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This edition of NFPA 68, Standard on Explosion Protection by Deflagration Venting, was pre-
pared by the Technical Committee on Explosion Protection Systems. It was issued by the
Standards Council on November 27, 2012, with an effective date of December 17, 2012, and
supersedes all previous editions.

This document has been amended by one or more Tentative Interim Amendments (TIAs)
and/or Errata. See “Codes & Standards” at www.nfpa.org for more information.

This edition of NFPA 68 was approved as an American National Standard on Decem-
ber 17, 2012.

Origin and Development of NFPA 68
NFPA 68, Standard on Explosion Protection by Deflagration Venting, started out as a tentative stan-

dard in 1945, titled NFPA 68T, Explosion Venting Standard. In 1954, the temporary standard was
replaced with NFPA 68, Guide for Explosion Venting, which brought together all the best available
information on the fundamentals and parameters of explosions, the data developed by small-scale
tests, the interpretation of the results of those tests, and the use of vents and vent closures that
were current at the time. The information was then related to “rules of thumb” vent ratio recom-
mendations, which were used for many years. Some of the vents that were designed using those
rules of thumb functioned well, while others were never put to the test.

Beginning in 1954, extensive experimentation was carried out in Great Britain and Ger-
many and added to the existing information. The U.S. Bureau of Mines also did some work in
this area. However, the work was not completed because the group involved was reassigned to
different programs.

In 1974, NFPA 68 was revised, and the work done in Great Britain and Germany was
included with the hope that the new information would provide a means for calculating vent
ratios with a greater degree of accuracy than that provided by the rules of thumb. The 1978
revision included substantial data that were more valuable in designing explosion relief vents.

In 1979, the committee began a major effort to rewrite the guide in order to incorporate
the results of the test work done in Germany. In addition, the 1988 edition, titled Guide for
Venting of Deflagrations, contained rewritten text that more clearly explained the various pa-
rameters that affect the venting of deflagrations.

The 1994 edition of NFPA 68 was completely rewritten to more clearly explain the prin-
ciples of venting deflagrations. Revisions to each chapter improved the organization of infor-
mation within the document without changing the venting methodology. The thrust of this
revision was to improve the user friendliness and adoptability of the guide and to clarify this
complex technology.

The 1998 edition introduced updated terminology to be consistent with current industrial
practice. New information was added on the effects of vent ducts, calculation methods for evalu-
ating those effects, and the effects of vent discharge. The revision also incorporated the “weak
roof-to-shell” joint design as a means of venting silos and bins and provided new information on
explosions in elongated vessels. It also clarified the provisions for securing restraint panels.

The 2002 edition represented a complete revision of the guide and included updated and
enhanced treatment for deflagration venting design for dusts and hybrid mixtures. The revi-
sion also included new vent design equations based upon the methodology developed by
Factory Mutual Research Corporation. In addition to the generalized correlation for dusts
were new methods to evaluate the effects of vent ducts, partial volumes, vent panel inertia,
and initially elevated pressures. All design guidelines for gas mixtures were combined into a
single chapter, and the document was revised in accordance with the NFPA Manual of Style.
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The 2007 edition represented a complete revision, including a change from guide to standard. The new standard,
titled Standard on Explosion Protection by Deflagration Venting, provided mandatory requirements for the design, location,
installation, maintenance, and use of devices and systems to vent combustion gases and pressures from deflagrations.
The Committee incorporated a new chapter on performance-based design that enabled users to present alternative
design methods to satisfy the requirements for gas and mist mixtures, for dusts, and for hybrid mixtures. The Commit-
tee also revised the generalized correlation for dusts on the basis of a review of additional experimental data. That
review enabled the Committee to support revisions to the basic equation, along with changes to the equations for
low-inertia vent closures, panel inertia, partial volume, initially elevated pressures, and vent ducts. The Committee also
added a new chapter on inspection and maintenance.

The 2013 edition introduces a revised calculation method for venting of deflagrations of gas mixtures. The chapter
on venting of deflagrations in dust mixtures has been revised to address differences between translating vent panels
and hinged vent panels, to permit subatmospheric initial pressures, and to incorporate new research on the entrain-
ment of accumulated dust in a building. New sections address bucket elevators and grain silos, and new annex material
provides guidance on designing vent ducts and estimating the fundamental burning velocity of a fuel.
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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 Dis-
claimers 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 K. Extracted text
may be edited for consistency and style and may include the
revision of internal paragraph references and other refer-
ences as appropriate. Requests for interpretations or revisions
of extracted text shall be sent to the technical committee re-
sponsible for the source document.

Information on referenced publications can be found in
Chapter 2 and Annexes H, J, and K.

Chapter 1 Administration

1.1* Scope. This standard applies to the design, location, in-
stallation, maintenance, and use of devices and systems that
vent the combustion gases and pressures resulting from a de-
flagration within an enclosure so that structural and mechani-
cal damage is minimized.

1.2* Purpose. The purpose of this standard is to provide the
user with criteria for design, installation, and maintenance of
deflagration vents and associated components.

1.3* Application. This standard applies where the need for
deflagration venting has been established.

1.3.1 This standard does not apply to detonations, bulk auto-
ignition of gases, or unconfined deflagrations, such as open-
air or vapor cloud explosions.

1.3.2* This standard does not apply to devices that are designed
to protect storage vessels against excess internal pressure due to
external fire exposure or to exposure to other heat sources.

1.3.3 This standard does not apply to emergency vents for
pressure generated during runaway exothermic reactions,
self-decomposition reactions, internal vapor generation re-

sulting from electrical faults, or pressure generation mechanisms
other than deflagration.

1.3.4 This standard does not apply to venting of deflagrations
in oxygen-enriched atmospheres or other oxidants unless sup-
ported by specific test data.

1.4 Equivalency. Nothing in this standard is intended to prevent
the use of systems, methods, or devices of equivalent or superior
quality, strength, fire resistance, effectiveness, durability, and
safety over those prescribed by this standard.

1.4.1 Technical documentation shall be submitted to the au-
thority having jurisdiction to demonstrate equivalency.

1.4.2 The system, method, or device shall be approved for the
intended purpose by the authority having jurisdiction.

1.5 Retroactivity.

1.5.1 The provisions of this standard reflect a consensus of
what is necessary to provide an acceptable degree of protec-
tion from the hazards addressed in this standard at the time
the standard was issued.

1.5.1.1 Unless otherwise specified, the provisions of this stan-
dard shall not apply to facilities, equipment, structures, or instal-
lations that existed or were approved for construction or installa-
tion prior to the effective date of the standard. Where specified,
the provisions of this standard shall be retroactive.

1.5.1.2 In those cases where the authority having jurisdiction
determines that the existing situation presents an unaccept-
able degree of risk, the authority having jurisdiction shall be
permitted to apply retroactively any portions of this standard
deemed appropriate.

1.5.1.3 The retroactive requirements of this standard shall be
permitted to be modified if their application clearly would be
impractical in the judgment of the authority having jurisdiction,
and only where it is clearly evident that a reasonable degree of
safety is provided.

1.5.2 This standard shall apply to facilities on which con-
struction is begun subsequent to the date of publication of
the standard.

1.5.3 When major replacement or renovation of existing fa-
cilities is planned, provisions of this standard shall apply.

1.6 Conversion Factors. The conversion factors in Table 1.6 are
useful for understanding the data presented in this standard.

1.7 Symbols. The following symbols are defined for the pur-
pose of this standard:

A = area (m2, ft2, or in.2)
AS = internal surface area of enclosure (m2 or ft2)
Av = vent area (m2 or ft2)
C = constant used in venting equations as defined in

each specific use
dP/dt = rate of pressure rise (bar/s or psi/s)
Fr = reaction force constant (lb)
KG = deflagration index for gases (bar-m/s)
KSt = deflagration index for dusts (bar-m/s)
Ln = linear dimension of enclosure [m or ft (n = 1, 2, 3)]
Lx = distance between adjacent vents
L/D = length to diameter ratio (dimensionless)
LFL = lower flammable limit (percent by volume for gases,

weight per volume for dusts and mists)
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MEC = minimum explosible concentration (g/m3 or
oz/ft3)

MIE = minimum ignition energy (mJ)
p = perimeter of duct cross-section (m or ft)
P = pressure (bar or psi)
Pes = enclosure strength (bar or psi)
Pex = explosion pressure (bar or psi)
Pmax = maximum pressure developed in an unvented

vessel (bar or psi)
P0 = initial pressure (bar or psi)

Pred = reduced pressure [i.e., maximum pressure
actually developed during a vented deflagration
(bar or psi)]

Pstat = static activation pressure (bar or psi)
dP = pressure differential (bar or psi)
Su = fundamental burning velocity (cm/s)
Sf = flame speed (cm/s)
tf = duration of pressure pulse (s)
UFL = upper flammable limit (percent by volume)
V = volume (m3 or ft3)

1.8 Pressure. All pressures are gauge pressure unless other-
wise specified.

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 69, Standard on Explosion Prevention Systems, 2008
edition.

NFPA 70®, National Electrical Code®, 2011 edition.
NFPA 654, Standard for the Prevention of Fire and Dust Explo-

sions from the Manufacturing, Processing, and Handling of Combus-
tible Particulate Solids, 2013 edition.

NFPA 704, Standard System for the Identification of the Hazards
of Materials for Emergency Response, 2012 edition.

2.3 Other Publications.

2.3.1 API Publications. American Petroleum Institute, 1220
L Street, NW, Washington, DC 20005-4070.

API 650, Welded Steel Tanks for Oil Storage, 2007.

2.3.2 ASME Publications. American Society of Mechanical
Engineers, Two Park Avenue, New York, NY 10016-5990.

ASME Boiler and Pressure Vessel Code, 2010.

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

ASTM E 1226, Standard Test Method for Explosibility of Dust
Clouds, 2010.

2.3.4 ISO Publications. International Organization for Stan-
dardization, 1, rue de Varembè, Case postale 56, CH-1211 Gen-
eve 20, Switzerland.

ISO 6184/1, Explosion Protection Systems — Part 1: Determina-
tion of Explosion Indices of Combustible Dust in Air, 1985.

2.3.5 Other Publications.

Merriam-Webster’s Collegiate Dictionary, 11th edition, Merriam-
Webster, Inc., Springfield, MA, 2003.

2.4 References for Extracts in Mandatory Sections.
NFPA 53, Recommended Practice on Materials, Equipment, and

Systems Used in Oxygen-Enriched Atmospheres, 2011 edition.
NFPA 484, Standard for Combustible Metals, 2012 edition.
NFPA 654, Standard for the Prevention of Fire and Dust Explo-

sions from the Manufacturing, Processing, and Handling of Combus-
tible Particulate Solids, 2013 edition.

Table 1.6 Conversion Factors

Parameter Unit Equivalent

Length 1 m 3.28 ft
39.4 in.

