


IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA ® STANDARDS 

NFPA
® 

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

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

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

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

REMINDER: UPDATING OF NFPA STANDARDS 

Users of NFPA codes, standards, recommended practices, and guides ("NFPA Standards") should be 
aware that these documents may be superseded at any time by the issuance of a new edition, may be 
amended with the issuance of Tentative Interim Amendments (TIAs) ,  or be corrected by Errata. It is 
intended that through regular revisions and amendments, participants in the NFPA standards 
development process consider the then-current and available information on incidents, materials, 
technologies, innovations, and methods as these develop over time and that NFPA Standards reflect 
this consideration. Therefore, any previous edition of this document no longer represents the current 
NFPA Standard on the subject matter addressed. NFPA encourages the use of the most current edition 
of any NFPA Standard [as it may be amended by TIA(s) or Errata] to take advantage of current 
experience and understanding. An official NFPA Standard at any point in time consists of the current 
edition of the document, including any issued TIAs and Errata then in effect. 

To determine whether an NFPA Standard has been amended through the issuance ofTIAs or 
corrected by Errata, visit the "Codes & Standards" section at www.nfpa.org. 
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ADDITIONAL IMPORTANT NOTICES AND DISCIAIMERS CONCERNING NFPA ® STANDARDS 

Updating of NFPA Standards 

Users of NFPA codes, standards, recommended practices, and guides ("NFPA Standards") should be aware that these 
document� may be superseded at any time by the issuance of a new edition, may be amended with the issuance of Tentative 
Interim Amendments (TIAs), or be coITected by Errnta. It is intended that through regular revisions and amendments, 
participants in the NFPA standards development process consider the then-current and available information on incidents, 
materials, technologies, innovations, and methods as these develop over time and that NFPA Standards reflect this 
consideration. Therefore, any previous edition of this document no longer represents the current NFPA Standard on the 
subject matter addressed. NFPA encourages the use of the most current edition of any NFPA Standard [as it may be amended 
by TIA(s) or Errata l to take advantage of current experience and understanding. An official NFPA Standard at any point in 
time consists of the current edition of the docwnent, including any issued TIAs and Errata then in effect. 

To determine whether an NFPA Standard has been amended through the issuance ofTIAs or corrected by Errata, visit the 
"Codes & Standards" section at w'vw.nfpa.org. 

futerpretations of NFPA Standards 

A statement, written or oral, that is not processed in accordance with Section 6 of the Regulations Governing the 
Development ofNFPA Standards shall not be considered the official position ofNFPA or any of its Committees and shall not 
be considered to be, nor be relied upon as, a Formal Interpretation. 

Patents 

The NFPA does not take any position with respect to the validity of any patent rights referenced in, related to, or asserted in 
connection with an NFPA Standard. The users of NFPA Standards bear the sole responsibility for determining the validity of 
any such patent rights, as well as the risk of infringement of such rights, and the NFPA disclaims Liability for the infringement 
of any patent resulting from the use of or reliance on NFPA Standards. 

NFPA adheres to the policy of the American National Standa1·ds Institute (ANSI) regarding the inclusion of patents in 
American National Standards ("the ANSI Patent Policy") ,  and hereby gives the following notice pursuant to that policy: 

NOTICE: The user's attention is called to the possibility that compliance with an NFPA Standard may require use of an 
invention covered by patent rights. NFPA takes no position as to the validity of any such patent rights 01· as to whether such 
patent rights constitute or include essential patent claims under the ANSI Patent Policy. If, in connection with the ANSI Patent 
Policy, a patent holder has filed a statement of willingness to grant licenses under these rights on reasonable and 
nondiscriminato1·y terms and conditions to applicants desiring to obtain such a license, copies of such filed statements can be 
obtained, on request, from NFPA. For further information, contact the NFPA at the address listed below. 

Law and Regulations 

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

Copyrights 

NFPA Standards are copyrighted. They are made available for a wide variety of both public and private uses. These include 
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the promotion of safe 
practices and methods. By making these documents available for use and adoption by public autho1·ities and p1·ivate users, the 
NFPA does not waive any rights in copyright to these documents. 

Use ofNFPA Standards for regulatory purposes should be accomplished through adoption by reference. The term 
"adoption by reference" means the citing of title, edition, and publishing information only. Any deletions, additions, and 
changes desired by the adopting authority should be noted separately in the adopting instrument. In order to assist NFPA in 
following the uses made of its documents, adopting authorities are requested to notify tl1e NFPA (Attention: Secretary, 
Standards Council) in writing of such use. For technical assistance and questions concerning adoption of NFPA Standa1·ds, 
contact NFPA at the address below. 

For Further Information 

All questions or other communications relating to NFPA Standards and all requests for information on NFPA procedures 
governing its codes and standards development process, including information on the procedures for requesting Formal 
Interpretations, for proposing Tentative Interim Amendments, and for proposing revisions to NFPA standards during regular 
revision cycles, should be sent to NFPA headquarters, addressed to the attention of the Secretary, Standards Council, NFPA, 1 
Batterymarch Park, P.O. Box 9101,  Quincy, MA02269-9101;  email: stds_admin@nfpa.org. 

For more information about NFPA, visit the NFPA website at www.nfpa.org. All NFPA codes and standards can be viewed at 
no cost at wv.rw.nfpa.org/docinfo. 
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2023 Edition 

This edition of NFPA 557, Standard far Determinatian of Fzre Loads far Use in Structural Fire Protection 
Design, was prepared by the Technical Committee on Hazard and Risk of Contents and Furnishings. 
It was issued by the Standards Council on March 20, 2022, with an effective date of April 9, 2022, and 
supersedes all previous editions. 

This edition ofNFPA 557 was approved as an American National Standard on April 9, 2022. 

Origin and Development ofNFPA 557 

The 2012 edition marked the first edition of NFPA 557, Standard for Determinatian of Fire Loads for 
Use in Stm cturalFire Protection Desi.gn. This document dates back to 2003, when it was proposed that 
NFPA create a document to address the need for guidance and standardization in the area of 
structural fire engineering. The Technical Committee on Hazard and Risk of Contents and 
Furnishings was assigned the document, and work began shortly thereafter. 

NFPA 557 addresses the determination of the fire load and fire load density to be used as the basis 
for the evaluation and design of the su·uctural fire performance ofa building. The purpose ofNFPA 
557 is to provide standard methods and values for use in the determination of fire loads and fire load 
densities for design-basis fires. This is done using a risk framework. Two methodologies a1·e detailed 
in the document: an occupancy-based density method and a survey-based method. 

The 2016 edition contained new language that required the evaluation ofa fire load to be 
prepared by an approved person and required the building owner to be responsible for confirming 
that anticipated fire load densities would not exceed values used for the design. New language in 
Chapter 4 provided required performance and test criteria for noncombustible and limited­
combustible materials. Additional updates to terminology, definitions, and referenced publications 
were made throughout the document to reflect current industry standards and technology. 

The 2020 edition contained updated language for defining a limited-combustible material and 
added guidance in the annex regarding fire losses in warehouses. The heat of combustion values 
were reorganized into a table for ease of use. No technical changes were made to the values. 
Reference documents were updated to reflect the most current editions available. 

The 2023 edition contains guidance on fit·e load calculations for ignition-1-esistant materials when 
the calorific value is unknown. New language provides test requirements for ignition-resistant 
materials and fire-retardant-treated wood products. 

NFPA and National Fire Protection Association are registered trademarks of the National Fire Protection Association, Quincy, Massachusetts 02169. 
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NOTE: Membership on a committee shall not in and of itself constitute an endorsement of 
the Association or any document developed by the committee on which the member serves. 

Committee Scope: This Committee shall have primary responsibility for documents on fire 
hazard calculation procedures for use by other Committees in writing provisions to control 
the fire hazards of contents and furnishings. This Committee shall also provide guidance and 
recommendations to Committees in assessing the fire hazard of contents and furnishings. It 
shall establish classification and rating systems, request the development and standardization 
of appropriate fire tests, and identify and encourage necessary research as it relates to the 
fire hazards of contents and furnishings. It shall act in a liaison capacity between NFPA and 
the committees of other organizations with respect to the hazard of contents and 
furnishings. 
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IMPORTANT NOTE: This NFPA document is made ava.ilable 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 "Importan.t Notices and 
Disclaimers Concerning NFPA Standards. " They can also be viewed 
at www.njpa.org! disclaimers or obtained on request from NFPA. 

UPDATES, ALERTS, AND FUTURE EDITIONS: New editions of 
NFPA codes, standards, recommended practices, and guides (i.e., 
NFPA Standards) are released on sch.eduled revision cycles. This 
edition may be superseded by a later one, or it may be amended 
outside of its scheduled revision cycle through the issuance of Tenta­
tive Interim Amendments (TIAs). An official NFPA Standard at any 
point in time consists of the current edition of the document, together 
with all TIAs and Errata in effect. To verify that this document is the 
current edition or to determine if it has been amended by TlAs or 
Errata, please consult the National Fire Codes® Subscription Service 
or the "List of NFPA Codes & Standards" at wwm nfpa.org! docinfo. 
In addition to TIAs and Errata, the document information pages also 
include the option to sign up for alerts for individual documents and 
to be involved in the development of the next edition. 

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

A reference in brackets [ ] following a section or paragraph 
indicates material that has been extracted from another NFPA 
document. Exu·acted text may be edited for consistency and 
style and may include the 1·evision of internal paragraph refer­
ences and other references as appropriate. Requests for inter­
pretations or revisions of exu·acted text shall be sent to the 
technical committee responsible for the source document. 

Information on referenced and exu·acted publications can 
be found in Chapter 2 and Annex E. 

Chapter 1 Administration 

1.1  * Scope. The scope of this standard is d1e determination 
of the fire load and fire load density to be used as the basis for 
the evaluation and design of the structural fire performance of 
a building. 

I.I.I The determination of a design-basis fire is outside the 
scope of this standard. 

1.1.2* This document is not intended to address facilities for 
storage of hazardous materials. 

1.2 Purpose. The purpose of this standard L� to provide stand­
ard methods and values for use in the detennination of fire 
loads and fire load densities for design-basis fires, which is 
done using a risk framework. 

1.3 Application. This standard applies to the dete1·mination of 
fire loads and fire load densities based on occupancy. 

2023 Edition 

1.4 Equivalency. Nothing in this standard is intended to 
prevent the use of methods equivalent or superior in effective­
ness and safety over those prescribed by this standard. 

1.5 Units and Formulas. 

1.5.1 The units of measure in this standard are presented in 
the International System (SI) of Units. 

1.5.2 The values presented for measurements in this standard 
are expressed with a degree of precision appropriate for practi­
cal appHcation and enforcement. It is not intended that the 
application or enforcement of these values be more precise 
than the precision expressed. 

1.5.3 Where extracted text contains values expressed in only 
one system of units, the values in the extracted text have been 
retained without conversion to p1·eserve the values established 
by the responsible technical committee in the source docu­
ment. 

1.6 Approved Qualifications. The evaluation of the fit·e load 
shall be prepared by an approved person. 

Chapter 2 Referenced Publications 

2.1 General. The documents or portions thereof listed in this 
chapter are referenced within this standard and shall be 
considered part of the require men ts of this document. 

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

NFPA 7o®, National fiectrical Code®, 2023 edition. 
NFPA 90A, Standard for the lmtallation of Ai?�Conditioning and 

Ventilating Systems, 2021 edition. 
NFPA 101®, Life Safe ty Code®, 2021 edition. 
NFPA 259, Standard 1est Method for Potential Heat of Building 

Mater ials, 2018 edition. 

2.3 Other Publications. 

2.3.1 ASCE Publications. American Society of Civil Engineers, 
1801 Alexander Bell Drive, Reston, VA 20191-4400. 

ASCE/SEI 7-16, Minimum Design Loads and Associate d Criteria 
for Buildings and Other Structures, 2017. 

2.3.2 ASTM Publications. ASTM International, 100 Barr 
Harbor Drive, P.O. Box C700, West Conshohocken, PA 
19428-2959. www.astm.org 

ASTM E84, Test Method for Surface Burning Characteristics of 
Building Mate1ials, 202la.  

ASTM E l 36, Test Method far Assessing Combustibility of Materials 
U> ing a Vertical Tube Furnace at 750°C, 2019a. 

ASTM E2652, Test Method for Assessing Combustibility of Mate1i­
als Using a Tube Furnace with a Cone-shaped Ai1jlow Stabili.w; at 
750°C, 2018. 

ASTM E2768, Test Method for l'.xtended Duration Smface Burn­
ing Charactmistics of Building Materials (30 min Tunnel Test), 201 1 
(2018). 

ASTM E2965, Test Me thod for Determination of Low Levels of 
Heat Release Rate for Mate1ials and Products Using an Oxygen 
Consumption Cal01imeter, 2017. 
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2.3.3 UL Publications. Underwriters Laboratories Inc., 333 
Pfingsten Road, Northbrook, IL 60062-2096. 

UL 723, Test for SU1face Burning Characteristics of Building Mate­
rials, 2018. 

2.3.4 Other Publications. 

Merriam-Webster' s Collegiate Dictionary, 1 1 th edition, Merriam­
Webster, Inc., Springfield, MA, 2003. 

2.4 References for Extracts in Mandatory Sections. 

NFPA 10 1®, Life Safety Code®, 2021 edition. 
NFPA 555, Guide on Methods for .Evaluating Pote ntial for Room 

Flashove1; 2017 edition. 
NFPA 500c!J, Building Construction and Safety Codi!', 2021 

edition. 

Chapter 3 Definitions 

3.1 General. The definitions contained in this chapter shall 
apply to the tet-rns used in this standard. '!\There terms a1-e not 
defined in this chapter or within another chapte1� they shall be 
defined using their ordinarily accepted meanings within the 
context in which they are used. Merriam-Webster's Collegiate 
Dictionary, 1 1th edition, shall be the source for the ordinarily 
accepted meaning. 

3.2 NFPA Official Definitions. 

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

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

3.2.3 Shall. Indicates a mandatory requirement. 

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

3.2.5 Standard. An NFPA standard, the main text of which 
contains only mandatoq1 provisions using the word "shall" to 
indicate requirements and that is in a form generally suitable 
for mandatory reference by another standard or code or for 
adoption into law. Nonmandatory provisions are not to be 
considered 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 NFPA manuals of 
style. When used in a generic sense, such as in the phrases 
"standards development process" or "standards development 
activities," the term "standards" includes all NFPA standards, 
including codes, recommended practices, and guides. 

3.3 General Definitions. 

3.3.l Alteration. See 3.3.12, Renovation. 

3.3.2 Change of Use. A change in the purpose or level of 
activity within a st:rucn1re that involves a change in the applica· 
tion of code requirement5. 

3.3.3 Contents and Furnishings. Any movable objects in a 
building that normally are secured or otherwise put in place 
for functional reasons, excluding ( 1 )  parts of the internal strnc· 
ture of the building and (2) any items meeting the definition 
of interior finish. [555, 2017] 

3.3.4 Design-Basis Fire. The set of conditions that define the 
development of a fire and the spread of combustion products 
throughout a building or portions thereof. 

