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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA DOCUMENTS

NOTICE AND DISCLAIMER OF LIABILITY CONCERNING THE USE OF NFPA DOCUMENTS

NFPA codes, standards, recommended practices, and guides, of which the document contained herein is one, are de-
veloped through a consensus standards development process approved by the American National Standards Institute.
This process brings together volunteers representing varied viewpoints and interests to achieve consensus on fire and
other safety issues. While the NFPA administers the process and establishes rules to promote fairness in the develop-
ment of consensus, it does not independently test, evaluate, or verify the accuracy of any information or the soundness
of any judgments contained in its codes and standards.

The NFPA disclaims liability for any personal injury, property or other damages of any nature whatsoever, whether
special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of, or reliance
on this document. The NFPA also makes no guaranty or warranty as to the accuracy or completeness of any information
published herein.

In issuing and making this document available, the NFPA is not undertaking to render professional or other services
for or on behalf of any person or entity. Nor is the NFPA undertaking to perform any duty owed by any person or entity
to someone else. Anyone using this document should rely on his or her own independent judgment or, as appropriate,
seek the advice of a competent professional in determining the exercise of reasonable care in any given circumstances.

The NFPA has no power, nor does it undertake, to police or enforce compliance with the contents of this document.
Nor does the NFPA list, certify, test or inspect products, designs, or installations for compliance with this document.
Any certification or other statement of compliance with the requirements of this document shall not be attributable to
the NFPA and is solely the responsibility of the certifier or maker of the statement.
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ADDITIONAL NOTICES AND DISCLAIMERS

Updating of NFPA Documents

Users of NFPA codes, standards, recommended practices, and guides should be aware that
these documents may be superseded at any time by the issuance of new editions or may be
amended from time to time through the issuance of Tentative Interim Amendments. An offi-
cial NFPA document at any point in time consists of the current edition of the document
together with any Tentative Interim Amendments and any Errata then in effect. In order to
determine whether a given document is the current edition and whether it has been amended
through the issuance of Tentative Interim Amendments or corrected through the issuance of
Errata, consult appropriate NFPA publications such as the National Fire Codes® Subscription
Service, visit the NFPA website at www.nfpa.org, or contact the NFPA at the address listed
below.

Interpretations of NFPA Documents

A statement, written or oral, that is not processed in accordance with Section 6 of the Reg-
ulations Governing Committee Projects shall not be considered the official position of NFPA
or any of its Committees and shall not be considered to be, nor be relied upon as, a Formal
Interpretation.

Patents

The NFPA does not take any position with respect to the validity of any patent rights
asserted in connection with any items which are mentioned in or are the subject of NFPA
codes, standards, recommended practices, and guides, and the NFPA disclaims liability for
the infringement of any patent resulting from the use of or reliance on these documents.
Users of these documents are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, is entirely their own responsibility.

NFPA adheres to applicable policies of the American National Standards Institute with
respect to patents. For further information contact the NFPA at the address listed below.

Law and Regulations

Users of these documents should consult applicable federal, state, and local laws and reg-
ulations. NFPA does not, by the publication of its codes, standards, recommended practices,
and guides, intend to urge action that is not in compliance with applicable laws, and these
documents may not be construed as doing so.

Copyrights

This document is copyrighted by the NFPA. It is made available for a wide variety of both
public and private uses. These include both use, by reference, in laws and regulations, and
use in private self-regulation, standardization, and the promotion of safe practices and
methods. By making this document available for use and adoption by public authorities and
private users, the NFPA does not waive any rights in copyright to this document.

Use of NFPA documents for regulatory purposes should be accomplished through adop-
tion by reference. The term “adoption by reference” means the citing of title, edition, and
publishing information only. Any deletions, additions, and changes desired by the adopting
authority should be noted separately in the adopting instrument. In order to assist NFPA in
following the uses made of its documents, adopting authorities are requested to notify the
NFPA (Attention: Secretary, Standards Council) in writing of such use. For technical assis-
tance and questions concerning adoption of NFPA documents, contact NFPA at the address
below.

For Further Information

All questions or other communications relating to NFPA codes, standards, recommended
practices, and guides and all requests for information on NFPA procedures governing its
codes and standards development process, including information on the procedures for
requesting Formal Interpretations, for proposing Tentative Interim Amendments, and for
proposing revisions to NFPA documents during regular revision cycles, should be sent to
NFPA headquarters, addressed to the attention of the Secretary, Standards Council, NFPA,
1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101.

For more information about NFPA, visit the NFPA website at www.nfpa.org.
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This edition of NFPA 204, Standard for Smoke and Heat Venting, was prepared by the Technical
Committee on Smoke Management Systems. It was issued by the Standards Council on December
1, 2006, with an effective date of December 20, 2006, and supersedes all previous editions.

This edition of NFPA 204 was approved as an American National Standard on December
20, 2006.

Origin and Development of NFPA 204
This project was initiated in 1956 when the NFPA Board of Directors referred the subject to

the Committee on Building Construction. A tentative guide was submitted to NFPA in 1958.
Revised and tentatively adopted in 1959 and again in 1960, the guide was officially adopted in
1961. In 1968, a revised edition was adopted that included a new section, Inspection and
Maintenance.

In 1975, a reconfirmation action failed as concerns over use of the guide in conjunction
with automatic sprinklered buildings surfaced. Because of this controversy, work on a revision
to the guide continued at a slow pace.

The Technical Committee and Subcommittee members agreed that the state of the art had
progressed sufficiently to develop improved technology-based criteria for design of venting; there-
fore, the 1982 edition of the document represented a major advance in engineered smoke and
heating venting, although reservations over vent and sprinkler applications still existed.

At the time the guide was formulated, the current venting theory was considered unwieldy
for this format; consequently, the more adaptable theory as described herein was adopted.
Appreciation must be extended to Dr. Gunnar Heskestad at the Factory Mutual Research
Corporation (now FM Global) for his major contribution to the theory applied in this stan-
dard, which is detailed in Annex B.

The 1985 edition again revised Chapter 6 on the subject of venting in sprinklered build-
ings. Test data from work done at the Illinois Institute of Technology Research, which had
been submitted to the Committee as part of a public proposal, did not permit consensus to be
developed on whether sprinkler control was impaired or enhanced by the presence of auto-
matic roof vents of typical spacing and area. The revised wording of Chapter 6 encouraged
the designer to use the available tools and data referenced in the document while the use of
automatic venting in sprinklered buildings was under review.

The 1991 edition made minor changes to Chapter 6 to acknowledge that a design basis
existed for using sprinklers and automatic heat venting together but that such had not re-
ceived wide recognition.

The 1998 edition represented a complete revision of the guide. The rewrite deleted the
previous tables that listed vent areas and incorporated engineering equations and referenced
computer models, such as LAVENT and DETACT, to provide the designer with the necessary
tools to develop vent designs based on performance objectives. This rewrite was based exten-
sively on state-of-the-art technology published in the references. In many cases, the authors of
these references participated in the task group’s rewrite efforts.

The 2002 edition of NFPA 204 was converted from a guide to a standard, thus implement-
ing mandatory requirements and updated language. The document was also updated to meet
Manual of Style for NFPA Technical Committee Documents requirements.

The 2007 edition includes a number of technical changes. New provisions on air entrain-
ment into the fire plume, the effect of wind on the location of air vents, sizing of air paths, air
velocity limitations, and plugholing were provided. Information on the use of vents as air
inlets and a better description of the smoke layer interface have been added. Revisions with
regard to how heat release rate, discharge coefficients, exhaust rates, and the number of
exhaust inlets are to be determined have been incorporated. Reference to international
standards on vents, mechanical smoke extract, and draft curtains, as well as updated annex
text on recent research efforts, have been provided.
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IMPORTANT NOTE: This NFPA document is made available
for use subject to important notices and legal disclaimers. These
notices and disclaimers appear in all publications containing this
document and may be found under the heading “Important Notices
and Disclaimers Concerning NFPA Documents.” They can also be
obtained on request from NFPA or viewed at www.nfpa.org/
disclaimers.

NOTICE: An asterisk (*) following the number or letter
designating a paragraph indicates that explanatory material
on the paragraph can be found in Annex A.

Changes other than editorial are indicated by a vertical
rule beside the paragraph, table, or figure in which the
change occurred. These rules are included as an aid to the
user in identifying changes from the previous edition. Where
one or more complete paragraphs have been deleted, the de-
letion is indicated by a bullet (•) between the paragraphs that
remain.

A reference in brackets [ ] following a section or paragraph
indicates material that has been extracted from another NFPA
document. As an aid to the user, the complete title and edition
of the source documents for extracts in mandatory sections of
the document are given in Chapter 2 and those for extracts in
informational sections are given in Annex G. Editorial
changes to extracted material consist of revising references to
an appropriate division in this document or the inclusion of
the document number with the division number when the
reference is to the original document. Requests for interpreta-
tions or revisions of extracted text shall be sent to the techni-
cal committee responsible for the source document.

Information on referenced publications can be found in
Chapter 2 and Annex G.

Chapter 1 Administration

1.1 Scope.

1.1.1* This standard shall apply to the design of venting
systems for the emergency venting of products of combus-
tion from fires in buildings. The provisions of Chapters 4
through 10 shall apply to the design of venting systems for
the emergency venting of products of combustion from
fires in nonsprinklered, single-story buildings using both
hand calculations and computer-based solution methods as
provided in Chapter 9. Chapter 11 shall apply to venting in
sprinklered buildings.

1.1.2* This standard shall not specify under which conditions
venting is to be provided or required.

1.1.3 Where a conflict exists between a general requirement
and a specific requirement, the specific requirement shall be
applicable.

1.2 Purpose. (Reserved)

1.3 Application.

1.3.1* This standard shall not apply to ventilation within a
building designed for regulation of environmental air for per-

sonnel comfort, to regulation of commercial cooking opera-
tions, to regulation of odor or humidity in toilet and bathing
facilities, to regulation of cooling of production equipment,
or to venting for explosion pressure relief.

1.3.2 This standard shall apply to building construction of all
types.

1.3.3 This standard shall apply to venting fires in building
spaces with ceiling heights that permit the design fire plume
and smoke layer to develop.

1.3.4* This standard shall apply to situations in which the hot
smoke layer does not enhance the burning rate of the fuel
array. Vent designs developed with this standard shall not be
valid for those time intervals where smoke layer temperatures
exceed 600°C.

1.3.5* This standard shall not be valid for fires having heat
release rates greater than Qfeasible as determined in accordance
with the following equation:

Q zfeasible s= ( )12 000
5 2

,
/ (1.3.5)

where:
Qfeasible = feasible fire heat release rate (kW)

zs = height of the smoke layer boundary above the
fire base (m)

1.3.6* The engineering equations or computer-based models
incorporated into this standard shall be used to calculate the
time duration that the smoke layer boundary is maintained at
or above the design elevation in a curtained area, relative to
the design interval time.

1.4 Retroactivity.

1.4.1 The provisions of this standard shall not be required to
be applied retroactively.

1.4.2 Where a system is being altered, extended, or reno-
vated, the requirements of this standard shall apply only to the
work being undertaken.

1.5 Equivalency. Nothing in this standard is intended to pre-
vent the use of systems, methods, or devices of equivalent or
superior quality, strength, fire resistance, effectiveness, dura-
bility, and safety over those prescribed by this standard. Tech-
nical documentation shall be submitted to the authority
having jurisdiction to demonstrate equivalency. The system,
method, or device shall be approved for the intended pur-
pose by the authority having jurisdiction.

1.6 Units and Formulas. The following symbols define the
variables in the equations used throughout the body of this
standard:

A = area (of burning surface)
Ai = inlet area for fresh air, below design level

of smoke layer boundary
Av = total vent area of all vents in a curtained

area
α = thermal diffusivity, k/ρc

αg = fire growth coefficient
γ = exhaust location factor (dimensionless)

cp = specific heat
Cd,v = vent discharge coefficient
Cd,i = inlet discharge coefficient

d = smoke layer depth
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dc = depth of draft curtain
D = base diameter of the fire
g = acceleration of gravity

H = ceiling height above base of fire
hc = heat of combustion
hg = heat of gasification
K = fraction of adiabatic temperature rise
k = thermal conductivity

keβ = constant used in Equation E.5.1
kρc = thermal inertia

l = thickness
L = mean flame height above the base of the

fire
Lf = flame length, measured from leading

edge of burning region
Lv = length of vent opening in the longer

direction
ṁ = mass burning rate

� ′′m = mass burning rate per unit area
′′∞�m = mass burning rate per unit area for an

infinite diameter pool
�mv

= mass flow rate through vent
�mp

= mass flow rate in the plume
�mpL

= mass flow rate in the plume at mean
flame height (L)

′′�qi
= incident heat flux per unit area

Q = total heat release rate

Q″ = total heat release rate per unit floor area
Qc = convective heat release rate = χcQ

Qfeasible = feasible fire heat release rate (kW)
r = radius from fire axis

RTI = response time index τu1/2

τ = time constant of heat-responsive element
for convective heating

ρ = density
ρo = ambient air density
S = center to center spacing of vents
t = time

td = time to detector activation
tg = growth time of fire
tig = time to ignition
tr = design interval time

tsa = time to sprinkler activation
tvo = time to vent opening

∆T = gas temperature rise (from ambient) at
detector site

∆Ta = adiabatic temperature rise
∆Te = temperature rise (from ambient) of

heat-responsive element
T = smoke layer temperature (K)

To = ambient air temperature
Tig = ignition temperature
Ts = surface temperature
u = gas velocity at detector site

Wmin = lateral fire spread by radiation
Ws = largest horizontal dimension of fire
Wv = width of vent opening in the shorter

direction
V = flame spread velocity
χc = convective fraction of total heat release rate

(fraction carried as heat in plume above
flames) where χc is a convective-heat
fraction between 0.6 and 0.7

χr = radiant fraction of total heat release rate
y = elevation of smoke layer boundary

yceil = elevation of ceiling
ycurt = elevation of bottom of draft curtain
yfire = elevation of the base of the fire above the

floor
zs = height of the smoke layer boundary above

base of fire
zsi = height of the smoke layer interface above

the base of the fire
zo = height of virtual origin above base of fire

(below base of fire, if negative)

Chapter 2 Referenced Publications

2.1* General. The documents or portions thereof listed in this
chapter are referenced within this standard and shall be con-
sidered part of the requirements of this document.

