


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 · FPA disclaims liability for any personal injury, property, or otl1er damages of any nature wl1atsoever, 
whetl1er 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 tl1e accuracy or 
completeness of any information publisl1ed 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, se. k 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 does the · FPA list, certify, test, or inspect products, designs, or installations for compliance with 
tl1is document. Any certification or other statement of compliance with tl1e requirements of tl1is document shall 
not be attributable to the · FPA and is solely tl1e responsibility of tl1e 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aware that tl1ese documents may be superseded at any time by the issuance of a new edition, may be 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 tl1e tl1en�current and available information on incidents, materials, 
tecl1nologies, innovations, and methods as these develop over time and tl1at NFPA Standards reflect 
tl1is consideration. Tl1erefore, any previous edition of this document no longer represents tl1e current 
NFPA Standard on tl1e subject matter addressed. NFPA encourages the use of tl1e 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 of TIAs or 
corrected by Errata, visit the "Codes & Standards'' section at www.nfpa.org. 
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Interpretations of NFPA Standards 

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

Patents 

The NFPA does not take any position ,vith respect to the validity of any patent rights referenced in, related to, or asserted in 
connection with an NFPA Standard. The users ofNFPA 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 Standards Institute (ANSI) regarding the inclusion of patents in 
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applicable laws, and these documents may not be construed as doing so. 

Copyrights 
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NFPA does not waive any rights in copyright to these documents. 
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Origin and Development of NFPA 1700 

NFPA 1700, Guide for Structural Fzre Fighting, 2021 edition, is the first NFPA document connecting 
fire dynamics research and its application to strategy, tactics, and best practice for fire fighters in 
controlling fires within a structure. 

Initiated throt1gh a project request in April 2015, the Standards Council requested input by June 
21, 2015, on the proposed guide. Creation of the Technical Committee on Fundamentals of Fire 
Control Within a Strt1cu1re Utilizing Fire Dynamics, the committee responsible for NFPA 1700, was 
approved at the August 2015 Standards Council meeting. This technical committee ,vas charged ,vith 
developing a document ot1tlining techniqt1es and methods used in fire fighting based on accepted 
cientific principles and research in fire dynamics. The committee includes a balance of 

representatives from the fire service, insurance industry, subject matter textbook publishers, special 
experts, and stakeholders actively engaged in fire dynamics research. 

NFPA 1700 addresses fire control ,vithin a structure by establishing a basic understanding of fire 
science and fire dynamics. NFPA 921, Guide for Fire and l!..xpl.osion Investigations, served as a model for 
ho,v to translate fire dynamics understanding in practicable, applicable ,vays. Current information 
from recognized research efforts complements fundamental occupancy, building construction, and 
building service considerations. While ackno,vledging occupant life threats, the document further 
addresses the protection of fire fighters from the immediately dangerous to life and health 
environment by reinforcing the need for personal protective equipment and methodologies for 
contamination control. 

The foctis of the doct1ment is to provide guidance to individuals and organizations on interacting 
,vithin a structure on fire with proven approaches based on documented fire investigations, research, 
and fire dynamics testing to achieve the most successful outcome. Chapters are dedicated to 
establishing strategies ,vith tactical considerations to provide effective search, rescue, and fire 
st1ppression operations, as well as civilian and responder safety. 
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IMPORTANT NOTE: This NFPA document is made available for 
use subject to important rw tices and legal disclai1ners. These rwtices 
and disclaimers appear in all publications con ta in ing this document 
and may be found under the heading "Important Notices and 
Disclaimers Concerning NFPA Standards. " They can also be viewed 
at www.nJPa.org/ disclai1ners 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 scheduled 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 In terim Amendments (TIAs). An offici,al NFPA Standard at any 
point in time consists of the current edition of the docu1nent, together 
with all TIAs and Errata in effect. To verify that this document is the 
current edition or to determine if it has been a1nended by TlAs or 
Errata, please consult the Na tional Fire Codes® Subscription Seroice 
or the "List of NFPA Codes & Standards" at www.nfpa.org/docinfo. 
In addition to TIAs and Errata, the document information pages also 
include the option to sign up for alerts for individual docu ments 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. Extracted text may be edited for consistency and 
style and may include the revision of internal paragraph refer­
ences and other references as appropriate. Reqt1ests for inter­
pretations or revisions of extracted text shall be sent to the 
technical committee responsible for the sot1rce doct1ment. 

Information on referenced and extracted publications can 
be fot1nd in Chapter 2 and Annex D. 

Chapter 1 Administration 

1.1 Scope. This guide addresses structural fire-fighting strat­
egy and tactics as supported by science-based research. 

1.2 Purpose. The purpose of this doct1ment is to provide 
guidance for the development of policies, procedures, and 
guidelines, inclt1ding strategies and tactics for strt1ctural fire­
fighting supported by science-ha ed research. 