1 in. 25.4 mm
1 ft 305 mm
1 µm 1.00 × 10−6 m

Area 1 m2 10.8 ft2

1 in.2 6.45 cm2

Volume 1 L 61.0 in.3

1 ft3 7.48 U.S. gal
1 m3 35.3 ft3

264 U.S. gal
1 U.S. gal 3.78 L

231 in.3

0.134 ft3

Pressure 1 atm 760 mm Hg
101 kPa
14.7 psi
1.01 bar

1 psi 6.89 kPa
1 N/m2 1.00 Pa
1 bar 100 kPa

14.5 psi
0.987 atm

1 kg/cm2 14.2 psi
1 kg/m2 0.205 lb/ft2 (psf)

Energy 1 J 1.00 W-s
1 Btu 1055 J
1 J 0.738 ft-lb

KG and KSt 1 bar-m/s 47.6 psi-ft/s
conversion 1 psi-ft/s 0.021 bar-m/s
Concentration 1 oz

avoirdupois/ft3
1000 g/m3

Key to abbreviations:
atm = atmosphere
Btu = British thermal unit
cm = centimeter
ft = foot
g = gram
gal = gallon
Hg = mercury
in. = inch
J = joule
kg = kilogram
kPa = kilopascal

L = liter
lb = pound
m = meter
mm = millimeter
N = newton
oz = ounce
Pa = pascal
psf = pounds per square foot
psi = pounds per square inch
s = second
W = watt
µm = micron (micrometer)
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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 NFPA Official Definitions.

3.2.1* Approved. Acceptable to the authority having juris-
diction.

3.2.2* Authority Having Jurisdiction (AHJ).

3.2.3 Labeled. Equipment or materials to which has been at-
tached a label, symbol, or other identifying mark of an organiza-
tion that is acceptable to the authority having jurisdiction and
concerned with product evaluation, that maintains periodic in-
spection of production of labeled equipment or materials, and
by whose labeling the manufacturer indicates compliance 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 author-
ity having jurisdiction and concerned with evaluation of products
or services, that maintains periodic inspection of production of
listed equipment or materials or periodic evaluation of services,
and whose listing states that either the equipment, material, or
service meets appropriate designated standards 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.

3.2.7 Standard. A document, the main text of which contains
only mandatory provisions using the word “shall” to indicate
requirements and which is in a form generally suitable for
mandatory reference by another standard or code or for adop-
tion into law. Nonmandatory provisions are not to be consid-
ered a part of the requirements of a standard and shall be
located in an appendix, annex, footnote, informational note,
or other means as permitted in the Manual of Style for NFPA
Technical Committee Documents.

3.3 General Definitions.

3.3.1 Burning Velocity. The rate of flame propagation relative
to the velocity of the unburned gas that is ahead of it.

3.3.1.1 Fundamental Burning Velocity. The burning velocity
of a laminar flame under stated conditions of composition,
temperature, and pressure of the unburned gas.

3.3.2 Combustible Dust. A finely divided combustible particu-
late solid that presents a flash fire hazard or explosion hazard
when suspended in air or the process-specific oxidizing medium
over a range of concentrations. [654, 2013]

3.3.3 Combustion. A chemical process of oxidation that occurs
at a rate fast enough to produce heat and usually light in the form
of either a glow or flame.

3.3.4 Deflagration. Propagation of a combustion zone at a ve-
locity that is less than the speed of sound in the unreacted me-
dium.

3.3.5 Deflagration Index. Value indicated by the use of vari-
able, K. (See 3.3.19, KG, and 3.3.20, KSt.)

3.3.6 Detonation. Propagation of a combustion zone at a veloc-
ity greater than the speed of sound in the unreacted medium.

3.3.7* Enclosure. A confined or partially confined volume.

3.3.8 Equivalent Diameter. See 3.3.18, Hydraulic Diameter.

3.3.9 Explosible. A material with a pressure ratio (maximum
pressure/pressure at ignition, in absolute units) equal to or
greater than 2.0 in any test when tested using the explosibility
or Go/No-Go screening test described in Section 13 of ASTM
E 1226, Standard Test Method for Explosibility of Dust Clouds.

3.3.10 Explosion. The bursting or rupturing of an enclosure or
a container due to the development of internal pressure from a
deflagration.

3.3.11* Flame Speed. The speed of a flame front relative to a
fixed reference point.

3.3.12 Flammable Limits. The minimum and maximum con-
centrations of a combustible material, in a homogeneous mix-
ture with a gaseous oxidizer, that will propagate a flame.

3.3.12.1* Lower Flammable Limit (LFL). The lowest con-
centration of a combustible substance in a gaseous oxidizer
that will propagate a flame, under defined test conditions.

3.3.12.2 Upper Flammable Limit (UFL). The highest con-
centration of a combustible substance in a gaseous oxidizer
that will propagate a flame.

3.3.13 Flammable Range. The range of concentrations be-
tween the lower and upper flammable limits.

3.3.14* Flash Point. The minimum temperature at which a liq-
uid or a solid emits vapor sufficient to form an ignitible mixture
with air near the surface of the liquid or the solid.

3.3.15* Friction Factor, fD . A dimensionless factor relating pres-
sure drop in a straight duct to velocity and wetted surface area.

3.3.16 Fundamental Burning Velocity. See 3.3.1.1.

3.3.17 Gas. The state of matter characterized by complete mo-
lecular mobility and unlimited expansion; used synonymously
with the term vapor.

3.3.18* Hydraulic Diameter. A diameter for noncircular cross
sections that is determined by 4(A/p), where A is the cross-
sectional area normal to the longitudinal axis of the space and p
is the perimeter of the cross section.

3.3.19* KG . The deflagration index of a gas cloud.

3.3.20* KSt . The deflagration index of a dust cloud.

3.3.21 Maximum Pressure (Pmax). See 3.3.27.1.

3.3.22 Minimum Explosible Concentration (MEC). The mini-
mum concentration of a combustible dust cloud that is capable
of propagating a deflagration through a uniform mixture of the
dust and air under the specified conditions of test.

3.3.23* Minimum Ignition Energy (MIE). The minimum
amount of energy released at a point in a combustible mix-
ture that causes flame propagation away from the point,
under specified test conditions.

3.3.24 Mist. A dispersion of fine liquid droplets in a gaseous
medium.
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3.3.25 Mixture.

3.3.25.1* Hybrid Mixture. An explosible heterogeneous
mixture, comprising gas with suspended solid or liquid par-
ticulates, in which the total flammable gas concentration is
≥10 percent of the lower flammable limit (LFL) and the
total suspended particulate concentration is ≥10 percent of
the minimum explosible concentration (MEC).

3.3.25.2* Optimum Mixture. A specific mixture of fuel and
oxidant that yields the most rapid combustion at a specific
measured quantity or that yields the lowest value of the
minimum ignition energy or that produces the maximum
deflagration pressure.

3.3.25.3 Stoichiometric Mixture. A balanced mixture of fuel
and oxidizer such that no excess of either remains after
combustion. [53, 2011]

3.3.26* Oxidant. Any gaseous material that can react with a
fuel (either gas, dust, or mist) to produce combustion.

3.3.27 Pressure.

3.3.27.1 Maximum Pressure (Pmax). The maximum pres-
sure developed in a contained deflagration of an optimum
mixture.

3.3.27.2 Reduced Pressure (Pred). The maximum pressure de-
veloped in a vented enclosure during a vented deflagration.

3.3.27.3 Static Activation Pressure (Pstat). Pressure that ac-
tivates a vent closure when the pressure is increased
slowly [with a rate of pressure rise less than 0.1 bar/min
(1.5 psi/min)].

3.3.28 Rate of Pressure Rise (dP/dt). The increase in pressure
divided by the time interval necessary for that increase to occur.

3.3.28.1* Maximum Rate of Pressure Rise [(dP/dt)max]. The
slope of the steepest part of the pressure-versus-time curve
recorded during deflagration in a closed vessel.

3.3.29 Reduced Pressure (Pred). See 3.3.27.2.

3.3.30 Replacement-in-Kind. A replacement that satisfies the
design specifications. [484, 2012]

3.3.31 Static Activation Pressure (Pstat). See 3.3.27.3.

3.3.32 Strength.

3.3.32.1 Enclosure Strength (Pes). Up to two-thirds the ulti-
mate strength for low-strength enclosures; for high-strength
enclosures the enclosure design pressure sufficient to resist
Pred .

3.3.32.2 Ultimate Strength. The pressure that results in the
failure of the weakest structural component of an enclosure.

3.3.33 Vapor. See 3.3.17, Gas.

3.3.34 Vent. An opening in an enclosure to relieve the devel-
oping pressure from a deflagration.

3.3.34.1* Hinge Vent. Vent closure that is hinged on one or
more sides.

3.3.34.2* Translating Vent. Vent closure that detaches from
the vent opening during a vent actuation and travels down-
stream as one or more pieces with the venting flow.

3.3.35 Vent Closure. A pressure-relieving cover that is placed
over a vent.

Chapter 4 General Requirements

4.1 Goal. The goal of this standard shall be to provide effec-
tive deflagration venting for enclosures where there is the po-
tential for a deflagration.

4.2 Objectives.

4.2.1 Life Safety.

4.2.1.1* 12Deflagration venting for occupied enclosures shall
prevent the structural failure of the enclosure and minimize in-
jury to personnel in adjacent areas outside of the enclosure.

4.2.1.2 Deflagration venting for unoccupied enclosures shall
prevent the rupture of the enclosure.

4.2.1.3 Deflagration venting shall be arranged to avoid injury
to personnel by the vent discharge.

4.2.1.4* If the process material has a degree of health hazard
(health hazard rating) of 3 or 4 according to NFPA 704, Stan-
dard System for the Identification of the Hazards of Materials for
Emergency Response, deflagration venting directed inside build-
ings shall not be permitted even when flame-arresting and par-
ticulate retention devices are used.

4.2.1.5 Where explosion protection is required and the pro-
cess material has a degree of health hazard (health hazard
rating) of 3 or 4 according to NFPA 704, Standard System for the
Identification of the Hazards of Materials for Emergency Response,
alternative protection measures described in NFPA 69, Stan-
dard on Explosion Prevention Systems, shall be applied unless de-
flagration venting is supported by a risk assessment suitable to
the authority having jurisdiction.

4.2.2 Property Protection.

4.2.2.1 Deflagration venting shall be designed to limit dam-
age of the vented enclosure.

4.2.2.2* Deflagration venting shall be arranged to avoid igni-
tion of adjacent property.

4.2.2.3 Deflagration venting shall be arranged to avoid blast
damage to adjacent property.

4.2.2.4 Deflagration venting shall be arranged to avoid pro-
jectile damage to adjacent property.

4.2.3 Hazard Analysis.

4.2.3.1 The design basis deflagration hazard scenario shall be
identified and documented.

4.2.3.2 A documented risk evaluation acceptable to the au-
thority having jurisdiction shall be permitted to be conducted
to determine the level of protection to be provided.

4.3 Compliance Options.

4.3.1 Options. Deflagration venting meeting the goals and
objectives of Sections 4.1 and 4.2 shall be provided in accor-
dance with either of the following:

(1) Performance-based provisions of 4.3.2
(2) Prescriptive-based provisions of 4.3.3

4.3.2 Performance-Based Design. A performance-based de-
sign shall be in accordance with Chapter 5 of this standard.

4.3.3 Prescriptive-Based Design. A prescriptive-based de-
sign shall be in accordance with Chapters 6 through 11 of this
standard.
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Chapter 5 Performance-Based Design Option

5.1 General Requirements.

5.1.1* Qualifications. The performance-based design shall be
prepared by a person with qualifications acceptable to the au-
thority having jurisdiction.

5.1.2 Design Documentation. The design methodology and
data sources shall be documented and maintained for the life
of the protected enclosure.