2.2 NFPA Publications. National Fire Protection Association,
1 Batterymarch Park, Quincy, MA 02169-7471.

NFPA 72®, National Fire Alarm Code®, 2007 edition.
NFPA 220, Standard on Types of Building Construction, 2006

edition.
NFPA 255, Standard Method of Test of Surface Burning Charac-

teristics of Building Materials, 2006 edition.
NFPA 259, Standard Test Method for Potential Heat of Building

Materials, 2003 edition.

2.3 Other Publications.

2.3.1 ASTM Publications. ASTM International, 100 Barr Har-
bor Drive, P.O. Box C700, West Conshohocken, PA 19428-
2959.

ASTM E 84, Standard Test Method for Surface Burning Charac-
teristics of Building Materials, 2004.

ASTM E 136, Standard Test Method for Behavior of Materials in
a Vertical Tube Furnace at 750°C, 1996.

2.3.2 FM Publications. FM Global Technologies LLC, 1301
Atwood Avenue, P.O. Box 7500, Johnston, RI 02919.

FM 4430, Approval Standard for Heat and Smoke Vents, 1980.

2.3.3 NIST Publications. National Institute of Standards and
Technology, 100 Bureau Drive, Gaithersburg, MD 20899-1070.

DETACT-QS (Detector Actuation — quasi-steady) software.

DETACT-T2 (Detector Actuation — time squared) software.

GRAPH graphics code.

LAVENT (Link-Actuated VENTS) software.

2.3.4 UL Publications. Underwriters Laboratories Inc., 333
Pfingsten Road, Northbrook, IL 60062-2096.

UL 793, Standard for Automatically Operated Roof Vents for
Smoke and Heat, 1997.

2.3.5 Other Publications.

Merriam-Webster’s Collegiate Dictionary, 11th edition, Merriam-
Webster, Inc., Springfield, MA, 2003.
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2.4 References for Extracts in Mandatory Sections.

NFPA 72®, National Fire Alarm Code®, 2007 edition.
NFPA 92B, Standard for Smoke Management Systems in Malls,

Atria, and Large Spaces, 2005 edition.
NFPA 220, Standard on Types of Building Construction, 2006

edition.
NFPA 318, Standard for the Protection of Semiconductor Fabrica-

tion Facilities, 2006 edition.

Chapter 3 Definitions

3.1 General. The definitions contained in this chapter shall
apply to the terms used in this standard. Where terms are not
defined in this chapter or within another chapter, they shall
be defined using their ordinarily accepted meanings within
the context in which they are used. Merriam-Webster’s Collegiate
Dictionary, 11th edition, shall be the source for the ordinarily
accepted meaning.

3.2 Official NFPA Definitions.

3.2.1* Approved. Acceptable to the authority having jurisdic-
tion.

3.2.2* Authority Having Jurisdiction (AHJ). An organization,
office, or individual responsible for enforcing the require-
ments of a code or standard, or for approving equipment,
materials, an installation, or a procedure.

3.2.3 Labeled. Equipment or materials to which has been
attached a label, symbol, or other identifying mark of an orga-
nization that is acceptable to the authority having jurisdiction
and concerned with product evaluation, that maintains peri-
odic inspection of production of labeled equipment or mate-
rials, and by whose labeling the manufacturer indicates com-
pliance with appropriate standards or performance in a
specified manner.

3.2.4* Listed. Equipment, materials, or services included in a
list published by an organization that is acceptable to the au-
thority having jurisdiction and concerned with evaluation of
products or services, that maintains periodic inspection of
production of listed equipment or materials or periodic evalu-
ation of services, and whose listing states that either the equip-
ment, material, or service meets appropriate designated stan-
dards or has been tested and found suitable for a specified
purpose.

3.2.5 Shall. Indicates a mandatory requirement.

3.2.6 Should. Indicates a recommendation or that which is
advised but not required.

3.3 General Definitions.

3.3.1 Ceiling Jet. A flow of hot smoke under the ceiling, ex-
tending radially from the point of fire plume impingement on
the ceiling.

3.3.2 Clear (Air) Layer. The zone within a building contain-
ing air that has not been contaminated by the smoke pro-
duced from a fire in the building, and that is located between
the floor and the smoke layer boundary.

3.3.3* Clear Layer Interface. The boundary between a smoke
layer and smoke-free air.

3.3.4 Continuously Growing Fires. Fires that, if unchecked,
will continue to grow over the design interval time.

3.3.5 Curtained Area. An area of a building that has its perim-
eter delineated by draft curtains, full height partitions, exte-
rior walls, or any combinations thereof.

3.3.6 Design Depth of the Smoke Layer. The difference be-
tween the height of the ceiling and the minimum height of
the smoke layer boundary above the finished floor level that
meets design objectives.

3.3.7 Design Fire. As used in this standard, the time-rate heat
release history selected as the input for the calculations pre-
scribed herein.

3.3.8 Design Interval Time. The duration of time for which a
design objective is to be met, measured from the time of de-
tector activation.

3.3.9 Draft Curtain. A solid material, beam, girder, or similar
material or construction that is attached to the underside of
the ceiling and that protrudes a limited distance downward
and creates a reservoir for collecting smoke.

3.3.10* Effective Ignition. The time at which a t-squared de-
sign fire starts.

3.3.11 Fuel Array. A collection and arrangement of materials
that can support combustion.

3.3.12 Heat Detector. A fire detector that detects either ab-
normally high temperature or rate of temperature rise, or
both. [72, 2007]

3.3.13 Limited-Growth Fires. Fires that are not expected to
grow beyond a predictable maximum heat release rate.

3.3.14 Material.

3.3.14.1 Limited-Combustible Material. Refers to a building
construction material not complying with the definition of
noncombustible that, in the form in which it is used, has a
potential heat value not exceeding 8141 kJ/kg (3500 Btu/lb),
where tested in accordance with NFPA 259 and includes ei-
ther: (1) materials having a structural base of noncombustible
material, with a surfacing not exceeding a thickness of 3.2 mm
(1⁄8 in.) that has a flame spread index not greater than 50; or
(2) materials, in the form and thickness used having neither a
flame spread index greater than 25 nor evidence of contin-
ued progressive combustion, and of such composition that
surfaces that would be exposed by cutting through the ma-
terial on any plane would have neither a flame spread in-
dex greater than 25 nor evidence of continued progressive
combustion, when tested in accordance with NFPA 255 or
ASTM E 84. [220, 2006]

3.3.14.2 Noncombustible Material. A material that, in the
form in which it is used and under the conditions antici-
pated, will not ignite, burn, support combustion, or release
flammable vapors when subjected to fire or heat. Materials
that are reported as passing ASTM E 136 shall be consid-
ered noncombustible materials.

3.3.15 Mechanical Smoke Exhaust System. A dedicated or
shared-duty fan system designed and suitable for the removal
of heat and smoke.

3.3.16 Plastics.

3.3.16.1* Class CC1 Plastics. Materials that have a burning
extent of 25 mm or less when tested at a nominal thickness of
0.152 mm (0.060 in.) or in the thickness intended for use.
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3.3.16.2* Class CC2 Plastics. Materials that have a burning
rate of 1.06 mm/s or less when tested at a nominal thickness
of 0.152 mm (0.060 in.) or in the thickness intended for use.

3.3.17 Plugholing. The condition where air from below the
smoke layer is pulled through the smoke layer into the smoke
exhaust due to a high exhaust rate. [92B, 2005]

3.3.18 Smoke. The airborne solid and liquid particulates and
gases evolved when a material undergoes pyrolysis or combus-
tion, together with the quantity of air that is entrained or oth-
erwise mixed into the mass. [318, 2006]

3.3.19* Smoke Layer. The accumulated thickness of smoke
below a physical or thermal barrier. [92B, 2005]

3.3.20* Smoke Layer Boundary. An effective boundary cen-
tered in a transition zone between the dense portion of the
smoke layer and the first indication of smoke.

3.3.21 Vent. As used in this standard, a device or construc-
tion that, when activated, is an opening directly to the exterior
at or near the roof level of a building that relies on the buoy-
ant forces created by a fire to exhaust smoke and heat.

3.3.22 Vent System. A system used for the removal of smoke
from a fire that utilizes manually or automatically operated
heat and smoke vents at roof level and that exhausts smoke
from a reservoir bounded by exterior walls, interior walls, or
draft curtains to achieve the design rate of smoke mass flow
through the vents, and that includes provision for makeup air.

Chapter 4 Fundamentals

4.1* Design Objectives. The design objectives to be achieved
over the design interval time by a vent system design during a
design fire or design fires shall include the following:

(1) The minimum allowable smoke layer boundary height
(2) The maximum allowable smoke layer temperature

4.2* Design Basis. A design for a given building and its com-
bustible contents and their distribution shall comprise select-
ing a design basis (limited-growth versus continuous-growth
fire) and establishing the following parameters:

(1) Layout of curtained areas
(2) A draft curtain depth
(3) Type detector and specific characteristics
(4) Detector spacing
(5) A design interval time, tr , following detection for main-

taining a clear layer (for continuous-growth fires)
(6) Total vent area per curtained area
(7) Distribution of individual vents
(8) An air inlet area

4.3 Determination of Contents Hazard.

4.3.1 The determination of contents hazard shall take into
account the fuel loading and the rate of heat release antici-
pated from the combustible materials or flammable liquids
contained within the building.

4.3.2 The heat release rate of the design fire shall be quanti-
fied in accordance with Chapter 8.

4.4 Venting.

4.4.1 Design Objectives. In order to satisfy design objectives, a
vent system shall be designed to slow, stop, or reverse the de-
scent of a smoke layer produced by fire in a building, by ex-
hausting smoke to the exterior.

4.4.2* Vent System Designs and Smoke Production.

4.4.2.1 Vent systems shall be designed in accordance with this
standard by calculating the vent area required to achieve a
mass rate of flow through the vents that equals the mass rate of
smoke production.

4.4.2.2 Vent system designs shall limit the descent of the smoke
layer to the design elevation of the smoke layer boundary.

4.4.2.3 Alternative vent system designs shall be permitted to
be developed in accordance with this standard by calculating
the vent area required to achieve a mass rate of flow through
the vents that is less than the mass rate of smoke production,
such that the descent of the smoke layer is slowed to meet the
design objectives.

4.4.3* Vent Mass Flow. Vent system designs shall be computed
on the basis that the mass flow rate through a vent is deter-
mined primarily by buoyancy pressure.

4.5 Smoke Production.

4.5.1* Base of the Fire. For the purposes of the equations in
this standard, the base of the fire shall be at the bottom of the
burning zone.

4.5.2* Fire Size. Burning and entrainment rates of possible
fire scenarios shall be considered before establishing the con-
ditions of the design fire.

4.5.3* Entrainment.

4.5.3.1 The entrainment formulas specified in this standard
shall be applied only to a single fire origin.

4.5.3.2* Virtual Origin. Predicted plume mass flow above the
top of the flame shall take into account the virtual origin, zo , of
the fire as determined in 9.2.3.2.

4.6 Vent Flows.

4.6.1* Buoyancy and Vent Flow.

4.6.1.1 Flow through a vent shall be calculated on the basis of
buoyancy pressure difference, assuming that no pressure is
contributed by the expansion of gases.

4.6.1.2* Beneficial wind effects shall not be taken into account
when calculating vent areas.

4.6.1.3 Air inlets and vents shall be located to avoid adverse
wind effects.

4.6.2* Inlet Air.

4.6.2.1 Predicted vent flows shall take into account the area
of inlet air openings.

4.6.2.2 Inlet air shall be introduced below the smoke layer
boundary.

4.6.2.3 Wall and ceiling leakage above the smoke layer
boundary in the curtained area shall not be included in vent
flow calculations. (See Chapter 6 for information on air inlets.)

