPA 1988b) sugges s a minimum value of 0.10 in. H,0
(25 Pa) for an unsprinklered building with a ceiling height
of 9'ft (2.74 m). This considers the neutral plane at 6 ft
(1.82 m) below the ceiling and allows a safety factor of
0.035 in. H,0O (9 Pa). NFPA 92A also suggests & mini-
mum value of 0.05 in. H,O (12 Pa) for sprinklered
buildings.

The minimum pressure_difference discussed above
applies to the fire floor, because this is where the fire puts
its major stress on the smoke control system. A .smoke
control system that requires :no information,about.the
location of the fire. floor must maintain at least the
minimum pressure difference across the lobby doors on
all floors. A

The above discussion of minimum pressure differen-
ces does not apply to variable-supply air systems that
maintain a set pressure difference across the lobby doors
on the fire floor. This set pressure difference is discussed
later. The set pressure : should be high enough so that the
system is not adversely affected by ffansient pressures
when .adjusting to the opemng or closing of doors.

SMOKE CONTROL SYSTEMS i ©

Elevator smoke control sYstems can incorporate

 features to deal with pressure’ fluétifatiods due to opening

and closing doors. These features xnclude pressure-rellef
vents, vents with barometric dampers v‘anable-Supply air

faos, fire floor veating, and fire ﬂoor e:%aust
[SESTINFY

Pressure-Relief Vent System:

This system has a constant-supply air rate fan and
a pressure-reliefvent to-theoutside, as illustrated in
Figure 3. The area of this vent is fixed and is sized for
\}operation in the smoke control°system. The vent can be
fitted with automatic] dampers if 1t is desired for it to be
normally closed. The “supply* rate varies to some extent
thh-thq:presm,acqosst,ﬂ;z,fan, byt the, term "constant-
supply™ is used:to mﬁerentlawrhls fan. fr,pmno_ne thgtrpas
a "variable-supply" rate. The yent, must be, large enough
that the maximum allowable pressure .difference ls‘ , IOt
exceeded when all doors are closed.; When paths to.the
outside are opened, air flows through them and the
hoistway pressure drops. This system must maintain at
least the minimum ,allowable, pressure. difference when
some de51gn combinaton of paths is open. oo
S0 B ol

This system is similar to the one é‘t)dve,"exeept that
the vent has a barometric damper that closes when the
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Figure 3 Elevator smoke control with. g pressure relief vent

i

“pressure drops below a specified value. The use of these
- ampers minimizes air losses when paths from <the
i elevator shaft are opened, and the pressurization fan can
'be sized sinaller than for the above system. A gormally
closed automatic damper in front of (or after) the baro-
metric-damper can prevent damper chatter caused by the
~wind. 3

)| 4

Varlable Supply A|r System

Vanable-supply air can be ac}neved by using one of
“many fans commercially available for a variable flow rate.
(Alternatively, a fan bypass arrangement . “of ducts and
: ampers can be used to vary the flow rate of supply air to
the hoistway. The variable-flow fans are controlled by one
‘or ‘more static pressure sensors that sense:t e pressure
difference between the lobby and the building. There are
two approaches for use of the sensors. The airflow rate
can be controlled by the average of signals from the
sensors. on all floors or it can be controlled by the signal
from the fire floor. 3 il

Using the average of all the signals has the advantage
that no information is _required about where the fire is
located Usmg the - fire floor, Sensor §1gua1 Jequires
mformauon about the fire location. This mformauon can
come from smoke detectors, heat detectors, or spn.nkler
water flow mdxcafoxs Using. the fire flogr sigual has. the
advan tage 'that” thg system maintains a set pressure dif-
ferenoe at this' most ‘critical location.

