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GOALS OF
STAIRWELL PRESSURIZATION

Protect life and property

Create and maintain a reasonable 
environment in the stairwell

Improve visibility in the stairwell and 
adjacent corridor

Grenfell Tower, London, UK, 2017



MGM GRAND - LAS VEGAS
NOVEMBER 21, 1980

No stairwell 
pressurization

>60 people died in the 
stairwells

Stairwell doors were 
locked, only first floor 
and roof were open



TWIN PARKS HOUSING – BRONX, 
NY
JANUARY 9, 2022 No stairwell pressurization 

(not required in NYC for R-2 
buildings
17 died, 63 injured, all of 
smoke inhalation
“While the fire damaged only 
a small part of the building, it 
produced black, caustic 
smoke that quickly engulfed 
the complex. The suffocating 
smoke rose through a 
stairwell of the 19-story 
building and kill  people as they were attempting to flee.

“It was the smoke that took these lives, not the 
fire itself,” Mayor Adams stated.

42 years after MGM
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STANDARDS 
& CODES

Handbook of 
Smoke Control 

Engineering  
Chapter 10
Chapter 20

NFPA 92-2018 
Chapter 4
Chapter 6

Appendix F

ANSI/UL864
Sections 47-50

International
Building Code
Section 909



DEFINITIONS
CONTAM – Building smoke control design software 

FSCS – Firefighter’s Smoke-Control Station (UL 864 & NFPA92) 

FSCP – Firefighter’s Smoke-Control Panel (IBC)

High-Rise Building – NFPA Life Safety Code defines a high-rise 
building as being greater than 75’ in height

Rational Analysis – computational analysis of a smoke control systems 
including stack effect, temperature effect of fire, wind effect, and other 
factors

Stack Effect – The vertical airflow within a building caused by 
temperature creating density differences between the building interior 
and exterior

Special Inspection – an inspection testing proper commissioning of 
smoke control system in its final installed condition

Tall Building – ASHRAE defines a tall building as being greater than 
300’ in height



FIRE/SMOKE MOVEMENT
IN BUILDING

Stack Effect
₋ Elevator Shafts
₋ Mechanical Shafts
₋ Trash Chutes

Pressure Created by Combustion
₋ Combustion creates pressure from heated gasses
₋ Water added can convert to steam, which adds to the 

pressure

Smoke flow can be influenced by extremely 
low-pressure variations



BUILDING
PRESSURE PROFILE

Building With
Leakage Through
An Elevator Shaft

Building Without
Vertical Leakage
Between Floors

Pressure Difference



METHODS FOR
STAIRWELL CONTAINMENT

Active Systems
₋ Supply Fans
₋ Exhaust Fans
₋ Dampers
₋ Controls

IBC
909.6.3 Pressurized stairways and elevator 
hoistways.

Where stairways or elevator hoistways are pressurized, such 
pressurization systems shall comply with Section 909 as smoke 
control systems, in addition to the requirements of Sections 
909.20 of this code and 909.21 of the International Fire Code.



ACTIVE SYSTEM
CFD MODELING

₋ Pressurization system is 
designed to maintain even 
pressure profile in stairwell

₋ Mass flow increase the 
most at and below open 
door
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Active system, doors open on 5th floor
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ACTIVE SYSTEM
CORRIDOR PRESSURE TEST

Source: Stairwell Pressurization Systems Report NBSIR #79-1747



ACTIVE SYSTEM
CORRIDOR PRESSURE TEST

20’ smoke free 
zone from SW2

Source: Stairwell Pressurization Systems Report NBSIR #79-1747



NFPA92
FAN LOCATION

4.6.2 Location of Supply Air Source. To limit smoke from entering the stairwell 
through the supply air intake, the supply air intake shall be separated from all 
building exhausts, outlets from smoke shafts and roof smoke and heat vents, open 
vents from elevator shafts, and other building openings that might expel smoke from 
the building in a fire.



NFPA92
FAN TYPES

4.6.3 Supply Air Fans.

4.6.3.1* Propeller Fans. Roof or exterior wall-mounted propeller fans shall be 
permitted to be used in single-injection systems, provided that wind shields are 
provided for the fan.

4.6.3.2 Other Types of Fans. Centrifugal or in-line axial fans shall be permitted to 
be used in single- or multiple-injection systems.