1.3 Application. The intent of this guide is to provide guid­
ance on the application of science-based fire dynamics research 
supporting fire-fighting practices recognizing that life safety of 
the public and the first responder is the highest incident prior­
ity, follo,ved by incident stabilization and property conserva­
tion. 

1.4 Units of Measure. Metric units of measurement in this 
guide are in accordance ,vith the modernized metric system 
known as the International System of Uni ts ( SI) . The unit of 
liter is outside of but recognized by SI and is commonly used in 
international fire protection. These tinits are listed in 
Table 1.4. 
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Table 1.4 SI Units and Equivalent U.S. Customary Units 

Distance 
1 cm 
2.54 cm 
lm
0.305 m

Area 
1 cm2

6.45 cm2

1 m2

0.093 m2

Volume 
1 cm3

29.6 cm3

lL 
0.95 L 
1 m3

0.028 m3

Mass 
1 g 
28.25 g 
1 kg 
0.454 kg 

Density

1 g/cm3

0.12 cm3

1 kg/m3

Flow 
1 L/sec 
0.063 L/sec 

Pressure 

SI 

1 bar (750 mmHg) 
0.069 bar 
1 kPa 

Fnergy 
lJ 

1055] 
1 kJ 

Power 
lkW 
1.06 kW 

0.394 in. 
1 in. 
3.28 ft 
1 ft 

0.155 in.2

1 in. 2

10.8 ft2

1 ft2

0.34 fluid oz 
1 U.S. fluid oz 
1.06 U.S. qt 
1 U.S. qt 
35.3 ft3

1 ft3

0.353 oz 
1 oz 
2.20 lb 
1 lb 

U.S. 

8.35 lb/U.S. gal 
1 lb/U.S. gal 
0.063 lb/ft3

15.9 U.S. gal/min 
1 U.S. gal/min 

14.5 lb/in.2

1 lb/in.2 (27.7 in. ,vater column) 
0.145 lb/in. 2

9.48 x 10-4 Btu 
1 Btu 
0.948 Btu 

0.952 Btu/sec 
1 Btu/sec 

Note: Converting from one sys tern of measurement to another usually 

introduces additional significant figures to a value. The converted 

values should be rounded off, so that they include no more significant 

figures than the orig·inal measured or reported values. 

1.5 Measurement Uncertainty. The reproducibility of meas­
urements reported in this guide may be very high, such as 
density measurements of pure substance , or more variable, 
such as gas temperatures, heat release rates, or event times in 
te t fires. Therefore, all reported mea urements or factors in 
equations should be evaluated to assess ,vhether the level of 
precision expressed is appropriate or broadly applicable. 
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Chapter 2 Referenced Publications 

2.1 General. The documents or portion thereof listed in this 
chapter are referenced within this guide and should be consid­
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Chapter 3 Definitions 

3.1 General. The definitions contained in this chapter apply 
to the terms used in this guide. Where terms are not defined in 
this chapter or ,vithin another chapter, they should be defined 
using their ordinarily accepted meanings ,vithin the context in 
,vhich they are used. Pv1erriam-Webster'.s Collegi,ate Dictionary, 11th 
edition, is 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, material , 
an installation, or a procedure. 

3.2.3 Guide. A document that is advisory or informative in 
nature and that contains only nonmandatory provisions. A 
guide may contain mandatory tatements such as when a guide 
can be used, but the document as a ,vhole is not suitable for 
adoption into law. 

3.2.4 Labeled. Equipment or materials to which has been 
attached a label, ymbol, or other identifying mark of an organ­
ization that is acceptable to the authority having jurisdiction 
and concerned ,vith product evaluation, that maintains peri­
odic inspection of production of labeled equipment or materi­
als, and by ,vhose labeling the manufacturer indicate 
compliance ,vith appropriate standards or performance in a 
specified manner. 

3.2.5* Listed. Equipment, materials, or services included in a 
list published by an organization that is acceptable to the 
authority having jurisdiction and concerned ,vith evaluation of 
products or services, that maintains periodic inspection of 
production of listed equipment or materials or periodic evalua­
tion of services, and ,vhose listing states that either the equip­
ment, material, or service meets appropriate designated 
standards or has been tested and found suitable for a specified 
purpose. 

3.2.6 Should. Indicates a recommendation or that ,vhich i 
advised but not required. 

3.3 General Definitions. 

3.3.1 Abandoned Building. A building that is unoccupied/ 
unused ,vith no intention of re-occupying and reusing. (1620, 
2020] 

3.3.2 Accident. An unplanned event that interrupts an activ­
ity and sometimes causes injury or damage or a chance occur­
rence arising from unknown causes; an unexpected happening 
due to carelessness, ignorance, and the like. [921, 2017] 

3.3.3 Aerial Fire Apparatus. A vehicle equipped ,vith an aerial 
ladder, elevating platform, or ,vater to,ver that is designed and 
equipped to support fire fighting and rescue operations by 
positioning personnel, handling materials, providing continu­
ous egress, or discharging ,vater at positions elevated from the 
ground. [1901, 2016] 

3.3.4 Ambient. Someone's or something's surroundings, espe­
cially as they pertain to the local environment; for example, 
ambient air and ambient temperature. [921, 2017] 
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3.3.5 Atmospheric Pressure. The pressure of the ,veight of air 
on the st1rface of the earth, approximately 14. 7 pot1nds per 
square inch (psia) (101 kPa absolute) at sea level. [54, 2018] 

3.3.6 Backdraf t. A deflagration resulting from the sudden 
introduction of air into a confined space containing oxygen­
deficient products of incomplete combustion. 