Sysfem with Fire Floor Venting or Exhaust

Smoke venting and smoke exhaust of the fire floor
can improve system performance, The venting or exbaust
increases t e pressure difference from the lobby to the
fire floor. The vents can be exterior wall vents or non-
powered smoke shafts. Figure 4 shows a fan-duct system
intended to exhaust the fire flpor. Upon detection of fire
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Figure 4 Elevator smoke control with fire floor exhaust

3

or smoke, the damper opens on the fire floor and the
exhaust fan is activated. The detection system must be
configured to 1dentlfy the: fire floor. *

p o3

ANALYSIS OF SMOK!':'*CONTROL 'SY_STEMS \

The design of an elevator' smoke control system
includes selection of a system for, dealing with pressure
fluétuations, del:exmmmg appropnate values for letkage
areas and other parameters, as well as calculating the
performance of the smoke control system. The following
section discusses a computer program that can be used for
analysxs of these systems. This program ‘evaluates the
éffec ts of outside temperature, forced ventilation, and the
wind.

" Neitber of the example ‘analyses that are provided
addresses t e effects of wind." A'wind of SO mph (22 m/s)
results in a velocity pressure on the order of 1 in. H,0
(250 Pa).’ Qccurrence of “such high-velocity wind is
infréduent: HOWever such’high velocities should not pose

a problem, provxded ‘that” Wgndov}s do“not break. The
likelihood of the fire resulting in btoken’ windows is
Chnisidered”to’ b&'much' lower ‘for’ a’ sprinkléred building
thaii for dn Urisprinklgred one, Further, local obstructions
such as - surtoundmgf buildings can “significantly reduce
wind pressures on building surfaces. The variable-supply
air system analyzed below has the advantage that it will
work to maintain its set pressure difference even under
conditions of broken windows with wind effects.

Network Computer Program

Elevator smoke control systems can be analyzed by
the computer program for analysis of smoke control
systems (ASCOS) presented by Klote and Fothergill
(1983). In this program, a building is represented by a
network of spaces or nodes, each at a specific pressure
and temperature. Shafts such as hoistways and stairwells



are modeled by a series of vertical spaces, one for each
floor. Air flows through opeaings from regions of high
pressure to regions of low pressure.

In this model, air from the outside can be introduced
by a pressurization system into any level of a shaft or
even into other b ilding spaces. This allows simulation of
elevator smoke control systems. The flows and leakage
paths are considered to be the mid-height of each level.
The net air supplied by the HVAC: system or by the
pressurization system is considered constant and indepen-
dent of pressure. The outside air tempera ure is con-
sidered constant. The program calculates the steady flows
and pressures :throughout the network, including the
driving forces of wind, the pressurization system, and
inside-to-outside temperature difference.

Example Analysis of
Pressure-Relief Vent System

The 11-story building wi h a typical floor plan shown
in Figure 5 was selected arbitrarily for this example.
Because the building is symmetric, only half of each floor
was analyzed. The minimum and maximum allowable
pressure differences from the lobby to the building a e
0.05 and 0.34 in. HZO (12 and 85 Pa). The other design
paramete s are listed in Table 1. A value of 24 € (2.23
m?) for the relief vent area is selgcted arbxtmnly

Pressurization air is supplied to the hoistway at the
second floory The objective of the de51gn analysis,is to
determine a flow rate of pressunzation air that will result
-in acceptable pressunization with a mu:umum and a

_maximum design number of large open paths from the
hoistway to the optside, Following is on¢ approach to the
analysls for the pressure-relief vent syster,

Step 1" Calculat the flow' mte, of pressunzatlon air that
results in the mmxmum allowable pr&csure dif-
"ference when the maxim m desngn ngmber “of
large paths is open from the hoistway to fh
outside. This flow rate is for either su er or

-y winter desxgn condmous, whichever flow ra e is
. largest,

Step 2. Calculate the | pmsure differences. tesultmg from

the flow rate of Step 1 when thg gnmmum desxgn

of Ig:ge ths is, om

Step 3 ?*' the Pressure di] ferences from S:ep 3 a{\eu!?;fs

thanor equal the ¥ mun;aallgwable pr&ssnre
gxfference the sysi;:;n can maintain accep
pressunzaﬂon If not, “another sxstam or anofk er
variation of this system should be oonsxder