5.1.3 Maintenance of Design Features.

5.1.3.1 To continue meeting the performance goals and ob-
jectives of this standard, the design features required for each
deflagration vent shall be maintained for the life of the pro-
tected enclosure.

5.1.3.2 Any changes to the design shall require approval of
the authority having jurisdiction prior to the actual change.

5.2 Performance Criteria.

5.2.1 Deflagration vent design shall be based on the docu-
mented hazard scenario.

5.2.2 Deflagration vents shall limit the reduced pressure
(Pred) within an enclosure and any attached vent ducts to meet
the objectives in 4.2.1.1 and 4.2.1.2.

5.2.3 Deflagration Vent Discharge.

5.2.3.1 Combustible materials outside the enclosure shall not
attain their ignition temperature from flame or hot gases dis-
charged from a deflagration vent.

5.2.3.2* Blast load from deflagration vent discharge shall limit
the risk of damage to exposed structures.

5.2.3.3* Access to spaces into which deflagration vents discharge
shall be restricted so as to minimize, to a level acceptable to the
authority having jurisdiction, the risk of injury from flame, hot
gases, hot particles, or projectiles.

5.2.4 Inspection and Maintenance.

5.2.4.1 Deflagration venting shall be regularly inspected and
maintained to confirm the ability of the venting to perform as
designed.

5.2.4.1.1 If no guidance is given from the performance-based
design documents, the requirements of Chapter 11 of this stan-
dard shall apply.

5.2.4.2 Inspection and maintenance shall be documented
and retained for at least 1 year or the last three inspections.

Chapter 6 Fundamentals of Venting of Deflagrations

6.1* Basic Concepts.

6.1.1* The deflagration index, K, shall be computed from the
maximum rate of pressure rise attained by combustion in a
closed vessel with volume, V, and shall be defined by the fol-
lowing equation:

K
dP
dt

V= ⎛
⎝⎜

⎞
⎠⎟max

/⋅ 1 3 (6.1.1)

6.1.2* For dusts, KSt and Pmax shall be determined in approxi-
mately spherical calibrated test vessels of at least 20 L capacity per
ASTM E 1226, Standard Test Method for Explosibility of Dust Clouds.

6.1.2.1* It shall be permitted to determine KSt and Pmax per
ISO 6184/1, Explosion Protection Systems — Part 1: Determination
of Explosion Indices of Combustible Dusts in Air.

6.1.2.2 The owner/user shall be permitted to test the dust with
moisture content and particle size that deviates from the recom-
mended conditions established by the method described in 6.1.2
or 6.1.2.1, provided a documented assessment acceptable to the
authority having jurisdiction has been performed prior to using
these KSt and Pmax values to determine vent sizing.

6.1.3* The most accurate value of KG shall be determined di-
rectly by test, as outlined in Annex C.

6.1.3.1 If testing cannot be done to determine KG for a par-
ticular gas, KG shall be permitted to be approximated by ratio-
ing from the KG of propane (100 bar-m/s) on the basis of the
corresponding fundamental burning velocity (see Annex D) of
propane (46 cm/s) and the fundamental burning velocity of
the gas in question.

6.1.3.2 For gases, Pmax shall be determined in approximately
spherical calibrated test vessels of at least 5 L (1.3 gal) capacity
with initially quiescent mixture with low energy ignition
source (less than 100 J).

6.2 Mixtures.

6.2.1 Gas Mixtures.

6.2.1.1 Where the hazard consists of a flammable gas mix-
ture, the vent size shall be based on the fundamental burning
velocity of the mixture.

6.2.1.2 Where the gas mixture composition is not certain, the
vent size shall be based on the component having the highest
fundamental burning velocity.

6.2.2 Dust Mixtures.

6.2.2.1 Where the hazard consists of a dust mixture, the vent
size shall be based on the KSt and Pmax of the mixture.

6.2.2.2 Where the dust mixture composition is not certain,
the vent size shall be based on the highest KSt of all compo-
nents and the highest Pmax of all components.

6.2.3* Hybrid Mixtures.

6.2.3.1 For hybrid mixtures, the vent size shall be based on
the equivalent mixture KSt as determined by test.

6.2.3.2 Where test data are not available for hybrid mixtures
with gases that have combustion characteristics similar to those of
propane (fundamental burning velocity ≤1.3 times that of pro-
pane) and St-1 and St-2 dusts, the design shall be permitted to be
based upon Pmax = 10 bar and KSt = 500 bar-m/s.

6.2.4* Foams of Combustible Liquids. Design of deflagration
venting for foams of combustible liquids shall be based on
tests performed on the specific foam.

6.3 Enclosure Design and Support.

6.3.1 Enclosure Design Pressure Selection Criteria.

6.3.1.1* Pred shall not exceed two-thirds of the ultimate strength
for the vented enclosure, provided deformation of the equip-
ment can be tolerated.
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6.3.1.2* Where deformation cannot be tolerated, Pred shall not
exceed two-thirds of the yield strength for the vented enclosure.

6.3.1.3* For enclosures designed using the ASME Boiler and Pres-
sure Vessel Code or similar codes, the maximum allowable working
pressure, herein designated as Pmawp , shall be determined by cal-
culation.

6.3.1.3.1 Such determinations shall include an allowable stress
for the enclosure material of construction, which is less than the
measured yield stress and the measured ultimate stress for the
material of construction.

6.3.1.3.2 Given a Pmawp , Pred shall be selected based on the
following conditions as defined by Equation 6.3.1.3.2a or
Equation 6.3.1.3.2b:

(1) Permanent deformation, but not rupture, of the enclo-
sure can be accepted:

P F Pred u mawp≤ ( )2
3 ⋅ ⋅ (6.3.1.3.2a)

(2) Permanent deformation of the enclosure cannot be
accepted:

P F Pred y mawp≤ ( )2
3 ⋅ ⋅ (6.3.1.3.2b)

where:
Pred = maximum pressure developed in a vented

enclosure [bar (psi)]
Fu = ratio of ultimate stress of the enclosure to the

allowable stress of the enclosure per the ASME
Boiler and Pressure Vessel Code

Pmawp = enclosure design pressure [bar (psi)] according
to ASME Boiler and Pressure Vessel Code

Fy = ratio of the yield stress of the enclosure to the
allowable stress of the materials of construction
of the enclosure per the ASME Boiler and Pressure
Vessel Code

6.3.1.4 Ductile design considerations shall be used for mate-
rials subject to brittle failure, such as cast iron.

6.3.1.4.1 Special reinforcing shall be considered.

6.3.1.4.2 If such reinforcing is not used, the maximum allow-
able design stress shall not exceed 25 percent of the ultimate
strength.

6.3.2* Venting shall be sufficient to prevent the maximum
pressure that develops within the enclosure, Pred , from exceed-
ing the enclosure strength, Pes , including the dynamic effect
of the rate of pressure rise, as expressed by a dynamic load
factor (DLF):

P
P

DLFred
es≤ (6.3.2)

where:
Pred = maximum pressure developed during venting

[bar (psi)]
Pes = enclosure strength evaluated based on static

pressure calculations for either deformation or
burst [bar (psi)]

DLF = Xm/Xs
Xm = maximum dynamic deflection
Xs = static deflection or, in other words, the

displacement produced in the system when the
peak load is applied statically

6.3.2.1 In the absence of detailed structural response analy-
sis, it shall be permitted to assume a worst-case value of DLF =
1.5 and design based on the weakest structural element of the
enclosure.

6.3.2.2* It shall be permitted to modify the value of DLF based
on a documented analysis of the vented explosion pressure
profile and enclosure structural response.

6.3.3 All structural elements and supports shall be included
in the design calculations.

6.3.3.1* The weakest structural element, as well as any equip-
ment or other devices that can be supported by structural ele-
ments, shall be identified.

6.3.3.2 Where designing an enclosure to prevent catastrophic
failure while still allowing permanent deformation, the normal
dead and live loads shall not be relied on to provide restraint.

6.3.3.3 Structural members shall be designed to support the
total load.

6.3.3.4 Doors, windows, ducts, or other openings in walls that
are intended to be pressure resistant shall also be designed to
withstand Pred .

6.3.4 Relieving Walls or Roof.

6.3.4.1 Nothing in this standard shall prohibit the use of an
enclosure with relieving walls, or a roof, provided the poten-
tial for damage and injury is addressed.

6.3.4.2 A lightweight roof shall be permitted to be used as a
vent, provided its movement can be tolerated and provided its
movement is not hindered by ice or snow.

6.3.5 Enclosure Support Criteria.

6.3.5.1* The supporting structure for the enclosure shall be
strong enough to withstand any reaction forces that develop as
a result of operation of the vent, including the dynamic effect
of the rate of force application, as expressed by a DLF.

6.3.5.2* The following equation shall be used to determine
the reaction force applicable to enclosures without vent ducts:

F a DLF A Pr v red= ⋅ ⋅ ⋅ (6.3.5.2)

where:
Fr = maximum reaction force resulting from

combustion venting [kN (lbf)]
a = units conversion [100 (1)]

DLF = 1.2
Av = vent area [m2 (in.2)]

Pred = maximum pressure developed during venting
[bar (psi)]

6.3.5.3* Modification of the value of DLF based on a docu-
mented analysis of the vented explosion pressure profile and the
supporting structure’s response shall be permitted.

6.3.5.4* The total reaction force shall be applied at the geomet-
ric center of the vent.

6.3.5.4.1 The calculation of reaction forces on the enclosure
shall be permitted to be eliminated when all of the following
conditions are satisfied:

(1) Vent panels are of the rupture diaphragm type.
(2) Vent panels are located at opposing positions on the en-

closure.
(3) The Pstat of each vent panel is equal and less than or equal

to 0.1 bar.
(4) Vent panels are of equal area.
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6.3.5.5* The duration of the reaction force shall be calculated
according to Equation 6.3.5.5, which is shown to represent the
available duration data within a minus 37 percent and a plus
118 percent:

t b
P
P

V
Af

red v

=
⎛

⎝
⎜

⎞

⎠
⎟

⎛

⎝
⎜

⎞

⎠
⎟⋅ ⋅max

.0 5

 (6.3.5.5)

where:
tf = duration of pressure pulse after vent opening (s)
b = 4.3 · 10−3(1.3 · 10−3)

Pmax = maximum pressure developed in an unvented
explosion [bar (psi)]

Pred = maximum pressure developed during venting
[bar (psi)]

V = enclosure volume [m3 (ft3)]
Av = area of vent (without vent duct) [m2(ft2)]

6.3.5.6* The total impulse that a structure supporting a vented
enclosure experiences during deflagration venting shall be ex-
pressed by the following equation:

I F tr f= 0 52. ⋅ ⋅ (6.3.5.6)

where:
I = total impulse experienced by supporting

structure [kN-s (lbf-s)]
Fr = maximum reaction force resulting from

combustion venting [kN (lbf)]
tf = duration of pressure pulse after vent opening (s)

6.4* Enclosure Length-to-Diameter Ratio and Vent Variables.

6.4.1 For silos and other enclosures that can be vented at only
one end, the maximum effective vent area to use to determine
the expected Pred shall be the enclosure cross section.

6.4.2 For enclosures that can be vented at more than one
point along the major axis, the vents shall be permitted to be
distributed along the major axis and sized based on the length
to diameter (L/D) between vents.

6.4.2.1 The maximum effective vent area at any point along
the major axis shall be the enclosure cross section.

6.4.3* L/D of Elongated Enclosures.