3.3. 7 Basement. Any story of a building ,vholly or partly belo,v 
grade plane that is not considered the first story above grade 
plane. 

3.3.8 Bidirectional Vent. A building opening that serves as 
both an intake and exhaust vent of a flow path at the same 
time. 

3.3.9 BLEVR Boiling liquid expanding vapor explosion. 
[921, 2017] 

3.3.10 Blitz Attack. A coordinated fire attack from the exte­
rior ,vith a master stream (300+ gpm). 

3.3.11 Blowers. Powered fans that are used to push air into a 
strucu1re to increase the pressure of the gases inside a structure 
to move the gases to an area of lo,ver pressure, usually the exte-
. 

rror. 

3.3.12 British Thermal Unit (B tu). The qt1antity of heat 
required to raise the temperature of one pound of water 1 °F at 
the presst1re of 1 atmosphere and temperature of 60°F; a
British thermal unit is equal to 1055 joules, 1.055 kilojoules, 
and 252.15 calories. [921, 2017] 

3.3.13 Broken Stream. See 3 .3. 205 .1. 

3.3.14 Buoyancy. ( 1 ) The tendency or capacity to re main 
afloat in a liquid. (2) The up,vard force of a fluid upon a float­
ing object. [1405, 2016] 

3.3.15 Calorie. The amount of heat necessary to raise 1 gram 
of ,vater 1 °C at the pressure of 1 atmosphere and temperature 
of 15 ° C; a calorie is 4.184jot1les, and there are 252.15 calories
in a British thermal unit (Btu). (921, 2017] 

3.3.16 Carcinogen/Carcinogenic. A cancer-causing substance 
that is identified in one of several published lists, including, but 
not limited to, those prepared by the U.S. National Toxicology 
Program, the International Agency for Research on Cancer 
(IARC), the National Institute for Occupational Safety and 
Health (NIOSH), and the American Conference of Govern­
mental Industrial Hygienists (ACGIH). [1851, 2020] 

3.3.17 Ceiling Jet. A relatively thin layer of flo,ving hot gases 
that develops under a horizontal surface (e.g., ceiling) as a 
result of plume impingement and the flo,ving gas being forced 
to move horizontally. [921, 2017] 

3.3.18 Ceiling Layer. A buoyant layer of hot gases and smoke 
produced by a fire in a compartment. [921, 2017] 

3.3.19 Char. Carbonaceotis material that has been bt1rned or 
pyrolyzed and has a blackened appearance. [921, 2017] 

3.3.20 Cold Zone. See 3.3.99.1. 

3.3.21 Combustible. Capable of undergoing combustion. 
[921, 2017] 

3.3.22 Combustible Liquid. See 3.3.135.1. 
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3.3.23 Combustion. A chemical process of oxidation that 
occurs at a rate fast enough to produce heat and usually light 
in the form of either a glo,v or flame. [921, 2017] 

3.3.24 Combustion Products. The heat, gase , volatilized 
liquids and solids, particulate matter, and ash generated by 
combustion. [921, 2017] 

3.3.25 Command Post. The location ,vhere the incident 
commander and associated staff are located during an emer­
gency incident. [610, 2019] 

3.3.26 Company. The basic fire-fighting organizational unit 
staffed by various grade of fire fighter under the supervision 
of an officer and assigned to one or more pecific pieces of 
apparatlis. [1410, 2020] 

3.3.26.1 Engine Company. A piece of fire apparatllS along 
,vith fire fighters that have the primary responsibility to 
deliver a fire stream or streams to extinguish the fire in 
coordination ,vith ventilation (truck company) and re cue 
operations. 

3.3.26.2 R.escue Co mpany. A piece of fire apparatllS along 
,vith fire fighters that are generally utilized for search and 
rescue at fire incidents. 

3.3.26.3 Truck (Ladder) Company. A group of fire fighters 
,vho ,vork as a unit and are equipped ,vith one or more 
pieces of aerial fire apparatllS. 