3.3.5 Fire Load. The total energy content of combustible 
materials in a building, space, or area including ftu-nishing and 
contents and combustible building element5 expressed in :tvij. 

3.3.5.1 * Contents F ire Load. The fire load of all movable or 
sectu-ed contents and furnishings and all occupant posses· 
sions within a compartment, including all the items that can 
be placed into a compartment or taken out of it without 
causing structural damage, expressed in MJ. 

3.3.5.2 Distributed Fire Load. The overall fire load of the 
comparunent, expressed in MJ. 

3.3.5.3* Fixed Fire Load. The fire load of all combustible 
materials used as su-uctural elements or as interior finish or 
trim (wall, ceiling, and floor) or installed concealed behind 
walls, floor, or ceiling, expressed in MJ. 

3.3.5.4* Localized Fire Load. The fire load at a location 
within the compartment that is outside the scope of normal 
variations in the distributed fit-e load, expi-essed in MJ. 

3.3.6* Fire Load Density. The heat energy, expressed in 
MJ/m2, that could be released per unit floor area ofa compart· 
ment by the combustion of the contents of the compartment 
and any combustible part(s) of the building itself. 

3.3.7 Fuel Load. The total wood equivalent mass of combusti· 
ble materials in a building, space, or area, including furnish· 
ings and contents and combustible building elements, 
expressed in kg. 

3.3.8* Interior Fmish. The exposed surfaces of walls, ceilings, 
and floors within buildings. r 101, 2021] 

3.3.9 Material. 

3.3.9.1 Limited-Combustible Material. See 4.6.2. 

3.3.9.2 Noncombustible Material. See 4.6.1. 

3.3.10* Modification. The reconfiguration of any space; the 
addition or elimination of any door or window; the addition or 
elimination of load-bearing elements; the reconfiguration 01-

extension of any system; or the installation of any additional 
equipment. [IOI, 2021] 

3.3.11 Occupancy. The purpose for which a building or other 
structure, or part thereof, is used or intended to be used. 
[ASCE/SEI 7-16: 1.2.1] 

3.3.12 Renovation. The replacement in kind, strengthening, 
or upgrading of building elements, materials, equipment, or 
fixtures that does not result in a reconfiguration of d1e build· 
ing or spaces within. 

3.3.13 Repair. The patching, restoration, or painting of mate· 
rials, elements, equipment, 01- fixtures for the purpose of main· 
raining such materials, elements, equipment, or fixtures in 
good or sound condition. [JOI, 2021 l 

3.3.14 Structurally Significant Fire. A fire that grows to a size 
that poses a threat to the strucniral elements. 
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Chapter 4 Design FundamentaJs 

4.1 * Methodology. The methodology developed in this stand­
ard shall provide a risk-based design fire load and fire load 
densities for use in design and evaluation of structural fire 
performance. 

4.2 Fire Load. The fire load for design-basis fires shall be 
determined by a combination of all of the following: 

( 1 )  Statistical distribution of fire loads in buildings 
(2) Fire initiation frequency 
(3) Effectiveness and reliability of the fire protection features 

that contribute to fire control in the early stages of the 
fire 

4.3 Statistical Distribution of Fire Load. The statistical disu-i­
bution of the fire load of the building shall be determined by 
one of the following: 

( 1 )  Statistical sampling and analysis of the subject or  similar 
buildings, as provided in Chapter 7 

(2) Through the use of suitable occupancy-based means and 
standard deviation of the fire load distribution, as provi­
ded in Chapter 6 

4.4 Frequency of Fire Initiations. The frequency of fire initia­
tions in the building shall be determined from national statisti­
cal studies of fire incident data. 

4.5 Effectiveness of Fire Protection Features. 

4.5.1 The effectiveness of fire protection features in conu·ol­
ling fires befo1·e the fire becomes structurally significant shall 
be assessed by all of the following: 

( 1 )  Functional analysis 
(2)* National statistical analysis for the country of the design 

site 

4.5.2 Explanation of Statistics Used. If the statistics used for 
compliance with 4.5.1 are local or regional, an explanation 
shall be provided as to why these statistics are applicable for 
this analysis. 

4.6 Combustibility of Materials. 

4.6.1 * Noncombustible Material. 

4.6.1.1 A material that complies with any of the following shall 
be considered a noncombustible material: 

( 1  )* A material that, in the fo1·m in which it is used and under 
the conditions anticipated, will not ignite, burn, support 
combustion, or release flammable vapors when subjected 
to fire or heat. 

(2) A material that is reported as passing ASTM E l 36, Jest 
Method for Asse ssing Combustimlity of Mater ials Using a Verti­
cal Tube Fu rnace at 750°C. 

(3) A material that is reported as complying with the pass/fail 
criteria of ASTM E136 when tested in accordance with 
the test method and procedure in ASTM E2652, Test 
Method for Assessing Combustibility of Mater ials Using a Tube 
Furnace with a Cone-shaped A i1jlow Stabilize1; at 750°C. 

4.6.1.2 "Where the term limited-combustible is used in this stand­
ard, it shall also include the term noncombustible. 

2023 Edition 

4.6.2 Limited-Combustible Material. A material shall be 
considered a limited-combustible material where one of the 
following is met: 

( 1 )  The conditions of 4.6.2.1 and 4.6.2.2 and the conditions 
of either 4.6.2.3 or 4.6.2.4 shall be met. 

(2) The conditions of 4.6.2.5 shall be met. 
(5000:7.1 .4.2] 

4.6.2.1 The material does not comply with the requirements 
for a noncombustible material in accordance with 4.6. l .  
[5000:7.1 .4.2.1 l 

4.6.2.2 The material, in the form in which it is used, exhibits a 
potential heat value not exceeding 8141 kJ/kg (3500 Btu/lb), 
when tested in accordance with NFPA 259. [5000:7.1.4.2.2] 

4.6.2.3 The material shall have a structural base of noncom­
bustible material with a surfacing not exceeding a thickness of 
3.2 mm (Ys in.) where the surfacing exhibits a flame spread 
index not greater than 50 when tested in accordance with 
ASTM E84, Test Method for Swf ace Burning Characte1istics of Build­
ing Materials, or UL 723, Test for Surface Burning Characteristics of 
Building Materials. [5000:7.1 .4.2.31 

4.6.2.4 The material shall be composed of materials that in 
the form and thickness used neither exhibit a flame spread 
index greater than 25 nor exhibit evidence of continued 
progressive combustion when tested in accordance with ASTM 
E84 or UL 723, and are of such composition that all surfaces 
that would be exposed by cutting through the material on any 
plane would neither exhibit a flame spread index greater than 
25 nor exhibit evidence of continued progressive combustion 
when tested in accordance with ASTM E84 or UL 723. 
[5000:7.1 .4.2.41 

4.6.2.5 Materials shall be considered limited-combustible 
materials where tested in accordance with ASTM E2965, Test 
Method for Determination of Low Levels of Heat Rel,ease Rate for Mat� 
1ials and Products Using an Oxygen Consumption Calorimeter, at an 
incident heat flux of 75 kV1T /m2 for a 20-minute exposure, and 
both the following conditions are met: 

( 1 )  The peak heat release rate shall not exceed 150 kW/m2 

for longer than 10 seconds. 
(2) The total heat released shall not exceed 8 tvTI/m2. 
[5000:7.1 .4.2.51 

4.6.2.6 Whe1·e the term limited-cornbu5tible is used in this 
standard, it shall also include the term noncombustible. 
f 5000:7.1 .4.2.61 

Chapter 5 Development of Fire Loads 

5.1 Types of Frre Loads. Fire loads shall be calculated as both 
localized fire loads and distributed fire loads. 

5.1.l * Prior to a change of use or occupancy, renovation, or 
modification, the building owner shall be responsible for the 
evaluation of the new fire load. 

5.1.2 If there is a change of use or occupancy, and the fire 
load in the new use or occupancy exceeds the fire load that was 
originally developed, then the fire resistance of the building 
shall be analyzed to evaluate if the existing passive fire protec­
tion meets the design objectives for the new use or occupancy. 
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DEVELOPMENT OF FIRE LOADS 557-7 

5.2 Defining the Compartment. 

5.2.l The compartment shall be selected as either the entire 
building or that portion of the building that is bow1ded by 
exterior surfaces of the building and by fire-rated boundaries 
that are capable of containing a fire for the entire duration 
through burnout. 

5.2.2 For areas where there are no fire-rated boundaries, the 
entire building shall be selected. 

5.3 Distributed Fire Loads. 

5.3.l Distributed fire loads shall be determined to reflect the 
total fit-e load throughout a compartment. 

5.3.2 Distributed fire loads shall be determined in accordance 
with Chapter 6 or Chapter 7. 

5.4 Localized Fire Loads. 

5.4.l Localized fire loads shall be determined to reflect 
concentrations of combustible material that have the potential 
to pose a more severe thermal exposure than the thermal expo­
sure that would result from the uniform fire load. 

5.4.2* Combustible materials shall be considered concentra­
ted whenever d1e mass per unit area of one or more items is a 
factor of 2.57 greater than the established distributed fire load. 

5.4.3 Localized fire loads shall be determined based upon 
stu-veys as described in Chapte1- 7 or upon architectural design 
data. 

5.4.4 The localized fire load determined in accordance with 
this section shall be subject to the approval of the authority 
havingjurisdiction (AHJ). 

5.4.5 Localized fire loads shall be reported by location in the 
building and shall include the expected value and a measure of 
the variability of the value (mean and standard deviation). 

5.5 Frequency of Structurally Significant Fires. 

5.5.1 Methodology. 

5.5.1.1 The frequency of structurally significant fires shall be 
developed by estimating the rate of fires per year relative to the 
numbers of buildings and to the a1-ea of floor space, for build­
ings of similar occupancy to d1e building being designed. 

5.5.1.2* The frequency of structurally significant fires shall be 
determined by multiplying the rate of reportable fires per year 
per floor area by the fraction of fires that are structurally signif­
icant in buildings with similar construction and fire protection 
systems as proposed for the building. 

5.5.1.3 The frequency of suucturally significant fires, f,,, shall 
be calculated as the product of the fire frequency, fr, and the 
floor area, Af' as follows: 

[5.5.1.3] 

where: 
f,, = frequency of structurally significant fires (fires/year) 
Jj = fire frequency (fires/m2 year) 

A1 = floo1- area (m2) 

5.6 Approvals and Limitations. 

5.6.1 * The limitations on the estimates of the frequency of 
structurally significant fires along with any limitations of the 
applicability of the structurally significant fire frequency for a 
particular building shall be subject to d1e approval of the AHJ. 

5.6.2 The limitations of the applicability on the estimate of 
the frequency of the structurally significant fire for each partic­
ular building or facility shall be addressed within a technical 
report and provided to the AHJ for review and approval. 

5.6.3* The frequency of structurally significant fires shall be 
developed from national statistics per Section 5.7 and 
Annex D. 

5.6.4 As an alternative to the procedures in Section 5.6, other 
published data shall be used subject to approval of the applica­
bility of the data by the AHJ. 

5. 7* Application of the Frequencies of Structurally Significant 
Fires to Occupancies. 

5.7.1* Office/Business Occupancies. 

5.7.1.I* For office/business occupancies, the frequency of 
fires shall be taken as 6 fires per million square meters per year. 

5.7.1.2* For office/business occupancies, the frequency of 
structurally significant fires shall be determined by multiplying 
the fire frequency in 5.7. 1 . 1  by the value in Table 5.7.1.2 that 
corresponds to the construction type and fire protection 
systems specified for the building. 

5. 7 .2* Religious Properties. 

5.7.2.l * For religious properties, the frequency of fires shall 
be taken as 6 fires per million square meters per year. 

5.7.2.2* For religious properties, the frequency of stntetmally 
significant fires shall be determined by multiplying the fire 
frequency in 5.7.2.1 by the value in Table 5.7.2.2 that corre­
sponds to the construction type and fire protection systems 
specified for the building. 

5.7.3* Eating and Drinking Establishments. 

5.7.3.l * For eating and drinking establishments, the 
frequency of fires shall be taken as 81 fires per million square 
meters per year. 

5. 7.3.2* For eating and drinking establishments, me 
frequency of structurally significant fires shall be determined 
by multiplying the fire frequency in 5.7.3.1 by the value in 
Table 5.7.3.2 that corresponds to the construction type and fire 
protection systems specified for the building. 

5. 7.4* Other Public Assembly. 

5. 7.4.l * For other public assembly buildings, the frequency of 
fires shall be taken as 10 fires per million square meters per 
year. 

5.7.4.2* For other public assembly buildings, the frequency of 
structurally significant fires shall be determined by multiplying 
the fire frequency in 5.7.4.1 by the value in Table 5.7.4.2 that 
corresponds to the construction type and fire p1-otection 
systems specified for the building. 
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557-8 DETERMINATION OF FIRE LOADS FOR USE IN STRUCTURAL FIRE PROTECTION DESIGN 

Table 5. 7 .1.2 Fraction of Fires That Are Structurally Significant in Office/Business Occupancies 

No Detection or Detection and 
No Detection or Detection and No Alarm Alarm Present 

No Alarm Alarm Present (Sprinklers (Sprinklers 
Type of Construction* (No Sprinklers) (No Sprinklers) Present) Present) 

Fire resistive 0.13 0.07 0.04 0.03 
Protected, 0.15 0.06 0.05 0.03 

noncombustible 
Unprotected, 0.19 0.10 0.07 0.05 

noncombustible 
Protected, ordinary 0.21 0.10 0.03 0.04 
Unprotected, ordinary 0.30 0.17 0.11  0.07 
Protected, wood frame 0.30 0.18 0.13 0.08 
Unprotected, wood frame 0.37 0.20 0.12 0.07 

*For more information on types of consu-uction, see A.5.7. l.2. 

Table 5. 7 .2.2 Fraction of Fires That Are Structurally Significant in Religious Properties 

No Detection or Detection and 
No Detection or Detection and No Alarm Alarm Present 

No Alarm Alarm Present (Sprinklers (Sprinklers 
Type of Construction (No Sprinklers) (No Sprinklers) Present) Present) 

Fi.re resistive 0.22 0.06 0 0 
Protected, 0.16 O.o7 0.07 0.03 

noncombustible 
Unprotected, 0.23 0.15 0 0.43 

noncombustible 
Protected, ordinary 0.24 0.12 0.14 0 
Unprotected, ordinary 0.29 0.18 0.22 0.05 
Protected, wood frame 0.33 0.17 0.06 0.03 
Unprotected, wood frame 0.39 0.20 0.08 0.18 

Table 5. 7 .3.2 Fraction of Fires That Are Structurally Significant in Eating and Drinking 
Establishments 

No Detection or Detection and 
No Detection or Detection and No Alarm Alarm Present 

No Alarm Alarm Present (Sprinklers (Sprinklers 
Type of Construction (No Sprinklers) (No Sprinklers) Present) Present) 

Fire resistive 0.16 0.10 0.05 0.03 
Protected, 0.16 0.06 0.04 0.04 

noncombustible 
Unprotected, 0.20 0.10 0.08 0.05 

noncombustible 
Protected, ordinary 0.19 0. 1 1  0.06 0.04 
Unprotected, ordinary 0.24 0.14 0.08 0.05 
Protected, wood frame 0.22 0.12 0.08 0.05 
Unprotected, wood frame 0.29 0.19 0. 11  0.07 
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Table 5. 7.4.2 Fraction of Fires That Are Structurally Significant in Other Public Assembly 
Buildings 

Type of Construction 

Fire resistive 
Protected, noncombustible 
Unprotected, 

noncombustible 
Protected, ordinary 
Unprotected, ordinary 
Protected, wood frame 
Unprotected, wood frame 

5.7.5* Educational. 