6.4.3.1 The L/D of an elongated enclosure shall be deter-
mined based upon the general shape of the enclosure, the
location of the vent, the shape of any hopper extensions,
and the farthest distance from the vent at which the defla-
gration could be initiated.

6.4.3.2 The maximum flame length along which the flame
can travel, H, shall be determined based on the maximum
distance, taken along the central axis, from the farthest end of
the enclosure to the opposite end of the vent.

6.4.3.2.1 When multiple vents are provided, a single value of
H, and L/D, shall be permitted to be determined for the en-
closure based on the farthest vent.

6.4.3.2.2 When multiple vents are located along the central
axis, the value of H, and L/D, shall be permitted to be deter-
mined for each section using the maximum distance from the
closest end of one vent to the opposite end of the next vent.

6.4.3.3 The effective volume of the enclosure, Veff , shall be
determined based on the volume of that part of the enclosure
through which the flame can pass as it travels along the maxi-
mum flame length, H.

6.4.3.3.1 Internal volume of dust collector bags, filters, or
cartridges shall be permitted to be eliminated when determin-
ing the effective volume of an elongated enclosure, when the
vent is positioned as required by 8.7.1(1) or 8.7.1(2).

6.4.3.3.2 Partial volume (see Section 8.3) shall not be consid-
ered in the determination of effective volume per this section.

6.4.3.3.3 When multiple vents are provided, a single value of
Veff shall be permitted to be determined for the enclosure
based upon the farthest vent.

6.4.3.3.4 When multiple vents are located along the central
axis, Veff shall be permitted to be determined for each section
using the maximum distance from the closest end of one vent
to the opposite end of the next vent.

6.4.3.3.5 When Veff is less than the total volume of the enclo-
sure, only those vents located within the effective volume shall
be considered as providing venting for the event.

6.4.3.4 It shall be permitted to conservatively determine both
H and Veff , or H alone, but not Veff alone, based on the total
enclosure, irrespective of vent location.

6.4.3.5 The effective area, Aeff , shall be determined by divid-
ing Veff by H.

6.4.3.6 The effective hydraulic diameter, Dhe , for the enclo-
sure shall be determined based on the general shape of the
enclosure taken normal to the central axis:

D
A

phe
eff=

⎛

⎝
⎜

⎞

⎠
⎟4 ⋅

where p = perimeter of the general shape.

6.4.3.6.1 Where the enclosure and any hopper extension are
generally cylindrical, the perimeter, p, shall be permitted to be
determined based on a circular cross section, given the following:

D
A

he
eff=

⎛

⎝
⎜

⎞

⎠
⎟

4 0 5⋅
π

.

6.4.3.6.2 Where the enclosure and any hopper extension are
generally rectangular or square, and the aspect ratio of the larg-
est cross section is between 1 and 1.2, the perimeter shall be per-
mitted to be determined based on a square cross section, given
the following:

D Ahe eff= ( )0 5.

6.4.3.7 L/D for use in this standard shall be set equal to H/Dhe .

6.4.4* The vent areas shall be permitted to be reduced from
those specified in Chapters 7 and 8 if large-scale tests show that
the resulting damage is acceptable to the user and the author-
ity having jurisdiction.

6.4.5* The owner/user shall be permitted to install vents that
are larger in area, are lower in density, or relieve at lower pres-
sure than the minimum requirements determined from appli-
cation of Chapter 7 or Chapter 8, as appropriate.

6.5 Vent Closure Operation.

6.5.1* The vent opening shall be free and clear.

6.5.2 Vent closure operation shall not be hindered by depos-
its of snow, ice, paint, corrosion, or debris, or by the buildup of
deposits on their inside surfaces.
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6.5.2.1* The materials that are used shall be chosen to mini-
mize corrosion from process conditions within the enclosure
and from ambient conditions on the nonprocess side.

6.5.2.2 Clear space shall be maintained on both sides of a vent
to enable operation without restriction and without impeding a
free flow through the vent.

6.5.2.3 To prevent snow and ice accumulation, where the
potential exists, and to prevent entry of rainwater and debris,
the vent or vent duct exit shall not be installed in the horizon-
tal position, unless any of the alternative methods in 6.5.2.3.1
are followed.

6.5.2.3.1 Any of the following alternative methods of protec-
tion for horizontal vent or vent duct exits shall be permitted:

(1) Fixed rain hats where Pred effects on vent area are included
in accordance with Section 8.5 and restraint design includes
maximum force from Pred applied over the area

(2) Weather covers mounted at an angle sufficient to shed
snow, with restraints designed and tested to prevent the
cover from becoming a free projectile, where inertia ef-
fects of the additional weather cover mass and Pstat of the
cover are included

(3) Deicing provisions such as a heated vent closure

6.5.3 Restraining devices shall not impede the operation of
the vent or vent closure device. (See Chapter 10.)

6.5.4 A vent closure shall release at its Pstat or within a pres-
sure range specified by the vent closure manufacturer.

6.5.5 A vent closure shall reliably withstand pressure fluctua-
tions that are below Pstat .

6.5.6 A vent closure shall withstand vibration or other me-
chanical forces to which it can be subjected.

6.5.7* Pstat, including the manufacturer’s negative tolerance,
shall be greater than the anticipated loading equivalent to the
local design wind speed such that wind load will not cause the
vent to open.

6.5.7.1 The area calculation shall be performed using the
nominal value of Pstat.

6.5.8* Pstat, including the manufacturer’s positive tolerance,
shall be less than the intended Pred.

6.5.8.1 The area calculation shall be performed using the
nominal value of Pstat.

6.5.9* Vent closures shall be maintained in accordance with
Chapter 11.

6.6* Consequences of a Deflagration.

6.6.1 The material discharged from an enclosure during
the venting of a deflagration shall be directed outside to a
safe location.

6.6.2 Property damage and injury to personnel due to mate-
rial ejection during venting shall be minimized or avoided by
locating vented equipment outside of buildings and away
from normally occupied areas. (See Sections 7.7 and 8.9 for gases
and dusts, respectively.)

6.6.2.1 Deflagration vents shall not be located in positions
closer to air intakes than the distances prescribed by the fire-
ball length (see Sections 7.7 and 8.9).

6.6.2.2 Deflagration vents shall be permitted to be located
closer to buildings and normally occupied areas than the dis-
tances determined by Section 7.7 or Section 8.9, provided a
documented risk assessment acceptable to the authority hav-
ing jurisdiction has been performed.

6.6.2.3* Where a deflector is provided in accordance with 6.6.2.4
and 6.6.2.5, it shall be permitted to reduce the axial (front-
centerline) hazard distance to 50 percent of the value calculated
in 7.7.1 or 8.9.2. This method shall not be used to reduce the
radial hazard distance as defined in 7.7.2 and 8.9.2.2 [115].

6.6.2.4* Adeflector design shall meet all of the following criteria:

(1) The deflector for a rectangular vent shall be geometri-
cally similar to the vent and sized with a linear scale factor
of at least 1.75. For a round vent, the deflector shall be
square shaped and at least 1.75 times the vent diameter.

(2) The deflector shall be inclined 45 degrees to 60 degrees
from the vent axis, as shown in Figure 6.6.2.4.

(3) The centerline of the deflector shall be coincident with
the vent axis.

(4) The distance from the vent opening to the deflector on
the vent axis shall be 1.5D, where D is the equivalent diam-
eter of the vent.

(5) The deflector plate shall be mounted so as to withstand
the force exerted by the vented explosion, calculated as
Pred times the deflector area.

(6) The deflector location shall not interfere with the opera-
tion of hinged vent closures.

6.6.2.5* A deflector to limit flame length shall not be used as
follows:

(1) For enclosure volume greater than 20 m3 (706 ft3)
(2) With a tethered or translating vent closure

6.6.3 Warning signs shall be posted to indicate the location of
a vent.

6.7 Effects of Vent Inertia.

6.7.1* Counterweights and insulation added to panels shall be
included in the total mass.

Explosion 
panel

Enclosure
Exclusion 
distance

Strongly mounted 
deflector plate

D
45°–60°

1.5 D

FIGURE 6.6.2.4 Design for an Installation of a Blast Deflec-
tor Plate.
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6.7.2* A vent closure shall have low mass to minimize inertia,
thereby reducing opening time.

6.7.3 If the total mass of a closure divided by the area of the
vent opening does not exceed the panel densities calculated
by Equation 7.3.2 and Equation 8.2.7.2 (for gas and dust, re-
spectively), all vent area correlations presented in this stan-
dard shall be permitted to be used without correction [111].

6.7.4* Hinged closures shall be permitted to be used, pro-
vided the following conditions are met:

(1) There are no obstructions in the path of the closure that
prevent it from opening.

(2) Operation of the closure is not restrained by corrosion,
sticky process materials, or paint.

6.8 Effects of Vent Discharge Ducts.

6.8.1 If it is necessary to locate enclosures with deflagration
vents inside of buildings, vent ducts shall be used to direct vented
material from the enclosure to the outdoors.

6.8.2 A vent duct shall have a cross-sectional area at least as
great as that of the vent itself but shall be limited to no more
than 150 percent of the vent itself at any point in the vent duct.

6.8.3 When either a single enclosure or multiple close-coupled
modular enclosures with a common inlet duct are protected by
multiple deflagration vents, it shall be permitted to manifold
multiple vent discharges within a single vent discharge duct un-
der the following conditions:

(1) Each vent closure has the same nominal shape, area, iner-
tia, and Pstat.

(2) Each vent discharge duct connects individually to a safe
discharge location.

(3) The vent discharge duct has a single continuous inlet pe-
rimeter without branch connections.

(4) The vent discharge duct cross-sectional area is everywhere
less than or equal to 1.5 times the total manifolded vent
area (see Figure 6.8.3).

6.8.4 When either a single enclosure or multiple close-
coupled modular enclosures with a common inlet duct are
protected by multiple deflagration vents, it shall be permitted
to provide individual vent discharge ducts for each vent under
the following conditions:

(1) Each vent closure has the same shape, area, inertia, and
Pstat.

(2) Each vent discharge duct connects individually to a safe
discharge location.

(3) Each vent discharge duct cross-sectional area is everywhere
less than or equal to 1.5 times the vent area.

(4) Each vent discharge duct has the same nominal cross-
sectional area and configuration.

(5) Corrections for vent discharge duct effects use the longest
duct length for all ducts.

6.8.5* Vent area calculations shall include the effects of vent
ducts. (See Sections 7.4 and 8.5 for gases and dusts, respectively.)

6.8.6 Vent ducts and nozzles with total lengths of less than one
hydraulic diameter, relative to the calculated installed vent area,
irrespective of the duct area, shall not require a correction to
increase the vent area.

6.8.7 Ducts that are used to direct vented gases from the vent
to the outside of a building shall be of noncombustible con-
struction and shall be strong enough to withstand the ex-
pected Pred .

6.8.7.1 When vent ducts include bends, the support calcula-
tions shall include reaction forces based on the expected Pred .

6.8.7.2* Where vent ducts include bends, they shall be long
radius.

6.9* Venting with Flame Arresting and Particulate Retention.

6.9.1* Where external venting is not feasible or desirable, such as
where the location of equipment outdoors or adjacent to exte-
rior walls is impractical, or where ducting is too long to be effec-
tive, a device that operates on the principles of flame arresting
and particulate retention shall be permitted to be used.