Chapter 5 Vents

5.1* Listed Vents. Normally closed vents shall be listed and
labeled in accordance with UL 793, Standard for Automatically
Operated Roof Vents for Smoke and Heat; FM 4430, Approval Stan-
dard for Heat and Smoke Vents; or other approved, nationally
recognized standards.
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5.2 Vent Design Constraints.

5.2.1* The means of vent actuation shall be selected with re-
gard to the full range of expected ambient conditions.

5.2.2* Vents shall consist of a single unit (vent), in which the
entire unit (vent) opens fully with the activation of a single detec-
tor, or multiple units (vents) in rows or arrays (ganged vents) in
which the units (vents) open simultaneously with the activation
of a single heat detector, a fusible link, a smoke detector, a sprin-
kler waterflow switch, or other means of detection to satisfy the
venting requirements for a specific hazard.

5.2.3* Where the hazard is localized, vents shall open directly
above such hazard.

5.2.4 Vents, and their supporting structure and means of ac-
tuation, shall be designed so that they can be inspected visu-
ally after installation.

5.3 Methods of Operation.

5.3.1* Normally, closed vents shall be designed to open auto-
matically in a fire to meet design objectives or to comply with
performance objectives or requirements.

5.3.2* Vents, other than thermoplastic drop-out vents, shall be
designed to fail in the open position such that failure of a
vent-operating component results in an open vent.

5.3.3 Vents shall be opened using gravity or other approved
opening force.

5.3.4 The opening mechanism shall not be prevented from
opening the vent by snow, roof debris, or internal projections.

5.3.5* All vents shall be designed to open by manual means.
Means of opening shall be either internal or external, as ap-
proved by the authority having jurisdiction.

5.3.6 Vents designed for remote operation shall utilize ap-
proved fusible links and shall also be capable of actuation by
an electric power source, heat-responsive device, or other ap-
proved means.

5.3.7 Vents designed to activate by smoke detection, sprinkler
waterflow, or other activation methods external to the vent
shall be approved in accordance with Section 5.1.

5.4 Dimensions and Spacing of Vents.

5.4.1 The dimensions and spacing of vents shall meet the
requirements of 5.4.1.1 and 5.4.1.2 to avoid plugholing.

5.4.1.1 The area of a unit vent shall not exceed 2d2, where d is
the design depth of the smoke layer.

5.4.1.2* For vents with Lv/Wv > 2, the width, Wv , shall not
exceed the design depth of the smoke layer, d.

5.4.2* In plan view, the center-to-center spacing of vents in a
rectangular matrix, S, as shown in Figure 5.4.2(a), within a
curtained area shall not exceed 4H, where H is the ceiling
height as shown in Figure 5.4.2(b), parts (a) through (d).

5.4.3* The spacing of vents, in plan view, shall be such that the
horizontal distance from any point on a wall or draft curtain to
the center of the nearest vent, within a curtained area, does
not exceed 2.8H as indicated in Figure 5.4.3.

5.4.4 The total vent area per curtained area shall be sized to
meet the design objectives and the performance objectives rela-
tive to the design fire, determined in accordance with Chapter 8.

5.5 Mechanical Smoke Exhaust Systems. Mechanical smoke
exhaust systems shall be designed in accordance with Chapter 10.

Chapter 6 Air Inlets

6.1* General. Air inlets shall be provided for supplying
makeup air for vent systems.

6.2 Construction. Air inlets consisting of louvers, doors,
dampers, windows, shutters, or other approved openings shall
be designed and constructed to provide passage of outdoor air
into the building.

6.3* Location. Air inlets shall be installed as indicated in 6.3.1
or 6.3.2.

6.3.1 Air inlets shall be installed in external walls of the building
below the height of the design level of the smoke layer boundary
and shall be clearly identified or marked as air inlets.

6.3.2 In larger buildings where there is more than one cur-
tained area, air inlets shall be permitted to be provided by
vents in other nonadjacent curtained areas.

6.4 Installation.

6.4.1 Materials of construction and methods of installation for
air inlets shall resist expected extremes of temperature, wind,
building movement, rain, hail, snow, ice, sunlight, corrosive envi-
ronment, internal and external dust, dirt, and debris.

6.4.2 The means of air inlet actuation shall be selected with
regard to the full range of expected ambient conditions.

6.4.3 To satisfy the vent system requirements, air inlets shall
consist of one of the following:

(1) A single unit (air inlet) in which the entire unit (air inlet)
opens fully with the activation of a single detector

(2) Multiple units (air inlets) in rows or arrays (ganged air
inlets) in which the units (air inlets) open simultaneously
with the activation of a single heat detector, a fusible link,
a smoke detector, a sprinkler waterflow switch, or other
means of detection to satisfy the vent system requirements

S ≤ 4H

S ≤ 4H

Vent Vent

Vent Vent

PLAN VIEW

FIGURE 5.4.2(a) Vent Spacing in Rectangular Matrix (plan
view).
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6.4.4 Air inlets and their supporting structures and means of
actuation shall be designed such that they can be inspected
visually after installation.

6.5 Methods of Operation.

6.5.1 Air inlets shall be either constantly open or automati-
cally placed in the open position after a fire is detected.

6.5.2 Air inlets shall be designed to open in a fire to meet
design objectives or to comply with performance objectives or
requirements.

6.5.3 Air inlets shall be designed to fail in the open position
such that failure of an air inlet–operating component results
in an open air inlet.

6.5.4 Air inlets shall be opened using an approved means as
the opening force.

6.5.5 Air inlet opening mechanisms shall not be prevented
from opening the air inlet by snow, debris, or internal projec-
tions.

6.5.6 Operating mechanisms for air inlets shall be jam-proof,
corrosion-resistant, dust-resistant, and resistant to pressure
differences arising from applicable positive or negative load-
ing resulting from environmental conditions, process opera-
tions, overhead doors, or traffic vibrations.

6.5.7 Air inlets designed for remote operation shall be acti-
vated by approved devices and shall be capable of actuation by
an electrical power source, heat-responsive device, or other
approved means.

6.6 Dimensions and Spacing of Air Inlets.

6.6.1 The total inlet area per curtained area shall be sized to
meet the design objectives and the performance objectives or
requirements specified relative to the design fire, determined
in accordance with Chapter 8.

6.6.2 One inlet area shall be permitted to serve more than
one curtained area.

6.6.3* The air velocity at the plume shall not exceed 1 m/s.

6.7 Air Paths. Air paths from an air inlet opening to the cur-
tained area where smoke is being exhausted shall be at least
three times the size of the air inlet opening.

Chapter 7 Draft Curtains

7.1* General. In large, open areas, draft curtains shall be pro-
vided for prompt activation of vents and to increase vent effec-
tiveness by containing the smoke in the curtained area and
increasing the depth of the smoke layer.

dc

H

(a) Flat roof

dc

H

dc

H

(c) Sloped roof

dc

H

∆d

S S

(b) Gabled roof

(d) Sawtooth roof

FIGURE 5.4.2(b) Measurement of Ceiling Height (H) and
Curtain Board Depth (dc).

r ≤ 2.8H

Wall  
or draft 
curtain

PLAN VIEW

Vent

FIGURE 5.4.3 Vent Location near a Wall or Draft Curtain
(plan view).
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7.2* Construction.

7.2.1* Draft curtains shall be constructed of noncombustible
or limited-combustible materials in buildings of Type I or Type
II construction as defined by NFPA 220, Standard on Types of
Building Construction, and shall be designed and constructed to
resist the passage of smoke.

7.2.2 Draft curtains shall remain in place and shall confine
smoke when exposed to the maximum predicted temperature
for the design interval time, assuming a design fire in close
proximity to the draft curtain.

7.3 Location and Depth.

7.3.1* Draft curtains shall extend vertically downward from
the ceiling the minimum distance required so that the value of
dc , as shown in Figure 5.4.2(a), is a minimum of 20 percent of
the ceiling height, H, measured as follows:

(1) For flat roofs and sawtooth roofs with flat ceiling areas,
from the ceiling to the floor

(2) For sloped roofs, from the center of the vent to the floor

7.3.2 Where there are differing vent heights, H, each vent
shall be calculated individually.

7.4 Spacing.

7.4.1* Neither the length nor the width of a curtained area
shall exceed eight times the ceiling height.

7.4.2* Where draft curtains extend to a depth of less than
30 percent of the ceiling height, the distance between draft
curtains shall be not less than one ceiling height.

Chapter 8 The Design Fire

8.1* General.

8.1.1 The design fire shall be selected from among a number
of challenging candidate fires, consistent with the building
and its intended use, considering all of the following factors
that tend to increase the challenge:

(1) A low-level flame base (usually floor level)
(2) Increasing fire growth rate
(3) Increasing ultimate heat release rate in the design inter-

val time

8.1.2 The candidate fire that produces a vent system design
meeting the design objectives for all candidate fires shall be
selected as the design fire.

8.2 Steady (Limited-Growth) Fires.

8.2.1 For steady fires, or fires that do not develop beyond a
maximum size, the required vent area per curtained area shall
be calculated based on the maximum calculated heat release
rate (Q and Qc), the associated distance from the fire base to
the design elevation of the smoke layer boundary (zs), and the
predicted fire diameter (D).

8.2.2* Steady fires shall be permitted to include special-hazard
fires and fires in occupancies with concentrations of combus-
tibles separated by aisles of sufficient width to prevent the
spread of fire by radiation beyond the initial fuel package or
initial storage array.

8.2.3 The minimum aisle width required to prevent lateral
fire spread by radiation, Wmin , shall be calculated for radiant

heat flux from a fire based on an ignition flux of 20 kW/m2 in
accordance with the following equation:

W Qmin max= 0 042 1 2. / (8.2.3)

where:
Wmin = minimum aisle width required to prevent lateral

fire spread by radiation (m)
Qmax = maximum anticipated heat release rate (kW)

8.2.4 The fire diameter, D, shall be the diameter of a circle hav-
ing the same area as the floor area of the fuel concentration.

8.2.5 The heat release rate shall be the heat release rate per
unit area times the floor area of the fuel concentration, using
the maximum storage height above the fire base and associ-
ated heat release rate.

8.2.6* The heat release rate per unit area shall be determined
by test or from published data acceptable to the AHJ.

8.3 Growing (Continuous-Growth) Fires.

8.3.1* For fuel configurations that have been tested, the fire
growth shall be modeled to follow the test results acceptable to
the AHJ. For other fuel configurations that have not been tested,
a t2 fire growth as shown in Figure 8.3.1 shall be used with a fire
growth coefficient based on published data acceptable to the
AHJ and in accordance with the following equation:

Q
t
tg

=
⎛

⎝
⎜⎜

⎞

⎠
⎟⎟1055

2

(8.3.1)

where:
Q = heat release rate of fire (kW)
t = time from effective ignition following an

incubation period (s)
tg = time at which the fire exceeds an intermediate

size of 1055 kW (s)
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FIGURE 8.3.1 Conceptual Illustration of Continuous-
Growth Fire.
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8.3.2* A t-squared fire growth shall be permitted to be ex-
pressed in terms of a fire growth coefficient, αg , in lieu of
growth time, tg , as follows:

Q tg= α 2 (8.3.2)

where:
Q = heat release rate of fire (kW)

αg = fire growth coefficient (kW/s2)
t = time (s)

8.3.3 The instantaneous heat release rate per unit height
of the storage array shall be considered to be constant, re-
gardless of the storage height. Accordingly, for different
storage heights, the growth time, tg , shall be calculated as
being inversely proportional to the square root of the stor-
age height, and the fire growth coefficient, αg , shall be cal-
culated as being directly proportional to the storage height.
(See Section F.1.)

8.3.4* The vent system shall maintain the smoke boundary
layer above the design elevation from the time of effective
ignition until the end of the design interval time, tr , where tr is
measured from the time of detection, td .

8.3.5 The heat release rate at the end of the design interval
time shall be calculated in accordance with the following
equation:

Q
t t

t
r d

g

= +⎛

⎝
⎜⎜

⎞

⎠
⎟⎟1055

2

(8.3.5)

where:
Q = heat release rate (kW)
tr = time at end of design interval (s)
td = time of detection (s)
tg = time at which fire exceeds 1055 kW (s)

8.3.6 The end of the design interval time, tr , shall be selected
to correspond to the design objectives as determined for the
specific project design.

8.3.7 The instantaneous diameter of the fire needed for the
calculation of L and zo shall be calculated from the instanta-
neous heat release rate, Q, and data on the heat release rate
per unit floor area, Q″, where Q″ is proportional to storage
height in accordance with the following equation:

D
Q
Q
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1 2

π

/

(8.3.7)

where:
D = instantaneous fire diameter (m)
Q = instantaneous heat release rate (kW)

Q″ = heat release rate per unit floor area (kW/m2)

Chapter 9 Sizing Vents

9.1* General.

9.1.1* The design vent area in a curtained area shall equal the
vent area required to meet the design objectives for the most
challenging fire predicted for the combustibles within the cur-
tained area.

9.1.2 Vent areas shall be determined using hand calculations
in accordance with Section 9.2 or by use of a computer-based
model in accordance with Section 9.3.