No Detection or 
No Alarm 

(No Sprinklers) 

0.13 
0.16 
0.20 

0.21 
0.31 
0.33 
0.43 

Detection and 
Alarm Present 
(No Sprinklers) 

0.05 
0.06 
0.13 

0. 1 1  
0.15 
0.18 
0.22 

5.7.5.1 * For educational buildings, the frequency of flt-es shall 
be taken as 10 fires per million square meters per year. 

5.7.5.2* For educational buildings, the frequency of structur­
ally significant fires shall be determined by multiplying the fire 
frequency in 5.7.5.l by the value in Table 5.7.5.2 that corre­
sponds to the construction type and fire protection systems 
specified for the building. 

No Detection 
or No Alarm 
(Sprinklers 

Present) 

0.04 
0.03 
0.04 

0.04 
0.05 
0.12 
0.10 

Detection and 
Alarm Present 

(Sprinklers 
Present) 

0.02 
0.05 
0.06 

0.03 
0.03 
0.05 
0.08 

5.7.6* Facilities That Care for the Sick. 

5.7.6.l * For facilities that care for the sick, the frequency of 
fires shall be taken as 16 fires per million square meters per 
year. 

5. 7.6.2* For facilities that ca1·e for the sick, the frequency of 
strucn1rally significant fires shall be determined by multiplying 
the fire frequency in 5.7.6.1 by the value in Table 5.7.6.2 that 
c01-responds to the consu-uction type and fit·e protection 
systems specified for the building. 

Table 5. 7 .5.2 Fraction of Fires That Are Structurally Significant in Educational Buildings 

No Detection or Detection and 
No Detection or Detection and No Alarm Alarm Present 

No Alarm Alarm Present (Sprinklers (Sprinklers 
Type of Construction (No Sprinklers) (No Sprinklers) Present) Present) 

Fire resistive 0.07 0.03 0.04 0.02 
Protected, noncombustible 0.07 0.04 0.02 0.03 
Unprotected, 0.09 0.04 0.01 0.02 

noncombustible 
Protected, ordinary 0.08 0.04 0.05 0.03 
Unprotected, ordinary 0.16 0.08 0.04 0.05 
Protected, wood frame 0.18 0.07 0.05 0.02 
Unprotected, wood frame 0.30 0.13 0.11 0.03 

Table 5.7.6.2 Fraction of Fires That Are Structurally Significant in Facilities That Care for the Sick 

No Detection or Detection and 
No Detection or Detection and No Alarm Alarm Present 

No Alarm Alarm Present (Sprinklers (Sprinklers 
Type of Construction (No Sprinklers) (No Sprinklers) Present) Present) 

Fire resistive 0.03 0.02 0.02 0.()1 
Protected, noncombustible 0.03 0.02 0.02 0.01 
Unprotected, 0.08 0.04 0 0.()1 

noncombustible 
Protected, ordinary 0.10 0.03 0.03 0.02 
Unprotected, ordinary 0.17 0.05 0 0.01 
Protected, wood frame 0.19 0.07 0.35 0.02 
Unprotected, wood frame 0.14 0. 1 4  0 0.()1 
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5. 7. 7* Stores/Mercantile Buildings. 

5.7.7.1 * For stores/mercantile buildings, the frequency of 
fires shall be taken as 16 fires per rnilJion square meters per 
year. 

5.7.7.2* For sto1-es/mercantile buildings, the frequency of 
structurally significant fires shall be determined by multiplying 
the fire frequency in 5.7.7.1 by the value in Table 5.7.7.2 that 
corresponds to the consu-uction type and fire protection 
systems specified for the building. 

5.7.8* Places Where People Sleep Other Than Homes. 

5.7.8.1 * For places where people sleep other than homes, the 
frequency of fires shall be taken as 43 fires per million square 
meters per year. 

5.7.8.2* For places where people sleep other than homes, the 
frequency of structurally significant fires shall be determined 
by multiplying the fire frequency in 5.7.8.1 by the value in 
Table 5.7.8.2 that corresponds to the construction type and fire 
protection systems specified for the building. 

5.7.9* Warehouse. (Reserved) 

Table 5. 7. 7 .2 Fraction of Fires That Are Structurally Significant in Stores/Mercantile Buildings 

No Detection or Detection and 
No Detection or Detection and No Alarm Alarm Present 

No Alarm Alarm Present (Sprinklers (Sprinklers 
Type of Construction (No Sprinklers) (No Sprinklers) Present) Present) 

Fi.re resistive 0.18 0.13 0.05 0.04 
Protected, noncombustible 0.17 0.10 0.03 0.03 
Unprotected, 0.25 0.16 0.05 0.05 

noncombustible 
Protected, ordinary 0.24 0.16 O.Q7 0.05 
Unprotected, ordinary 0.31 0.21 0.09 0.09 
Protected, wood frame 0.30 0.19 0.10 0 . 1 1  
Unprotected, wood frame 0.41 0.28 0.20 0.06 

Table 5. 7 .8.2 Fraction of Fires That Are Structurally Significant in Places Where People Sleep 
Other Than Homes 

No Detection or Detection and 
No Detection or Detection and No Alarm Alarm Present 

No Alarm Alarm Present (Sprinklers (Sprinklers 
Type of Construction (No Sprinklers) (No Sprinklers) Present) Present) 

Fire resistive 0.09 0.04 0.04 0.02 
Protected, noncombustible 0. 1 1  0.04 0.05 0.02 
Unprotected, 0.13 0.05 O.Q3 0.03 

noncombustible 
Protected, ordinary 0.16 0.09 0.04 0.02 
Unprotected, ordinary 0.23 0.12 0.05 0.03 
Protected, wood frame 0.21 0.13 0.03 0.03 
Unprotected, wood frame 0.32 0.18 0.09 0.03 
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Chapter 6 Occupancy-Based Fire Load Density 

6.1 * Fire Load Density. 

6.1.1 The average fire load density shall be the sum of the 
avernge fixed fit·e load density and the average contents fire 
load density, calculated as follows: 

where: 

Qr = 
average fire load density (MJ!m2) 

Qr.J 
= average fixed fire load density (MJ/m2) 

Qr.• = 
average contents fire load density (MJ/m2) 

[6.1.1] 

6.1.2 The standard deviation of the total fire load density, ar, 
shall be calculated from the standard deviations of the fixed 
fire load density, ar,p and contents fire load density, af.17 as 

follows: 

[6.1.2] 

where: 
ar = standard deviation of fire load density (MJ/m2) 

ar1 = standard deviation of fixed fire load density (MJ/m2) 
af., = standard deviation of contents fire load density (MJ/m2) 

6.1.3* Contents Fire Load Density. For office/business occu­
pancies, the average contents fire load shall be 600 MJ/m2 
floor area and the standard deviation shall be 500 MJ/m2 floor 
area. 

6.1.4 Fixed Fire Load Density. For buildings of noncombusti­
ble consu·uction, the average fixed fire load density shall be 
130 MJ/m2 and the standard deviation shall be 40 MJ/m2. 

6.2 Design Fire Load Density. 

6.2.l The design fire load density shall be determined to 
achieve the 1·isk performance crite1·ia stated by the applicable 
code, using the methods described in this section. 

6.2.2 vVhere the applicable code does not provide risk 
performance criteria for structw·aJ fire protection, the risk 
performance criteria for structural collapse, R,, shall be no 
greater than 10-6/y1·, unless another value is approved by the 
AHJ. 

6.2.3* Design Fire Load Density Calculation. 

6.2.3.1 The design fit-e load density, Qp shall be determined 
from the frequency of su·ucturally significant fires, /,, and the 
1·isk performance criterion as follows: 

[6.2.3.la] 

where: 

Qr = 
average fire load (MJ/m2) 

F = risk objective (See 6.2.3.2) 

where: 
ar = standard deviation of fire load density (MJ!m2) 

[6.2.3.lb] 

arJ = standard deviation of fixed fire load density (MJ/m2) 
a/., = standard deviation of contents fire load density (MJ/m2) 

6.2.3.2 The cumulative probability function required to 
achieve the risk objective, F; shall be calculated as follows: 

[6.2.3.2] 

where: 
R, = risk performance criteria for stmctural collapse (from 

6.2.1 and 6.2.2) 
f,, = frequency of structurally significant fires (from 

Section 5.5) 

6.2.3.3 This section is applicable to the overall and localized 
fire load densities. 

Chapter 7 Survey Method-Based Fire Load Density 

7.1 Fire Load Density The fire load density shall consist of the 
total fire load divided by the floor area of the compartment. 

7.2 Fire Load. 

7.2.1 The total fire load shall be calculated in accordance with 
7.2.2 and shall include all of the fixed fire load and all of the 
contents fire load. 

7.2.2 The total fire load in a surveyed compartment shall be 
computed using the following equation: 

[7.2.2] 

Q = '""' k m h  l...t I I C; 

where: 
Q = total fire load in compartment (MJ) 
k; = proportion of content or building component, i, that is 

combustible 
m; = mass of item, i (kg) 
h,.; = calorific value of item, i (MJ/kg) 
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7.2.3* The fire load density in a compartment is the total fire 
load per square meter of the floor area, Q', (MJ/m2), as 
follows: 

where: 
Q11 = total fire load per m2 of floor area 

Q = total fire load in compartment 
A1 = floor area of fire compartment (m2) 

7.3* Heats of Combustion. 

[7.2.3] 

7.3.1 * The fire load for an item shall be determined by multi­
plying the mass by the calorific value (heat of combustion) for 
the item. 

7.3.2* If the calorific value of the item is not known, the fire 
load shall be determined by multiplying the mass of the item by 
the heat of combustion in Table 7.3.2. 

7.3.2.1 A wood product shall be acceptable as a fire retardant­
treated wood product for this standard if it has been impregna­
ted with chemicals and, when tested in accordance with ASTM 
E2768, Test Method for .Extended Duration Surface Burning Charac­
teri5tics of Bttilding Materials (30 min Tunnel Jest), it exhibit5 a 
flame spread index not exceeding 25 (during the ftrst 
10 minutes of the test) and a flame front that does not progress 
more than 3.2 m (10.5 ft) beyond the centerline of the burner 
at any time during the test, on both the front and back faces. 

7.3.2.2 A product shall be considered an ignition-resistant 
material for this standard if it does not have a coating or other 
exterior protective layer and, when tested in accordance with 
ASTM E2768, it exhibits a flame spread index not exceeding 25 
(during the first 10 minutes of the test) and a flame front that 
does not progress more than 3.2 m (10.5 ft) beyond the center-

Table 7.3.2 Heat of Combustion 

Material 

Unknown or not listed below 
Cellulosic materials without a wood structure 

line of the burner at any time during the test, on both the front 
and back faces. 

7.3.3 If items are derived from a known combination of mate­
rials, the fire load for that item shall be determined by multi­
plying the heat of combustion of the individual materials by 
their corresponding mass. 

7.4 Methodology and Limitations. 

7.4.1 * The fire load survey shall be conducted by either the 
weighing technique or the inventory technique, or a combina­
tion of the two. 

7.4.2* Sample Size Determination. 

7.4.2.1 If fire loads are determined by conducting a survey, 
diverse compartments shall be surveyed and a confidence inter­
val shall be constructed. 

7.4.2.2 If the results of the fire load survey will be applied to 
multiple buildings, then surveys shall be conducted in more 
than one building. 

7.4.3 The individual reports shall be provided for the surveys 
for fixed and contents fire loads. 

7.4.4 For design purposes, confidence intervals of no less than 
99 percent shall be used. 

7.4.5 Results of the fire load survey reported shall include the 
mean, stai1da1-d deviation, and a cumulative probability distri­
bution for the energy content per Lmit area. 

7.4.6 The results from a fire load survey shall only be applied 
to the building in which it was conducted or to similar build­
ings. 

7.4.7 The value(s) used for mass densities shall be subject to 
the approval of the AHJ. 

7.4.8 The fire load determined in accordance with this section 
shall be subject to the approval of the AHJ. 

Heat of Combustion 

Products that have complied with the fire tests required by NFPA 90A or 
the applicable mechanical code to be used exposed in plenums 

40 MJ/kg 
1 7 MJ/kg 
15 MJ/kg 

Upholstered furniture or mam-esses that have complied with the fire 
tests required for such products according to Chapter 10 ofNFPA 101 
or by the applicable fire code and have done so without the use of 
bai-riers 

Elecu-ical or optical fiber wires and cables that have complied with the 
fire test� required for use in risers (vertical runs in a shaft or from 
floor to floor) or plenums (ducts, plenums, and other spaces used for 
environmental air) a5 required by NFPA 70 

Wood products that have complied with the requirements of the 
applicable building code or fire code for classification as fire 
retardanr-u-eated wood products based on testing as required in 
7.3.2.1 

Materials or products that have complied with the requi1-ement5 of 
limited-combustible materials in accordance with NFPA 101 

Materials or products that have complied with the requirements of 
ignition-resistant materials based on testing as required in 7.3.2.2 
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15 MJ/kg 

15 MJ/kg 

10 MJ/kg 

8.141 MJ/kg 

20 MJ/kg 
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Chapter 8 Documentation, Inspection, and Maintenance 

8.1 Documented Fire Load. 

8.1.l The design basis for the fire load determined shall be 
documented in a report that is maintained by the building 
owner and provided to the AH]. 

8.1.2 The building owner shall be responsible for confirming 
that the anticipated fire load densities will not exceed the 
values used for the design as documented in Section 8.1 .  

8.2 Change in Occupancy. 

8.2.l If the1-e is a change in occupancy, alteration, or renova­
tion, and the fire load in the new occupancy or portion of the 
building that has been altered or renovated exceeds the fire 
load that was originally developed, then the fire 1-esistance of 
the building shall be analyzed to evaluate if the existing fire 
protection meets the design objectives for the new occupancy 
or the portion of the building that has been altered or renova­
ted. 

8.2.2 If the objectives are no longer met, then modifications 
to the existing fire protection shall be made as necessary so 
that the building meets its fire resistance objectives. 

8.3 Repairs. Repairs shall not require reanalysis. 

8.4 Formal Review. A formal review of the fire load shall be 
undertaken, documented, and provided to the AI-.ij at least 
once every 5 years. 