NFPA92
SYSTEM TYPES

Axial Fan Curve Centrifugal Fan Curve

Increase in speed = 
greater increase in volume

Increase in speed = 
greater increase in pressure



NFPA92
SYSTEM TYPES
Single Point Injection Multiple Point Injection

FIGURE A.4.6.4.1.1  Stairwell 
Pressurization by Top Injection

FIGURE A.4.6.4(b)  Stairwell Pressurization by 
Multiple Injection with Roof-Mounted Fan



NFPA92
SYSTEM TYPES

4.6.4.1 Single-Injection Systems.
4.6.4.1.1* The air injection point for a single-injection system shall be permitted to 
be located at any location within the stairwell.
4.6.4.1.2* Design analysis shall be performed for all single bottom injection systems 
and for all other single-injection systems for stairwells in excess of 100 ft (30.5 m) in 
height.

4.6.4.2* Multiple-Injection Systems. For system designs with injection points more 
than three stories apart, a design analysis shall be performed to ensure that loss of 
pressurization air through open doors does not lead to stairwell pressurization 
below the minimum design pressure.



INJECTION POINT
TOP OR BOTTOM



NFPA92
SYSTEM TYPES
Single Point Injection Multiple Point Injection

FIGURE A.4.6.4.1.1  Stairwell 
Pressurization by Top Injection

FIGURE A.4.6.4(b)  Stairwell Pressurization by 
Multiple Injection with Roof-Mounted Fan



MULTIPLE INJECTION



MULTIPLE INJECTION



NFPA92
MULTIPLE POINT INJECTION 

SYSTEMA.4.6.4.2 Many multiple-injection systems have been built with supply air injection 
points on each floor. These systems represent the ultimate in preventing loss of 
pressurization air through a few open doors; however, that many injection points 
might not be necessary. For system designs with injection points more than three 
stories apart, the designer should use a computer analysis such as the one in 
ASHRAE/ICC/NFPA/ SFPE Handbook of Smoke Control Engineering [21]. The 
purpose of this analysis is to ensure that loss of pressurization air through a few 
open doors does not lead to substantial loss of stairwell pressurization.



DOOR CONSIDERATIONS

The stairwell should not be under or over 
pressurized 

₋ Underpressurized stairwells will 
lead to smoke infiltration in the 
stairwell

₋ Over-pressurized stairwells may 
prevent occupants from enter the 
stairwell

Once the door seal is broken, the size of 
the opening does not require a 
proportional increase in pressurization



NFPA92
STAIRWELL PRESSURIZATION

4.6 Stairwell Pressurization Systems. 
4.6.1* General. When stairwell pressurization 
systems are provided, the pressure difference 
between the smoke zone and the stairwell, 
with zero and the design number of doors 
open, shall be as follows:

4.4.2.2* Pressure Differences Across Doors. The pressure differences across doors shall not cause the 
maximum force permitted to begin opening the door to exceed the value stipulated in NFPA 101 or 
state or local codes and regulations.

(1) Not less than the minimum pressure difference specified in 4.4.2 
(2) Not greater than the maximum pressure difference specified in 4.4.2.2



PRESSURIZATION 
CONSIDERATIONS
Fire creates its own pressure, when the doors are open on the fire floor, the 
pressure must increase by 40-50% to exceed the local fire floor pressure

Conditioning the air may make the system worse

Open doors below the fire floor only require a small increase in pressure

Open doors above the fire floor act like a chimney and requires a greater increase 
in pressure to keep smoke out of the stairwell

Undersized fans may worsen the smoke entry to the stairwell than if the stairwell 
was not pressurized at all



NFPA92
SYSTEM CONTROL TYPES

F.1 Non-compensated Systems. In a non-compensated system, supply air is 
injected into the stairwell by actuating a single speed fan, thus providing one 
pressure difference with all doors closed, another difference with one door open, 
and so on.



NFPA92
SYSTEM CONTROL TYPES

F.2 Compensated Systems. Compensated systems adjust to various combinations 
of doors that are open and closed, while maintaining positive pressure differences 
across such openings.  Systems compensate for changing conditions either by 
modulating supply airflows or by relieving excess pressure from the stairwell. The 
response time of the control system should be closely evaluated to ensure that 
pressures do not fall below the values given in Table 4.4.2.1.1. The location of the 
exhaust inlet(s) from the stairwell relative to the supply outlet(s) into the stairwell 
should be such that short circuits will not occur.



NFPA92
SYSTEM CONTROL TYPES

F.3 Compensated Systems — Modulating Supply Airflow. In a modulating 
supply airflow system, the capacity of the supply fan should be sized to provide at 
least the minimum air velocity when the design number of doors are open. Figure 
F.3 illustrates such a system. The flow rate of air into the stairwell is varied by 
modulating bypass dampers, which are controlled by one or more static pressure 
sensors that sense the pressure difference between the stairwell and the building. 
When all the stairwell doors are closed, the pressure difference increases, and the 
bypass damper opens to increase the bypass air and decrease the flow of supply 
air to the stairwell. In this manner, excessive pressure differences between the 
stairwell and the building are prevented. The same effect can be achieved by the 
use of relief dampers on the supply duct when the fan is located outside the 
building. Supply airflow modulation can also be accomplished by varying fan speed, 
inlet vanes, variable pitch fan blades, or the number of fans operating. Response 
times of the controls with any system should be considered.