9.1.3 The design fire used in the evaluation of a proposed
vent design in accordance with Section 9.1 shall be deter-
mined in accordance with Chapter 8.

9.1.4* Vent systems shall be designed specifically for the haz-
ard of each curtained area in a building.

9.2 Hand Calculations.

9.2.1 Vent System Designs. Vent systems, other than those
complying with Section 9.3, shall be sized and actuated to
meet design objectives in accordance with Section 9.2.

9.2.2 Design Concepts.

9.2.2.1* Equilibrium shall be assumed as illustrated in Figure
9.2.2.1, where symbols are as defined in Section 1.6.

9.2.2.2 The smoke layer boundary shall be at or above the
bottom of the draft curtains.

9.2.2.3 At equilibrium, the mass flow rate into the smoke
layer shall be equal to the mass flow rate out of the vent or
vents (ṁp = ṁv).

9.2.3 Mass Flow Rate in Plume.

9.2.3.1* The mean flame height shall be calculated in accor-
dance with the following equation:

L D Q= − +1 02 0 235 2 5. . / (9.2.3.1)

where:
L = mean flame height above the base of the fire

(m)
D = base diameter of fire (m)
Q = total heat release rate (kW)

9.2.3.2 The virtual origin, zo , is the effective point source of
the fire plume and shall be calculated in accordance with the
following equation:

z Q Do = 0 083 1 022 5. ./ − (9.2.3.2)

where:
zo = virtual fire origin
Q = total heat release rate (kW)
D = base diameter of fire (m)

9.2.3.3 Smoke entrainment relationships shall be applicable
to axisymmetric plumes.

9.2.3.4 For line-like fires where a long, narrow plume is cre-
ated by a fuel or storage array, the smoke production calcu-
lated in accordance with this standard shall be applicable only

Layer of hot gas and smoke

mp
•
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Fuel array

H

dc

Av

FIGURE 9.2.2.1 Schematic of Venting System.
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if the height of the smoke layer boundary above the base of
the fire (zs) is greater than or equal to four times the largest
horizontal dimension of the fire, Ws .

9.2.3.5 If zs is smaller than 4Ws , the smoke production rates
calculated in accordance with this standard shall be increased
by the factor [4Ws/(zs)]2/3.

9.2.3.6 When the mean flame height, L, is below the smoke
layer boundary (L < zs), the mass flow rate in the fire plume
shall be calculated in accordance with the following equation:

�m Q z z Q z zp c s o c s o= +( )⎡⎣ ⎤⎦ ( )⎡⎣ ⎤⎦0 071 1 0 0271 3 5 3 2 3 5 3
. ./ / / / −  − − (9.2.3.6)

where:
ṁp = mass flow rate in the plume (kg/s)
Qc = convective heat release rate = 0.7Q (kW)
zs = height of the smoke layer boundary above the

base of the fire (m)
zo = height of virtual origin above the base of the fire

(if below the base of the fire, zo is negative) (m)

9.2.3.7 When the mean flame height (L) is equal to or above
the smoke layer boundary (L ≥ zs), the mass flow rate shall be
calculated in accordance with the following equation:

�m Q
z
Lp c

s= ( )0 0056. (9.2.3.7)

where:
ṁp = mass flow rate in the plume (kg/s)
Qc = convective heat release rate = 0.7Q (kW)
zs = height above the base of the fire (m)
L = mean flame height (m)

9.2.3.8 The base of the fire shall be the lowest point of the
fuel array.

9.2.4* Mass Flow Rate Through Vents.

9.2.4.1* The mass flow through the vent shall be calculated in
accordance with the following equation:
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where:
ṁv = mass flow through vent (kg/s)

Cd,v = vent discharge coefficient
Av = vent area (m2)
ρo = ambient density (kg/m3)
g = acceleration due to gravity (9.81 m/s2)
d = smoke layer depth (m)

To = ambient temperature (K)
T = smoke layer temperature (K)

Cd,i = inlet discharge coefficient
Ai = inlet area (m2)

9.2.4.2* The discharge coefficients for the vents and inlets
used shall be those provided by the vent or inlet manufacturer.
If no data are available, the discharge coefficient shall be
taken from Table 9.2.4.2 unless an analysis or data acceptable
to the AHJ are provided by the designer to validate the use of
an alternative value.

9.2.4.3 The smoke layer temperature, T, used in 9.2.4.1 shall
be determined from the following equation:

T T
KQ
c mo

c

p p

= +
�

(9.2.4.3)

where:
T = smoke layer temperature (K)

To = ambient temperature (K)
K = fraction of convected energy contained in the

smoke layer gases (see 9.2.4.4)
Qc = convective heat release rate (kW)
cp = specific heat of the smoke layer gases (kJ/kg-K)

ṁp = plume mass flow rate (kg/s) (see 9.2.3)

9.2.4.4 The value of K used in Equation 9.2.4.3 shall be 0.5,
unless an analysis acceptable to the AHJ is provided by the
designer to validate the use of an alternative value.

9.2.5 Required Vent Area and Inlet Area.

9.2.5.1 Vent Area. The required vent area shall be the mini-
mum total area of all vents within a curtained area required to
be open to prevent the smoke from descending below the
design level of the smoke layer boundary when used in con-
junction with the required inlet area.

9.2.5.2 Inlet Area. The required inlet area shall be the mini-
mum total area of all inlets required to be open to prevent the
smoke from descending below the design level of the smoke
layer boundary when used in conjunction with the required
vent area(s).

9.2.5.3 Area Calculation. The required vent area and inlet ar-
eas shall be calculated by equating the plume mass flow rate
determined in 9.2.3 and the vent mass flow rates determined
in 9.2.4.

9.2.5.4 Detection and Activation.

9.2.5.4.1* Detection, for the purpose of automatically actuat-
ing vents, shall be by one of the following methods:

(1) By either heat or smoke at the vent location
(2) By activation of fire protection systems
(3) By heat or smoke detectors installed on a regular matrix

within the curtained area in accordance with NFPA 72,
National Fire Alarm Code

(4) By other approved means shown to meet design objectives

Table 9.2.4.2 Default Discharge Coefficients for Vents
and Inlets

Vent or Inlet Type
Discharge Coefficient

[(d, v) and (d, i)]

Louvered with blades at 90
degrees to airflow
Flap type or door open at

least 55 degrees
Drop-out vent leaving clear

opening

0.55

Flap type or door open at
least 30 degrees

0.35

Fixed weather louver with
blades at 45 degrees

0.25
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9.2.5.4.2 For calculating both the detection time, td , of the
first detector to operate and the detection time, tvo , of the
detector controlling the actuation of the last vent to operate in
a curtained area prior to the end of the design interval time,
the location of the design fire shall be assumed to be the far-
thest distance possible from both the first and last detectors to
operate the vents within the curtained area.

9.2.5.4.2.1* Detection times for heat detectors or fusible links
shall be determined in accordance with NFPA 72, National Fire
Alarm Code.

9.2.5.4.3 Detection times for smoke detectors shall be deter-
mined as the time to reach a certain temperature rise, ∆T, at
activation. In the case of continuous-growth, t-squared fires,
gas temperatures shall be determined in accordance with the
following equation, where ∆T is assumed to be 0 when the
numerator of the first bracket is zero or negative:

∆T
t H

t t H r H

r Hg

g=
+

+

( ) ( )⎡

⎣
⎢

⎤

⎦
⎥

3575 0 442 1
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2 5 4 5 4

/ /

/ // . /
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−
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         (9.2.5.4.3)

where:
T = temperature (°C)
tg = fire growth time (s)
H = ceiling height above the base of the fire (m)
r = radius from fire axis (m)

9.2.5.4.3.1* The temperature rise for activation shall be based
on dedicated tests, or the equivalent, for the combustibles as-
sociated with the occupancy and the detector model to be
installed.

9.2.5.4.3.2 Where the data described in 9.2.5.4.3.1 are not
available, a minimum temperature rise of 20°C shall be used.

9.2.5.4.4 Detection Computer Programs.

9.2.5.4.4.1* As an alternate to the calculations specified in
9.2.5.4.2, DETACT-T2 shall be permitted to be used to calcu-
late detection times in continuous growth and t-squared fires.

9.2.5.4.4.2* As an alternative to the calculations specified in
9.2.5.4.2, DETACT-QS shall be permitted to be used to calcu-
late detection times in fires of any fire growth history.

9.2.5.4.4.3 Other computer programs determined to calcu-
late detection times reliably shall be permitted to be used
when approved by the AHJ.

9.3 Models.

9.3.1 Vents, other than vent systems designed in accordance
with Section 9.2, shall be sized and actuated to meet design
objectives in accordance with Section 9.3.

9.3.2 The computer model LAVENT or other approved
mathematical models shall be used to assess the effects of the
design fire and to establish that a proposed vent system design
meets design objectives. (See Section F.2.)

9.3.3 When models other than LAVENT are used, evidence
shall be submitted to demonstrate efficacy of the model to
evaluate the time-varying events of a fire and to calculate the
effect of vent designs reliably in terms of the design objectives.

9.3.4 The design fire used in the evaluation of a proposed
vent system design in accordance with Section 9.3 shall be
determined in accordance with Chapter 8.

Chapter 10 Mechanical Smoke Exhaust Systems

10.1* General.

10.1.1* Mechanical smoke exhaust systems shall be permitted
in lieu of the vent systems described in Chapter 9.

10.1.2 Mechanical smoke exhaust systems and vent systems
shall not serve the same curtained area.

10.1.3 Mechanical smoke exhaust systems shall be designed
in accordance with Sections 10.2 through 10.4.

10.2 Exhaust Rates. Exhaust rates per curtained area shall be
not less than the mass plume flow rates, ṁp , as determined in
accordance with 9.2.3, unless it can be demonstrated that a
lower exhaust rate will prevent the smoke from descending
below the design level of the smoke layer boundary during the
design period.

10.3 Fire Exposure.

10.3.1 Mechanical smoke exhaust systems shall be capable of
functioning under the expected fire exposure.

10.3.2 The temperature of the smoke layer shall be deter-
mined in accordance with 9.2.4.3 and 9.2.4.4.

10.4* Number of Exhaust Inlets.

10.4.1 The minimum number of exhaust inlets shall be deter-
mined so that the maximum flow rates for exhaust without
plugholing are not exceeded.

10.4.2 More than the minimum number of exhaust inlets
required shall be permitted.

10.4.3* The maximum volumetric flow rate that can be ex-
hausted by a single exhaust inlet without plugholing shall be
calculated using Equation 10.4.3 as follows:

V d
T T

T
s o

o
max 4 16 5 2

1 2

. /

/

γ
−⎛

⎝⎜
⎞
⎠⎟

(10.4.3)

where:
Vmax = maximum volumetric flow rate without

plugholing at Ts (m3/sec)
γ = exhaust location factor (dimensionless)
d = depth of smoke layer below the lowest point of

the exhaust inlet (m)
Ts = absolute temperature of the smoke layer (K)
To = absolute ambient temperature (K)

10.4.4* For exhaust inlets centered no closer than twice the
diameter from the nearest wall, a value of 1 shall be used for γ.

10.4.5* For exhaust inlets centered less than twice the diam-
eter from the nearest wall, a value of 0.5 shall be used for γ.

10.4.6* For exhaust inlets on a wall, a value of 0.5 shall be used
for γ.

10.4.7* The ratio d/Di shall be greater than 2, where Di is the
diameter of the inlet.
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10.4.8 For rectangular exhaust inlets, Di shall be calculated
using Equation 10.4.8 as follows:

D
ab

a bi =
+

2 (10.4.8)

where:
Di = diameter of exhaust inlet
a = length of the inlet
b = width of the inlet

10.4.9 Where multiple exhaust inlets are required to prevent
plugholing (see 10.4.1), the minimum separation distance shall
be calculated using Equation 10.4.9 as follows:

S Vemin = 0 9 1 2. / (10.4.9)

where:
Smin = minimum edge-to-edge separation between

inlets (m)
Ve = volumetric flow rate of one exhaust inlet (m3/s)

10.5 Intake Air. Intake air shall be provided to make up air
required to be exhausted by the mechanical smoke exhaust
systems. (See Chapter 6 for additional information on the location of
air inlets.)

Chapter 11 Venting in Sprinklered Buildings

11.1 Design. Where provided, the design of venting for sprin-
klered buildings shall be based on a performance analysis ac-
ceptable to the AHJ, demonstrating that the established objec-
tives are met. (See Section F.3.)

Chapter 12 Inspection and Maintenance

12.1* General. Smoke and heat venting systems and mechani-
cal smoke exhaust systems shall be inspected and maintained
in accordance with Chapter 12.

12.2* Requirements.

12.2.1 Mechanically Opened Vents. Mechanically opened vents
shall be provided with manual release devices that allow direct
activation to facilitate inspection, maintenance, and replacement
of actuation components.

12.2.2 Thermoplastic Drop-Out Vents. Thermoplastic drop-
out vents do not allow nondestructive operation; however, in-
spection of installed units shall be conducted to ensure that
the units are installed in accordance with the manufacturer’s
instructions and that all components are in place, undam-
aged, and free of soiling, debris, and extraneous items that
might interfere with the operation and function of the unit.