Annex A Explanatory Material 

Annex A is not a fmrt of the requirements of this NFPA document but is 
included far informatianal purposes anly. This annex contains explan­
atary material, numbered to correspand with the applicable text para­
graphs. 

A. I. I This standard is a companion to SFPE S.01, �Engineering 
Standard on Calculating Fire Exposures to Structures, and SFPE S.02, 
Engineering Standard an Calculatian Methods to Predict the Thermal 
Pe1formance of Structural and Fire Resistive Assemblies. These stand­
arcls are used in conjunction with ASCE/SEI 7-16, Minimum 
Design Loads and Associated Criteria for Buildings and Othe1· Struc­
tures, and other performance-based design documents. 

A.1.1.2 Examples of hazardous materials include combustible 
dusts, flammable and combustible liquids, flammable solids, 
oxidizers, and oxidizer-containing waste. Information on such 
occupancies is contained in NFPA 400. 

A.3.2.1 Approved. The National Fire Protection Association 
does not approve, inspect, or certify any installations, proce­
dures, equipment, or materials nor does it approve or evaluate 
testing laboratories. In determining the acceptability of installa­
tions or procedures, equipment, or materials, the "authority 
having jurisdiction" may base acceptance on compliance with 
NFPA or other appropriate standards. In the absence of such 
standards, said authority may require evidence of proper instal­
lation, procedure, or use. The "authority having jurisdiction" 
may also refer to the listings or labeling pi-actices of an organi­
zation that is concerned with product evaluations and is thus in 
a position to determine compliance with appropriate standards 
for the current production oflisted items. 

A.3.2.2 Authority Having Jurisdiction (AHJ). The phrase 
"authority having jurisdiction," or its acronym AHJ, is used in 
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NFPA standards in a broad manner because jurisdictions and 
approval agencies vary, as do thei1- responsibilities. v\7here 
public safety is primary, the authority having jurisdiction may 
be a federal, state, local, or other regional department or indi­
vidual such as a fire chief; fire marshal; chief of a fire p1·even­
tion bureau, labor department, or health department; building 
official; electrical inspector; or others having stanitory author­
ity. For insurance purposes, an insurance inspection depart­
ment, rating bureau, or other insurance company 
representative may be the authority having jurisdiction. In 
many circumstances, the property owner 01- his or her designa­
ted agent assumes the role of the authority having jurisdiction; 
at government installations, the commanding officer or depart­
mental official may be the authority having jurisdiction. 

A.3.3.5.1 Contents Frre Load. Examples of items in this cate­
gory are furninrre (both movable and secured in place by the 
occupant), furnishings, appliances (including computers, tele­
vision sets, and portable lighting), clothing, books and papers, 
picnires, telephones, rubbish bins, and personal effects. A limi­
ted quantity of small movable items that provide negligible 
contributions to total heat release can generally be ignored. 

A.3.3.5.3 Fixed Fire Load. Examples of items in this category 
are built-in structural elements; built-in closets or cupboards; 
doors and their frames; windows and their sills; wall, ceiling; 
and floor linings; electrical and optical fiber wiring (for power 
or data);  piping and tubing (including drain, waste, sprinkler, 
and pneumatic ones); insulation; and built-in appliances. Small 
fixed items that provide negligible contributions to total heat 
release, such as wall sv•itches or other items with low mass can 
generally be ignored. 

A.3.3.5.4 Localized Fire Load. The localized fire load may 
pose a mo1·e severe thermal exposure to individual strucnrral 
elements than the distributed fire load. 

A.3.3.6 Fire Load Density. The higher the value of the fire 
load density, the greate1· the potential fire severity and damage, 
as the duration of the burning period of the fire is propor­
tional to the fire load. 

A.3.3.8 Interior Finish. The term interior finish includes inte­
rior wall and ceiling finish and interior floor finish. With 
respect to interior wall and ceiling finish, this means the 
exposed interior smfaces of buildings including, but not limi­
ted to, fixed or movable walls and partitions, columns, and ceil­
ings. With respect to interior floor finish, this means the 
exposed floo1- surfaces of buildings, including coverings that 
might be applied over a normal-finished floor or stairs, includ­
ing risers. Furnishings, which in some cases are secured in 
place fix functional reasons, should not be considered as inte­
rior finish. (555, 20171 

A.3.3.10 Modification. Modification does not include repair 
or replacement of interior finishes. r 101, 2021] 

A.4.1 The fire load and fire load density determined by appli­
cation of this standard can be used together with a design ba5is 
fire for the dete1-mination of the fire exposure to a structtu-e. 

A.4.5.1 (2) The nation for which the statistics are being used 
should be the same nation for which the building practices are 
being considered. In the absence of national statistics, the 
statistics from other comparable countries may be useful . 
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A.4.6.l The prov1S1ons of 4.6.1 do not require inherently 
noncombustible materials to be tested in order to be classified 
as noncombustible materials. 

A.4.6.1.1(1) Examples of such materials include steel, 
connete, masonry, and glass. 

A.5.1.1 VIThen selecting a fire load density for a building or 
other strucnire, the building owner should consider the possi­
bility of later changes in occupancy or use, which could result 
in greater fire loads than originally contemplated. In the event 
that the fire load increases beyond that contemplated during 
the design, reanalysis must be performed, and it may be neces­
sary to modify the fire protection applied to the building. 

A.5.4.2 The factor of 2.57 was selected based on the Z value 
used in confidence intervals . A Z value of 2.57 approximately 
corresponds to a confidence interval of 99 percent (based 
upon a normally distributed variable). Annex C provides a 
means to deter-mine the safety factor for 99 percent confidence 
level . 

A.5.5.1.2 Fires that extend beyond the room of origin are 
considered to be strucnu-ally significant because they represent 
compartment fires that flash over and spread to additional 
spaces. Sprinklers or other automatic extinguishing equip­
ment, automatic detection equipment, and construction will 
influence the likelihood of a fire extending beyond the room 
of origin. Fires tl1at extend beyond the room of origin are 
considered to present a significant challenge to the structure. 
Therefore, statistics or data for buildings with fire protection 
systems or construction methods similar to those proposed may 
be used to determine the structurally significant fire frequency. 
The structurally significant fire frequency for a given building 
type and set of fire protection systems and consu-uction meth­
ods may be greater than or less than the structurally significant 
fire frequency for the building type with data for all combina­
tions of fire protection systems and consU-uction methods 
aggregated. See A.5.7.2.1 through A.5.7.8.1 for more informa­
tion. 

A.5.6.1 Li.mi rations may arise from several sources. Fire 
frequencies are culturally influenced or determined. The frac­
tion of fires reported can vary with cow1uy and jurisdiction, 
depending upon local customs and regulations. Acn1al fire 
frequencies can also vary by country based upon cultw-al differ­
ences and differences in regulations concerning potential igni­
tion sources. 

A.5.6.3 The tables used for calculating the factors take into 
account the type of consu-uction and the presence or absence 
of detection and alarm systems and of sprinklers. 

A.5. 7 The occupancies represented in tllis section and in 
Annex D may not correlate with the occupancy classifications 
typically used in current codes and standards. This data is 
collected from the National Fire Incident Reporting System 
(NFIRS) .  

A.5.7.1 For more information, see Annex D. 

A.5.7.1.1 The fire frequency of 6 fires per million square 
meters per year represents the frequency of fires that are repor­
ted. A fraction of the fires that start will extend beyond the 
room of origin. The basis for this fire frequency is provided in 
Section D.8 of Annex D. 

A.5.7.1.2 These values were determined from U.S. National 
Fire Statistics using spread beyond the compartment of 01-igin 
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as a surrogate for su-ucturally significant. The data in Table 
5.7.1.2 correspond to the analysis provided in Section D.8 of 
Annex D for office/business occupancies. 

The types of construction and property use (e.g., office/busi­
ness occupancies) indicated in Table 5.7.1.2 are based upon 
the National Fire Incident Reporting System (NFIRS) incident 
form. The definitions from the form are exu-acted as follows 
(see also www.usfa.fema.gov/downloads/pdf/nfirs/nfirs-l.pdf): 

( 1 )  Construction types as follows. Table A.5.7.1.2 relates the 
types of construction used in Section 5.7 to the types of 
construction referenced in NFPA 220. 

(a) Fire resistive. A totally noncombustible building in 
which no su-ucmral steel is exposed and all vertical 
openings are protected with approved doors. The 
fire-resistant covering of the steel is typically very 
heavy: poured concrete, brick, concrete block, or 
similar material. 

(b) Protected, noncombustible. A totally noncombusti­
ble building in which no structural steel is exposed. 
All vertical openings are protected by approved 
doors. The fire-resistant covering of the steel is typi­
cally light: gypsum board, sprayed fire-resistive 
covering, rated ceilings, and similar materials. 

(c) Unprotected, noncombustible. A totally noncom­
bustible building in which the structural steel is 
exposed to the effects of fire. 

(d) Protected, ordinary. The load-bea1-ing walls are 
masonry. Columns are protected by a fire-resistive 
coating. The underside of all wood floor and roof 
decks is protected by a fire-resistive coating. 

(e) Unprotected, ordinary. The load-bearing walls are 
masomy. Columns, wood floor, and roof decks are 
exposed and unprotected from fire. 

(f) Protected, wood frame. Walls, floors, and roof struc­
ture are wood framing. The interior \vall and ceiling 
surfaces of habitable spaces are protected by a fire­
resistive covering. A brick-veneer building falls in 
this category because the wall strucnire is wood 
framed. But for any wood frame building, if the 
basement does not have a fire-resistive ceiling 
protecting the underside of the first floor, the build­
ing should be classified in the "unprotected wood 
frame" category. 

(g) Unprotected, wood frame. Walls, floors, and roof 
sUl1cture are wood framing. There is no fire­
resistive covering protecting the wood frame. A typi­
cal residential garage would fall in this category. 

(2) Property Use as follows: 

(a) Store office property. Store properties include all 
markets and other area5, buildings, or structures fo1-
the display, sale, repair, or service of merchandise, 
new or used, purchased or rented. Mercantile or 
store properties generally have a capacity for a large 
number of people and usually have a display and 
sales area that is large in relation to the storage 
area. 

(b) Public assembly property (religious properties, 
eating and drinking establishments, other public 
assembly). Places for the congregation 01- gathering 
of people for amusement, recreation, social, reli­
gious, pau-iotic, civic, travel, and similar purposes 
are known as public assembly properties. Such 
properties are characterized by the presence or 
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potential presence of crowds, with attendant panic 
hazard in case of fire 01· other emergency. They a1·e 
generally open to the public, or may, on occasions, 
be open to the public. The occupants are present 
voluntarily and are not ordinarily subject to disci­
pline or control . They are generally able-bodied 
persons, whose presence is transient in character, 
and who do not intend to sleep on the premises. 

(c) Educational property. Educational properties are 
those used for the gathering of groups of persons 
for purposes of instruction such as schools, colleges, 
universities, and academies. Educational properties 
are distinguished from public assembly properties 
in that the same occupants are present 1·egularly, 
and they are subject to discipline and control. Inclu­
ded are part-day nursery schools, kindergartens, 
and other schools whose primary purpose is educa­
tion. 

(d) Institutional property (facilities that care for the 
sick). Institutional properties are those used for 
purposes such as medical or other treatment or care 
of persons suffering from physical or mental illness, 
disease, or infirmity; for the care of infants, conva­
lescents, or aged persons; and for penal or correc­
tive purposes. Institutional buildings ordinarily 
provide sleeping facilities fo1· the occupants. 

( e) Residential property (places where people sleep 
other than homes). A residential property is one in 
which sleeping accommodations a1·e prnvided for 
normal living purposes, and includes all bui.ldings 
designated to provide sleeping accommodations 
except those classified under Institutional (major 
division d). Subdivisions of residential property 
used in this section are separated according to 
potential life hazard. Popular names and legal defi­
nitions may be different from those given here. The 
categories here, howevet� are significant from a fire 
and life protection standpoint. 

A.5.7.2 For more information, see Annex 0. 

A.5. 7.2.1 The fire frequency of 6 fires per million square 
meters per year represents the frequency of fires that are repo1·­
ted. A fraction of the fires that start will extend beyond the 
room of origin. The basis for this fire frequency is provided in 
Section D.2. 

A.5.7.2.2 These values were determined from U.S. National 
Fire Statistics using spread beyond the compartment of origin 
as a surrogate for structu1·ally significant. 

Table A.5.7.1.2 Comparison of Types of Construction Used in 
NFPA 557 and NFPA 220 

Type of Construction per 
NFPA 557 

Fire resistive 
Protected, noncombustible 
Unprotected, noncombustible 
Protected, ordina1y 
Unprotected, ordina1y 
Protected, wood frame 
Unprotected, wood frame 

Type of Construction per 
NFPA 220 

Type I 
Type II (222) or Type II ( 1 1 1) 
Type II (000) 
Type III (21 1 )  
Type III (200) 
Type V ( 1 1 1 )  
Type V (000) 
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The data in Table 5.7.2.2 correspond to the analysis provided 
in Section 0.2 for religious properties. 

See also A.5.7.1.2. 

A.5.7.3 For more information, see Annex 0. 

A.5.7.3.1 The fire frequency of 81 fires per million square 
meters per year represents the frequency of fires that are repor­
ted. A fraction of the fires that start will extend beyond the 
room of origin. The basis fo1· this fire frequency is prnvided in 
Section 0.3. 

A.5.7.3.2 These values were determined from U.S. National 
Fire Statistics using sp1·ead beyond the compartment of origin 
as a surrogate for structurally significant. 

The data in Table 5.7.3.2 correspond to the analysis provided 
in Section 0.3 for eating and drinking establishments. 

See also A.5.7.1.2. 

A.5.7.4 For more information, see Annex 0. 

A.5.7.4.1 The fire frequency of 10 fires per million square 
meters per year represents the frequency of fires that are repor­
ted. A fraction of the fires that start will extend beyond the 
room of origin. The basis fm d1is fire frequency is provided in 
Section 0.4. 

A.5.7.4.2 These values were determined from U.S. National 
Fire Statistics using sp1·ead beyond the compartment of origin 
as a surrogate for structurally significant. 

The data in Table 5.7.4.2 correspond to the analysis provided 
in Section 0.4 for other public assembly buildings. 

See also A.5.7.1.2. 

A.5.7.5 For more information, see Annex D. 

A.5.7.5.1 The fire frequency of 10 fires per million square 
meters per year represents the frequency of fires that are repor­
ted. A fraction of the fires that start will extend beyond the 
room of origin. The basis for this fire frequency is provided in 
Section 0.5. 

A.5.7.5.2 These values were determined from U.S. National 
Fire Statistics using spread beyond the companment of origin 
as a surrogate for structurally significant. 

The data in Table 5.7.5.2 correspond to the analysis provided 
in Section 0.5 for educational buildings. 

See also A.5.7.1.2. 

A.5.7.6 For more information, see Annex D. 