6.9.2 These devices shall be listed or approved and shall be
considered only for use within the tested range of KSt , dust
loading, dust type, enclosure volume, and Pred .

6.9.3* The deflagration venting area provided for the protected
enclosure shall be increased to compensate for the reduction in
venting efficiency due to the presence of the device.

6.9.4* Limitations. The following limitations shall apply:

(1) Where a flame-arresting vent system and a particulate reten-
tion vent system are used inside a building, a documented
risk analysis shall be performed to ensure safe installation.
Considerations shall include, but are not limited to, the fol-
lowing:
(a) Proximity of personnel
(b) Volume of room
(c) Possibility of combustible mixtures exterior to the

equipment
(d) Possible toxic gaseous and particulate emissions

(2) A flame-arresting vent system and a particulate retention
vent system shall be sized to ensure that Pred remains within
the enclosure design limits.

6.9.5* The areas adjacent to the discharge point shall be clear
of combustible dusts.

6.9.6* All devices shall be equipped with an indicating sensor
that shall notify the user upon activation of the device.

6.9.7* Flame-arresting vent devices without particulate retention
shall be used only where a restricted area around the device has
been identified and access during operation of the protected
equipment is prohibited.

6.9.7.1 The restricted area shall be based on the external vol-
ume that can be filled with an explosible dust-air cloud during
the venting process.

A2 = Duct area

Av = Single vent area

A1 = Total vent area (3 × Av)

A1 £ A2 £ (1.5 × A1)

FIGURE 6.8.3 Example Range of Vent Duct Area for Mani-
folded Vent Duct.
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6.9.7.2 The restricted area shall be identified as an electri-
cally classified (hazardous) area in accordance with NFPA 70,
National Electrical Code.

6.9.7.3 There shall be no normally present ignition sources in
the restricted area, including, but not limited to, hot surfaces
exceeding the auto-ignition temperature and open flames.

6.9.8* Devices without particulate retention elements that reset
after relieving pressure shall be inspected after a deflagration to
ensure that the design performance has not been affected.

Chapter 7 Venting Deflagrations of Gas Mixtures
and Mists

7.1 Introduction.

7.1.1* This chapter shall apply to the design of deflagration
vents for enclosures that contain a flammable gas or combus-
tible mist and that have an L/D of ≤5.

7.1.1.1 This chapter shall be used in conjunction with the
information contained in the rest of this standard.

7.1.1.2 Chapter 6 and 3.3.32.1 shall be reviewed before deter-
mining the value of Pred to be used in this chapter.

7.1.2* The design of a deflagration vent for an enclosure con-
taining a combustible mist shall be based on a value of Su
equal to 0.46 m/s unless a value of Su applicable to the mist of
a particular substance is determined by test.

7.2 Venting by Means of Low Inertia Vent Closures.

7.2.1 When Pred ≤ 0.5 bar, the minimum required vent area,Av0,
shall be determined by Equation 7.2.1a and Equation 7.2.1b:
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where:
Av 0 = the vent area calculated from Equation 7.2.1a (m2)

As = the enclosure internal surface area (m2)
Pred = the maximum pressure developed in a vented

enclosure during a vented deflagration (bar-g)
Su = fundamental burning velocity of gas-air mixture

(m/s)
ρu = mass density of unburned gas-air mixture

(kg/m3) = 1.2 for flammable gases with
stoichiometric concentrations less than 5 vol%,
and an initial temperature of 20°C

λ = ratio of gas-air mixture burning velocity
accounting for turbulence and flame instabilities
in vented deflagration to the fundamental
(laminar) burning velocity

Gu = unburned gas-air mixture sonic flow mass flux =
230.1 kg/m2-s for an enclosure initial
temperature of 20°C

Cd = vent flow discharge coefficient
Pmax = the maximum pressure developed in a

contained deflagration by ignition of the same
gas-air mixture (bar-g)

P 0 = the enclosure pressure prior to ignition (bar-g)
γ b = ratio of specific heats for burned gas-air mixture

= 1.1 to 1.2, depending on the gas mixture

7.2.1.1 The C value for flammable gases and vapors with a Pmax
value less than 9 bar and a stoichiometric (near worst case) fuel
concentration no greater than about 10 percent shall be permit-
ted to be calculated using Equation 7.2.1.1:

C S Su u= 0 0223
1

2. λ bar  for  in m/s (7.2.1.1)

7.2.1.2 The value of Pstat shall be less than Pred as specified for
the following conditions:

(1) For Pred ≤ 0.1 bar (1.5 psi), Pstat ≤ Pred − 0.024 bar (50 psf).
(2) For Pred > 0.1 bar (1.5 psi), Pstat < 0.75 Pred .

7.2.2 When Pred > 0.5 bar, the minimum required vent area, Av0,
shall be determined from Equation 7.2.2a and Equation 7.2.2b:
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where:
Pstat = nominal vent deployment or burst pressure (bar-g)

7.2.2.1 The internal surface area, As , in Equation 7.2.2a shall
be determined according to 7.2.5.

7.2.2.2* The burning velocity, Su , shall be the maximum value
for any gas concentration unless a documented hazard analy-
sis shows that there is not a sufficient amount of gas to develop
such a concentration.

7.2.2.3 The value of Cd shall be 0.70 unless the vent occupies
an entire wall of the enclosure, in which case a value of 0.80
shall be permitted to be used.

7.2.3 The value of λ for the gas and particular enclosure shall
be determined according to 7.2.6.

7.2.4 The L/D of the enclosure shall be determined accord-
ing to Section 6.4.

7.2.5* Calculation of Internal Surface Area.

7.2.5.1* The internal surface area, As , shall include the total
area that constitutes the perimeter surfaces of the enclosure
that is being protected.

7.2.5.1.1 Nonstructural internal partitions that cannot with-
stand the expected pressure shall not be considered to be part
of the enclosure surface area.

7.2.5.1.2 The enclosure internal surface area, AS , in Equa-
tion 7.2.2 includes the roof or ceiling, walls, floor, and vent
area and shall be based on simple geometric figures.

7.2.5.1.3 Surface corrugations and minor deviations from the
simplest shapes shall not be taken into account.

7.2.5.1.4 Regular geometric deviations, such as saw-toothed
roofs, shall be permitted to be “averaged” by adding the con-
tributed volume to that of the major structure and calculating
AS for the basic geometry of the major structure.

7.2.5.1.5* The internal surface of any adjoining rooms shall be
included.
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7.2.5.2 The surface area of equipment and contained struc-
tures shall be neglected.

7.2.6* Determination of Turbulent Flame Enhancement Fac-
tor, λ.

7.2.6.1 The baseline value, λ0, of λ shall be calculated from
Equations 7.2.6.1a through 7.2.6.1f:
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λ ϕ ϕ0 1 2= (7.2.6.1f)

where:
ρu = mass density of unburned gas-air mixture

(kg/m3) = 1.2 for flammable gases with
stoichiometric concentrations less than 5 vol%,
and an initial temperature of 20°C

Su = fundamental burning velocity of gas-air mixture
(m/s)

Dhe = the enclosure hydraulic equivalent diameter as
determined in Chapter 6 (m)

µu = the unburned gas-air mixture dynamic velocity =
1.8 × 10−5 kg/m-s for gas concentrations less
than 5 vol% at ambient temperatures

β 1 = 1.23
β 2 = 0.0487 m/s
Dv = the vent diameter as determined through

iterative calculation (m)
Pred = the maximum pressure developed in a vented

enclosure during a vented deflagration (bar-g)
au = the unburned gas-air mixture sound speed =

343 m/s for gas concentrations less than 5 vol%
at ambient temperatures

θ = 0.39

7.2.6.2 The total external surface area, Aobs , of the following
equipment and internal structures that can be in the enclo-
sure shall be estimated:

(1) Piping, tubing, and conduit with diameters greater than
1⁄2 in.

(2) Structural columns, beams, and joists
(3) Stairways and railings
(4) Equipment with a characteristic dimension in the range

of 2 in. to 20 in. (5.1 cm to 51 cm)

7.2.6.3 When Aobs < 0.4AS , λ1 shall be equal to λ0 as deter-
mined in 7.2.6.1.

7.2.6.4 When Aobs > 0.4AS , λ1 shall be determined as follows:

λ λ1 0 0 6= +( ). /A Aobs S
(7.2.6.4)

7.2.6.5 For L/D values less than 2.5, λ shall be set equal to λ1.

7.2.6.6 For L/D values from 2.5 to 5 and for Pred no higher
than 2 bar, λ shall be calculated as follows:
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7.2.6.7 Equations for determining λ shall be subject to the
following limitations:

(1) Su < 3 m/s (300 cm/s).
(2) Pmax < 10 bar.
(3) The maximum air velocity in the enclosure prior to igni-

tion is no greater than 5 m/s.
(4) The enclosure is isolated from possible flame jet ignition

and pressures caused by a deflagration in an intercon-
nected enclosure.

7.2.6.8 For long pipes or process ducts where L/D is greater
than 5, the requirements of Chapter 9 shall be used.

7.2.6.9 Methods to Reduce Flame Enhancement.

7.2.6.9.1 The value of λ shall be permitted to be reduced for
gas deflagrations in relatively unobstructed enclosures by the
installation of noncombustible, acoustically absorbing wall lin-
ings, provided that large-scale test data confirm the reduction.

7.2.6.9.2 The tests shall be conducted with the highest antici-
pated turbulence levels and with the proposed wall lining ma-
terial and thickness.

7.2.7 Partial Volume Effects.

7.2.7.1 When a documented hazard analysis demonstrates that
there is insufficient gas in the enclosure to form a stoichiometric
gas-air mixture occupying the entire enclosure volume, the vent
area, Av0, calculated from Equation 7.2.2a shall be permitted to
be reduced as described in 7.2.7.3.

7.2.7.2 A partial volume fill fraction, Xr , shall be calculated as
follows:

X
V V

xr
gas enc

st

=
/ (7.2.7.2)

where:
Vgas = maximum volume of gas that can be mixed with

air in the enclosure
Venc = enclosure volume

xst = stoichiometric volume concentration of gas

7.2.7.3 If Xr < 1, the minimum required vent area, Av1 shall be
calculated from the following equation:
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(7.2.7.3)

where:
Av1 = vent area for partial volume deflagration
Av 0 = vent area for full volume deflagration as

determined from Equation 7.2.1a or 7.2.2a
Xr = fill fraction > Π
Π = Pred/Pmax
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7.3 Effects of Panel Inertia.

7.3.1* When the mass of the vent panel ≤ 40 kg/m2, Equation
7.3.2 shall be used to determine if an incremental increase in
vent area is needed, and Equation 7.3.3 shall be used to deter-
mine the value of that increase.

7.3.2 The vent area determined in 7.2.7 shall be adjusted for
vent mass when the vent mass exceeds MT as calculated in
Equation 7.3.2:

M
P n V

S
T

red
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= ⋅ ⋅
⋅( )
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⎣
⎢
⎢

⎤
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1 67
. .

.
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λ
(7.3.2)

where:
MT = threshold mass (kg/m2)
Pred = the maximum pressure developed in a vented

enclosure during a vented deflagration (bar-g)
n = number of panels
V = enclosure volume (>1 m3)

7.3.3 For M > MT , the required vent area, Av2, shall be calcu-
lated as follows:
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λ (7.3.3)

where:
M = mass of vent panel (kg/m2)

Av 1 = vent area determined in 7.2.7 (m2)
FSH = vent closure shape factor as defined in Chapter 8

7.4* Effects of Vent Ducts.