Elevators 2201t Stairwell
[ AN (67.1 m) -
\ '
E Oftfice Spaces Office Spaces = —‘!—
Comdor P EL D Comaor (:32 m)
Office Spaces m Office Spaces |
= B

Symbols: D Door, EL Elevator Lobby

Figure 5 Typical floor plan (above first floor) of aample
building

TABLE 1 _
Parameters of Example Smoke.Control Systems

Flow Aress e m3
First floor qgﬂerior well
(exterior doors closed) 1 0.940 0.0873
First fioor exterior wall
(exterior doors opened) o 22.0 2.04
Exterior walls (except on 1st floor) 0.540 0.0502
Stairwell to building ™ ~
(stair door closed) 0.270 0.0251
Stairwell to building
(stair door opened) 10.5 0.975
Building floor ~ . 0.270 0.0251
Building to slevator lobby =
(lobby doors closed) 0.42 | 0.0390
Building to elevator lobby
(lobby doors opened) * i 22.0 2.04
Elevator lobby to hoistway I
(elevator door closed) 1.60 0.149
‘Elevator lobby to hoistway.-; -’ 2. ' }
(elevator door opened) - ,ned 5 8.000. ] 0.743
Pressiife-reiief vent trom' houtwqy o - i o
out‘xda at 8th floor T 24.0 {2.23
L
Other Paramaeters
Height between building flobrs 10.0%/{" 0929 m
Number of floors giln o 2, K "

. . 5 e 5 B0k
Building air temperature | 70°F 218C
Winter outside temparature S°F | -15°C
Summer outside temperature d:e - 90°F: |- 32°C -

BT 3] 5SRO ;
o g ,,j:‘ SUEZOES (RR )
(e Y wf Ballc o o« R
Sth l“4““Apply a‘“safety factor to the ﬂow rate calculated
above . Y .
Qe UL L SRETE T e TV BEEXSY SD ulte

+ ‘I'héimﬁiiﬁmm desngn number of large pa hs sh.ould
Eo&Rt of 8hie ‘6n the first " ﬁoor lus s%me others on upper

) “Thé "first*floor path - ‘t:&lsts ogen elevator
door¥, ele?z‘atorlob’by‘doors, a:f& extenor doors “The p Ihs
ol thie other ‘11868’ consist of‘hn dpen eleva r lolgby x
and an open stairwell door. This résults’in lar epa o@q
the outside, because the exterior stairwell door 1sk61§én
For this analysis the design numbers of large opgn, yaths

have been selec ed arbit arly as:

Zero——all doors are closed

Minimum Number of
Large Paths.Op_c;n

o7,

Maxuﬁum Number of
Large Paths Oppn First- floot palﬁ plus paths on the
“' “toptwo floors.




Table 2 lists the arrengement of doors for the com-
puter analysis. Runs 1 and 2 are the maximum number of
paths open (Step 1), and runs 3 and 4 are the minimum
paths open (Step 2). The pressure differences for these

—runs are listed in Tables 3 and 4. For winter conditions,
the ASCOS program was executed a few times to deter-
mine that 33,400 cfm (15,800 L/s) of pressurization air is
needed to maintain at least the minimum allowable
pressure difference when the maximum design number of
large paths are open (run 1). At this flow rate with the
maximum design number of large paths open in summer
(run 2), the pressure differences are all greater than the
minimum allowable pressure difference. At this same rate
of pressunzation, the pressure differences with the
minimum- paths open (runs 3 and 4) are all below the
maximum allowable pressure difference.