A.5.7.6.l The fire frequency of 16 fires per million square 
meters per year represents the frequency of fires that are repor­
ted. A fraction of the fires that start will extend beyond the 
room of 01·igin. The basis fo1· this fire frequency is provided in 
Section 0.6. 

A.5.7.6.2 These values were determined from U.S. National 
Fire Statistics using sp1·ead beyond the compartment of origin 
as a surrogate for structurally significant. 

The data in Table 5.7.6.2 correspond to the analysis provided 
in Section 0.6 for facilities that care for the sick. 

See also A.5.7.1.2. 
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A.5.7.7 For more information, see Annex D. 

A.5.7.7.1 The fire frequency of 16 fires per million square 
meters per year represents the frequency of fires that are repor­
ted. A fraction of the fires that start will extend beyond the 
room of origin. The basis for this fire frequency is provided in 
Section D.7. 

A.5.7.7.2 These values were determined from U.S. National 
Fire Statistics using spread beyond the compartment of origin 
as a surrogate for structurally significant. 

The data in Table 5.7.7.2 correspond to the analysis provided 
in Section D.7 for stores/mercantile buildings. 

See also A.5.7.1.2. 

A.5.7.8 For more information, see Annex D. 

A.5. 7.8.1 The fire frequency of 43 fit-es per million square 
meters per year represents the frequency of fires that are repor­
ted. A fraction of the fires that start will extend beyond the 
room of 01-igin. The basis for this fire frequency is provided in 
Section D.9. 

A.5.7.8.2 These values were determined from U.S. National 
Fire Statistics using spread beyond the compartment of origin 
as a surrogate for structurally significant. 

The data in Table 5.7.8.2 correspond to the analysis provided 
in Section D.9 fo1· places whe1·e people sleep other than homes. 

See also A.5.7.1.2. 

A.5. 7. 9 A study of fire losses that occurred in one-story ware­
houses between 2012 and 2016 was conducted by a large, 
highly protected risk (HPR) property insurer. There were 285 
fires recorded within this 5-year period; however, not all 
desired infonnation was available for all recorded losses. 

There were 78 losses where the area of the warehouse 
involved was known. The total area was 1,071,148 m2 
( 1 1 ,536,260 ft2) and the average area was 13,733 m2 
(147,901 ft2) .  

There was information available regarding the presence of 
detection, alarms, and sprinklers in 241 of the losses. The 
breakdown is noted in Table A.5.7.9(a). Sprinklers are noted to 
be provided only if they were in the area of fire origin. 

There were 65 fire losses where information was available 
regarding the type of construction. The breakdown is noted in 
Table A.5.7.9(b). There was no data available for the other 
thr·ee types of construction noted in Section 5.7. Many ware­
houses are constructed of either metal walls and roofs (unpro­
tected, noncombustible), or masonry walls and metal roofs 
(unprotected, ordinary). In the United States, warehouse 
construction that uses a fire-resistive rating for structural fram­
ing is not common. 

A.6.1 See Annex B for derivation of the values used in this 
section. 

A.6.1.3 See Culver, "Survey results for fire loads and live loads 
in office buildings." 

A.6.2.3 The design fire load density equations are based on a 
Gumbel distribution (Type I distribution of largest values) for 
fire loads. This distribution is widely used for gravity loads and 
has been verified for fire loads by Korpela and Keski­
Rahkonen, "Fire Loads in Office Buildings." 
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Table A.5. 7.9(a) Number of Fires Based on Presence of 
Detection, Alarms, and Sprinklers 

Protection Type 

No detection, alarms, 
or sprinklers 

No detection or 
alarms, sprinklers 
provided 

Detection and alarms 
provided, no 
sprinklers provided 

Detection, alarms, 
and sprinklers 
provided 

Number of 
Losses 

154 

78 

5 

4 

Percent of Losses 
Where Information 

Was Available 

63.90 

32.37 

2.07 

1.66 

Table A.5. 7.9(b) Nrnnber of Fires Based on Type of 
Construction 

Percent of Losses 
Number of Where Information 

Type of Construction Losses Was Available 

Unprotected, 28 43.08 
noncombustible 

Unprotected, 27 41.54 
ordinary 

Unprotected, wood 6 9.23 
frame 

Fire resistive 4 6.15 

A.7.2.3 Note that some fire load data sources report the fire 
load densities based upon the compartment bounding surface 
area rather than the floor area. Care is required to understand 
the basis of any values in the literature. 

A.7.3 The values of 15 MJ/kg and 40 MJ/kg were selected as 
bounding values for cellulosic materials and plastics, respec­
tively. These values we1·e selected based on effective (sometimes 
referred to as "chemical") heats of combustion as published in 
Tewarson, "Generation of Heat and Gaseous, Liquid, and Solid 
Products in Fires." 

A.7.3.1 Data on heat of combustion for selected fuels can be 
found in Appendix 3 of the SFPE Handbook of Fire Protection Engi­
neering. 

A.7.3.2 NFPA 90A requires that the following materials or 
products exposed to the airflow in plenums comply with the 
indicated fire tests. 

Electrical wires and cables and optical fiber cables must be 
listed as having a maximum peak optical density of 0.50 or less, 
an average optical density of 0.15 or less, and a maximum 
flame spread distance of 1.5 m (5 ft) or less when tested in 
accordance wid1 NFPA 262. 

Pneumatic tubing for control systems must be listed as 
having a maximum peak optical density of 0.5 or less, an aver­
age optical density of 0.15 01· less, and a maximum flame 
spread distance of 1 .5 m (5 ft) or less when tested in accord-
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ance with UL 1820, Fzre Test of Pneumatic Tubing for Flame and 
Smoke Characte1i5tics. 

Nonmetallic fire sprinkler piping must be listed as having a 
maximum peak optical density of0.5 or less, an average optical 
density of 0.15 or less, and a maximum flame spread distance 
of l .5 m (5 ft) or less when tested in accordance with UL 1887, 
Fire Test of Plastic Sprinkler Pipe for Visible Flame and Smoke Charac­
teristics. 

Optical fiber and communication raceways must be listed as 
having a maximum peak optical density of 0.5 or less, an aver­
age optical density of 0.15 or less, and a maximum flame 
spread distance of 1.5 m (5 ft) or less when tested in accord­
ance with UL 2024, Cable Routing Assemblies and Communications 
Raceways. 

Loudspeakers, recessed lighting fixtures, and other electrical 
equipment with combustible enclosures, including their assem­
blies and accessories, cable ties, and other discrete product5, 
must be listed as having a maximum peak optical density of 0.5 
or less, an average optical density of 0.15 or less, and a peak 
heat release rate of 100 kW or less when tested in accordance 
with UL 2043, Fire Test for Heat and Visible Smoke Release for 
Discrete Producl5 and their Access01ies Installed in Ai:l�Handling 
Spaces. 

Insulation materials and many other products must comply 
with a flame spread index of 25 or less and a smoke developed 
index of 50 or less when tested in accordance with ASTM E84, 
Test Method for Swface Burning Characte1istics of Building Mate1ials, 
or UL 723, Test Method for Swface Burning Characte1i5tics of Build­
ing Mate1ials. 

Chapter 10 of NFPA 101 requires that upholstered furniture 
items in nonsprinklered facilities comply with a peak heat 
1-e]ease rnte of no mo1-e than 80 kW. and a total heat release of 
no more than 25 MJ during the first 10 minutes when tested in 
accordance wi th ASTM El537, Test Method for Fi:l"e Testing of 
Upholstered Furniture. Chapter 10 of NFPA 101 also requi1-es that 
mattresses in nonsprinklered facilities comply with a peak heat 
release rate of no more than 100 kv\7 and a total heat release of 
no more than 25 MJ during the first 10 minutes when tested in 
accordance wi th ASTM E l 590, Test Method for Fire Testing of 
Mattresses. It is possible to comply with both tests by using barri­
ers enclosing the padding or filling materials; in such cases, the 
effective heat of combustion will be that of the traditional fill­
ing material. 

NFPA 70 requires that electrical or optical fibe1- wires and 
cables to be used in risers (vertical runs in a shaft or from floor 
to floor) comply with the requirements of UL 1666, Test for 
Flame Propagation Height of Elect1ical and Optical-Fiber Cables In­
stalled Vertically in Shafl5; be capable of preventing the carrying 
of fire from floor to floor; and that wires or cables to be used in 
plenums (ducts, plenums, and other spaces used for environ­
mental air) comply with the requirements associated wid1 
NFPA 262. 

Fire reta1-dant-treated wood products must exhibit a flame 
spread index not exceeding 25 when tested in accordance wid1 
ASTM E84 or UL 723 for 10 minutes and have a flame front 
that does not progress more drnn 3.2 m (10.5 ft) beyond the 
centerline of the burner at any time during the test. In 201 1 ,  a 
test (30-minute tunnel test) was developed and documented in 
ASTM E2768, Test Method for l'.xtended Duration Swface Burning 
Characteristics of Building Materials (30 min Tunnel Test), which 
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standardized the way in which the 30-min ASTM E84 test is to 
be conducted. In order for a wood material to be designated as 
fire retardant-treated wood, it would have to comply with the 
requirements above when tested using ASTM E2768 on the 
front and back, and it must be impregnated, and not simply 
coated, with chemicals. 

Materials that comply with the requirements of limited­
combustible materials must exhibit a potential heat not exceed­
ing 8.141 MJ/kgwhen tested in accordance with NFPA 259. 

Wildland urban interface codes describe ignition-resistant 
materials, which are those materials that comply with the same 
requirements as fire retardant-treated wood products, in terms 
of having to be tested in accordance with ASTM £2768 (the 30-
min ASTM E84 test), exhibiting a flame sp1·eacl index not 
exceeding 25 (during the first 10 minutes of the test) ,  and 
having a flame front that does not progress more than 3.2 m 
(10.5 ft) beyond the centerline of the burner at any time 
during the 30-minute test. If the material complies with these 
requirements on its front and back faces (meaning that it does 
not meet the requirements for a coating or a protective layer), 
the material must be considered to exhibit a heat of combus­
tion much lower than that of plastic materials. 

A.7.4.1 The weighing technique and the inventory technique 
are discussed in Annex C. The Fire Protection Research Foun­
dation has completed a study tided "Digitized Fuel Load Survey 
Methodology Using Machine Vision," which discusses addi­
tional methods for surveying fuel loads in buildings. 

A.7.4.2 To construct a confidence interval, the sample mean, 
x ,  is calculated by averaging the results from each of the 

compartments surveyed. Similarly, the sample standard devia­
tion can be calculated as follows: 

N 

[(x; - x) 
cr =  i = I 

N 

where: 
a = standard deviation 
X; = fire load from i'" sample 

x = average of all fire load samples 

N = number of fire load samples 

[A.7.4.2a] 

The confidence interval can then be calculated as follows: 

[A.7.4.2b] 

whe1·e: 
z = confidence interval 

For a 99 percent confidence interval, z = 2.57. It should be 
noted that the size of the confidence interval may decrease if 
the sample size is increased clue to the presence of the square 
root of the sample size in the denominator. However, if the 
sample has significant variability, the size of the confidence 
interval may not decrease below a limit value. 
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Annex B Summary of Occupancy Based Fuel and Fire Load 
Survey Data 

17iis annex is not a part of the requirements of this NFPA document 
but is included for informational purposes only. 

B.I The fire load densities in Chapter 6 were developed by 
identifying and assimilating fuel and fire load data from a 
number of som-ces, including the following: 

( 1 )  Ingberg et al., "Combustible Contents in Buildings" 
(2) Caro and Milke, "A Survey of Fuel Loads in Contempo­

rary Office Buildings" 
(3) Baldwin et al., "Survey of Fire Loads in Modern Office 

Buildings - Some Preliminary Results" 
(4) Green, "A Survey of Fire Loads in Hackney Hospital" 
(5) "Building Materials and Su-uctures - Fire Resistance 

Classifications of Building Constructions" (This paper 
contains the same data as the Ingberg paper.) 

(6) Kumar and Rao, "Fire Loads in Office Buildings" 
(7) McDonald Barnett Parmers, "Pilot Fire Load Survey'' 
(8) Lee and Parker, "Fire Buildup in Shipboard Compart­

ments - Characterization of Some Vulnerable Spaces 
and the Status of Prediction Analysis" (Data from this 
survey were not used since d1ey were based on shipboard 
compartments.) 

(9) Korpela and Keski-Rahkonen, "Fire Loads in Office 
Buildings" 

(10) Culver and Kushner, "Program for Survey of Fire Loads 
and Live Loads in Office Buildings" 

( 1 1 )  Culver, "Survey results for fire loads and live loads in 
office buildings" 

(12) Thauvoye, Zhao, Klein, and Fontana, "Fire Load Survey 
and Statistical Analysis" 

There was a tremendous amount of variability among the 
fuel or fire loads published in the smveys cited. The 1-eason for 
this variability appears to be that within a typical occupancy 
classification (e.g., business) there are a number of different 
types of usage among spaces. (e.g., general office, storage, files, 
etc.) .  

Culver explored the effect of a number of factors affecting 
the fuel load in office buildings, including room size, room 
use, building location (geographic), building age, building 
height, and government vs. private occupancy. While all of 
these factors have some effect on fuel loads, Culve1- found that 
the use of the room had by far the greatest influence on fuel 
load. 

With the exception of the Ingberg paper, none of the other 
papers reported space usage as accurately as the Culver report. 
The Caro report stated that the spaces surveyed were offices, 
although further investigation has revealed that what was 
reported as an "office" was, in at least one instance, a cubicle 
(this was determined through discussions with one of the 
people whose "office" was surveyed). The mass per unit area of 
a cubicle is not expected to be representative of the mass per 
unit floor area of office space, so the Caro findings were not 
used in developing the fise loads in Chapter 6. 

Additionally, while the Ingberg report was more specific 
than others in terms of space usage, the surveys that were used 
to generate the data were conducted from 1928 to 1940. One 
paper on fire loads in India (Kumar and Rao) suggests that 
between the 1970s and the 1990s, an increased use of steel 
furninu-e reduced office fire loads, so the Ingberg data is not 
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likely representative of current fire loads. Therefore, it wa� not 
used in developing the fire loads in Chapter 6. 

It is also noteworthy that some surveys only included the 
contents fuel or fire load, while others also included fixed 
items as well. Some surveys "derated" combustible items that 
were stored in metal cabinets, while others did not. (The logic 
behind "derating" items stored in metal cabinets is that they 
would not be expected to burn as efficiently as items that are 
not stored in noncombustible cabinets.) Both total fuel loads 
and derated fuel loads were published in Chapter 6. 

Culver published fire load data in units of mass per unit 
area. Kumar found that 99 percent of the fire load was cellulo­
sic. Given that the precision in this figure is likely greater than 
the p1·ecision in the fuel load values, it is reasonable to round 
this up to 100 percent. Therefore, conversion between mass 
and energy is accomplished by using an effective heat of 
combustion for wood. A value of 15 MJ/kg was used. This value 
represents an upper Limit for reported values of effective heats 
of combustion for wood-based products as published in Tewar­
son, "Generation of Heat and Gaseous, Liquid, and Solid Prod­
ucts in Fires." Again, the precision in this value is greater than 
the precision in the estimates of fuel load. 