3.3.27 Compartmentation. The interposing of a physical 
barrier that is not required to be fire or explosion resistant in 
order to limit combustible particulate solid migration and 
hence to control the size of a hazard area. [654, 2020] 

3.3.28 Concealed Space. That portion(s) of a building 
behind ,valls, over suspended ceilings, in pipe chases, and in 
attics whose size might normally range from 44. 45 mm ( 11/,1 in.) 
stud spaces to 2.44 m (8 ft.) interstitial truss paces and that 
might contain combustible materials such as building struc­
tural members, thermal and/ or electrical insulation, and duct­
ing. [96, 2017] 

3.3.29 Conduction. Heat transfer to another body or within a 
body by direct contact. [921, 2017] 

3.3.30 Conductive and Compressive Heat Resistance ( CCHR) 
Test. A test tised to evaluate the properties of the garment 
shoulder and knee areas, ,vhich are more likely to become 
compressed, because thermal insulation is reduced under 

. 

compression. 

3.3.31 Construction Type. The combination of materials used 
in the construction of a building or structure, based on the 
varying degrees of fire resistance and combustibility. [5000, 
2018] 

3.3.32 Contaminant. Smoke, fumes, and particulates depos­
ited on personnel, PPE, apparatllS, tools, and equipment. 

3.3.33 Convection. Heat transfer by circulation within a 
medium such as a gas or a liquid. [921, 2017] 

3.3.34 Decay Stage. The stage of fire development ,vithin a 
structure characterized by either a decrease in the fuel load or 
available oxygen to support combustion, re ulting in lo,ver 
temperatures and lower pressure in the fire area. (1410, 2020] 
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3.3.35* Decontamination. The process of removing contami­
nants st1ch as soot, partict1late, and fireground chemicals to 
clean fireground tools and equipment and prevent the spread 
of contamination to other persons or equipment. 

3.3.35.1 Dry Decontamination. Utilizing forced airflovr or 
brushing off of personnel, PPE, apparatus, tools, and equip­
ment to redt1ce contaminants. 

3.3.35.2 Gross Decontamination. The initial phase of the 
decontamination process during which the amount of 
st1rface contaminant is significantly reduced by removing 
bulk contaminants and substances from the surface of the 
eqt1ipment or tools tising some form of brushing, wetting 
agent, and/ or detergents. 

3.3.35.3 Wet Decontaminatwn. Utilizing ,vater or a ,vater 
and soap solt1tion to redtice contaminants on personnel, 
PPE, apparatus, tools, and equipment. 

3.3.36 Defensive Strategy. The plan for the actions or move­
ments of fire department units to protect exposures and 
contain the main body of fire to the already affected areas. 

3.3.37 Deflagration. Propagation of a combustion zone at a 
velocity that is less than the speed of sound in the unreacted 
medium. [68, 2018 

3.3.38 Density. The mass of a substance per unit volume, 
tisually specified at standard temperature and pressure. The 
density of ,vater is approximately 1 gram per cubic centimeter. 
The density of air is approximately 1.275 grams per cubic 
meter. [921, 2017 

3.3.39 Detection. (1) Sensing the existence of a fire, espe­
cially by a detector from one or more prodt1cts of the fire, such 
as smoke, heat, infrared radiation, and the like. (2) The act or 
process of discovering and locating a fire. [921, 2017] 

3.3.40 Detonation. Propagation of a combtistion zone at a 
velocity greater than the speed of sound in the unreacted 
medit1m. [68, 2018] 

3.3.41 Differential Press ure. The difference between pres-
ures at different points along a flo,v path that creates a flo,v of 

gases or flt1ids from an area of higher pressure to an area of 
lower pressure. 

3.3.42 Diffuse Fuel. A gas, vapor, dust, particulate, aerosol,
mist, fog, or hybrid mixtt1re of these, suspended in the atmos­
phere, which is capable of being ignited and propagating a 
flame front. [921, 2017] 

3.3.43 Diffusion Flame. A flame in which ft.1el and air mix or 
diffuse together at the region of combustion. [921, 2017] 

3.3.44 Direct Application. Fire-fighting operations involving 
the application of extingt1ishing agents directly onto the burn­
ing fuel surface. 

3.3.45 Doffing. The process of properly removing a member's 
PPE and respiratory protection to limit additional contamina­
tion and exposure. 

3.3.46 Donning. The process of properly dressing in full PPE, 
ensuring all exposed skin and air,vay are protected. 

3.3.47 Door Control. Using a door to limit the amount of air 
available to the fire, or to isolate a part of the bt1ilding from the 
flow path. 

3.3.48 Drop Down. The spread of fire by the dropping or fall­
ing of burning materials. Synonymous ,vi.th "fall down." [921, 
2017] 

3.3.49 Dry Decontamination. See 3.3.35.1. 

3.3.50 Dynamic Flow. A unidirectional or bidirectional flo,v of 
smoke/ air that presents irregular stratification and shape or 
al tern ates in direction (i.e., pulsations). 

3.3.51 * Energy Storage System (ESS). One or more compo­
nents assembled together capable of storing energy and provid­
ing electrical energy into the premises ,vi.ring system or an 
electric power production and distribution network. [70:706.2] 

3.3.52 Engine Company. See 3.3.26.1. 

3.3.53 Entrainment. The process of air or gases being drawn 
into a fire, plume, or jet. [921, 2017] 

3.3.54 Exclusion Zone. See 3.3.99.2. 

3.3.55 Exha ust Vent. The outlet of a flo,v path that allo,vs the 

gases to move out of the structure. 