COMPENSATED SYSTEMS
MODULATED AIRFLOW

F.3 Compensated Systems — Modulating Supply 
Airflow.
In a modulating supply airflow system, the capacity of the 
supply fan should be sized to provide at least the minimum 
air velocity when the design number of doors are open. 
Figure F.3 illustrates such a system. The flow rate of air into 
the stairwell is varied by modulating bypass dampers, which 
are controlled by one or more static pressure sensors that 
sense the pressure difference between the stairwell and the 
building. When all the stairwell doors are closed, the 
pressure difference increases, and the bypass damper 
opens to increase the bypass air and decrease the flow of 
supply air to the stairwell. In this manner, excessive pressure 
differences between the stairwell and the building are 
prevented. The same effect can be achieved by the use of 
relief dampers on the supply duct when the fan is located 
outside the building. Supply airflow modulation can also be 
accomplished by varying fan speed, inlet vanes, variable 
pitch fan blades, or the number of fans operating. Response 
times of  the controls with any system should be considered.



COMPENSATED SYSTEMS
PRESSURE CONTROL

Variable Air Volume System
₋ Pressure drops when door opens but 

recovers
₋ Pressure spikes when door shuts
₋ May over-pressurize shaft in certain 

circumstances

Bypass Damper System
₋ Pressure drops when door opens but 

recovers
₋ Pressure spikes when door shuts
₋ May substantially over-pressurize shaft in 

certain circumstances



03UL864 – SCOPE/REQUIREMENTS



ANSI/UL864
SCOPE/REQUIREMENTS

IBC
909.12 Fire detection systems providing control input or 
output signals to mechanical smoke control systems or 
elements thereof shall comply with the requirements 
of Section 907. Such systems shall be equipped with a 
control unit complying with UL 864 and listed as smoke 
control equipment.



ANSI/UL864
SCOPE/REQUIREMENTS

1.3 The products covered by this standard are intended to be used in combination with other 
appliances and devices to form a commercial fire alarm system. These products provide all 
monitoring, control, and indicating functions of the system. An installation document(s) 
provided with the product describes the various products needed to form a fire alarm system 
and their intended use and installation.

SMOKE-CONTROL APPLICATIONS
47  General
47.1 Section 47-50 cover the performance requirements of control equipment intended  
to control the flow of smoke.
47.2  The product shall comply with the following:

a) Trouble Signals, Section 57; 
b) Components – Monitoring for Integrity, Section 58; and  
c) Software, Section 59; 
d) Combination Systems, Section 61.



ANSI/UL864
SMOKE CONTROL SYSTEM

Point logic controllers are required to 
be listed to UL 864
Power may be supplied by the FSCS 
panel
Controller must be monitored by the 
FSCS panel
Outputs should be non- addressable, 
and the controller should be tested 
once a week



ANSI/UL864
SCOPE/REQUIREMENTS

50.4 Interconnecting wiring between the FSCS, 
addressable controllers, transponders, point logic 
controllers, and operator interfaces intended to control 
smoke-control functions shall be monitored for integrity 
in accordance with the Common Performance  and 
Monitoring for Integrity – Protected Premises Units/
Systems, Section 56. Audible and visual trouble 
annunciation shall be indicated at the FSCS and, when 
employed, operator interface(s). See Figure 50.1.



04ACTIVE COMPENSATED STAIRWELL 
PRESSURIZATION SYSTEM (ACSP)



ACTIVE COMPENSATED 
STAIRWELL PRESSURIZATION 
SYSTEM (ACSP)Uses RM Manifold Groups expertise in PID control from Boiler/water heater and 
laundry exhaust system

Fast acting relief dampers to reduce over-pressure spikes in the system

Dedicated UL864 Point Logic controller for stairwell pressurization

Multiple transducers for monitoring zones withing the stairwell

May be used with any fan rated for smoke control systems



L864 
Controller

Relief Damper (actuator 
only, damper by others)

VFD(3) LP4

ACTIVE COMPENSATED 
STAIRWELL PRESSURIZATION 
SYSTEM (ACSP)



L864 CONTROLLER

First listed Point Logic Controller 
dedicated for stairwell pressurization
Using up to three transducers to monitor/
control pressure in the injection shaft
Monitors inlet smoke detector and F/S 
damper
Dedicated I/O for FSCS panel
Dedicated input for manual pull



Setpoint between
0.05” – 0.10” w.c.