Live loads in buildings are expected to vary in a similar 
manner as fuel or fire loads. Indeed, Culver found this to be 
the case. This is handled in ASCE/SEI 7-16, Minimum Design 
Loads and Associated Criteria for Buildings and Other Structures (the 
standard that specifies the su·ucmral loads that are used to 
design buildings), by specifying a value that is seldom expected 
to be exceeded. 

The contents fire load densities in Chapter 6 were developed 
by determining a mean and standard deviation for all of the 
office fuel load data d1at was published by Culver. The mean 
fuel load density was 38.2 kg/m2 and the standard deviation 
was 32.8 kg/m2. 

The fixed fire loads were handled in a simila1- manner; 
however, Culver found that the fixed fuel load did not vary 
appreciably vvith room use. A stronger influence was found to 
be whether the room surveyed was in a government or private 
building, with fixed fire loads in private buildings being 
approximately 50 percent higher than those in government 
buildings. 

Annex C Guidance for Fuel or Fire Load Surveys (Special 
Facility and Occupancy Based) 

Thi5 annex is not a part of the requirements of this NFPA document 
but is included for informational pwrposes only. 

C.I General. To simplify the fire load estimation, surveys 
conducted in the past have made the following assumptions: 

( 1 )  Combustible materials are uniformly disu·ibuted through­
out the building. 

(2) All combustible material in the compartment would be 
involved in a fire. 

(3) All combustible material in the fire compartment would 
undergo total combustion during a fire. 

Determining fuel loads in a building requires measuring the 
mass of all the different types of combustibles and their calo­
rific values. The mass of an item in a compartment can be 
determined by weighing it (weighing technique) or by deter­
mining its volume and identifying its density (inventory tech-
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nique) .  The direct-weighing method should be used for item.� 
that can easily be weighed, such as toys and books; the inven­
tory method may be used for heavy items that cannot be 
weighed, such as heavy furniture and built-in shelves. In most 
cases, a combination of the weighing and inventory methods is 
used, in which some common items could be pre-weighed, and 
then the surveyor notes their inventory. To ensure a high qual­
ity of the su1vey data and to avoid inconsistencies that might 
occur when different individuals complete the survey forms, it 
is preferable that the survey is conducted by trained individuals 
who appreciate the importance of the data collected. 

C.2 Survey Form. A standard survey form is useful to facilitate 
the survey process and to ensure that data is collected in a 
systematic and consistent fashion for all buildings. The smvey 
can be divided into the following five sections: 

( 1 )  Building identification and date of investigation 
(2) Type of establishment 
(3) Compartment dimensions 
( 4) Fixed fire loads (this section contains information r·egard­

i.ng building constrnction, weight, and type of Lining 
materials) 

(5) Movable fire loads 

C.3 Survey Process. To facilitate the survey process, it is 
recommended that the surveyor follow a similar procedure for 
all buildings. First, the building name and address are recm­
ded, as well as the type of establishment and date of the investi­
gation. Second, the dimensions of the room(s) are measured 
and the types of wall, floor, and ceiling lining mate1-ials are 
determined and noted in the fixed fire load section of the 
survey form. The third step identifies and classifies all contents 
in each compartment. Items that cot1ld be weighed are 
weighed to determine their mass; the materials that the item is 
made of are determined and recorded. For items consisting of 
more than one material type, the percentage of each type is 
determined and quantified. The mass of items that cannot be 
weighed, such as heavy furniture and built-in shelving units, is 
determined by measuring their volume and using the density 
of the material to calculate their mass. 

C.4 Survey Results and Analysis. The data collected is 
analyzed to detennine the total fit-e load in each building 
compartment, the fire load densities (MJ/m2),  and the contri­
bution of different materials (wood, plastics, textiles, food, etc.) 
to the total fire load and to the fire load densities. 

If the results of the fi1-e load sunrey are to be applied to 
multiple buildings, it is important to collect data for a number 
of similar buildings to ensure that the survey results are valid. 
Sample sizes (numbe1- of compartments smveyed) will vary 
depending on the variation of values. In some cases, where 
variations are large, it may be necessary to identify parameters 
that may affect fire load densities. For example, it was found in 
some earlier surveys that fire load densities decreased with 
increasing the area of a building. In such cases, it is preferable 
to group buildings into categories based on area and to deter­
mine fire load densities for each gToup. 

An important component of the survey is to determine the 
ta1-get population and the sample required. The fit-st is decid­
ing the type of buildings that will be surveyed, such as residen­
tial buildings, commercial buildings, shopping centers, or 
indusu-ial building'S. In detennining the target population, it is 
critical to identify any subgroups that may yield different 
results. For example, if dealing with residential buildings, it is 
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important to differentiate benveen apartment buildings and 
houses, as the fire loads may be different. 

The second important decision is to determine how many 
rooms/buildings to use in the survey. The sample size depends 
on time available, budget, and necessary degree of precision. 
The following equation can be used to determine a sample size 
(number of rooms to be su1veyed): 

n =
(z;cr

J 
where: 

Z = Zvalue (e.g., 2.57 foi- 99 percent confidence level) 
� = standard deviation 

x = sample mean 

[C.4] 

The standard deviation could be evaluated from a small 
sample and then used to find d1e necessary sample size. The 
larger the sample, the surer one can be that their answers truly 
reflect the population. 

In selecting a sample for the survey, care should be taken to 
choose a sample d1at is representative of the population. For 
example, if one is interested in smveying houses, they should 
ensure that their sample includes houses of all sizes and price 
range. If one chooses houses in affluent neighborhoods, they 
may not have the same fire load as houses in poorer areas. 

Annex D Analyses of StructuraIJy Significant Fires in Buildings 
with Selected Characteristics 

This annex is not a part of the requ:i.remenls of this NFPA document 
but is included for informational purposes only. 

D.l These analyses fit-st provide estimates of the rate of fires 
(per year) relative to numbers of buildings and square feet of 
floor space, for each of eight property use groups. 

Floor space survey data include only buildings with at least 
1000 ft2 (93 m2) and use property use groupings that may differ 
from those used for fire data. Details on inclusion and exclu­
sion are provided where available. 

Next in each section is the percentage of fires w:id1 extent of 
flame beyond, respectively, the room of origin and the floor of 
origin. The latter is more likely to be a structurally significant 
fire than the former. Many properties in every category are not 
high-rise and may be only one story tall. 

Percentages are provided fo1- all fires, for fires in buildings 
with sprinklers or other automatic extinguishing equipment, 
for fires in buildings with automatic detection equipment, and 
for seven types of construction, excluding only heavy timber, 
for which fires are few and mis-codings appear to be a high 
proportion of the total. 

Four technical papers from Finland and one from Sweden 
dealing with the same technical issues have also been reviewed. 
Three papers limited themselves to derivation$ and model­
building for mathematical methods of estimating useful param­
eters on these subjects. Two papers included actual data from 
Finland, one for 1996-1999 and one for 1996-2001. The 
following is a comparison of the categories used in those latter 
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557-20 DETERMINATION OF FLRE LOADS FOR USE IN STRUCTURAL FLRE PROTECTION DESIGN 

nvo sn1dies and the categories used in this analysis labeled U.S. 
in Table D. l .  

In each section, Finnish data is provided and discussed. 

The Finnish data include figures for industrial buildings 
(where there is no floor space data in the United States) and 
warehouses (where there is some floor space data from U.S. 
sources, but isolating the corresponding storage properties was 
deemed too speculative and sensitive for this analysis) .  

D.2 Religious Properties. Specific property use 130-139 
includes churches, synagogues, mosques, religious education 
facilities, and funeral parlors. There is no Finnish data broken 
clown to this level. For data on religious property fires, see 
Table D.2(a) and Table D.2(b). 

D.3 Eating and Drinking Establishments. Specific property 
use 160-169 includes restaurants, cafeterias, nightclubs, and 
taverns. Floor space survey data are for food service establish­
ments. There is no Finnish data b1-oken clown to this level. For 
data on eating and drinking establishments, see Table D.3(a) 
and Table D.3(b). 

D.4 Other Public Assemblies. Specific property use 100-199 
excluding 13()-139 and 160-169 includes exhibition halls, 

Table D.l Comparison of Analyses of Structurally Significant Fires 

Occupancy U.S. Research 

arenas, stadiums, ballrooms, gymnasiums, bowling alleys, ice 
and roller rinks, swimming facilities, city and country clubs, 
libraries, museums, court rooms, passenger terminals, and 
theaters. Floor space survey data are from a category called 
public assembly that excludes the separate categories of reli­
gious properties and food service facilities. 

The Finnish data could exclude passenger terminals and 
could include religious prope1-ties and/ or eating and drinking 
establishments. Their data on fires need to be converted from 
total fires for a multi-year period to average fires per year. 
Having done so, their rates of fires per million square feet were 
0.35 for 1996-1999 and 0.52 for 1996-2001. Howeve1� one out 
of seven buildings had unknown square feet, so it is possible 
these figures should be reduced by one-seventh. Either way, 
they are lower than the figures related to other public assembly 
for the United States. If the three public assembly categories 
are combined, the U.S. figure for all public assembly would be 
l .9, even higher than the Finnish figures. Their data on fires 
per thousand buildings showed 3.3 for 1996-2001 (no such 
data shown for 1996-1999). This is much lower than any compa­
rable U.S. figures. For data on other public assemblies, see 
Table D.4(a) and Table D.4(b). 

Finland Research 

Public assembly Analysis divided into religious properties, eating 
and drinking establishments, and other public 
assembly, including passenger terminals. 

Analysis provided for "assembly buildings." Passenger 
terminals may be in a second category, whose name 
includes the word "transport." 

Educational 

Health care 
properties 

Stores 

Offices 

Residential 

Analysis provided for all educational properties. 

Analysis provided for facilities that care for the 
sick. Facilities that care for the aged are grouped 
with lodging properties in floor space data. 

Analysis provided for all store and mercantile 
properties; floor space data may exclude some 
properties such as gasoline service stations. 

Analysis provided for office properties, including 
fire stations. 

Analysis provided fo1- residential other than home 
plus facilities that care for the aged, because that 
is how floor space data is grouped. 

Analysis provided for "educational buildings." 

Analysis provided for "buildings for institutional care"; 
these could include either or both parts of health care 
and/or prisons and jails, though the word "care" 
suggests only health care is included. 

Analysis provided for "commercial buildings." 

Analysis provided for "office buildings"; fire stations are 
included in a separate category called "transport and 
firefighting and rescue service buildings." 

Analysis provided for "residential buildings" and 
separately for "buildings for institutional care." 

Table D.2(a) Rate of Frres (per year) Relative to Numbers of Buildings and Square Feet of Floor 
Space for Religious Properties 

Statistic 

Fires per year (to the nearest hundred) 
Thousands of buildings with at least 1000 square ft2 

Millions of square feet in buildings with at least 1000 ft2 

Fires per thousand buildings per year 
Fires per million square feet per year 
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Rate 

2,100 
342.6 

3,552 
6.0 
0.58 

Copy £i t © '-'f-PA F-or exc.h .. s1ve use on NF-PA J:ree Acces.., pk.l"orrT' Not for d1str1but or downloading or pr r' g 
F-or ll"'ql. es contact 1.1!:.tserv@nfpa org ... o report Jr 3utho ized use cont.le.I le al@nfp org 



ANNEX D 

Table D.2(b) Percentage of Fires with Flame Spread Beyond Room of Origin and E.stimated 
Number of Fires Used as Basis for Percentages 

No Sprinklers Sprinklers Present 

Type of Detectors Detectors 
Construction No Detectors Present No Detectors Present 

Fire resistive 22% 1,982 6% 558 0% 33 0% 93 
Protected, noncombustible 16% 776 7% 338 7% 29 3% 76 
Unprotected, 23% 819 15% 239 0% 2 43% 14 

noncombustible 
Protected, ordinary 24% 3,739 12% 1 ,095 14% 29 0% 145 
Unprotected, ordinary 29% 4,637 18% 1,215 22% 27 5% 80 
Protected, wood frame 33% 3,223 17% 885 6% 31 3% 60 
Unprotected, wood frame 39% 5,290 20% 918 8% 26 18% 39 

Sources: NFPA analysis of NFIRS; NFPA survey; Energy Jnformation Administration Commercial Buildings 
Energy Consumption Surveys, building characte.-istics tables. 
Note: These are 1989-1998 fires reported to U.S. municipal fire departments and so exclude fires reported 
only to federal or state agencies or industrial fire brigades. These years are used because they are the latest for 
the type of construction that is included in the coded elements. All estimates are based on at least 200 
reported fires (raw, not projected estimates) in the LO years with the indicated data known. Buildings and floor 
space are estimated from 1992, 1995, and 1999 swveys, using linear inrerpolation and extrapolation for years 
before or between the three years when surveys were taken, resulting in a final formula of 1 (7  x 1992 estimate) 
+ [l .5 x (1995 estimate + 1999 estimate)])/LO. 