3.3.56 Explosion. The sudden conversion of potential energy 
(chemical or mechanical) into kinetic energy ,vi.th the produc­
tion and release of gases under pressure, or the release of gas 
under pressure. These high-pressure gases then do mechanical 
,vork uch as moving, changing, or shattering nearby materials. 
(921, 2017] 

3.3.57 Explosive. Any chemical compound, mixture., or 
device that functions by explosion. [921, 2017] 

3.3.58 Expos ure - Personnel. The process by which people,
animals, and equipment are subjected to or come in contact 
,vi.th a hazardous environment or material. 

3.3.59 Exposure - Structure. The side of a structural assem­
bly or eparate part of the fireground that is directly exposed to 
the fire to which the fire could spread. 

3.3.60 Expos ure Protection. Using an extinguishing agent to
coat the exposure, and/or remove the fuel(s), to prevent fire 
spread. 

3.3.61 Extinguish. To cause to cease burning. (921, 2017] 

3.3.62 Failure. Distortion, breakage, deterioration, or other 
fault in an item, component, system, assembly, or structure that 
results in unsatisfactory performance of the function for ,vhich 
it �s designed. [921, 2017] 

3.3.63 Fire. A rapid oxidation process, ,vhich is a gas phase 
chemical reaction re ulting in the evolution of light and heat 
in varying intensities. [921, 2017] 

3.3.64 Fire Alarm System. A system or portion of a combina­
tion system that consists of components and circuits arranged 
to monitor and annunciate the status of fire alarm or upervi­
sory signal-initiating devices and to initiate the appropriate 
response to those signals. (72, 2019] 

3.3.65 Fire Appara tus. A vehicle designed to be used under 
emergency conditions to transport personnel and equipment 
or to st1pport the suppression of fires or mitigation of other 
hazardous situations. (1901, 2016] 

3.3.66 Fire Command Center. The principal attended or 
tinattended room or area where the status of the detection, 
alarm communications, control systems, and other emergency 
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systems is dispiayed and from which the syr; tem ( ) can be 
manua1!ly controiled. [72, 2019] 

3.3.67 Fire Control. The coordinated tasls of delivering an 
extinguishing agent (e .g ., water) to fire and heat and manag­
ing the flow of air, smoke, heat, and fuel ( s) . 

3.3.68 Fire Department Connection (FDC). A connection 
through which the fire department can pump supplemental 
water into the prink]er sy te1n, tandpipe, or other water-based 
fire protection systems, furnishing water for fire extinguish-
1nent to supple1nent existing water supplies. [24, 2019 

3.3.69 Fire Dynamics. Toe detaitled study of how che1nist.ry, 
fire science, and the engineering disciplines of fluid mechanics 
and heat transfer interact to influence fire behavior. [921,. 
2017 

3.3. 70 Fíre Propagation. See 3.3. 73, Fire Spread. 

3.3.71 Fíre Resistive Construction. Construction designed to 
pro vide reasonable pro te ction against fire . 

3.3. 72 Fire ,Science. The body of k.nowledge concerning the 
study of fire and reiated subjects (such as combustion, flame, 
products of co1nbustion, heat release, heat transfer, fire and 
explosion chemi try, fire and explosion dynamics, thermody­
nainics, k.inetics, fluid 1nechanics, fire afety) and their interac­
tion with peopEe, structures, and the envitronment. [921,. 2017] 

3.3.73 Fíre Spreadl. The movement of fire from one place to 
another. [921, 2017 

3.3.74 Flame. .A body or st.reain of gaseous material involved 
in the combustion process and emitting radiant energ;y at 
specific wavelength bands determined by the combustion 
chemistry of the fu.el In most cases, so1ne portion of the e1nit­
ted radiant energy is visible to the hu1nan eye . [921, 2017] 

3.3.75 Flame Front. Toe fla1ning leading edge of a propagat­
ing combustion reaction zone. [921, 2017] 

3.3. 76 Flameover. The condition where unburned fuel from 
a fire has accu1nulated in the ceilling layer to a sufficient 
concentration (ie. , at or above the Eower flammable limit) that 
it ignites and burns; can occur without ignition of, or prior to, 
the ignition of other fuels separate from the origin. [921, 2017] 

3.3.77 Flammahle. CapabEe of burn ing with a flame . [921,. 
2017 

3.3.78 Flammahle Gas. A materiaE that is a gas at 68ºF (20ºC) 
or less atan absolute pressure of 14.7 psi (101 .3 kPa), that is 
ignitable atan absoiute pressure of 14.7 psi (101 .3 kPa) when 
in a 1nixture of 13 percent or less by volume with aitr, or that 
has a flammabie range at an absolute pressure of 14. 7 psi 
(101 .3 k.Pa) with air of at least 12 percent, regardless of the 
lo,ver Ei1nit. [55,. 2020] 