For the design analysis, 33,400 cfm (15,800 L/s) of
pressurization air is sufficient to maintain acceptable
pressurization under design conditions of large open paths
from the hoistway to the outside. A'saféty “factor is
suggested to account for differences between the estimated
leakage areas of this analysis and those of the actual
building. If a safety factor of 25 % were used, the supply
fan would be sized for about 42,000 cfm (19,800 L/s).
The system should be designed so that the flow rate can
be adjusted in the field as appropnate

DL Ce
Example Analysls of
Vanable Supply Aur System

The same bmldmg is used ‘as’in the above example.
The flow rate of the variable-supply air fan is controlled
by a sensor on the fire floor to maintain a setpoint of 0.05
in. H,O (12 Pa). The system maintains the setpoint when

1

; TABLE 2
-, Arrangement of Doors for Computer Analysis
of Example Smoke Control System
with a Pressure-Relief Vent

Elevator
1st Floor Elevator Lobby Stairwell
Exterior Doors Doors Doors
Run Season Door Open on Open on Open on
Open Floors: Floors: Floors':
1 Winter Yes 1 1,10, 10, 11
11
2 Summer Yeos 1 1. 10, 10. 1
11
3 Winter No None None None
4 ¥ Summer | No None None None
'Exterior stairwell door on the ground floor is closed when no other
stair doars are opened, and it is open when any other stair door is
opened.

the elevator lobby door is closed on the fire floor.
However, when the elevator lobby door is open on the
fire floor, the flow rate of pressurization air increases in
an attempt to maintain the setpoint, and high pressure
differences can result across elevator lobby doors on other

floors. These high pressures should not exceed the
maximum allowable pressure, difference, which is again
0.34 n. H,O (85 Pa). Again, pressunization air is sup-
pjxed to the hoistway. at the, second floor.

"As w th the preceding example, the objective of the
de.sxgn ana.lysns is to determine a flow rate of pres-
surization air that will result in acceptable pressurization

A 2 [l e At Z S
TABLE 3 - o B
v Computer-Calculated Pressure Differences for Example Smoke Control System
" : with’ a Pressure-Relief Vent(IP): -~ ~ =~ &

Pressure Difference in inches H,0 from Elevator Lobby to Building on Floors

. Run 1 T O T 5 6 7 8 9 10 1,
4% . open  0.08 007 - 007 008 006 3006 005 005 Opsn  Open
2 Open 0.15 0.13 0.12 0.’1 17.1 ”0?.1 (o] 0.09 0.08 0.08 Open Open
3 0.16 3., 0.18,5-~ 018 i, 90.4; 12 95@5 20 1 :Q305y 20012 (001 w012 0.12
4 024 022 o.zp, _ofhens ! 97876487 / Tole . 043 042 0312 042
9 g mmi &0t o e T TABLE QT et

Computer Calculated Pressure Differences for Example Smoke Control System

----- - ~-~ with a Pressure-Relief Vent (Sl)

Preseure Difference in pascals from Elevator Lobby to Building on Floors

Run 1 2 3 4 5

6 7 8 9 10 1

1 Open 20 17 17 15 15 15 12 12 Open  Open

2 Open :‘;';/ 2,30 27 25 22 20 20 Open  Open

3 4 a0 37 35 32, 30 27 27 27 30 30

& e - 58 50 47 a2 "3 35 30 30 30 30
639



with a minimum and a maximum design number of large
open paths from the hoistway to the outside. Below is
another approach to the analysis for the pressure-relief
vent system:

q
Step 1 Calculate the flow rate of pressurization air that
results in the maximum allowable pressure
difference across any closed elevator lobby door
when the lobby door is open on the fire floor.
This calculation should be made for summer and
winter design conditions with the fire floor being
on the top or second floor. The smallest of these
flow rates is the value-that should not be ex-
ceeded.
Calculate the flow rate of pressurization air that
results in the minimum allowable pressure dif-
ference when the maximum design number of
large paths is open from the hoistway, to the
outside. This flow rate is for either summer or
winter design conditions, whichever flow’ rate is
largest.
If the flow rate from Step 1 is greater than that
from Step 2, the sysfem can maintain acceptable
pressurization. If not, another system or another
variation of this system should be considered.
Apply a safety factor to the flow‘ rate calculated
above.