Table D.3(a) Rate of Frres (per year) Relative to Numbers of Buildings and Square Feet of Floor 
Space for Eating and Drinking E.stablishments 

Statistic 

Fires per year (to the nearest hundred) 
Thousands of buildings with at least 1000 ft2 

Millions of square feet in buildings with at least 1000 ft2 

Fires per thousand buildings per year 
Fires per million square feet per year 

Rate 

1 1 ,400 
277.1 

1 ,524 
41 .2 

7.5 

Table D.3(b) Percentage of Fires with Flame Spread Beyond Room of Origin and E.stimated 
Number of Fires Used as Basis for Percentages 

Type of 

Construction 

Fire resistive 
Protected, noncombustible 
Unprotected noncombustible 
Protected, ordinary 
Unprotected, ordinary 
Protected, wood frame 
Unprotected, wood frame 

No Sprinklers 

No Detectors 

16% 8,566 
16% 4,690 
20% 4,991 
19% 19,096 
24% 24,670 
22% 13,513 
29% 23,985 

Detectors Present 

10% 2,090 
6% 1,482 
10% 1,193 
11% 5,034 
14% 5,325 
12% 3,499 
19% 3,901 

Sprinklers Present 

No Detectors 

5% 1,879 
4% 1,446 

8% 896 
6% 3,837 
8% 2,917 
8% 2,180 
1 1 %  1,902 

Detectors Present 

3% 2,893 
4% 2,003 
5% 836 

4% 4,623 
5% 2,469 
5% 2,210 
7% 1,303 

Sources: NFPA analysis of NFIRS; NFPA survey; Energy Information Administration Commercial Buildings 
Energy Consumption Surveys, building characteristics tables. 
Note: These are 1989-1998 fires reported lO U.S. municipal fire departments and so exclude fires reported 
only to federal or state agencies or industrial fire brigades. These years are used because they are the latest for 
the type of construction that is included in the coded elements. All estimates are based on at least 200 
reported fires (raw, not projected estimates) in the lO years with the indicated data known. Buildings and floor 
space are estimated from 1992, 1995, and 1999 surveys, using linear interpolation and extrapolation for years 
before or between the three years when surveys were taken, resulting in a final formula ofl(7 x 1992 estimate) 
+ [l .5 x ( 199.5 estimate + 1999 estimate)])/ 10. 
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Table D.4(a) Rates of Fires (per year) Relative Numbers of Buildings and Square Feet of Floor 
Space for Other Public Assemblies 

Statistic 

Fires per year 
Thousands of buildings with at least 1000 ft2 

Millions of square feet in buildings with at least 1000 ft2 

Fires per thousand buildings per year 
Fires per million square feet per year 

Rate 

4,200 
289.3 

4,440 
14.5 
0.94 

Table D.4(b) Percentage of Fires with Flame Spread Beyond Room of Origin and Estimated 
Number of Fires Used as Basis for Percentages 

No Sprinklers Sprinklers Present 

Type of Detectors Detectors 
Construction No Detectors Present No Detectors Present 

Fire resistive 13% 5,087 5% 1 ,757 4% 675 2% 2,163 
Protected, 16% 2,168 6% 815 3% 419 5% 1,077 

noncombustible 
Unprotected, 20% 2,869 13% 727 4% 306 6% 343 

noncombustible 
Protected, 01·dinary 21% 5,593 1 1 % 1 ,557 4% 580 3% 1,231 
Unprotected, ordinary 31% 8,295 15% 1 ,604 5% 416 3% 5 1 1  
Protected, wood frame 33% 3,248 18% 853 12% 316 5% 356 
Unprotected, wood frame 43% 10,823 22% 1,282 10% 236 8% 250 

Sources: NFPA analysis of NFIRS; NFPA survey; Energy Information Administration Commercial Buildings 
Energy Consumption Surveys, building characteristics tables. 
Nore: These are 1989-1998 fires reported ro U.S. municipal fire deparunents and so exclude fires reported 
only ro Federal or state agencies or indusu-ial fire brigades. These years are used because they are the latest for 
d1e type of consu-uction that is included in d1e coded elements. All estimates are based on at least 200 
reported fires (raw, not projected estimates) in the 10 years wim the indicated data known. Buildings and floor 
space are estimated from 1992, 1995, and 1999 surveys, using linear interpolation and exu-apolation for years 
before or between me d1ree years when surveys were taken, resulting in a final formula of ( (7 x J 992 estimate) 
+ [1.5 x (1995 estimate + 1999 estimate)])/10. 

D.5 Educational. Specific property use 200--299 includes 
grades K-12 and college classrooms but does not include 
dorms or other properties common to educational complexes. 

The Finnish data on fires need to be converted from total 
fires for a multi-year period to average fires per year. Having 
done so, their rates of fires per million square feet were 0.18 
for 1996-1999 and 0.28 for 1996-2001. However, one out of 20 
buildings had unknown square feet, so it is possible these 
figures should be reduced by 5 percent. Either way, they are 
lower than the figures related to other educational properties 
for the United States. Their data on fires per thousand build­
ings showed 5.2 for 1996-2001 (no such data shown for 1996-

1999). This is much lower than any comparable U.S. figures. For 
data on educational property use, see Table D.5(a) and Table 
D.5(b). 

D.6 Facilities That Care for the Sick. Specific prope1·ry use 
330-339 includes hospitals and clinics. Floor space smvey data 
include inpatient and outpatient facilities; nursing homes are 
included with lodging. 

None of the Finnish categories seem to correspond well to 
this U.S. category. For data on facilities that care for the sick, 
see Table D.6(a) and Table D.6(b). 

Table D.5(a) Rate of Fires (per year) Relative to Numbers of Buildings and Square Feet of Floor 
Space for Educational Complexes 

Statistic 

Fires per year 
Thousands of buildings with at least 1000 ft2 

Millions of square feet in buildings with at least 1000 ft2 

Fires per thousand buildings per year· 
Fires per million square feet per year 

2023 Edition 

Rate 

7,700 
306.1 

8,388 
25.0 

0.91 
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Table D.5(b) Percentage of Fires with Flame Spread Beyond Room of Origin and E.stimated 
Number of Fires Used as Basis for Percentages 

No Sprinklers Sprinklers Present 

Detectors Detectors 
Type of Construction No Detectors Present No Detectors Present 

Fire resistive 7% 12,140 3% 9,878 4% 1,017 2% 4,293 
Protected, noncombustible 7% 5,544 4% 4,753 2% 689 3% 2,826 
Unprotected, noncombustible 9% 4,040 4% 3,071 1 % 251 2% 652 
Protected, ordinary 8% 8,215 4% 6,025 5% 737 3% 2,786 
Unprotected, ordinary 16% 6,169 8% 3,962 4% 308 5% 858 
Protected, wood frame 18% 2,794 7% 1 ,595 5% 263 2% 647 
Unprotected, wood frame 30% 5,108 13% 1,692 1 1 % 179 3% 313 

Sources: NFPA analysis of  NFlRS; NFPA survey; Energy Information Administration Commercial Buildings 
Energy Consumption Surveys, building characteristics tables. 
Note: These are 1989-1998 fires reported w U.S. municipal fire departments and so exclude fires reported 
only to federal or state agencies or industrial fire brigades. These years are used because they are the latest for 
the type of construction that is included in the coded elements. All esrimates are based on at least 200 
reported fires (raw, not projected estimates) in the 10 years wit11 the indicated data known. Buildings and floor 
space are estimated from 1992, 1995, and 1999 surveys, using linear interpolation and extrapolation for years 
before or between me t11ree years when surveys were taken, resulting in a final formula ofl(7 x 1992 estimate) 
+ [1.5 x (199.5 estimate + 1999 estimate)]l/10. 

Table D.6(a) Rate of Fires (per year) Relative to Numbers of Buildings and Square Feet of Floor 
Space for Facilities that Care for the Sick 

Statistics 

Fires per year 
Thousands of buildings with at least 1000 ft2 

Millions of square feet in buildings with at least 1000 ft2 

Fires per thousand buildings per yea1-
Fires per million square feet per year 

Rate 

3,000 
78.9 

2,022 
37.8 

1 .48 

Table D.6(b) Percentage of Fires with Flame Spread Beyond Room of Origin and E.stimated 
Number of Fires Used as Basis for Percentages 

No Sprinklers Sprinklers Present 

Detectors Detectors 
Type of Construction No Detectors Present No Detectors Present 

Fire resistive 3% 3,894 2% 7,660 2% 934 1% 13,624 
Protected, 3% 1,198 2% 2,157 2% 363 1% 5,704 

noncombustible 
Unprotected, 8% 279 4% 448 0% 38 1 %  590 

noncombustible 
Protected, ordinary 10% 952 3% 1 ,554 3% 325 2% 3,777 
Unprotected, ordinary 17% 586 5% 594 0% 74 1 %  659 
Protected, wood frame 19% 236 7% 299 35% 23 2% 464 
Unprotected, wood frame 14% 519 14% 306 0% 26 1% 223 

Sources: NFPA analysis of NFIRS; NFPA survey; Energy Information Administration Commercial Buildings 
Energy Consumption Surveys, building characteristics tables. 
Note: These are 1989-1998 fires reported to U.S. municipal fire departments and so exclude fires reported 
only to federal or state agencies or industrial fire brigades. These years are used because they are the latest for 
me type of construction that is included in me coded elements. All estimates are ba�ed on at least 200 
reported fires (raw, not projected estimates) in the 10 years wim the indicated data known. Buildings and floor 
space are estimated from 1992, 1995, and 1999 surveys, using linear interpolation and extrapolation for years 
before or between me mree years when surveys were taken, resulting in a final formula ofl(7 x 1992 estimate) 
+ [ l  .5 x (1995 estimate + 1999 estimate)])/ 10. 
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D.7 Stores/Mercantile. Specific property use 500-589 
includes department stores and othe1- multi-line stores; facili­
ties offering sales of food, beverages, textiles, clothing, specialty 
items, and household goods; and facilities offering repairs and 
personal or professional services. Gas stations and motor vehi­
cle repair and paint shops are also included. Floor space survey 
data include food sales, mercantile (in or out of malls) ,  and 
service. 

The Finnish data on commercial building fires need to be 
converted from total fires for a multi-year period to average 
fires per year. Having done so, their rntes of fires per million 
square feet were 0.44 for 1996-1999 and 0.61 for 1996-2001. 
However, one out of five commercial buildings had unknown 
square feet, so it is possible these figures should be reduced by 
19 percent. Either way, they are far lower than the figures rela­
ted to mercantile/store properties for the United States. Their 
data on fires per thousand buildings showed 3.2 for 1996-2001 
(no such data shown for 1996-1999). This is much lower than 
comparable U.S. figures. For data on stores/mercantile prop­
erty use, see Table D.7(a) and Table D.7(b). 

D.8 Offices. Specific property use 590--599 includes general 
office buildings, bank buildings, fire stations, and medical, 
engineering, or other professional offices. 

The Finnish data on office fires need to be converted from 
total fires for a multi-year period to average fires per year. 
Having done so, their rntes of fires per million squa1-e feet we1-e 
0.20 for 1996-1999 and 0.23 for 1996-2001 .  However, one out 

of 14 office buildings had unknown square feet, so it is possible 
these figi.u-es should be reduced by 7 percent. Either way, they 
are lower than the figures related to office properties for the 
United States. Their data on fires per thousand buildings 
showed 3.8 for 1996-2001 (no such data shown for 1996-
1999). This is much lower than comparable U.S. figi.1res. For 
data on office property use, see Table D.S(a) and Table D.8(b). 

D.9 Places Where People Sleep Other Than Homes. Specific 
property use 310--319 includes nursing homes and other facili­
ties that care for the aged. Specific property use 430-489 
includes hotels and motels, dormitories and barracks, boarding 
homes, and home hotels. Board and care homes may be inclu­
ded in some part of this coding group. Floor space survey data 
are labeled as lodging but are known to include nursing 
homes. 

With more than a million buildings reported, the Finnish 
data seems clearly to include homes (dwellings and apart­
ments),  and so would not be expected to be comparable to the 
U.S. data. In fact, the 0.44 fires per million square feet 
(whether institutional buildings a1-e included or not) in 
Finland is lower than its U.S. counterpart by a larger ratio than 
is true for any other property class studied. Fires per thousand 
buildings in Finland are 1.4-1.5 (depending on whether insti­
tutional buildings are included), and this is much lower than 
the U.S. figi.1res for residential other than home plus facilities 
that care for the aged. Fo1- data on places where people sleep 
other than homes, see Table D.9(a) and Table D.9(b). 

Table D. 7 (a) Rate of Fires (per year) Relative to Numbers of Buildings and Square Feet of Floor 
Space for Stores/Mercantile 

Statistics 

Fires per year 
Thousands of buildings wid1 at least 1000 ft2 

Millions of square feet in buildings wicil at least 1000 ft2 

Fires per d10usand buildings per year 
Fires per million square feet per year 

Rate 

19,900 
1,393.2 

13,434 
14.3 

1.48 

Table D. 7 (b) Percentage of Fires with Flame Spread Beyond Room of Origin and Estimated 
Number of Fires Used as Basis for Percentages 

No Sprinklers Sprinklers Present 

Detectors 

Type of Construction No Detectors Present No Detectors Detectors Present 

Fire resistive 18% 20,579 13% 2,901 5% 4,074 4% 5,157 
Protected, noncombustible 17% 10,729 10% 1,886 3% 3,831 3% 4,496 
Unprotected, 25% 21,172 16% 2,829 5% 3,326 5% 2,557 

noncombustible 
Protected, ordinary 24% 33,577 16% 5,038 7% 4,623 5% 4,730 
Unprotected, ordinary 31% 51,512 21 % 6,230 9% 3,102 9% 2,100 
Protected, wood frame 30% 17,184 19% 2,627 10% 946 1 1  % 782 
Unprotected, wood frame 41% 42,371 28% 3,531 20% 825 6% 469 

Sources: NFPA analysis of NFIRS; NFPA survey; Energy Information Administration Commercial Buildings 
Energy Consumption Surveys, building characteristics tables. 
Note: These are 1989-1998 fires reported to U.S. municipal fire deparanents and so exclude fires reported 
only to federal or state agencies or industrial fire brigades. These years are used because they are the latest for 
d1e type of construction that is included in the coded elements. All estimates are based on at least 200 
reported fires (raw, not prqjected estimates) in the 10 years wid1 the indicated data known. Buildings and floor 
space are estimated from 1992, 199.5, and 1999 surveys, using linear interpolation and extrapolation for years 
before or between d1e three years when surveys were taken, resulting in a final formula of((7 x 1992 estimate) 
+ [l .5 x (1995 estimate + 1999 estimate)])/10. 
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Table D.8(a) Rate of Frres (per year) Relative to Numbers of Buildings and Square Feet of Floor 
Space for Offices 

Statistic 

Fires per year 
Thousands of buildings with at least 1000 ft2 

Millions of square feet in buildings with at least 1000 ft2 

Fires per thousand buildings per year 
Fires per million square feet per year 

Rate 

6,500 
740.9 

12,002 
8.8 
0.54 

Table D.8(b) Percentage of Fires with Flame Spread Beyond Room of Origin and Estimated 
Number of Fires Used as Basis for Percentages 

No Sprinklers Sprinklers Present 

Detectors Detectors 
Type of Construction No Detectors Present No Detectors Present 

Fire resistive 13% 7,032 7% 3,876 4% 1,010 3% 4,501 
Protected, noncombustible 15% 3,218 6% 2,106 5% 741 3% 2,715 
Unprotected, 19% 3,285 10% 1,234 7% 292 5% 620 

noncombustible 
Protected, ordinary 2 1 %  8,040 10% 2,983 3% 685 4% 1 ,780 
Unprotected, ordinary 30% 9,399 17% 2,819 1 1 % 434 7% 609 
Protected, wood frame 30% 5,380 18% 1,681 13% 1 8 1  8 %  339 
Unprotected, wood frame 37% 8,762 20% 1,924 12% 174 7% 196 

Sources: NFPA analysis of NFIRS; NFPA survey; Energy Information Adminisrration Commercial Buildings 
Energy Consumption Surveys, building characteristics tables. 
Note: These are 1989-1998 fires reported ro U.S. municipal fire departments and so exclude fires reported 
only to federal or state agencies or industrial fire brigades. These years are used because they are the latest for 
the type of construction that is included in the coded elements. All estimates are based on at least 200 
reported fires (raw, nor projected estimates) in the 10 years with the indicated data known. Buildings and floor 
space are estimated from 1992, 1995, and 1999 surveys, using linear interpolation and exrrapolation for years 
before or between the three years when surveys were taken, resulting in a final formula of 1(7 x 1992 estimate) 
+ [l .5 x (1995 estimate + 1999 estimate)])/10. 