12.2.3 Inspection and Maintenance. The inspection and mainte-
nance of multiple-function vents shall ensure that other func-
tions do not impair the intended fire protection operation.

12.3 Inspection, Maintenance, and Acceptance Testing.

12.3.1 Inspection Schedules.

12.3.1.1 A written inspection schedule and procedures for
inspection and maintenance shall be developed.

12.3.1.2 Inspection programs shall provide written notations
of the date and time of inspections and of discrepancies
found.

12.3.1.3 All deficiencies shall be corrected immediately.

12.3.1.4* Vents shall be inspected and maintained in an oper-
ating condition in accordance with Chapter 12.

12.3.2 Mechanically Opened Vents.

12.3.2.1 An acceptance performance test and inspection of all
mechanically opened vents shall be conducted immediately fol-
lowing installation to establish that all operating mechanisms
function properly and that installation is in accordance with this
standard and the manufacturer’s specifications.

12.3.2.2* Mechanically opened vents shall be inspected and
subjected to an operational test annually, following the manu-
facturer’s recommendations.

12.3.2.3* All pertinent characteristics of performance shall be
recorded.

12.3.2.4 Special mechanisms, such as gas cylinders, thermal
sensors, or detectors, shall be checked annually or as specified
by the manufacturer.

12.3.3 Thermoplastic Drop-Out Vents.

12.3.3.1* An acceptance inspection of all thermoplastic drop-
out vents shall be conducted immediately after installation
and shall include verification of compliance with the manufac-
turer’s drawings and recommendations by visual examination.

12.3.3.2* Thermoplastic drop-out vents shall be inspected an-
nually in accordance with 12.4.2 and the manufacturer’s rec-
ommendations.

12.3.3.3 Changes in appearance, damage to any compo-
nents, fastening security, weather tightness, and the adjacent
roof and flashing condition shall be noted at the time of in-
spection, and any deficiency shall be corrected.

12.3.3.4 Any soiling, debris, or encumbrances that could im-
pair the operation of the vent shall be promptly removed with-
out causing damage to the vent.

12.3.4 Inlet Air Sources. Where required for the operation of
vent systems, intake air sources shall be inspected at the same
frequency as vents.

12.4 Conduct and Observation of Operational Tests.

12.4.1 Mechanically Opened Vents and Air Inlets.

12.4.1.1 Mechanically opened vents and air inlets shall be
operated during tests by simulating actual fire conditions.

12.4.1.2 The restraining cable at the heat-responsive device
(or other releasing device) shall be disconnected, releasing
the restraint and allowing the trigger or latching mechanism
to operate.

12.4.1.3* When the heat-responsive device restraining cable
for mechanically opened vents or air inlets is under tension,
observation shall be made of its whip and travel path to deter-
mine any possibility that the vent, building construction fea-
ture, or service piping could obstruct complete release. Any
interference shall be corrected by removal of the obstruction,
enclosure of cable in a suitable conduit, or other appropriate
arrangement.
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12.4.1.4 Following any modification, the unit shall be re-
tested for evaluation of adequacy of corrective measures.

12.4.1.5 Latches shall release smoothly and the vent or air
inlet shall open immediately and move through its design
travel to the fully opened position without any assistance and
without any problems such as undue delay indicative of a stick-
ing weather seal, corroded or unaligned bearings, or distor-
tion binding.

12.4.1.6 Manual releases shall be tested to verify that the
vents and air inlets operate as designed.

12.4.1.7 All operating levers, latches, hinges, and weather-
sealed surfaces shall be examined to determine conditions,
such as deterioration and accumulation of foreign material.
An operational test shall be conducted after corrections are
completed, when conditions are found to warrant corrective
action.

12.4.1.8 Following painting of the interior or exterior of
vents and air inlets or the addition of sealants or caulking, the
units shall be opened and inspected to check for paint, seal-
ants, or caulking that causes the parting surfaces to adhere to
each other.

12.4.1.9 Heat-responsive devices coated with paint or other sub-
stances that could affect their response shall be replaced with
devices having an equivalent temperature and load rating.

12.4.2 Thermoplastic Drop-Out Vents.

12.4.2.1 All weather-sealed surfaces on thermoplastic drop-
out vents shall be examined to determine any adverse condi-
tions, such as any indication of deterioration and accumula-
tion of foreign material. Any adverse condition that interferes
with normal vent operation, such as caulking or sealant bond-
ing the drop-out vent to the frame, shall be corrected.

12.4.2.2 Following painting of the interior or exterior of the
frame or flashing of the vents, the units shall be inspected for
paint adhering surfaces together; any paint that interferes
with normal operation shall be removed or the vent shall be
replaced with a new, listed and labeled unit having compa-
rable operating characteristics.

12.4.2.3 Manual releases shall be tested annually.

12.4.3 Inspection, Maintenance, and Testing of Mechanical
Smoke-Exhaust Systems.

12.4.3.1 Component Testing.

12.4.3.1.1 The operational testing of each individual sys-
tem component of the mechanical smoke-exhaust system
shall be performed as each component is completed during
construction.

12.4.3.1.2 It shall be documented in writing that each indi-
vidual system component’s installation is complete and that
the component has been tested and found to be functional.

12.4.3.2 Acceptance Testing.

12.4.3.2.1 Acceptance tests shall be conducted to demon-
strate that the mechanical smoke-exhaust system installation
complies with and meets the design objectives and is function-
ing as designed.

12.4.3.2.2 Documentation from component system testing
shall be available for review during final acceptance testing.

12.4.3.2.3 If standby power has been provided for the opera-
tion of the mechanical smoke-exhaust system, the acceptance
testing shall be conducted while on both normal and standby
power.

12.4.3.2.4 Acceptance testing shall be performed on the me-
chanical smoke-exhaust system by completing the following
steps:

(1) Activate the mechanical smoke-exhaust system.
(2) Verify and record the operation of all fans, dampers,

doors, and related equipment.
(3) Measure fan exhaust capacities, air velocities through in-

let doors and grilles, or at supply grilles if there is a me-
chanical makeup air system.

12.4.3.2.5 Operational tests shall be performed on the appli-
cable part of the smoke-exhaust system wherever there are
system changes and modifications.

12.4.3.2.6 Upon completion of acceptance testing, a copy of
all operational testing documentation shall be provided to the
owner and shall be maintained and made available for review
by the AHJ.

12.4.3.3 Periodic Testing.

12.4.3.3.1 Mechanical smoke-exhaust systems shall be tested
semiannually by persons who are knowledgeable in the opera-
tion, testing, and maintenance of the systems.

12.4.3.3.2 The results of the tests shall be documented and
made available for inspection.

12.4.3.3.3 Tests shall be conducted under standby power
where applicable.

12.4.3.4 Exhaust System Maintenance.

12.4.3.4.1 During the life of the building, maintenance shall be
performed to ensure that mechanical smoke-exhaust systems will
perform their intended function under fire conditions.

12.4.3.4.2 Maintenance of the systems shall include the test-
ing of all equipment, including initiating devices, fans, damp-
ers, and controls.

12.4.3.4.3 Equipment shall be maintained in accordance
with the manufacturer’s recommendations.

12.4.3.5 Inspection Schedule.

12.4.3.5.1 A written inspection schedule and procedures for
inspection and maintenance for mechanical smoke-exhaust
systems shall be developed.

12.4.3.5.2 Inspection programs shall provide written nota-
tions of date and time of inspections and for discrepancies
found.

12.4.3.5.3 All system components shall be inspected semian-
nually in conjunction with operational tests.

12.4.3.5.4 Any deficiencies noted in the system components
or smoke-exhaust system performance shall be corrected im-
mediately.

12.5 Air Inlets.

12.5.1 Air inlets necessary for operation of smoke and heat
vents or mechanical smoke-exhaust systems shall be main-
tained clear and free of obstructions.
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12.5.2 Operating air inlet louvers, doors, dampers, and shut-
ters shall be examined and operated to assure movement to
fully open positions.

12.5.3 Operating equipment shall be maintained and lubri-
cated as necessary.

12.6 Ice and Snow Removal. Ice and snow shall be removed
from vents promptly, following any accumulation.

Chapter 13 Design Documentation

13.1* Documentation Required. All of the following docu-
ments shall be generated by the designer during the design
process:

(1) Design brief
(2) Conceptual design report
(3) Detailed design report
(4) Operations and maintenance manual

13.1.1 Design Brief. The design brief shall contain a state-
ment of the goals and objectives of the vent system and shall
provide the design assumptions to be used in the conceptual
design.

13.1.1.1 The design brief shall include, as a minimum, all of
the following:

(1) System performance goals and design objectives (see Sec-
tion 4.1 and 4.4.1)

(2) Performance criteria (including design tenability criteria,
where applicable)

(3) Building characteristics (height, area, layout, use, ambi-
ent conditions, other fire protection systems)

(4) Design basis fire(s) (see 4.5.2 and Chapter 8)
(5) Design fire location(s)
(6) Identified design constraints
(7) Proposed design approach

13.1.1.2 The design brief shall be developed in the first stage
of the design process to assure that all stakeholders under-
stand and agree to the goals, objectives, design fire, and de-
sign approach, so that the conceptual design can be devel-
oped on an agreed-upon basis. Stakeholders shall include, as a
minimum, the building owner and the AHJ.

13.1.2 Conceptual Design Report. The conceptual design re-
port shall provide the details of the conceptual design,
based upon the design brief, and shall document the design
calculations.

13.1.2.1 The conceptual design shall include, as a minimum,
all of the following design elements and the technical basis for
the design elements:

(1) Areas of curtained spaces
(2) Design depth of the smoke layer and draft curtain depth
(3) Detection method, detector characteristics, and spacing
(4) Design interval time (if applicable)
(5) Vent size and number per curtained area, method of vent

operation, and vent spacing
(6) Inlet vent area(s), location(s), and operation method

13.1.2.2 The conceptual design report shall include all de-
sign calculations performed to establish the design elements,
all design assumptions, and all building use limitations that
arise out of the system design.

13.1.3 Detailed Design Report.

13.1.3.1 The detailed design report shall provide documen-
tation of the vent system as it is to be installed.

13.1.3.2 The detailed design report shall include, as a mini-
mum, all of the following:

(1) Vent and draft curtain specifications
(2) Inlet and vent operation system specifications
(3) Detection system specifications
(4) Detailed inlet, vent, and draft curtain siting information
(5) Detection and vent operation logic
(6) Systems commissioning procedures

13.1.4 Operations and Maintenance Manual. The operations
and maintenance manual shall provide to the building owner
the requirements to ensure the intended operation of the vent
system over the life of the building.

13.1.4.1 The procedures used in the initial commissioning
of the vent system shall be described in the manual, as well
as the measured performance of the system at the time of
commissioning.

13.1.4.2 The manual shall describe the testing and inspection
requirements for the system and system components and the re-
quired frequency of testing. (See Chapter 12 for testing frequency.)

13.1.4.3 The manual shall describe the critical design as-
sumptions used in the design and shall provide limitations on
the building and its use that arise out of the design assump-
tions and limitations.

13.1.4.4 Copies of the operations and maintenance manual
shall be provided to the owner and to the AHJ.

13.1.4.5 The building owner shall be responsible for all system
testing and shall maintain records of all periodic testing and
maintenance using the operations and maintenance manual.

13.1.4.6 The building owner shall be responsible for provid-
ing a copy of the operations and maintenance manual, includ-
ing testing results, to all tenants of the space protected by the
vent system.

13.1.4.7 The building owner and tenants shall be responsible
for limiting the use of the space in a manner consistent with
the limitations provided in the operations and maintenance
manual.

Annex A Explanatory Material

Annex A is not a part of the requirements of this NFPA document
but is included for informational purposes only. This annex contains
explanatory material, numbered to correspond with the applicable text
paragraphs.

A.1.1.1 This standard incorporates engineering equations
(hand calculations) and references models to provide a de-
signer with the tools to develop vent system designs. The de-
signs are based on selected design objectives, stated in 4.4.1,
related to specific building and occupancy conditions. Engi-
neering equations are included for calculating vent flows,
smoke layer depths, and smoke layer temperatures, based on a
prescribed burning rate. Examples using the hand calcula-
tions and the LAVENT (Link-Actuated VENTs) computer
model are presented in Annex D.
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Previous editions of this document have included tables
listing vent areas based on preselected design objectives.
These tables were based on the hot upper layer at 20 percent
of the ceiling height. Different layer depths were accommo-
dated by using a multiplication factor. Draft curtain and vent
spacing rules were set. Minimum clear visibility times were re-
lated to fire growth rate, ceiling height, compartment size,
curtain depth, and detector activation times, using engineer-
ing equations.

The following list provides a general description of the sig-
nificant phenomena that occur during a fire when a fire-
venting strategy is implemented:

(1) Due to buoyancy, hot gases rise vertically from the com-
bustion zone and flow horizontally below the roof until
blocked by a vertical barrier (a wall or draft curtain), thus
forming a layer of hot gases below the roof.

(2) The volume and temperature of gases to be vented are a
function of the fire’s rate of heat release and the amount
of air entrained into the buoyant plume produced.