3.3. 79 Flammable Limit. The upper or lo,ver concentration 
limit at a specified temperature and pressu:re of a flammable 
gas or a vapor of an ignitible liquid and air, expressed as a 
percentage of fuel by vol ume that can be igni ted. [ 921, 2017] 

3.3.80 Flammahle Liquid. See 3.3 .1 35.2. 

3.3.81 Flammahle Range. The range of concentrations 
benveen the Eower and upper fla1nmable Ei1nits . [68,. 2018 

3.3.82 Flash Fire. A fire that preads by 1neans of a fla1ne 
f:ront rapidly th:rough a dilffuse fueE, u ch as dust, gas, or the 
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vapors of an ignitible hquid, without the production of damag­
ing p.reS-sure. [921, 2017] 

3.3.83 Flash Point of a Liquid. The lowest temperature of a 
liquid, as determined by pecific laboratory tests, at which the 
liquid gives off vapors at a sufficient rate to support a momen­
tary flame across its urface . [921,. 2017] 

3.3.84 Flashover. A transition phase in the development of a 
compartment fire in which su rface exposed to thermal radia­
tion reach ignition temperature more or Iess simultaneousiy 
and fire spreads rapidly throughout the space, resulting in full 
room invoivement or totaE involvement of the compartment or 
enclosed pace. [921, 2017 

3.3.85* Flow Path. Toe route followed by s1noke, air, heat, or 
flame toward or away from an opening~ typicaHy, a window, 
door, or other leakage points, dueto differences in pressure. 

3.3.86 Flow Path Control. The tactic of controlling or closing 
ven tilation points to limit additionaE oxygen into the space 
thereby limiting fire deve]opment, heat re]ease rate, and s1noke 
production, and to control the movement of the heat and 
smok.e conditions out of the fire area to the exterior and to 
other areas within the building. [1410,. 2020] 

3.3.87 Fog ,Stre.am. See 3.3.205.2. 

3.3.88 Fuel. A material that will maintailn combustion under 
specified envitronmental conditions. [53,. 2016] 

3.3.89 Fuel Gas. Natural gas, manufactured gas, LP-Gas, and 
imiEar gase commonly used for commerciaE or residentiaE 

purposes such as heating, cooling, or cooking. [921,. 2017] 

3.3.90 Fuel Load. The total quantity of combustible contents 
of a budding, space, or fire area, including interior finish and 
trim, expressed in heat units or the equivalent weight in wood. 
[921,. 2017] 

3.3.91 Fuel Package. A single item of fuel. 

3.3.92 Fuel~Llmited Fire. A fire in which the heat release rate 
and growth rate are controlled by the characteristic of the 
fuel, such as quantity and geometry, and in which adequate air 
for co1nbustion is available . 

3.3.93 Fully Developecll Stage. The stage of fire develop1nent 
where heat release rate has reached its peak with in a compart­
ment based on available fuel or ventilation. 

3. 3. 94 Gas. The physical state of a substance that has no 
shape or voEume of its own and wi!El expand to tale the shape 
and volume of the container or enclosure it occupies. [921, 
2017 

3.3.95 Glowing Comhustion. Lu1ninous burning of solid 
mate1riaE without a visibEe flame . [921,. 2017] 

3.3.96 Gross Contamination. See 3.3.35.2. 

3.3.97 Growth ,Stage. The tage of fire develop1nent where 
the heat release rate from an incipient fire has increased to the 
point where heat transferred fro1n the fire and the co1nbustiion 
products are pyrolyzing adjacent fuel ources and the fi:re 
begins to spread across the ceiliing of the fire co1npart1nent 
(rollover) . [1410, 2020] 

3.3.98 Hazarcll. Any ar:rangement of mate:ria1ls that presents 
the potential for harm. [921,. 2017 
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3.3.99 Haz.ard Control Zones. The physical or conceptual 
demarcation of an emergency scene according to levels of risk 
and the associated personal protective equipment (PPE) usage 
that identifies the exclusion, hot, warm, and cold zones are all 
zones within the "hazard control zone" classification. 

3.3.99.1 Cold Zone. A hazard-free area where PPE is not 
required and that is suitable for locating command, rehabili­
tation, medical functions, and public access. 

3.3.99.2 Exclusion Zone. An area ,vhere no personnel may 
enter dt1e to imminent hazard(s), where isst1ed PPE will not 
protect against the hazard, or ,vhere there is a need to 
protect potential evidence. 

3.3.99.3* Hot Zone. The primary incident hazard area 
deemed immediately dangerous to life and health (IDLH) 
and where personnel wear PPE st1itable for the hazards 
encountered. 

3.3.99.4 Warm Zone. A limited-access area for personnel 
directly aiding or in st1pport of operations in the hot zone 
,vhere personnel ,vear PPE suitable for the hazards present. 