7.4.1* Where Equations 7.2.6, 7.2.6.4, 7.3.2, and 7.3.3 are used
with vent ducting, a lower value shall be used in place of Pred .

7.4.2 Duct lengths shorter than 3 m (10 ft) and shorter than
four duct hydraulic diameters in length shall be treated using
Curve A in Figure 7.4.2. For ducts exceeding either of these
limitations, Curve B shall be used.

7.4.2.1 For vent ducts with lengths of less than 3 m (10 ft) and
shorter than four duct hydraulic diameters, the following
equation shall be used to determine P'red:

′ = ⋅ ( )P Pred red0 779
1 161

.
. (7.4.2.1)

7.4.2.2 For vent ducts with lengths of 3 m to 6 m (10 ft to
20 ft) or shorter vent ducts longer than four duct hydraulic
diameters, the following equation shall be used to determine
P'red:

′ = ⋅ ( )P Pred red0 172
1 936

.
. (7.4.2.2)

7.4.3* Duct lengths shorter than 3 m (10 ft) shall be treated as
3 m (10 ft) in length for calculation purposes.

7.4.3.1 If longer ducts are needed, P'red shall be determined
by appropriate tests.

7.4.3.2 Vent ducts and nozzles with total lengths of less than
one hydraulic diameter shall not require a correction.

7.4.4 The vented material discharged from an enclosure dur-
ing a deflagration shall be directed to a safe outside location to
avoid injury to personnel and to minimize property damage.
(See Section 6.8.)

7.4.5* If it is necessary to locate enclosures that need deflagra-
tion venting inside buildings, vents shall not discharge within
the building.

7.4.5.1* Vent ducts shall be used to direct vented material
from the enclosure to the outdoors.

7.4.6* A vent duct shall have a cross section at least as great as
that of the vent itself.

7.4.7* Vent ducts shall be as straight as possible.

7.4.7.1 If bends are unavoidable, they shall be as shallow-angled
as practical (that is, they shall have as long a radius as practical).

7.4.8 Where vent ducts vent through the roof of an enclo-
sure, consideration shall be given to climatic conditions.
(See Section 6.5.)

7.5 Effects of Initial Elevated Pressure.

7.5.1 For calculations that involve elevated pressure, the pro-
cedure in 7.5.1.1 and 7.5.1.2 shall be used.

7.5.1.1* The value that is used for P0 shall be chosen to repre-
sent the likely maximum pressure at which a flammable gas
mixture can exist at the time of ignition. It shall be permitted
to be as low as the normal operating pressure.

7.5.1.2* The enclosure shall be located to accommodate the
blast wave.

7.6 Vent Design. See also Sections 6.5 through 6.7.

7.6.1 If an enclosure is subdivided into compartments by walls,
partitions, floors, or ceilings, each compartment that contains an
explosion hazard shall be provided with its own vent.
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Notes:
1. Curve A to be used for duct length < 3 m (10 ft) and less than four 
 duct hydraulic diameters.
2. Curve B to be used for duct length of 3 m to 6 m (10 ft to 20 ft) or of 
 four or more duct hydraulic diameters. Curve B is not valid for duct 
 lengths > 6 m (20 ft).
3. For both Curve A and Curve B: Unlike a piping system described
 in Chapter 9 where flammable vapor is presumed present, in this
 situation flammable vapor is not initially present in the vent duct.

FIGURE 7.4.2 Maximum Pressure Developed During Venting
of Gas, With and Without Vent Ducts.
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7.6.2* Each closure shall be designed and installed to move
freely without interference by obstructions such as ductwork or
piping.

7.6.3* Guarding shall be provided to prevent personnel from
falling against vent closures.

7.6.4* The vent area for a building shall be distributed as
evenly as possible over the building’s skin.

7.6.5 Vent closures shall open dependably.

7.6.5.1 The proper operation of vent closures shall not be
hindered by deposits of snow, ice, paint, sticky materials, or
polymers.

7.6.5.2 Operation of vent closures shall not be prevented by
corrosion or by objects that obstruct the opening of the vent clo-
sure, such as piping, air-conditioning ducts, or structural steel.

7.6.5.3 Vent closures shall withstand exposure to the materi-
als and process conditions within the enclosure that is being
protected.

7.6.5.4 Vent closures shall reliably withstand fluctuating pres-
sure differentials that are below the design release pressure
and shall also withstand any vibration or other mechanical
forces to which they can be subjected.

7.6.6 When multiple vents are provided, the vent area shall
be distributed symmetrically and evenly on the enclosure ex-
ternal surfaces.

7.7* Fireball Dimensions.

7.7.1 The hazard zone from a vented gas deflagration shall be
calculated by the following equation:

D
V
n

= ⎛
⎝⎜

⎞
⎠⎟

3 1
0 402

.
.

⋅ (7.7.1)

where:
D = axial distance (front-centerline) from vent (m)
V = volume of vented enclosure (m3)
n = number of evenly distributed vents

7.7.2 The hazard zone measured radially (to the sides, mea-
sured from the centerline of the vent) shall be calculated as 0.5D.

7.8 Deflagration Venting of Enclosures Interconnected with
Pipelines. For interconnected enclosures, explosion isolation
or suppression shall be provided in accordance with NFPA 69,
Standard on Explosion Prevention Systems, unless a documented
risk assessment acceptable to the authority having jurisdiction
demonstrates that increased vent area prevents enclosure fail-
ure. (See A.8.12.2.)

Chapter 8 Venting of Deflagrations of Dusts and
Hybrid Mixtures

8.1 Introduction.

8.1.1 This chapter shall apply to all enclosures with L/D less
than or equal to six handling combustible dusts or hybrid mix-
tures.

8.1.1.1 This chapter shall be used with the information con-
tained in the rest of this standard.

8.1.1.2 In particular, Chapters 6, 7, 10, and 11 shall be re-
viewed before the information in this chapter is applied.

8.1.1.3 This chapter provides a number of equations and cal-
culation procedures that shall be used to treat a variety of vent
sizing applications.

8.1.1.4 The general flowchart given in Figure 8.1.1.4 shall be
used to select applicable vent sizing methods.

Determine appropriate input parameters 
(e.g., KSt, Pmax, Pstat, Pinitial , enclosure 

volume and L/D, vent cover area density).

Are the input parameters within 
the applicability limits specified 

in 8.2.2.1?

Calculate minimum
vent area for the 

enclosure (Eq. 8.2.2).

Apply enclosure L/D correction 
(Eq. 8.2.3) if the enclosure L/D > 2.

Apply high turbulence corrections for high-velocity 
equipment or for buildings (Eq. 8.2.5.7 or 8.2.5.8).

Increase Av, using Eq. 8.2.7 if the vent mass per 
area exceeds the limit of Eq. 8.2.6.2.

Reduce Av, using the partial volume procedure described 
in Section 8.3, if the maximum size of the dust cloud is 

limited by design or housekeeping procedures.

Use
Chapter 5 or 9, 
or perform test.

Are vent ducts 
present?

Yes

No

Apply procedure to 
account for the vent duct 

effects (Section 8.5).

Is Pinitial > 0.2 bar? Av

Av

No

Yes

Yes

No

Av

Av

Apply subatmospheric or elevated 
pressure correction (Eq. 8.4.1).

FIGURE 8.1.1.4 Dust Explosion Vent Sizing Calculation
Flowchart.
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8.1.2* Where actual material is not available for test, vent sizing
shall be permitted to be based on KSt values for similar composi-
tion materials of particle size no greater than the specified par-
ticle size range per the chosen standard: ASTM E 1226, Standard
Test Method for Explosibility of Dust Clouds, or ISO 6184-1, Explosion
Protection Systems — Part 1: Determination of Explosion Indices of Com-
bustible Dust in Air.

8.1.2.1 Where the actual material intended to be produced is
smaller than the size determined by 8.1.2, tests shall be per-
formed near the intended particle size.

8.1.2.2 When the actual material is available, the KSt shall be
verified by test.

8.2 Venting by Means of Low-Inertia Vent Closures.

8.2.1 The L/D of the enclosure shall be determined accord-
ing to Section 6.4.

8.2.2 Equation 8.2.2 shall be used to calculate the minimum
necessary vent area, Av0:

A P K V
P
Pv stat St

red
0

4 4 3 3 4
1 10 1 1 54 1= ( )⋅ ⋅ + ⋅ ⋅ ⋅ ⋅ −− . / / max     (8.2.2)

where:
Av 0 = vent area (m2)
Pstat = nominal static burst pressure of the vent (bar)
KSt = deflagration index (bar-m/s)

V = enclosure volume (m3)
Pmax = maximum pressure of a deflagration (bar-g)
Pred = reduced pressure after deflagration venting

(bar)
[115]

8.2.2.1 The following limitations shall be applicable to Equa-
tion 8.2.2:

(1) 5 bar ≤ Pmax ≤ 12 bar
(2) 10 bar-m/s ≤ KSt ≤ 800 bar-m/s
(3) 0.1 m3 ≤ V ≤ 10,000 m3

(4) Pstat ≤ 0.75 bar

8.2.2.2 When L/D is less than or equal to 2, Av1 shall be set
equal to Av0.

8.2.3 For L/D values greater than 2 and less than or equal to 6,
the required vent area, Av1, shall be calculated as follows (where
exp(A) = eA, e is the base of the natural logarithm [114]):

A A
L
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⋅ + ⋅ − −.
.

exp 0.95 (8.2.3)

8.2.3.1* It shall be permitted to extend Equation 8.2.3 to values
of L/D of 8 for top-fed bins, hoppers, and silos, provided the
calculated required vent area, after application of all correction
factors, does not exceed the enclosure cross-sectional area.

8.2.4 For situations where vents can be distributed along the
major axis of the enclosure, Equation 8.2.2 and Equation 8.2.3
shall be permitted to be applied where L is the spacing be-
tween vents along the major axis.

8.2.5 Three different general equations (Equations 8.2.3,
8.2.5.7, and 8.2.5.8) shall be applied to the determination
of dust deflagration minimum required vent areas.

8.2.5.1 Equation 8.2.3, which produces the smallest required
vent areas, shall apply to dust handling and storage equipment
within which the average air axial velocity, vaxial , and the tan-
gential velocity, vtan , are both less than 20 m/s during all op-
erating conditions.

8.2.5.2* For this application, average air axial velocity shall be
calculated according to the following equation:

v
Q
A

= (8.2.5.2)

where:
v = average axial gas velocity (m/s)
Q = volumetric air flow rate (m3/s)
A = average cross-sectional area of the flow path (m2)
[118,119]

8.2.5.3* If a circumferential (tangential) air velocity is in the
equipment, vtan shall be given by 0.5 vtan_max , where vtan_max is
the maximum tangential air velocity in the equipment.

8.2.5.4 Values of Q, vaxial , vtan_max , and vtan shall be measured
or calculated by engineers familiar with the equipment design
and operation.

8.2.5.5 The measurements or calculations shall be documented
and made available to vent designers and the authority having
jurisdiction.