Step 2

Step 3

Step 4

s

- The maximum design number of large paths open’ is
the same as in the first example. Initially the minimuaoi

nimber of large paths open was also zero. However .S’teﬁ
3 of the analysis indicated that thig systetn (vould not*

maintain acceptable pmsunmtloh The system was
modified such that the minimum'number of lafge paths
open is the one on the first’floor. This means that thé
elevator lobby doors and the exterior doors must be
opened automatically or remain opened upon system

activation. The data presented in:the: rest of ithis analysis.

are for this second system with these doors opened on - .
== in Table 8 for two cars in & hoistway. The €levator flow

activation. H
The conditions of open and closed doors are listed’in
Table 5 for six oompur.er runs, and the resulting pres-

surization flows and pressure differences are_listed in

Tables 6 and 7 For each  run, the ASCOS .program was

s} [
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TABLE 6

FABLE 5 .
Arrangement of Doors for Computer Anaiysis
= of Example Smoke Control System
il “with Variable-Supply Fan

Elevator ‘Elevator
| [~ 1st Floor Doors Lobby Stalrwell
\ e . Exterior Open Doors Doors
o DOOI,. on Open on_ Open on
"Run Season .Open Floors: Floors: Floors:
1L Winter Yes 1 1,493 None
3 i 4 w kK [
2 Winter ~ Yes 1 11 . 1. None
3 Summer Yes 1 5“"1‘?*2”-”' i None
4 Summer Yes 1 a 1,11 1. None
I ] KE)
5 k Wintet’ Yes 1 1,10, 10, 11
11
6 Summer | 2 Yes 1 e 10, 10, 11
A

Hie R

executed:-a few times' to find the flow rate of
pressunization air that’produced the desired pressure
difference. Computer, runs:1;:2; 3, and 4 were made for
Step 1. From these, runs, the pressurization flow rate
should not exceed 19,800 cfm (9,300 L/s). Runs 5 and 6
are for Step 2, and they indicate that the‘flow rate-must
be at least 8,500 cfm (4,000 L/s). Thus, the:systemican
maintain acceptable pressunzation (Step 3). Using the
same safety factor:as the first example, the fan-should be
sized to deliver 11,000; cfm:.(8,200 L/s)... The systeth
should be designed so that the flow rate can be- ad_justed
in the field as appropriate. =, . - . ,

=5

Example Piston Effect Analysis
T

For ‘the:smoke~control systems of the above exam-
ples, the parameters for analysis of piston effect are listed

coefficient, C,, was evaluated experimentally (Klote and
Iamura 1986b). From Equation 2, the effective area, 4,,
_is 0.325_ft> (0.0302 m?).. From.Equation.1, .the critical

_pressure difference from the elevator lobby to the building

% K.

>Computér-Calculated Pressure Differences for Example Smoke'Control System -~

[ .'.L.'

with Vanable Supply Fanp( IR)

(o 50) S LR

T

Flow‘ Pressure leferenoe in mchec H,O from Elevator Lobby to Building on Floors:
Run ::ft,:, 1 2 3 4 5 6 Ry 2sginel glutiigp "
1 19,800 Open Open 0.29 0.32 0.32 0.33 0.33 7 °0.34 0.34 073477770.34
2 20,200 Open 034 0.34 0.34 0.34 0.34 0.34 I 0.3: 0.34 0.33 Open
3 22,000 Open Open 0.32 0.34 0.34 0.34 0.34 0.34 0.3;4 -~ 0.34 0[34:’”
4 20,200 Open 0.34 0.32 0.32 0.31 0.31 0.31 0.31 0.30 038 Open
5 8,500 Open 0.05 0.05 '\‘.0.06 0.06 0.07 0.08 0.08 O.‘bES Opor; Open
6 8,500 Open 0.05 0.05 0.04 0.04 0.04 0.03 0.03 003 Open Open