3.3.100 Heat. A form of energy characterized by vibration of 
molect1les and capable of initiating and supporting chemical 
changes and changes of state. [921, 2017] 

3.3.101 Heat and Flame Vector. An arrow used in a fire scene 
drawing to show the direction of heat, smoke, or flame flow. 
[921,2017 

3.3.102 Heat Flux. The measure of the rate of heat transfer to 
a st1 rface or an area, typically expressed in kW/m2

, or W/cm2
.

[921,2017 

3.3.103 Heat of Combustion. The total amount of thermal 
energy that could be generated by a ft1el if it were to burn 
completely and which is typically measured in kilojoules per 
gram (kJ / g) or mega joules per kilogram (MJ /kg). 

3.3.104 Heat of Ignition. The heat energy that brings about 
ignition. [921, 2017] 

3.3.105 Heat Release Rate (HRR). The rate at which heat 
energy is generated by burning. [921, 2017 

3.3.106 Heat 1ransfer. The exchange of thermal energy from 
the source to the fuel by the mechanisms of conduction, convection, 
or radiation, or all three. 

3.3.107 High-Pressure Side or Upwind Side. The side of the 
building that the wind is impacting on. 

3.3.108 High-Rise Building. A building where the floor of an 
occupiable story is greater than 75 ft (23 m) above the lo,vest 
level of fire department vehicle access. [5000, 2018] 

3.3.109 Horizontal Ventilation. A method of utilizing natural 
ventilation currents to manage the flow of heat and smoke 
from the interior to the exterior while entraining fresh air from 
an intake on the same level of the structure. 

3.3.110 Hoseline. A hose extended from fire apparatus or a 
standpipe system designed to flow between 90 gpm and 300 
gpm. 

3.3.111 Hot Zone. See 3.3.99.3. 

3.3.112 Hydraulic Ventilation. Use of a ,vater tream to 
remove gases from a compartment through an exhaust vent 
,vhile entraining fresh air from an intake. 

3.3.113 HVAC Ventilation. Air flo,vs due to fixed building 
heating ventilation and air conditioning systems. 

3.3.114 lgnitible Liquid. Any liquid or the liquid phase of any 
material that is capable of fueling a fire, including a flammable 
liqt1id, combustible liquid, or any other material that can be 
liquefied and burned. [921, 2017] 

3.3.115 Ignition. The process of initiating self-sustained 
combustion. (921, 2017] 

3.3.116 Ignition Energy. The quantity of heat energy that 
should be absorbed by a substance to ignite and burn. (921, 
2017] 

3.3.117 Ignition Temperature. Minimum temperature a 
substance should attain in order to ignite under specific test 
conditions. (921, 2017] 

3.3.118 Ignition Time. The time between the application of 
an ignition source to a material and the onset of self-su tained 
combustion. (921, 2017] 

3.3.119 Immediately Dangerous to Life or Health (IDLH).
Any condition that ,vould pose an immediate or delayed threat 
to life, cause irreversible adverse health effects, or interfere 
,vith an individual's ability to escape unaided from a hazardous 
environment. [1670, 2017] 

3.3.120 Incendiary Fire. A fire that is intentionally ignited in 
an area or under circumstances ,vhere and ,vhen there should 
not be a fire. [921, 2017] 

3.3.121 * Incident Action Plan. The correct actions that 
match, take control of, and mitigate the incident hazard 
,vithin the overall incident strategy. 

3.3.122 Incident Command System (ICS). A component of an 
incident management system (IMS) designed to enable effec­
tive and efficient on-scene incident management by integrating 
organizational functions, tactical operations, incident plan­
ning, incident logistics, and administrative tasks within a 
common organizational structure. [ 472, 2018] 

3.3.123 Incident Commander (IC). The individual responsi­
ble for all incident activitie , including the development of 
strategies and tactics and the ordering and the release of 
resources. [1410, 2020] 

3.3.124 Incipient Stage. The early stage of fire development 
,vhere the fire's progression is limited to a fuel source and the 
thermal hazard is localized to the area of the burning material. 
(1410, 2020] 

3.3.125 Independent Service Provider (ISP). See 3.3.243, 
Verified Independent Service Provider (ISP). 

3.3.126 Indirect Attack. Fire-fighting operations involving the 
application of extinguishing agents to reduce the buildup of 
heat released from a fire ,vith the intention of suppressing the 
fire without applying the agent directly onto the burning 
surface. 

3.3.127 Intake Vent. An inlet of a flo,v path that allo,vs fresh 
air to move into the structure. 
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3.3.128 Joule. The preferred SI unit of heat, energy, or ,vork. 
A joule is the heat produced when one ampere is passed 
through a resistance of one ohm for one econd, or it is the 
work required to move a distance of one meter against a force 
of one ne,vton. There are 4.184 joules in a calorie and 1055 
joules in a British thermal unit (Bn.1). A watt is a joule/second. 
[See also 3.3.12, British 1nermal Unit ( Btu), and 3. 3.15, Calorie.] 
[921, 2017] 

3.3.129 Knee \\7all. A short wall, typically under 3 ft (1 m) in 
height, used to create a room, such as a living space ,vithin an 
attic, and whose creation rest1lts in a void space behind the 
knee ,vall and the underside of the roof. 