(3) As the depth of the layer of hot gases increases, the layer
temperature continues to rise and the vents open.

(4) The operation of vents within a curtained area enables
some of the upper layer of hot gases to escape and thus
slows the thickening rate of the layer of hot gases. With
sufficient venting area, the thickening rate of the layer
can be arrested and even reversed. The rate of discharge
through a vent of a given area is primarily determined by
the depth of the layer of hot gases and the layer tempera-
ture. Adequate quantities of replacement inlet air from
air inlets located below the hot upper layer are needed if
the products of combustion-laden upper gases are to be
exhausted according to design. See Figure A.1.1.1(a) for
an illustration of the behavior of fire under a vented and
curtained roof, and Figure A.1.1.1(b) for an example of a
roof with vents.

The majority of the information provided in this standard
applies to nonsprinklered buildings. A limited amount of
guidance is provided in Chapter 11 for sprinklered buildings.

The provisions of this standard can be applied to the top
story of multiple-story buildings. Many features of these provi-
sions would be difficult or impracticable to incorporate into
the lower stories of such buildings.

A.1.1.2 The decision whether to provide venting in a building
depends on design objectives set by a building owner or occu-
pant or on local building code and fire code requirements.

A.1.3.1 See NFPA 90A, Standard for the Installation of Air-
Conditioning and Ventilating Systems, for ventilation to regulate

environmental air for personnel comfort. See NFPA 96, Stan-
dard for Ventilation Control and Fire Protection of Commercial Cook-
ing Operations, for regulation of commercial cooking opera-
tions. See NFPA 68, Standard on Explosion Protection by
Deflagration Venting, for venting for explosion pressure relief.

A.1.3.4 The distance from the fire base to the smoke layer
boundary, zs , is a dominant variable and should be considered
carefully. Additionally, some design situations can result in
smoke layer temperatures, as expressed in Equation 9.2.4.3,
that exceed 600°C. In such cases, the radiation from the
smoke layer can be sufficient to ignite all of the combustibles
under the curtained area at this temperature, and perhaps in
the adjacent area, which is unacceptable.

A.1.3.5 The feasibility of roof venting should be questioned
when the heat release rate approaches values associated with
ventilation control of the burning process (i.e., where the fire
becomes controlled by the inlet air replacing the vented hot
gas and smoke). Ventilation-controlled fires might be unable
to support a clear layer.

To maintain a clear layer, venting at heat release rates
greater than Qfeasible necessitates vent areas larger than those
indicated by the calculation scheme provided in this standard.

A.1.3.6 Large, undivided floor areas present extremely difficult
fire-fighting problems because the fire department might need
to enter these areas in order to combat fires in central portions of
the building. If the fire department is unable to enter because of
the accumulation of heat and smoke, fire-fighting efforts might
be reduced to an application of hose streams to perimeter areas
while fire continues in the interior. Windowless buildings also
present similar fire-fighting problems. One fire protection tool
that can be a valuable asset for fire-fighting operations in such
buildings is smoke and heat venting.

An appropriate design time facilitates such activities as lo-
cating the fire, appraising the fire severity and its extent,
evacuating the building, and making an informed decision on
the deployment of personnel and equipment to be used for
fire fighting.

A.2.1 Some of these documents might also be referenced in
this standard for specific informational purposes and are
therefore also listed in Annex G.

A.3.2.1 Approved. The National Fire Protection Association
does not approve, inspect, or certify any installations, proce-
dures, equipment, or materials; nor does it approve or evalu-
ate testing laboratories. In determining the acceptability of
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FIGURE A.1.1.1(a) Behavior of Combustion Products Under
Vented and Curtained Roof.

FIGURE A.1.1.1(b) View of Roof Vents on Building.
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installations, procedures, equipment, or materials, the author-
ity having jurisdiction may base acceptance on compliance
with NFPA or other appropriate standards. In the absence of
such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdic-
tion may also refer to the listings or labeling practices of an
organization that is concerned with product evaluations and is
thus in a position to determine compliance with appropriate
standards for the current production of listed items.

A.3.2.2 Authority Having Jurisdiction (AHJ). The phrase “au-
thority having jurisdiction,” or its acronym AHJ, is used in
NFPA documents in a broad manner, since jurisdictions and
approval agencies vary, as do their responsibilities. Where pub-
lic safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or indi-
vidual such as a fire chief; fire marshal; chief of a fire preven-
tion bureau, labor department, or health department; build-
ing official; electrical inspector; or others having statutory
authority. For insurance purposes, an insurance inspection de-
partment, rating bureau, or other insurance company repre-
sentative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated
agent assumes the role of the authority having jurisdiction; at
government installations, the commanding officer or depart-
mental official may be the authority having jurisdiction.

A.3.2.4 Listed. The means for identifying listed equipment
may vary for each organization concerned with product evalu-
ation; some organizations do not recognize equipment as
listed unless it is also labeled. The authority having jurisdic-
tion should utilize the system employed by the listing organi-
zation to identify a listed product.

A.3.3.3 Clear Layer Interface. See Figure A.3.3.3 for a descrip-
tion of the smoke layer interface, smoke layer, and first indica-
tion of smoke.

A.3.3.10 Effective Ignition. See Figure 8.3.1 for a conceptual
illustration of continuous fire growth and effective ignition
time.

A.3.3.16.1 Class CC1 Plastics. Burning extent can be deter-
mined in accordance with ASTM D 635, Test Method for Rate of
Burning and/or Extent and Time of Burning of Self-Supporting Plas-
tics in a Horizontal Position.

A.3.3.16.2 Class CC2 Plastics. Burning rate can be deter-
mined in accordance with ASTM D 635, Test Method for Rate of
Burning and/or Extent and Time of Burning of Self-Supporting Plas-
tics in a Horizontal Position.

A.3.3.19 Smoke Layer. See Figure A.3.3.3 for a description of
the clear layer interface, smoke layer, and smoke layer boundary.

A.3.3.20 Smoke Layer Boundary. See Figure A.3.3.3 for a de-
scription of the clear layer interface, smoke layer, and smoke
layer boundary.

A.4.1 Design objectives for a vent system can include one or
more of the following goals:

(1) To provide occupants with a safe path of travel to a safe
area

(2) To facilitate manual fire fighting
(3) To reduce the damage to buildings and contents due to

smoke and hot gases

A.4.2 Tests and studies provide a basis for the division of oc-
cupancies into classes, depending on the fuel available for
contribution to fire. Wide variation is found in the quantities
of combustible materials in the many kinds of buildings and
areas of buildings.

A.4.4.2 The heat release rate of a fire, the fire diameter, and
the height of the clear layer above the base of the fire are
major factors affecting the production of smoke.

A.4.4.3 Mass flow through a vent is governed mainly by the vent
area and the depth of the smoke layer and its temperature. Vent-
ing becomes more effective with smoke temperature differentials
between ambient temperature and an upper layer of approxi-
mately 110°C or higher. Where temperature differences of less
than 110°C are expected, vent flows might be reduced signifi-
cantly; therefore, consideration should be given to using pow-
ered exhaust. NFPA 92B, Standard for Smoke Management Systems in
Malls, Atria, and Large Spaces, should be consulted for guidance
for power venting at these lower temperatures.

The vent designs in this standard allow the fire to reach a
size such that the flame plume enters the smoke layer. Flame
height may be estimated using Equation 9.2.3.1.

A.4.5.1 The rate of smoke production depends on the rate of
air entrainment into a column of hot gases produced by and
located above a fire. Entrainment is affected by the fire diam-
eter and rate of heat release, and it is strongly affected by the
distance between the base of the fire and the point at which
the smoke plume enters the smoke layer.

A.4.5.2 Because smoke production is related to the size of a
fire, it follows that, all factors being equal, larger fires produce
more smoke. Entrainment, however, is strongly affected by the
distance between the base of a fire and the bottom of the hot
layer. The base of the fire (where combustion and entrain-
ment begin) should be selected on the basis of the worst case.
It is possible for a smaller fire having a base near the floor to
produce more smoke than a larger fire with a base at a higher
elevation. Air entrainment is assumed to be limited to the
clear height between the base of the fire and the bottom of the
hot layer. The buoyant plume associated with a fire produces a
flow into the hot upper layer. As the plume impinges on the
ceiling, the plume turns and forms a ceiling jet. The ceiling jet
flows radially outward along the ceiling.

Smoke
layer

Transition
zone

Smoke layer 
interface

First indication
of smoke

FIGURE A.3.3.3 First Indication of Smoke.
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A.4.5.3 Where the possibility of multiple fires and, therefore,
multiple plumes exists, smoke production rates increase beyond
the rate predicted for a single plume for a fire of equivalent out-
put. Multiple fires are beyond the scope of this standard.

A.4.5.3.2 Plume mass flow above the flame level is based on
the concept that, except for absolute scales, the shapes of ve-
locity and temperature profiles at the mean flame height are
invariable. This concept leads to an expression for mass flow
above the flames that involves the so-called virtual origin, a
point source from which the plume above the flames appears
to originate. The virtual origin might be above or below the
base of the fire.

A.4.6.1 It is assumed that openings exist to the outside and
therefore no pressure results from the expansion of gases.
Also, wind effects are not taken into account because wind
might assist or interfere with vent flows, depending on specific
circumstances. It is also assumed that the fire environment in
a building space is divided into two zones — a hot upper layer
and a relatively cool, clear (comparatively free of smoke)
lower region. When a fire grows to a size approaching
ventilation-limited burning, the building might no longer
maintain a clear lower region, and this standard would no
longer be applicable. Finally, caution must be exercised when
using this standard for conditions under which the upper-gas-
layer temperature approaches 600°C, because flashover might
occur within the area. When a fire develops to flashover or
ventilation-limited burning, the relationships provided in this
standard are not applicable.

Buoyancy pressure is related to the depth of the hot layer,
the absolute temperature of the hot layer, the temperature
rise above ambient of the hot layer, and the density of the
ambient air. The mass rate of flow of hot gases through a vent
is a function of vent area, layer depth, and hot layer tempera-
ture. The temperature of the hot layer above ambient affects
mass flow through a vent. Maximum flow occurs at tempera-
ture differences of approximately 300°C above ambient. Flows
at other temperature differentials are diminished, as shown in
Figure A.4.6.1.

A.4.6.1.2 In order to provide a design that is not dependent
on beneficial wind effects, design calculations are carried out
that ignore wind effects and that are based only on buoyancy
effects (and fan assistance for mechanical systems).

Nevertheless, it is important to consider wind effects since
adverse wind effects can reduce or even reverse vent flow. Ex-
haust vents and air inlets should be located so that under any
wind conditions there is an overall wind suction effect from
inlet to exhaust.

This is normally achieved when the roof slope is 30° or less
and vents have a horizontal clear space at least three times the
height difference from any taller structures such as parapets,
roof lights, or taller roofs.

Otherwise, if the designer cannot show by calculation or by
data that there will be no adverse wind effects, a mechanical
smoke extract system should be used.

A.4.6.2 To function as intended, a building venting system
needs sufficiently large fresh air inlet openings at low levels. It
is essential that a dependable means for admitting or supply-
ing inlet air be provided promptly after the first vent opens.

A.5.1 There is an ISO standard for vents (ISO DIS 21927-2,
Specification for natural smoke and heat exhaust ventilators). The
ISO standard is technically equivalent to European (EN) stan-
dards for these products. Products that carry the CE mark,
which is mandatory for sale of these products within the Euro-
pean Union, are subject to independent testing and ongoing
factory production control by Notified Bodies appointed by
national governments. The standard is EN 12101-2, Specifica-
tion for natural smoke and heat exhaust ventilators.

A.5.2.1 Compatibility between the vent-mounting elements
(e.g., holding power, electrochemical interaction, wind lift,
building movement) and the building structure to which they
are attached needs to be ensured.

A.5.2.2 To avoid inadvertent operation, it is important that
the actuating means be selected with regard to the full range
of expected ambient conditions.

A.5.2.3 Dip tanks or discrete solvent storage areas are ex-
amples of localized hazards where the vents are to be located
directly above such hazard.

A.5.3.1 An automatic mechanism for opening the roof vents
is stipulated for effective release of heat, smoke, and gaseous
by-products. The means of automatic vent actuation must take
the anticipated fire into consideration, and an appropriate
means of opening vents should be used. If design objectives
cannot be met using heat-actuated devices, smoke detectors
with appropriate linkages to open vents or other devices that
respond more quickly should be considered for use.

A.5.3.2 Latching mechanisms should be jam-proof, corrosion-
resistant, dust-resistant, and resistant to pressure differences aris-
ing from applicable positive or negative loading resulting from
environmental conditions, process operations, overhead doors,
or traffic vibrations.

A.5.3.5 The location of the manual device must be coordi-
nated with tactics of the reporting fire department.

If not actually mounted on the vent, the manual device can
be connected to the vent by mechanical, electrical, or any
other suitable means, protected as necessary to remain oper-
able for the design period.