Table D.9(a) Rate of Frres (per year) Relative to Numbers of Buildings and Square Feet of Floor 
Space for Places Where People Sleep Other Than Homes 

Statistics 

Fires per year 
Thousands of buildings with at least 1000 ft2 

Millions of square feet in buildings with at least 1000 ft2 

Fires per thousand buildings per year 
Fires per million square feet per year 

Rate 

13,000 
154.5 

3,245 
84.4 

4.02 

Copy £i t © '-'f-PA F-or exc.lt.s1ve use on NF-PA J:ree Acces.., pk.l"orrT' Not for d1str1but or downloading or pr r' g 
F-or tl"'ql. es contact u!:>tserv@nfpa org ... o report Jr 3utho tzed use cont.le.I le al@nfp org 

557-25 

2023 Edition 



557-26 DETERMINATION OF FLRE LOADS FOR USE IN STRUCTURAL FLRE PROTECTION DESIGN 

Table D.9(b) Percentage of Fires with Flame Spread Beyond Room of Origin and Estimated 
Number of Fires Used as Basis for Percentages 

No Sprinklers Sprinklers Present 

Detectors Detectors 
T}'pe of Construction No Detectors Present No Detectors Present 

Fire resistive 9% 6,980 4% 14,776 4% 1 ,729 2% 1 4,646 
Protected, noncombustible 1 1 %  2,564 4% 6,154 5% 824 2% 8,988 
Unprotected, 13% 1,474 5% 2,792 3% 166 3% 1,414 

noncombustible 
Protected, ordinary 16% 8,600 9% 12,605 4% 1,210 2% 11 ,558 
Unprotected, ordinary 23% 7,685 12% 9,016 5% 383 3% 3,149 
Protected, wood frame 21% 6,371 13% 9,457 3% 614 3% 5,833 
U nprotected, wood frame 32% 11 , 155 18% 10,532 9% 369 3% 2,627 

Sources: NFPA analysis of NFIRS; NFPA survey; Energy Information Administration Commercial Buildings 
Energy Consumption Surveys, building characteristics tables. 
Note: These are 1989-1998 fires reported to U.S. municipal fire department� and so exclude fires reported 
only to federal or state agencies or industrial fire brigades. These years are used because they are the latest for 
the type of construction that is included in the coded elements. All estimates are based on at least 200 
reported fires (raw, not projected estimates) in the 10 years with the indicated data known. Buildings and floor 
space are estimated from 1992, 1995, and 1999 sUJveys, using linear interpolation and extrapolation for years 
before or between the three years when surveys were taken, resulting in a final formula of { (7 x 1992 estimate) 
+ [1.5 x (1995 estimate + 1999 estimate)])/10. 
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Sequence of Events for the Standards 
Development Process 

Once the cummt edition is published, a Standard i5 opened for 
Public Injmt. 

Step 1 - Input Stage 

• Input accepted from the public or other committees for 
consideration to develop the First Draft 

• Technical Committee holds First Draft Meeting to revise 
Standard (23 weeks) ; Technical Committee(s) with Cor­
relating Committee ( 1 0  weeks) 

• Technical Committee ballots on First Draft (12 weeks);  
Technical Committee(s) with Correlating Committee 
( 1 1  weeks) 

• Correlating Committee First Draft Meeting (9 weeks) 
• Correlating Committee ballots on First Draft (5 weeks) 
• First Draft Report posted on the document information 

page 

Step 2 - Comment Stage 

• Public Comments accepted on First Draft ( 1 0  weeks) fol­
lowing posting of First Draft Report 

• If Standard does not receive Public Comments and the 
Technical Committee chooses not to hold a Second Draft 
meeting, the Standard becomes a Consent Standard and 
is sent directly to the Standards Council for issuance (see 
Step 4) or 

• Technical Committee holds Second Draft Meeting 
(21 weeks) ;  Technical Committee(s) with Correlating 
Committee (7 weeks) 

• Technical Committee ballots on Second Draft ( 1 1  weeks); 
Technical Committee(s) with Correlating Committee 
( 1 0  weeks) 

• Correlating Committee Second Draft Meeting (9 weeks) 
• Correlating Committee ballots on Second Draft 

(8 weeks) 
• Second Draft Report posted on the document informa­

tion page 

Step 3 - NFPA Technical Meeting 

• Notice oflntent to Make a Motion (NITMAM) accepted 
(5 weeks) following the posting of Second Draft Report 

• NITMAM� are reviewed and valid motions are certified 
by the Motions Committee for presentation at the NFPA 
Technical Meeting 

• NFPA membership meet� each June at the NFPA Techni­
cal Meeting to act on Standards with "Certified Amend­
ing Motions" (certified NITMAMs) 

• Committee(s) vote on any successful amendments to the 
Technical Committee Reports made by the NFPA mem­
bership at the NFPA Technical Meeting 

Step 4 - Council Appeals and Issuance of Standard 

• Notification of intent to file an appeal to the Standards 
Council on Technical Meeting action must be filed within 
20 days of the NFPA Technical Meeting 

• Standards Council decides, based on all evidence, 
whether to issue the standard or to take other action 

Notes: 

1. Time periods are approximate; refer to published sched­
ules for actual dates. 

2. Annual revision cycle documents with certified amend­
ing motions take approximately 101 weeks to complete. 

3. Fall revision cycle documents receiving certified amend-
ing motions take approximately 141 weeks to complete. 

Committee Membership 
Classificatiom1'2'3'4 

The following classifications apply to Committee members 
and represent their principal interest in the activity of the 
Committee. 

1. M Manufacturer: A representative of a maker or mar­
keter of a product, assembly, or system, or portion 
thereof, that is affected by the standard. 

2. U User: A representative of an entity that is subject to 
the provisions of the standard or that voluntarily 
uses the standard. 

3. IM Installer/Maintainer: A representative of an entity that 
is in the business of installing or maintaining a prod­
uct, assembly, or system affected by the standard. 

4. L Labor: A labor representative or employee concerned 
with safety in the workplace. 

5. RT ApjJlied Research/Testing Laboratory: A representative 
of an independent testing laboratory or indepen­
dent applied research organization that promulgates 
and/ or enforces standards. 

6. E EnforcingAutlwrity: A representative of an agency or 
an organization that promulgates and/or enforces 
standards. 

7. I Insurance: A representative of an insmance company, 
broker, agent, bureau, or inspection agency. 

8. C Consumer: A person who is or represents the ultimate 
purchaser of a product, system, or service affected by 
the standard, but who is not included in ( 2 ) .  

9.  SE Special Expert: A person not representing ( 1 )  th rough 
(8) and who has special expertise in the scope of the 
standard or portion thereof. 

NOTE 1 :  "Standard" connotes code, standard, recom­
mended practice, or guide. 

NOTE 2: A representative includes an employee. 

NOTE 3: vVhile these classifications will be used by the 
Standards Council to achieve a balance for Technical Com­
mittees, the Standards Council may determine that new 
classifications of member or unique interests need repre­
sentation in order to foster the best possible Committee 
deliberations on any pn:�ject. In this connection, the Stan­
dards Council may make such appointments as it deems 
appropriate in the public interest, such as the classification 
of"Utilities" in the National Electrical Code Committee. 

NOTE 4: Representatives of subsidiaries of any group are 
generally considered to have the same classification as the 
parent organization. 
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Submitting Public Input I Public Comment Through the Online Submission System 

Following publication of the current edition of an NFPA standard, the development of the next edition 

begins and the standard is open for Public Input. 

Submit a Public Input 

NFPA accepts Public Input on documents through our on line submission system at ·www.nfpa.org. To use 

the online submission system: 

• Choose a document from the List of NFPA codes & standards or filter by Development Stage for 

"codes accepting public input." 

• Once you are on the document page, select the "Next Edition" tab. 

• Choose the link "The next edition of this standard is now open for Public Input." You will be asked 

to sign in or create a free online account with NFPA before using this system. 

• Follow the online instructions to submit your Public Input (sec www.nfpa.org/publicinput for de­

tailed instructions). 

• Once a Public Input is saved or submitted in the system, it can be located on the "My Profile" page 

by selecting the "My Public lnputs/Comments/NITMAMs" section. 

Submit a Public Comment 

Once the First Draft Report becomes available there is a Public Comment period. Any objections or fur­

ther related changes to the content of the First Draft must be submitted at the Comment Stage. To sub­

mit a Public Comment follow the same steps as previously explained for the submission of Public Input. 

Other Resources Available on the Document Information Pages 

Header: View document title and scope, access to our codes and standards or NFCSS subscription, and 

sign up to receive email alerts. 

current &Prior Research current and previous edition information. 
Editions 

Next Edition Follow the committee's progress in the processing of a standard in its next revision cycle. 

Techniral View cmrent committee rosters or apply to a committee. 
Committee 

Aska Techniral 
Question 

Purchase Products 
&Training 

For members, officials, and A.Fijs to submit standards questions to NFPA staff. Our Technical 
Questions Service provides a convenient way to receive timely and consistent technical assistance 
when you need to know more about NFPA standards relevant to your work. 

Provides links to available articles and research and statistical reports related to our standards. 

Discover and purchase the latest products and training. 

Related Products View related publications, training, and other resources available for pmchase. 
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Information on the NFPA Standards Development Process 

I. Applicable Regulations. The primary rules governing the processing of NFPA standards (codes, standards, 
recommended practices, and guides) are the NFPA Regulations Governing the Development of NFPA Standards (Regs). Other 
applicable rules include NFPA Bylaws, NFPA Technical Meeting Convention Rules, NFPA Guide for the Conduct of Participants in 
the NFPA Standards Development Process, and the NFPA Regulations Governing Petitions to the Board of Directors from Decisions of 
the Standards Council. Most of these rules and regulations are contained in the NFPA Standards Direcl01)'· For copies of the 
Direct01y, contact Codes and Standards Administration at NFPA headquarters; all these documents are also available on the 
NFPA website at "www.nfpa.org/regs." 

The following is general information on the NFPA process. All participants, however, should refer to the actual rules and 
regulations for a full understanding of this process and for the criteria that govern participation. 

II. Technical Committee Report. The Technical Committee Report is defined as "the Report of the 1-esponsible 
Committee(s), in accordance with the Regulations, in preparation ofa new or revised NFPA Standard." The Technical 
Committee Report is in two parts and consists of the First Draft Report and the Second Draft Report. (See Regs at 
Section 1.4.) 

m. Step I:  First Draft Report. The First Draft Report is defined as "Part one of the Technical Committee Report, which 
documents the Input Stage." The First Draft Report consists of the First Draft, Public Input, Committee Input, Committee 
and Correlating Committee Statements, Con-elating Notes, and Ballot Statements. (See Regs at 4.2.5.2 and Section 4.3.) 
Any objection to an action in the First Draft Report must be raised through the filing of an appropriate Comment for 
consideration in the Second Draft Report or the objection will be considered resolved. [See Regs at 4.3.1 (b). l 

IV. Step 2: Second Draft Report. The Second Draft Report is defined as "Part twu of the Technical Committee Report, 
which documents the Comment Stage." The Second Draft Report consists of the Second Draft, Public Comments with 
corresponding Committee Actions and Committee Statement5, Correlating Notes and their respective Committee 
Statements, Committee Comments, CotTelating Revisions, and Ballot Statements. (See Regs at 4.2.5.2 and Section 4.4.) 
The First Draft Report and the Second Draft Report together constimte the Technical Committee Report. Any outstanding 
objection following the Second Draft Report must be raised through an appropriate Amending Motion at the NFPA 
Technical Meeting m the objection will be conside1-ed resolved. [See Regs at 4.4.1 (b) . ]  

V. Step 3a: Action at NFPA Technical Meeting. Following the publication of the Second Draft Report, there is  a period 
during which those wishing to make proper Amending Motions on the Technical Committee Reports must signal their 
intention by submitting a Notice of Intent to Make a Motion (NIT.MAM). (See Regs at 4.5.2.) Standards that receive 
notice of proper Amending Motions (Certified Amending Motions) will be presented for action at the annual June NFPA 
Technical Meeting. At the meeting, the NFPA membership can consider and act on these Certified Amending Motions as 
well as Follow-up Amending Motions, that is, motions that become necessary as a result of a previous successful Amending 
Motion. (See 4.5.3.2 through 4.5.3.6 and Table l ,  Columns 1-3 of Regs for a summary of the available Amending Motions 
and who may make them.) Any outstanding objection following action at an NFPA Technical Meeting (and any further 
Technical Committee consideration following successful An1ending Motions, see Regs at 4.5.3.7 through 4.6.5) must be 
raised through an appeal to the Standards Council or it wiH be considered to be resolved. 

VI. Step 3b: Documents Forwarded Directly to the Council. '\i\'here no NIT.MAM is received and certified in accordance 
with the Technical Meeting Convention Rules, the standard is fonvarded directly to the Standards Council for action on 
issuance. Objections are deemed to be resolved for these documents. (See Regs at 4.5.2.5.) 

VII. Step 4a: Collllcil Appeals. Anyone can appeal to the Standards Council concerning procedural or substantive matters 
1-elated to the development, content, or issuance of any document of the NFPA or on matte1-s within the purview of the 
authority of the Council, as established by the Bylaws and as determined by the Board of Directors. Such appeals must be in 
written form and filed with the Secretary of the Standards Council (see Regs at Section 1.6). Time constraints for filing an 
appeal must be in accordance with 1.6.2 of the Regs. Objections are deemed to be resolved if not pursued at this level. 

VIII. Step 4b: Document Issuance. The Standards Council is the issuer of all documents (see Article 8 of Bylaws). The 
Council acts on the issuance of a document presented for action at an NFPA Technical Meeting within 75 days from the 
date of the recommendation from the NFPA Technical Meeting, unless tl1is period is extended by the Council (see Regs at 
4.7.2). For documents forwarded directly to the Standards Council , tl1e Council acts on the issuance of the document at its 
next scheduled meeting, or at such other meeting as the Council may determine (see Regs at 4.5.2.5 and 4.7.4). 

IX. Petitions to the Board of Directors. The Standards Council has been delegated the responsibility for the 
administration of the codes and standards development process and the issuance of documents. However, where 
extraordinary circrnnstances requiring the intervention of the Board of Directors exist, the Board of Directors may take 
any action necessary to fulfill its obligations to p1-eserve the integrity of the codes and standards development process 
and to protect the interests of the NFPA. The rules for petitioning the Board of Directors can be found in the Regulations 
Governing Petitions to the Board of Directors from Decisions of the Standards Council and in Section 1.7 of the Regs. 

X. For More Information. The program for the NFPA Technical Meeting (as well as the NFPA website as information 
becomes available) should be consulted for the date on which each report scheduled for consideration at tl1e meeting will 
be presented. To view the First Draft Report and Second Draft Report as well as information on NFPA rules and for up-to­
date information on schedules and deadlines for processing NFPA documents, check the NFPA website (mvw.nfpa.org/ 
docinfo) or contact NFPA Codes & Standards Administration at (617) 984-7246. 
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