ACTIVE COMPENSATED 
STAIRWELL PRESSURIZATION 
SYSTEM (ACSP)



2021 International Building Code 

909.20.6.3 Dampered relief opening.
A controlled relief vent having the capacity to discharge not less than 2,500 cubic feet 
per minute (1180 L/s) of air at the design pressure difference shall be located in the 
upper portion of the pressurized exit enclosure.

NEW TO 2021 IBC

RELIEF DAMPERS



BUILDING
PRESSURE PROFILE

Building With
Leakage Through
An Elevator Shaft

Building Without
Vertical Leakage
Between Floors

Pressure Difference



L850 Controller
(2) LP4

Injection Dampers 
(actuator only, 

damper by others)

L864 
Controller

Relief Damper (actuator 
only, damper by others)

VFD(3) LP4

ADVANCED ACSP



ADVANCED ACSP



L850 CONTROLLER

Dedicated Injection Point Logic 
Controller
Using up to two transducers to monitor/
control pressure in the injection zone
Dedicated I/O for FSCS/L864



IPR DAMPER & ACTUATOR

Two-second, fast acting actuator
Opposed blade damper construction for 
precise control
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COMMON CAUTIONS

DON’T design Single Point Injections Systems for buildings taller than 100 ft 

ASHRAE Research Project Report 1447-RP found: 
- Without compensating for pressure losses, the pressure difference across the 
stairwell door on the fire floor decreases considerably with open stairwell doors. 
When multiple doors near the top floor and the bottom door was open, the most 
significant decrease in the pressure difference between the stairwell and the floor 
area was measured. It should also be noted that the decrease in the pressure 
difference across the stairwell door on the fire floor can be greater if an injection point 
remote from the fire floor is used (for example, on the tenth floor in this project). 
Therefore, it is concluded that pressurization systems with multi-injections are more 
effective than those with a single injection, in preventing smoke migration into a 
stairwell.



COMMON CAUTIONS

DON’T design Non-Compensated Systems 

ASHRAE Research Project Report 1447-RP found: 
- Therefore, it is concluded that the pressure compensation system is not needed for 
the fire scenarios used in this study as long as the door on the fire floor (the 2nd floor) 
is closed for both sprinklered and non-sprinklered buildings with a pressurization 
system with multiple air injection points. If the door on the fire floor is opened, 
however, a compensating system could help minimize smoke migration from the fire 
floor to the stairwell provided that the system can maintain the pressure differences 
across the enclosure of the stairwell greater than buoyant pressure of smoke. Further 
research is necessary to investigate the effectiveness of the system with the door on 
the fire floor open.



COMMON CAUTIONS

DON’T design non-listed Smoke Control Systems 

2018 & beyond International Building Code states: 
- Fire detection systems providing control input or output signals to mechanical 

smoke control systems or elements thereof shall comply with the requirements 
of Section 907. Such systems shall be equipped with a control unit complying 
with UL 864 and listed as smoke control equipment.



COMMON CAUTIONS

DON’T design non-listed Smoke Control Systems 

UL864 requires: 
- Interconnecting wiring between the FSCS, addressable controllers, transponders, 

point logic controllers, and operator interfaces intended to control smoke-control 
functions shall be monitored for integrity in accordance with the Common 
Performance  and Monitoring for Integrity – Protected Premises Units/Systems, 
Section 56. Audible and visual trouble annunciation shall be indicated at the FSCS 
and, when employed, operator interface(s). See Figure 50.1. 

Variable Frequency Drives NOT listed to UL864
cannot be used as the Point Logic Controller



06HOW TO SPECIFY A CONTROL SYSTEM



STACK EFFECT
CALCULATOR



STAIRWELL PRESSURIZATION
SCHEDULE & NOTES

PROVIDE WITH LFSYSTEMS VFD***, LFSYSTEMS L864 CONTSTANT PRESSURE CONTROLLER, 
QTY (3) WALL PORT PLATES, (3) LP4 TRANSDUCERS AND A CS75 CURRENT SENSING RELAY. 
PRESSURE SENSOR MOUNTED WITHIN STAIRWELL ON FLOORS x, y & z



STAIRWELL PRESSURIZATION
SYSTEM DIAGRAM



STAIRWELL PRESSURIZATION
WRITTEN SPECIFICATION



CONTACT 
US

817-393-4029

INFO@RMMANIFOLD.COM

WWW.LFSYSTEMS.NET

WWW.LINKEDIN.COM/LFSYSTEMS

WWW.YOUTUBE.COM – SEARCH RM MANIFOLD GROUP

FORT WORTH, TX

http://www.youtube.com/