A.5.4.1.2 See Figure 5.4.2(b) for the measurement of ceiling
height and curtain board depth.
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FIGURE A.4.6.1 Effect of Temperature on Mass Flow
Through a Vent.
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A.5.4.2 The spacing of vents is limited to 4H to assure that
ceiling jet temperatures at the vent are sufficiently high to
operate the thermal actuating mechanism at the vent. The
spacing limit specified is designed to achieve ceiling jet tem-
perature above ambient at the nearest vent, not less than half
the plume temperature above ambient at the point of plume
impact on the ceiling. (See Figure A.5.4.2, which reflects the maxi-
mum allowable spacing of 4H.)

A.5.4.3 The limitation on horizontal distance from a poten-
tial fire axis adjacent to a draft curtain or wall is intended to
assure ceiling jet temperatures at the vent are sufficiently high
to activate the thermal actuating mechanism. The spacing
limit specified is designed to achieve ceiling jet temperature
above ambient at the nearest vent, not less than half the plume
temperature above ambient at the point of plume impact on
the ceiling. (See Figure A.5.4.3.) This requirement does not re-
flect the potential for reduced entrainment for a fire adjacent
to a wall. This conservatism was knowingly accepted.

A.6.1 The simplest method of introducing makeup air into
the space is through direct openings to the outside, such as
doors and louvers, which can be opened upon system activa-
tion. Such openings can be coordinated with the architectural
design and can be located as required below the design smoke
layer. For locations having mechanical smoke exhaust systems
where such openings are impractical, a powered supply system
could be considered. This could possibly be an adaptation of
the building’s HVAC system if capacities, outlet grille loca-
tions, and velocities are suitable. For such systems, means
should be provided to prevent supply systems from operating
until exhaust flow has been established, to avoid pressuriza-
tion of the fire area. For those locations where climates are
such that the damage to the space or contents could be exten-
sive during testing or frequent inadvertent operation of the
system, consideration should be given to heating the makeup
air. See NFPA 92B, Standard for Smoke Management Systems in
Malls, Atria, and Large Spaces, for additional information on
mechanical systems.

A.6.3 Normal practice has been to provide air inlet from low
level air inlets as recommended in previous editions of this
standard. In some buildings this may be difficult to achieve,
due either to lack of suitable clear wall area or to concerns

about loss of security when the air inlets open. In buildings
containing more than one curtained area, it can be possible to
open vents in curtained areas not affected by smoke to provide
inlet air instead. If this is done, then the vents must meet all
the requirements of Chapter 6.

A.6.6.3 The inlet air velocity should be limited for three rea-
sons: (1) to avoid disturbing the fire plume and causing excess air
entrainment, (2) to limit the degree of depressurization of the
space and consequent effects on door opening and closing, and
(3) to avoid incoming air hampering escape of occupants.

NFPA 92B, Standard for Smoke Management Systems in Malls,
Atria, and Large Spaces, sets a limit of 200 ft/min (1.02 m/s) to
minimize disturbance of the plume, which will create more
entrainment than anticipated.

Excess depressurization of the space will increase door open-
ing forces for outward opening doors and risk slamming closed
for inward opening doors. Neither situation is acceptable.

Research indicates that people can move reasonably freely
against an airflow of up to 10 m/s.

A.7.1 A draft curtain is intended to be relatively smoke-tight.
The function of a draft curtain is to intercept the ceiling jet
and the entrained smoke produced by a fire in the building.
The curtain should prevent the smoke from spreading along
the underside of the roof deck to areas of the building located
beyond the draft curtain and should create a hot smoke layer
that develops buoyancy forces sufficient to exhaust the smoke
through the vent openings in the roof. A full-height partition
or wall, including an exterior wall, can serve as a draft curtain.

A.7.2 Materials suitable for use as draft curtains include steel
sheeting, cementitious panels, and gypsum board.

A.7.2.1 There is an ISO standard for draft curtains (ISO DIS
21927-1, Specification for smoke barriers). The ISO standard is tech-
nically equivalent to the European (EN) standard for these prod-
ucts. Products that carry the CE mark, which is mandatory for
sale of these products within the European Union, are subject to
independent testing and ongoing factory production control by
Notified Bodies appointed by national governments. The stan-
dard is EN 12101-1, Specification for smoke barriers.

r = 2.8H
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∆Tv / To

Draft 
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Fire axis
∆T(r  = 0)/ To

FIGURE A.5.4.3 Vent Spacing near a Draft Curtain, When
r = 2.8H, (∆Tv/To) = 0.5 (∆T(r = 0)/To) (plan view).
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FIGURE A.5.4.2 Vent Spacing in Rectangular Matrix, When
r = 2.8H, (∆Tv/To) = 0.5 (∆T(r = 0)/To) (plan view).
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A.7.3.1 If dc exceeds 20 percent of H, H – dc should be not less
than 3 m. For Figure 5.4.2(b), parts (a) through (d), this con-
cept is valid where ∆d/dc is much less than 1.

Consideration should be given to minimizing of the ex-
pected smoke layer depth with respect to the occupancy. Such
arrangement can allow the smoke layer to be maintained
above the top of equipment or storage, thus maximizing vis-
ibility and reducing nonthermal damage to contents. For
buildings of limited height, it can also allow the designer to
utilize the primary structural frame to act as a draft curtain (if
solid-webbed) or support one (if open-webbed), thus reduc-
ing costs.

Also, in a transient situation, prior to achieving equilibrium
mass flow, if the smoke layer extends below the top of equip-
ment or storage, that volume displaced by equipment or stor-
age should be subtracted from available space for the smoke
layer to accumulate, or the smoke layer depth will extend be-
low that estimated.

A.7.4.1 To ensure that vents remote from the fire within the
curtained compartment are effective, the distance between
draft curtains or between walls must be limited.

A.7.4.2 From reanalysis of this issue based on Delichatsios
[1981], Heskestad and Delichatsios [1978], and Koslowski and
Motevalli [1994].

A.8.1 Chapter 8 presents techniques for predicting the heat
release rate of various fuel arrays likely to be present in build-
ings where smoke and heat venting is a potential fire safety
provision. It primarily addresses the estimation of fuel concen-
trations found in storage and manufacturing locations.
NFPA 92B, Standard for Smoke Management Systems in Malls,
Atria, and Large Spaces, addresses the types of fuel arrays more
common to the types of building situations covered by that
document. The methods provided in Chapter 8 for predicting
the rate of heat release are based on “free burning” condi-
tions, in which no ceiling or smoke layer effects are involved.

A.8.2.2 The minimum aisle width to prevent lateral spread by
radiation, Wmin in Equation 8.2.3, is based on Alpert and Ward
[1984]. The values produced by Equation 8.2.3 can be pro-
duced from the following equation if χr is assumed to be 0.5:

�′′ =q
ri
rχ

π4 2
(A.8.2.2)

A.8.2.6 The heat release rate is taken as the heat release rate
per unit area times the floor area of the fuel concentration.
The maximum foreseeable storage height (above the fire
base) and associated heat release rate should be considered.

The heat release rate per unit area might be available from
listings for a given storage height, such as Table A.8.2.6. To
establish estimates for other than specified heights, it can be
assumed that the heat release rate per unit area is propor-
tional to the storage height, based on tests [Yu and Stavriani-
dis, 1991] and the data in Table A.8.2.6 for wood pallets. For
fuel configurations that have not been tested, other proce-
dures should be used. See Annex E for estimating heat release
rates of other fuel arrays.

There is a distinct possibility that a combustible storage
array could collapse before the end of the design interval of
the venting system. The design interval might end, for ex-
ample, when manual fire fighting is expected to begin. The
fire diameter increases, contributing to increased smoke pro-
duction (via a lower flame height and virtual origin). How-
ever, the heat release rate and fire growth rate after collapse

are likely to be smaller than with no collapse. Consequently, it
is reasonable to assume that the net effect of collapse is not
significant for the calculation procedure.

A.8.3.1 The growth time, tg , is a measure of the fire growth
rate: The smaller the growth time, the faster the fire grows.

Table A.8.2.6 Unit Heat Release Rate for Commodities

Commodity

Heat Release Rate
(kW per m2 of
floor area)*

Wood pallets, stacked 0.46 m high
(6%–12% moisture)

1,420

Wood pallets, stacked 1.52 m high
(6%–12% moisture)

4,000

Wood pallets, stacked 3.05 m high
(6%–12% moisture)

6,800

Wood pallets, stacked 4.88 m high
(6%–12% moisture)

10,200

Mail bags, filled, stored 1.52 m high 400
Cartons, compartmented, stacked

4.5 m high
1,700

PE letter trays, filled, stacked 1.5 m
high on cart

8,500

PE trash barrels in cartons, stacked
4.5 m high

2,000

FRP shower stalls in cartons, stacked
4.6 m high

1,400

PE bottles packed in
compartmented cartons, stacked
4.5 m high

6,200

PE bottles in cartons, stacked 4.5 m
high

2,000

PU insulation board, rigid foam,
stacked 4.6 m high

1,900

PS jars packed in compartmented
cartons, stacked 4.5 m high

14,200

PS tubs nested in cartons, stacked
4.2 m high

5,400

PS toy parts in cartons, stacked 4.5 m
high

2,000

PS insulation board, rigid foam,
stacked 4.2 m high

3,300

PVC bottles packed in
compartmented cartons, stacked
4.5 m high

3,400

PP tubs packed in compartmented
cartons, stacked
4.5 m high

4,400

PP and PE film in rolls, stacked
4.1 m high

6,200

Methyl alcohol 740
Gasoline 2,500
Kerosene 1,700
Fuel oil, no. 2 1,700

PE: polyethylene. PP: polypropylene. PS: polystyrene. PU: polyure-
thane. PVC: polyvinyl chloride. FRP: fiberglass-reinforced polyester.
*Heat release rate per unit floor area of fully involved combustibles,
based on negligible radiative feedback from the surroundings and
100 percent combustion efficiency.
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A.8.3.2 By comparing Equations 8.3.1 and 8.3.2, the follow-
ing relation exists:

αg
gt

=
1000

2
(A.8.3.2)

A.8.3.4 Design objectives and the design interval time, tr ,
should take into consideration all of the following critical
events:

(1) Arrival and deployment of the emergency response team
(2) Arrival and deployment of fire fighters from the public

fire department
(3) Completion of evacuation
(4) Other critical events

A.9.1 The procedures in Chapter 9 are based on the auto-
matic activation of vents by a heat-responsive device with an
established response time index (RTI) and known activation
temperature. These assumptions do not preclude other
means of vent activation, as long as the activation time of the
alternative means is known or can be calculated using the pro-
cedures contained herein or can be established as acceptable
by a specific listing, specific test data, or engineering analysis.
Activation by heat detectors, smoke detectors, thermoplastic
drop-out vent panels, or other approved means is acceptable
as long as the design objectives are met.

The equations and procedures for hand calculations in
Section 9.2 and the models in Section 9.3 address the venting
of limited-growth fires and continuously growing fires.

A.9.1.1 The vent area in a curtained area should not be re-
quired to exceed the vent area calculated for the largest
limited-growth fire predicted for the combustibles beneath
any curtained area. Using sufficiently small concentrations of
combustibles and aisles of sufficient width to prevent spread
according to Equation 8.2.3, it might be possible to satisfy
venting requirements by using vent areas smaller than those
required for a vent design and a continuous-growth fire.

A.9.1.4 Many large facilities have buildings or areas subject to
differing fire hazards.

A.9.2.2.1 In Figure 9.2.2.1, zs is the height of the smoke layer
boundary above the base of the fire; H is the distance between
the base of the fire and the ceiling; dc is the depth of the draft
curtains; d is the depth of the smoke layer; ṁp is the mass flow
rate of hot gas from the fire plume into the smoke layer; ṁv is
the mass flow rate of hot gas out of the vent (or vents) in the
curtained area; and Av is the vent area in the curtained area
(total vent area in the curtained area if more than one vent is
provided).

The vent area calculated for equilibrium conditions corre-
sponds to the area needed for a long-term steady fire or to the
area needed at the end of a design interval for a slow-growing
fire. For shorter-term steady fires and for faster-growing fires,
the calculated equilibrium vent area will prevent the smoke
layer boundary from descending completely to the bottom of
the draft curtains. Therefore, equilibrium calculations repre-
sent a safety factor in the design.

A.9.2.3.1 The mass flow rate in the plume depends on whether
locations above or below the mean flame height are considered
(i.e., whether the flames are below the smoke layer boundary or
reach into the smoke layer).

A.9.2.4 The calculations in this section assume that the vent is
exhausting only smoke from the smoke layer. When the smoke

layer is at its design, depth the provisions for avoidance of
plugholing in Section 5.4 will ensure that this is so.

However, during part of the time period when the smoke
layer is descending to its design height, the vents will extract a
mixture of smoke from the smoke layer and the ambient air
from below the smoke layer. They will therefore extract less
smoke than the calculations indicate, causing the smoke layer
to descend at a faster rate.

Existing research has provided formulae to assess at what
point a vent starts plugholing, but not to assess the smoke
extract rate while a vent is plugholing.

There is therefore no experimentally validated method of
assessing the effect of plugholing on the rate of descent of a
smoke layer. A method has been published in BS 7346-5, Func-
tional recommendations and calculation methods for smoke and heat
exhaust ventilation systems employing time-dependent design fires.