8.2.5.6 When the maximum values derived for vaxial and vtan
are less than 20 m/s, Av2 shall be set equal to Avep.

8.2.5.7* When either vaxial or vtan is larger than 20 m/s, Av2
shall be determined from the following equation where max
(A, B) = maximum value of either A or B [118,119]:
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,
.tan (8.2.5.7)

8.2.5.8* Vent areas for buildings in which there is a dust explo-
sion hazard shall be determined from Equation 8.2.5.8
[118,119]:

A Av vep2 1 7= . ⋅ (8.2.5.8)

8.2.5.9 The required vent areas for these buildings shall be
permitted to be reduced through use of the partial volume
Equation 8.3.1.

8.2.6* Effects of Panel Inertia.

8.2.6.1 When the mass of the vent panel is less than or equal to
40 kg/m2, Equation 8.2.6.2 shall be used to determine whether
an incremental increase in vent area is needed and the require-
ments of 8.2.7 shall be used to determine the value of that in-
crease.

8.2.6.2 The vent area shall be adjusted for vent mass where
the vent mass exceeds MT as calculated in Equation 8.2.6.2:
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⋅ ⋅ ⋅ (8.2.6.2)

where:
MT = threshold mass (kg/m2)
Pred = reduced pressure after deflagration venting (bar)

n = number of panels
V = volume (m3)
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8.2.6.3 Where M is greater than 40 kg/m2, it shall be permit-
ted to use the procedure provided in Annex G.

8.2.7 For M > MT , the required vent area Av3, shall be calcu-
lated as follows:
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(8.2.7)

where:
FSH = 1 for translating panels or 1.1 for hinged panels

M = mass of vent panel (kg/m2)
Av 2 = vent area calculated by 8.2.5.6, Equation 8.2.5.7,

or Equation 8.2.5.8, as applicable

8.2.7.1 If KSt < 75 bar-m/s, KSt = 75 shall be used in Equa-
tion 8.2.7.

8.2.8 Where M ≤ MT , Av3 shall be set equal to Av2.

8.3* Effects of Partial Volume.

8.3.1 When the volume fill fraction, Xr , can be determined
for a worst-case explosion scenario, the minimum required
vent area shall be permitted to be calculated from the follow-
ing equation:

A A X
X

v v r
r

4 3
1 3

1
= ∏

∏
−⋅ ⋅ −

−
/ (8.3.1)

where:
A v4 = vent area for partial volume deflagration
A v3 = vent area for full volume deflagration as

determined from Equation 8.2.7 or from 8.2.8
Xr = fill fraction > ∏
∏ = Pred/Pmax

8.3.2* If Xr ≤ ∏, deflagration venting shall not be required.

8.3.2.1 Where partial volume is not applied, Av4 shall be set
equal to Av3.

8.3.3* Process Equipment Partial Volumes. Process equipment
involving nonsolvent drying shall be permitted to use partial vol-
ume venting in accordance with Equation 8.3.1.

8.3.3.1 In applications involving dryers with recirculation of
dry product, the fill fraction shall be taken as 1.0.

8.3.3.2 Furthermore, if the solvent is flammable, hybrid de-
flagration KSt values shall be determined.

8.3.3.3 In applications such as a spray dryer or fluidized bed
dryer, the specific fill fraction to be used for vent design shall
be based on measurements with representative equipment
and process materials.

8.3.3.4 In applications involving spray dryers where a partial
volume venting is calculated in accordance with Equation 8.3.1,
the vent shall be mounted within the chosen partial volume zone
of the dryer that contains the driest fraction of material.

8.3.3.5 In these applications, the determination of Xr shall be
documented and submitted to the authority having jurisdic-
tion for review and concurrence.

8.3.4 Building Partial Volumes. (See Annex I.)

8.3.4.1 This subsection shall apply to large process buildings in
which a dust explosion hazard is associated with combustible ma-

terial deposits on the floor and other surfaces, and with the ma-
terial contained in process equipment.

8.3.4.2 The minimum required deflagration vent area for the
building dust explosion hazard shall be based either on the full
building volume or on a partial volume determined as follows:

(1) Collect at least three representative samples of the floor
dust from either the actual building or a facility with simi-
lar process equipment and materials. The samples shall
be obtained from measured floor areas, Afs , that are each
0.37 m2 (4 ft2) or larger.

(2) Weigh each sample and calculate the average mass,
M f

(grams), of the floor samples.
(3) Collect at least two representative samples from measured

sample areas, Ass , on other surfaces with dust deposits.
These surfaces on any plane could include beams,
shelves, and external surfaces of process equipment and
structures. Calculate the total area, Asur , of these surfaces
with dust deposits.

(4) Weigh each sample and calculate the average mass,
M f

(grams), of the surface samples.
(5) Determine the total mass, Me , of combustible dust that

could be released from the process equipment in the
building.

(6) Test the dust samples per ASTM E 1226, Standard Test
Method for Explosibility of Dust Clouds, to determine Pmax ,
KSt , and the worst-case concentration, cw , corresponding
to the largest value of KSt .

(7) Using the highest values of Pmax and KSt , the building
volume, V, and ∏ = Pred/Pmax , use Equation 8.2.7 or 8.2.8
to calculate the vent area, Av3, needed if the full building
volume were filled with combustible dust.

(8) Calculate the worst-case building partial volume fraction,
Xr , in accordance with 8.3.4.3.

(9) If the calculated Xr > 1, the minimum required vent area
is equal to Av3 .
(a) If Xr ≤ ∏, no deflagration venting is needed.
(b) If 1 > Xr > ∏, the minimum required vent area, Av4, is

calculated from Equation 8.3.1 as follows:
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−
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8.3.4.3 The worst-case building partial volume fraction, Xr ,
shall be calculated from the following equation:

X
M A

A V c
M A

A V c
M

V cr
f f dusty Dfloor

fs w

s sur Dsur

ss w

e=
⋅ ⋅

⋅ ⋅
+ ⋅ ⋅

⋅ ⋅
+

⋅
- η η

ww

(8.3.4.3)

where:
Xr = worst-case building partial fraction

M f = average mass of floor samples (g)
Af-dusty = total area of floor with dust deposits (m2)
ηDfloor = entrainment factor for floor accumulations

Afs = measured floor areas (m2)
V = building volume (m3)

cw = worst-case dust concentration (g/m3)
M s

__
= average mass of surface samples (g)

Asur = total area of surfaces with dust deposits (m3)
ηDsur = entrainment factor for surface accumulations

Ass = measured sample areas of surfaces with dust
deposits (m2)

Me = total mass of combustible dust that could be
released from the process equipment in the
building (g)
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8.3.4.3.1 If a measured value of cw is available, the lowest value
of cw for the various samples shall be used in Equation 8.3.4.3.

8.3.4.3.2 If a measured value of cw is not available, a value of
200 g/m3 shall be permitted to be used in Equation 8.3.4.3.

8.3.4.3.3* If measured values of M Af f/ and M As ss/ are not
available, and if the facility is to be maintained with dust layer
thickness in accordance with NFPA 654, Standard for the Preven-
tion of Fire and Dust Explosions from the Manufacturing, Processing,
and Handling of Combustible Particulate Solids, an approximate
value for these ratios shall be permitted to be used, based on a
dust layer bulk density of 1200 kg/m3 and a layer thickness of
0.8 mm (1⁄32 in.) over the entire floor area and other surfaces
defined in 8.3.4.3.4.

8.3.4.3.4 The total mass of dust that could be released from
process equipment in the building/room Me , shall be deter-
mined as follows:

(1) Evaluate equipment with exposed dust accumulations,
such as but not limited to screeners, open-top conveyors
or conveyor belts, open packaging or shipping contain-
ers, and enclosureless dust collectors.

(2) Evaluate anticipated episodic spills from equipment in
light of current housekeeping procedures and prac-
tices.

(3) Do not include material in closed packaging or shipping
containers, material in enclosed silos or storage bins, or in
otherwise explosion-protected equipment.

8.3.4.3.5 The entrainment factor, ηD for each represen-
tative area shall be determined by one of the following
methods:

(1) Assume an entrainment factor of 1.
(2) Calculate the entrainment factor as follows:

(a) Determine the average particle density, ρp for each
sampled dust layer.

(b) Determine the entrainment threshold velocity using
the following equation:

Ut p= ⋅0 46 1 3. /ρ [8.3.4.3.5(2)(b)]

where:
Ut = threshold velocity (m/s)
ρp = particle density (kg/m3)

(c) Assume a maximum free-stream velocity, U, of 50 m/s
or establish a different free-stream velocity calculated
from a maximum credible initiating event.

(d) Determine a maximum entrainment rate using the
following equation:

′′ = ⋅ ⋅ ⋅ −( )m U U U Ut0 002 1 2 2 3 2. // /ρ          [8.3.4.3.5(2)(d)]

where:
m″ = entrained mass flux (kg/m2-s)

ρ = gas density (kg/m3)
U = free-stream velocity (m/s) > Ut
Ut = threshold velocity (m/s)

(e) Determine initiating event time, t, by dividing the
building or enclosure longest dimension by 1⁄2 the
maximum free-stream velocity.

(f) Using the appropriate surface area, A, determine the
maximum mass, Mmax , from the presumed initiating
event using the following equation:

M m A tmax = ′′ ⋅ ⋅ [8.3.4.3.5(2)(f)]

(g) Determine the entrainment factor using the follow-
ing equation:
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where:
M = average mass of the sample (g)

8.4 Effects of Initially Elevated or Subatmospheric Pressure.

8.4.1* When enclosure pressure is initially greater than 0.2 bar
(20 kPa) or less than −0.2 bar (−20 kPa), Avep shall be deter-
mined from the following equation:
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where:
Avep = vent area (m2)
Pstat = static burst pressure of the vent (bar)

Pinitial = enclosure pressure at moment of ignition (bar)
Peffective = 1⁄3 Pinitial (bar)
Πeffective = (Pred − Peffective)/(PE

max − Peffective)
Pred = reduced pressure

PE
max = [(Pmax + 1) · (Pinitial + 1)/(1 bar-abs) − 1]

maximum pressure of the unvented deflagration
at pressure (bar)

Pmax = maximum pressure of an unvented deflagration
initially at atmospheric pressure (bar)

8.4.2* When enclosure pressure is initially less than −0.2
bar, the vent area correction in Equation 8.4.1 shall be
evaluated over the range between operating pressure and
atmospheric pressure and the largest vent area correction
applied.

8.4.3 When enclosure pressure is initially less than −0.2 bar, it
shall be permitted to use a value of 1.1 as the vent area correc-
tion for this section.

8.4.4 When enclosure pressure is initially greater than 0.2
bar, deflagration vents shall be permitted only when the fol-
lowing conditions are met:

(1) Vent duct length L/D ≤ 1
(2) Panel density M ≤ MT and ≤ 40 kg/m2

(3) vaxial and vtan < 20 m/s
(4) No allowance for partial volume
(5) Equation 8.4.1 used to calculate the necessary vent area

adjustment

8.4.5 When the initial pressure is between −0.2 bar and 0.2
bar, Avep shall be set equal to Av1.
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8.5* Effects of Vent Ducts.