'Flaw rate of pressurization air into the haistway at the second floar

640 -




¥ : TABLE 7
Computer-Calculated Pressure Differences for Example Smoke Control System
with Variable-Supply Fan (SI)

Flow‘ Pressure Difference in pascals from Elevator Lobby to Building on Floors

Run 7:/‘:) 1 2 3 4 5 6 v 7 8 9. 10 11
1 9,300 Open  Open 72 80 80 82 82 85 85 85 85
i 9,500 Open 85 85 85 85 85 85 85 85 82 Open
3 ;hil“o,400 Op?n Open 80 85 85 85 85 85 85 85 85
4 ' 9,500 Open 85 80 80 77 77 77 77 75, 70 - Open
S 4,000 Open 12 12 15 15 17 20 20 ZQ Open Open
6 '3‘4,000 Open T2 12 10 10 10 7 7 7 Open Open

Flow rate of pressurization air into the hoistway at the second floor

RO

is 0.024 in. H,O (6.0 Pa). For these example smoke
control systems, the lowest pressure difference across this
same path is 0.05 in. H,O (12 Pa) in the winter. Thus,
piston effect would not be a problem for these systems.

All other things being equal, the critical pressure
difference from the lobby to the building is higher for a
single—car hoistway than for a multiple-car one. For a
single-car hoistway with 4, of 60.4 ft* (5.61 m?), 4, of
19.4 ft2 (1.80 m®), C. of 0.83, and the other parameters
listed in Table 8, Equation 1 gives a critical pressure
difference of 0.13 in. H;O (33 Pa). This pressure would
be a concern for the smoke control systems of the above
examples. Possible solutions include a slower car speed,
use of another elevator with multiple cars in the hoistway,
and a higher level of hoistway pressurization.

CONCLUSIONS

1. Elevator smoke control systems can be designed to
provide acceptable levels of pressurization under
severe conditions of doors opening and closing.

2. While the example analyses were for a pressure-relief
vent system and a variable-supply air system, other
systems can be used to deal with the pressure fluc-
tuations caused by doors opening and closing.

3. Transient pressures produced by the motion of a car
in a hoistway are of concern because of their poten-

TABLE 8
Parameters for Piston Effect Example

A, 121 2 11.2 m?
A, 0.420 f1? 0.0390 m?
A, 79.8 f2 7.41 m?
A, 1.60 ft2 0.149 m?
A, 0.54 f2 0.0502 m?
e. 0.075 Ib/ft® 1.20 kg/m®
v 500 ft/min 2.54 m/s
c. 0.94 0.94
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tial for pulling smoke into an elevator lobby. All
other things being equal, this elevator piston effect is
considerably greater for single-car hoistways than for
multiplecar hoistways. Equation 1 can be used to
design systems so that piston effect is not a problem.
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DISCUSSION

J. Brooks Semple, President, Smoke/Fire Risk Manage-
ment, Warrenton, VA: How much more engineering effort
is required to expand a handicapped evacuation system to a
total population evacuation system? How much time is
involved for the total evacuation?

J.H. Klote: In the paper we discussed smoke control for
elevator evacuation. You have asked about the engineering
effort involved in the evacuation system. Smoke control is
only a small part of an elevator evacuation system. In fact,
elevator evacuation systems.may be possible without smoke
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control. I am currently engaged na project funded by the
U.S. General Services Administration to study the feasi-
bility of elevator evacuation from office buildings. There
are many possible variations of elevator evacuation systems,
and we do not lnow enough to be able to discuss relative
engineering effort for different types of systems.

Richard E. Masters, P.E., Partner‘-, Jaids, Baum &
Bolles, New York, NY: This was.an excellent presentation
with valuable information for d¢§igg engineers.

Klote: Thank you.
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