A.9.2.4.1 The mass flow rate through the vent is the product
of gas density, velocity, and cross-sectional area of the flow in
the vent. The velocity follows from equating the buoyancy
head across the vent to the dynamic head in the vent, with
consideration of the pressure drop across the air inlets. The
factor [(To∆T)/T2]1/2 is quite insensitive to temperature as
long as the smoke layer temperature rise, ∆T, is not small. For
example, assuming To = 294 K, the factor varies through 0.47,
0.50, and 0.47 as the smoke layer temperature rise varies
through 150 K, 320 K, and 570 K. At a temperature rise of 60 K,
the factor is 0.38, and at a temperature rise of 20 K, it is 0.24, or
about one-half its maximum value. Consequently, roof venting
by natural ventilation becomes increasingly less effective as the
smoke layer temperature decreases. For low smoke layer tem-
peratures, powered ventilation as covered in NFPA 92B, Stan-
dard for Smoke Management Systems in Malls, Atria, and Large
Spaces, should be considered.

Where high upper-layer temperatures of 400 K above am-
bient are anticipated, 80 percent of the predicted vent flow is
expected to be achieved with an inlet area/vent area ratio of 1,
whereas it is expected that 90 percent of the vent flow will
result from a ratio of 2. Where relatively low upper-layer tem-
peratures, such as 200 K above ambient, are expected, a ratio
of inlet air/vent area of 1 would result in about 70 percent of
the predicted vent flow, whereas a ratio of 2 would be expected
to produce about 90 percent of the predicted vent flow.

A.9.2.4.2 The aerodynamic vent area is always smaller than
the geometric vent area, Av . A discharge coefficient of 0.6
should be reasonable for most vents and for doors and win-
dows that open at least 45 degrees. However, the discharge
coefficient can be different for other types of openings. For
example, an opening with a louver can have a coefficient rang-
ing between 0.1 and 0.4.

A.9.2.5.4.1 For continuous-growth fires, the earlier the fire is
detected and vents actuated, the smaller the fire size at the
end of the design interval and the smaller the required vent
area. In the case of limited-growth fires, the earlier the fire is
detected and the vents actuated, the less likely to occur are an
initial underspill of smoke at the draft curtains and smoke
layer descent to low heights.

If a design objective is to confine smoke to the curtained
area of origin, the time the last required vent opens, tvo ,
should not exceed the time the smoke layer boundary drops
below draft curtains, which can be determined in accordance
with Equation A.9.2.5.4.1a for steady fires and Equation
A.9.2.5.4.2.1b for unsteady fires.
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where:
zsi = height of smoke layer interface above the base of

the fire
t = time (s)

Q = total heat release rate
H = ceiling height above base of fire
Ac = curtained area being filled with smoke (m2)
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A.9.2.5.4.2.1 The response data in NFPA 72, National Fire
Alarm Code, assume extensive, flat, horizontal ceilings.

This assumption might appear optimistic for installations
involving beamed ceilings. However, any delay in operation
due to beams is at least partially offset by the opposite effects
of the following:

(1) Heat banking up under the ceiling because of draft cur-
tains or walls

(2) The nearest vent or detector usually being closer to the
fire than the assumed, greatest possible distance

Fusible links are commonly used as actuators for mechani-
cally opened heat and smoke vents. Where the RTI and fusing
temperature of a fusible link are known, and assuming that
the link is submerged in the ceiling jet, the relationships de-
scribed in NFPA 72, National Fire Alarm Code, for heat-actuated
alarm devices can be used to estimate the opening of a me-
chanical vent.

A.9.2.5.4.3.1 This requirement does not have a parallel in
NFPA 72, National Fire Alarm Code. Temperature rise for activa-
tion of smoke detectors depends on the specific detector as
well as the material undergoing combustion. Limited data on
temperature rise at detection have previously been recorded
in the range of 2°C–42°C, depending on the detector/
material combination [Heskestad and Delichatsios, 1977].

A.9.2.5.4.4.1 A computer program known as DETACT-T2 (De-
tector Actuation — time squared) [Evans and Stroup, 1985] is
available for calculating the detection times of heat detectors or
fusible links in continuous-growth, t-squared fires. DETACT-T2
assumes the detector is located in a large compartment with an
unconfined ceiling, where there is no accumulation of hot gases
at the ceiling. Thus, heating of the detector is only from the flow
of hot gases along the ceiling. Input data consist of ceiling height,
time constant or RTI of the detector, operating temperature, dis-
tance of the detector from plume centerline, and fire growth
rate. The model calculates detection times for smoke detectors
(see 9.2.5.4.3) based on the predecessor equations. The predeces-
sor equations assume complete combustion of the test fuel used
in the experiments used to develop the equations based on the
actual heat of combustion:
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where:
u = gas velocity at detector site
r = radius from fire axis

∆Tg = gas temperature rise from
ambient at
detector/sprinkler site

To = ambient air temperature
g = acceleration of gravity

H = ceiling height (above
combustibles)

However, DETACT-T2 can still be used, provided that the
projected fire growth coefficient, αg , is multiplied by the fac-
tor 1.67. In addition, when DETACT-T2 is used, the outputs of
heat release rate at detector response from the program calcu-
lations must be divided by 1.67 in order to establish heat re-
lease rates at detector response.

A.9.2.5.4.4.2 Another program, DETACT-QS (Detector Ac-
tuation — quasi-steady) [Evans and Stroup, 1985], is available
for calculating detection times of heat detectors, fusible links,
and smoke detectors in fires of arbitrary fire growth.
DETACT-QS assumes that the detector is located in a large
compartment with an unconfined ceiling, where there is no
accumulation of hot gases at the ceiling. Thus, heating of the
detector is only from the flow of hot gases along the ceiling.
Input data consist of ceiling height, time constant or RTI of
the detector, operating temperature, distance of the detector
from the plume centerline, and fire growth rate. The model
calculates detection times for smoke detectors (see 9.2.5.4.3)
based on the predecessor equations. Quasi-steady tempera-
tures and velocities are assumed (i.e., instantaneously, gas tem-
peratures and velocities under the ceiling are assumed to be
related to the heat release rate as in a steady fire). Compared to
DETACT-T2, DETACT-QS provides a means of addressing fires
that cannot be approximated as t-squared fires. However, for
t-squared fires, DETACT-QS is less accurate than DETACT-T2 (if
the projected fire growth coefficient is increased as described in
9.2.5.4.4.1 and A.9.2.5.4.4.1), especially for fast-growing fires.

A.10.1 There is an ISO standard for mechanical smoke ex-
tract (ISO DIS 21927-3, Specification for powered smoke and heat
exhaust ventilators). The ISO standard is technically equivalent
to the European (EN) standard for these products. Products
that carry the CE mark, which is mandatory for sale of these
products within the European Union, are subject to indepen-
dent testing and ongoing factory production control by Noti-
fied Bodies appointed by national governments. The standard
is EN 12101-3, Specification for powered smoke and heat exhaust
ventilators.

A.10.1.1 Where temperature differences of less than 110°C
are expected, vent flows might be reduced significantly; there-
fore, consideration should be given to using powered exhaust.
NFPA 92B, Standard for Smoke Management Systems in Malls,
Atria, and Large Spaces, should be consulted for guidance for
power venting at these lower temperatures.

A.10.4 The sizing and spacing of exhaust fan intakes should
balance the following concerns:

(1) The exhaust intakes need to be sufficiently close to one
another to prevent the smoke from cooling to the point
that it loses buoyancy as it travels along the underside of
the ceiling to an intake and descends from the ceiling.
This is particularly important for spaces where the length
is greater than the height, such as shopping malls.

(2) The exhaust intakes need to be sized and distributed in
the space to minimize the likelihood of air beneath the
smoke layer from being drawn through the layer. This
phenomenon is called plugholing.
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The objective of distributing fan inlets is therefore to establish
a gentle and generally uniform rate over the entire smoke layer.
To accomplish this, the velocity of the exhaust inlet should not
exceed the value determined from Equation A.10.4.

For plugholing calculations, the smoke temperature should
be calculated as follows:

T T
KQ
mCo

c

p

= + (A.10.4)

where:
T = smoke layer temperature (°F)

To = ambient temperature (°F)
K = fraction of convective energy contained in the

smoke layer gases
Qc = convective portion of heat release (Btu/sec)
m = mass flow rate of the plume (lb/sec)

Cp = specific heat of plume gases (0.24 Btu/lb-°F)

A value of K = 0.5 is suggested unless more detailed infor-
mation is available.

A.10.4.3 The plugholing equation of this paragraph is consis-
tent with and derived from the scale model studies of Spratt
and Heselden [1974]. The equation is also consistent with the
recent study of Nii, Nitta, Harada, and Yamaguchi [2003].

A.10.4.4 The γ factor of 1.0 applies to ceiling vents remote
from a wall. Remote is regarded as a separation greater than two
times the depth of the smoke layer below the lower point of
the exhaust opening.

A.10.4.5 The γ factor of 0.5 is based upon potential flow consid-
erations for a ceiling vent adjacent to a wall. While γ should vary
smoothly from 0.5 for a vent directly adjacent to a wall to 1.0 for a
ceiling vent remote from a wall, the available data do not support
this level of detail in the requirements of the standard.

A.10.4.6 The γ factor of 0.5 is used for all wall vents. Because
no data exist for wall exhausts, a value of γ greater than 0.5
could not be justified.

A.10.4.7 Noise due to exhaust fan operation or due to veloc-
ity at the exhaust inlet should be limited to allow the fire alarm
signal to be heard.

A.12.1 Regular inspection and maintenance is essential for
emergency equipment and systems that are not subjected to
their intended use for many years.

A.12.2 Various types of approved automatic thermal smoke
and heat vents are available commercially. These vents fall into
the following two general categories:

(1) Mechanically opened vents, which include spring-lift,
pneumatic-lift, or electric motor-driven vents

(2) Thermoplastic drop-out vents, which include polyvinyl
chloride (PVC) or acrylic drop-out panels

Thermoplastic drop-out vents do not allow nondestructive
operation.

A.12.3.1.4 Vents designed for multiple functions (e.g., the
entrance of daylight, roof access, comfort ventilation) need
maintenance of the fire protection function that might be im-
paired by the other uses. These impairments can include loss
of spring tension; racking or wear of moving parts; adverse
exterior cooling effects on the fire protection release mecha-
nism; adverse changes in performance sequence, such as pre-

mature heat actuation leading to opening of the vent; or re-
duced sensitivity to heat.

A.12.3.2.2 Inspection schedules should include provisions
for testing all units at 12-month intervals or on a schedule
based on a percentage of the total units to be tested every
month or every two months. Such procedures improve reli-
ability. A change in occupancy, or in neighboring occupancies,
and in materials being used could introduce a significant
change in the nature or severity of corrosive atmosphere expo-
sure, debris accumulation, or physical encumbrance and
could necessitate a change in the inspection schedule.

A.12.3.2.3 Recording and logging of all pertinent characteris-
tics of performance allows results to be compared with those of
previous inspections or acceptance tests and thus provides a basis
for determining the need for maintenance or for modifying the
frequency of the inspection schedule to fit the experience.

A.12.3.3.1 The same general considerations for inspection
that apply to mechanically opened vents also pertain to ther-
moplastic drop-out vents. The thermoplastic panels of these
vents are designed to soften and drop out from the vent open-
ing in response to the heat of a fire. This makes an operational
test after installation impracticable. Recognized fire protec-
tion testing laboratories have developed standards and proce-
dures for evaluating thermoplastic drop-out vents, including
factory and field inspection schedules. It is suggested that
laboratory recommendations be followed for the field inspec-
tion of such units.

A.12.3.3.2 Thermoplastic drop-out vents utilize various types
of plastics such as PVC and acrylic. Without the presence of
ultraviolet (UV) stabilizers, exposure to UV rays can cause
degradation and failure of the thermoplastic component
(dome). Indication of UV degradation includes yellowing,
browning, or blackening of the dome, as well as cracking or a
brittle texture of the dome. (This condition can prevent
proper operation of the thermoplastic material; i.e., it will not
operate at its design activation temperature.) Corrective ac-
tion requires replacing the thermoplastic dome with a dome
having an equivalent thermal response.

A.12.4.1.3 The whipping action of the cable on release pre-
sents a possibility of injury to anyone in the area. For this rea-
son, the person conducting the test should ensure that all per-
sonnel are well clear of the area where whipping of the cable
might occur.

A.13.1 Design documentation is critical to the proper installa-
tion, operation, and maintenance of the smoke and heat vent
systems. It forms the basis for evaluating the system’s adequacy to
perform as intended if the building or its use is modified.

Annex B The Theoretical Basis of LAVENT

This annex is not a part of the requirements of this NFPA document
but is included for informational purposes only.

B.1 Overview. This annex develops the physical basis and an
associated mathematical model for estimating the fire-
generated environment and the response of sprinkler links in
well-ventilated compartment fires with curtain boards and
ceiling vents actuated by heat-responsive elements such as fus-
ible links or thermoplastic drop-out panels. Complete equa-
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