8.5.1* If there is no vent duct, Avf = Av 4; otherwise, the effect
of vent ducts shall be calculated from the following equations:

A A E E
K
Kvf v= ( )4 1

0 8
2
0 4

0

1 1 18⋅ + ⋅ ⋅ ⋅. . . (8.5.1a)
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where:
Avf = vent area required when a duct is attached to the

vent opening (m2)
Av 4 = vent area after adjustment for partial volume

(m2), per Equation 8.3.1
K = overall resistance coefficient of the vent duct

application
K 0 = 1.5, the resistance coefficient value assumed for

the test configurations that generated the data
used to validate Equations 8.2.2 and 8.2.3

Lduct = vent duct overall length (m)
V = enclosure volume (m3)

Pstat = nominal static opening pressure of the vent
cover (bar)

∆P = static pressure drop from the enclosure to the
duct exit at average duct slow velocity, U (bar)

ρ = gas density (kg/m3)
U = fluid velocity (m/s)

Kinlet, Kelbows,
Koutlet

= resistance coefficients for fittings

fD = D’Arcy friction factor for fully turbulent flow;
see A.8.5 for typical formula [114]

Dh = vent duct hydraulic diameter (m)

8.5.2 Under certain circumstances, in which there are two
solutions for vent area, the smaller vent area shall be used.

8.5.3 Where these equations do not produce a solution for
vent area, the design shall be modified by decreasing the vent
duct length, strengthening the vessel to contain a higher Pred ,
or both.

8.5.4 Equation 8.5.1a shall not be used if the vent cover is not
located at the entrance of the duct.

8.5.5 Equation 8.5.1a shall not be used if the initial pressure
exceeds ±0.2 bar-g.

8.5.6 Equation 8.5.1a shall not be used if the vent duct cross-
sectional area varies by more than 10 percent anywhere along
the length.

8.5.7 It shall be permitted to use Equation 8.5.1a for vent
ducts equipped with elbows, bird screens, and rain covers as
long as the obstructions are properly accounted for through
the duct resistance coefficient K.

8.5.8 It shall be permitted to use vent ducts outside the limi-
tations of Equation 8.5.1(a) if designed in accordance with
full-scale test data.

8.5.9 The maximum length of the duct shall be limited to
obey the following inequality, where min(A, B) = the mini-
mum value of either A or B:

L
D

K Keff
St St

≤
⎡

⎣
⎢

⎤

⎦
⎥ min

10 000 11 000,
,

,⋅ (8.5.9)

where:
Leff = min(Lduct , Ldusty)

Ldusty = (Pmax – Pred) · V/Av

8.5.10 Table 8.5.10 shall be reviewed to determine the com-
bination rules and limitations for application of various dust
models in this chapter.

8.6 Bins, Hoppers, and Silos.

8.6.1 Deflagration venting for bins, hoppers, and silos shall
be from the top or the upper side, above the maximum level of
the material contained, and shall be directed to a safe outside
location (see Section 8.9).

Table 8.5.10 Combination Rules and Limitations for
NFPA 68 Dust Models

Vent ducts Pintial ≤ 1.2 bar-abs
1 ≤ L/D ≤ 6
Allow turbulence
Panel density ≤ 40 kg/m2

Allow partial volume
No elevated pressure (calculate vent

duct effect last)

Partial volume Pinitial ≤ 1.2 bar-abs
1 ≤ L/D ≤ 6
Allow turbulence
Panel density ≤ 40 kg/m2

Allow vent ducts
No elevated pressure (calculate vent

duct effect last)

Panel inertia Pinitial ≤ 1.2 bar-abs
1 ≤ L/D ≤ 6
Allow turbulence
Allow partial volume
Allow vent ducts
No elevated pressure (calculate vent

duct effect last)

Elevated pressure 1.2 < Pinitial ≤ 5 bar-abs
1 ≤ L/D ≤ 6
Turbulence (vaxial and vtan) < 20 m/s
Panel density ≤ MT and ≤ 40 kg/m2

Full volume, no partial volume
No vent ducts (calculate elevated

pressure effect last)

Subatmospheric
pressure

Pinitial ≤ 0.8 bar-abs
1 ≤ L/D ≤ 6
Allow turbulence
Panel density ≤ 40 kg/m2

Allow partial volume
Allow vent ducts (calculate vent duct

effect last)
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8.6.1.1* Deflagration venting shall be permitted to be through
vent closures located in the roof or sidewall or by making the
entire enclosure top a vent.

8.6.1.2 In all cases, the total volume of the enclosure shall be
assumed to contain a suspension of the combustible dust in
question.

8.6.1.3 No credit shall be taken for the enclosure being partly
full of settled material.

8.6.1.4 For a multiple application, the closures shall be
placed symmetrically to minimize the effects of potential reac-
tion forces (see 6.3.5).

8.6.1.5 Care shall be taken not to fill the enclosure above the
bottoms of the vent panels, because large amounts of dust can
blow out into the atmosphere, ignite, and form a large fireball.

8.6.2 Deflagration venting shall be permitted to be accom-
plished by means of vent closures located in the roof of the
enclosure.

8.6.2.1 The vent operation procedures outlined in Section
6.5 shall be followed.

8.6.3* The entire enclosure top shall be permitted to be used
to vent deflagrations.

8.6.3.1 Roof panels shall be as lightweight as possible and
shall not be attached to internal roof supports.

8.6.3.2 API 650, Welded Steel Tanks for Oil Storage, shall be ref-
erenced for guidelines for the design of a frangible, welded
roof joint.

8.6.3.3 Equipment, piping, and other process connections
shall not restrict the roof’s operation as a vent closure.

8.6.3.3.1 Equipment, piping, and other process connections
shall be included in the vent panel inertia evaluation per 8.2.6.

8.6.3.4 The entire enclosure rooftop shall be labeled as an
explosion vent in accordance with 11.3.4.

8.6.3.5 Access to the rooftop shall be restricted during opera-
tion of the protected enclosure.

8.6.3.6 Initial inspection shall include the roof-wall connec-
tions.

8.6.3.7 The remaining portions of the enclosure, including an-
choring, shall be designed to resist the calculated Pred , based on
the vent area provided. (See Section 6.3.)

8.7 Venting of Dust Collectors Using Bags, Filters, or Car-
tridges.

8.7.1* It shall be permitted to remove the volume occupied by
the filter elements, provided the filter elements would not ob-
struct the free flow of hot gases, unburned material, and flame
during a deflagration. Methods for achieving this objective
shall include but not be limited to the following:

(1)*Separating the vent closure from the filters, usually by locat-
ing the vent closure below the filters for standard vertical
filters, but other configurations include, for example, hori-
zontal cartridges and pleated flat panel filters, which could
have side or top venting. If this methodology is used, the
principle of separation of vent closure from filters shall be
maintained regardless of filter design and orientation.

(2)*Shortening or removing a row of filters nearest the vent clo-
sure such that the area normal to and between the filters and
the vent closure equals or exceeds the vent closure area. In

this case, a restraining bar shall be installed to hold back the
filters to prevent them from being deflected toward and ob-
structing the free flow of hot gases, unburned material, or
flame through the vent during a deflagration.

8.7.2 Where the volume occupied by the filter elements is re-
moved according to 8.7.1, the method for calculating the volume
occupied by the filters shall be dependent on the distance be-
tween the filters as follows and as summarized in Figure 8.7.2:

(1) For round or elliptical cross-section filters where the dis-
tance between the outer perimeters does not exceed the ra-
dius (or the minimus) of the filters, the volume can be cal-
culated as a block to include the space between the filters.

(2) For round or elliptical cross-section filters where the dis-
tance between the outer perimeters is greater than the ra-
dius (or the minimus) of the filters, the volume can be cal-
culated as the volume of each filter multiplied by the total
number of filters.

(3) For flat panel filters (also called envelope, flat pocket fil-
ters), the volume of each filter can be calculated and mul-
tiplied by the total number of filters. Calculating the vol-
ume as a block is not permitted for flat panel filters.

8.7.3* Where the requirements of 8.7.1 are not met, the total
dirty volume of the enclosure on the dirty side of the tube sheet,
including the volume occupied by the filters, shall be calculated.

8.7.4 If the clean air plenum contains dust, or if the material
entering the dust collector is a hybrid mixture, one of the follow-
ing protection measures shall be applied:

(1) A separate vent shall be provided on the clean air side,
calculated based on the clean air side volume using the
methodology in Chapter 7.

(2) The clean air side gas concentration shall be evaluated for
flammability and protected in accordance with NFPA 69,
Standard on Explosion Prevention Systems.

8.8 Bucket Elevators.

8.8.1* Bucket elevators shall be classified as single-casing (single
leg) or double-casing (twin leg) design.

8.8.2* Head and Boot Vents.

8.8.2.1 Vent areas shall be not less than the cross-sectional area
of each leg and at a minimum shall be fitted both at the head and
as close to the boot as practicable.

8.8.2.2 Where a vent is not installed directly on the boot, a
vent shall be installed on each casing at a distance from the
boot less than or equal to the smaller of 6 m or the additional
vent spacing distance per Table 8.8.3.3.

8.8.3 Additional Casing Vents.

8.8.3.1 The owner/operator shall be permitted to choose a
design Pred of either 0.5 or 1.0 bar.

8.8.3.2 The casing(s), head, and boot shall all be designed
for the same Pred chosen from 8.8.3.1.

8.8.3.3* Additional vents shall be installed in each casing at
center-to-center spacing distance along the elevator axis based
on the bucket elevator classification, the KSt of the material
being handled, and the design Pred , as given in Table 8.8.3.3.

8.8.3.4* At each vent location, the total vent area shall be not
less than the cross-sectional area of each leg.
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8.8.3.5 For KSt values less than 100 bar-m/s where a Pred of
0.2 bar is selected, vents shall be placed at an interval not exceed-
ing 6 m on the leg(s).

8.8.4* Vent closures shall have Pstat less than or equal to 0.1 bar.

8.9* Fireball Dimensions. Measures shall be taken to reduce
the risk to personnel and equipment from the effects of fire-
ball temperature and pressure.

8.9.1 A documented risk assessment shall be permitted to be
used to reduce the hazard distances calculated in 8.9.2 and 8.9.3.

8.9.2* In the case of dust deflagration venting, the distance, D,
shall be expressed by Equation 8.9.2:

D K
V
n

= ⎛
⎝⎜

⎞
⎠⎟

⋅
1 3/

(8.9.2)

where:
D = axial distance (front) from the vent (m)
K = flame length factor: 10 for metal dusts, 8 for

chemical and agricultural dusts
V = volume of vented enclosure (m3)
n = number of evenly distributed vents

S
S

S

S

Spacing, S

Radius, r

SrS > r, subtract
individual filter volume

Square pitch Triangular pitch Flat panel

Square pitch Triangular pitch Flat panel

S £ r, subtract filter
volume as a block

No flat panel
guidance available
for block. Limited to

subtraction of
individual filter

volumes

FIGURE 8.7.2 Filter Element Spacing Criteria.

Table 8.8.3.3 Additional Vent Spacing

Spacing (m)

Bucket Elevator
Classification

KSt
(bar-m/s)

Pred
≤ 0.2 bar

Pred
≤ 0.5 bar

Pred
≤ 1.0 bar

Double-casing (twin leg) <100 6 None required None required
100–150 3 10 19
151–175 N/A 4 8
176–200 N/A 3 4

>200 N/A N/A 3

Single-casing (single leg) <100 N/A* None required None required
100–150 N/A 7 14
151–175 N/A 4 5
176–200 N/A 3 4

>200 N/A N/A 3

N/A: Not allowed.
*For Pred ≤ 0.3 bar, vent spacing of 6 m is appropriate.
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