3.3.130 Knockdown. The reduction of flame and heat to a 
point where ft.1rther extension of a fire has been abated and the 
overhaul stage can begin. [ 402, 2019] 

3.3.131 * Latent Heat. The energy that causes a change in 
state of matter of an object. 

3.3.132 Layering. The systematic process of removing debris 
from the top do,vn and observing the relative location of arti­
facts at the fire scene. [921, 2017] 

3.3.133 Life Safety. The protection of ht1man life, including 
all persons ,vithin a structure, civilians, and fire-fighting person­
nel. 

3.3.134* Lightweight Construction§ Strt1cu1res that have 
framework made out of wood or other lightweight materials. 

3.3.135 Liquid. Any material that (1) has a fluidity greater 
than that of 300 penetration asphalt when tested in accordance 
,vith ASTM D5, Standard 1est Method for Penetration of Bituminous 
Materials, or (2) is a viscotis st1bstance for which a specific melt­
ing point cannot be determined but that is determined to be a 
liqt1id in accordance Mth ASTM D4359, Standard 1est far Deter­
mining Whether a Material is a Liquid or a Solid. [30, 2018] 

3.3.135.1 Co,nbustible Liquid. Any liquid that has a closed­
cup flash point at or above 100°F ( 37. 8 ° C) , as determined 
by the test procedures and apparatus set forth in Section 4.4 
of NFPA 30. Combustible liqt1ids are classified according to 
Section 4.3 of NFPA 30. [30, 2018] 

3.3.135.2 Flammable Liquid. Any liquid that has a closed­
cup flash point below l00°F (37.8° C), as determined by the 
test procedures and apparatus set forth in Section 4.4 of 
NFPA 30 and a Reid vapor pressure that does not exceed an 
absolute pressure of 40 psi (276 kPa) at l00°F (37.8° C), as 
determined by ASTM D323, Standard 1est Method for Vapor 
Pressur e of Petroleurn Products (Reid Method). Flammable liquids 
are classified according to Section 4.3 of NFPA 30. [30, 
2018] 

3.3.136 Low Explosive. An explosive that has a reaction veloc­
ity of less than 1000 m/sec (3000 ft/sec). (921, 2017 

3.3.137 Low-Pressure Side or Downwind Side. The side of the 
bt1ilding opposite the side of the bt1ilding that the Mnd is 
impacting on. 

3.3.138 Lower Explosive Limit or Lower Flammable Limit. 
The minimum concentration of combustible vapor or combus­
tible gas in a mixture of the vapor or gas and gaseous oxidant 
above which propagation of flame will occt1r on contact with an 
ignition source. [115, 2020 

3.3.139 Master Stream. See 3.3.205.3. 
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3.3.140 Material First Ignited. The fuel that is first set on fire 
by the heat of ignition; to be meaningful, both a type of mate­
rial and a form of material should be identified. [921, 2017] 

3.3.141 Mechanical Ventilation. The use of po,vered blo,vers, 
fans, smoke ejectors, or hydraulic ventilation to exchange gases 
inside the structure ,vith fresh air. 

3.3.142 Natural Ventilation. The use of convection currents 
and ,vinds to ventilate a structure ,vithout the use of powered 
blovvers, fans, smoke ejectors, or hose streams. 

3.3.143 Negative-Pressure Ventilation. The use of po,vered 
blo,vers, fans, or smoke ejectors to remove gases from a 
compartment through an exhaust vent ,vhile en training fresh 
air from an intake. 

3.3.144 Neutral Plane. Marks the level at a bi-directional vent, 
such a a doonvay or ,vindo,v opening, benveen the hot gas 
(smoke) flo,ving out of a fire compartment and the cool air 
flo,ving into the compartment. 

3.3.145 Noncombustible Material. A material that, in the 
form in which it is used and under the condition anticipated, 
,vill not ignite, burn, support combustion, or release flammable 
vapors when subjected to fire or heat. [921, 2017] 

3.3.146 Nonflammable. (1) Not readily capable of burning 
,vith a flame. (2) Not liable to ignite and burn ,vhen exposed to 
flame. Its antonym is flarnrnable. [921, 2017] 

3.3.147 Nozzle. 

3.3.147.1 Penetrating NoZ3le. A nozzle that is designed to 
penetrate a building membrane such as a roof, ,vall, or floor 
to deliver a water stream from one area to another area. 

3.3.14 7 .2 Spray Nozzle. A nozzle intended for connection 
to a hose line or monitor to discharge ,vater in either a spray 
pattern or a straight stream pattern as selected by the opera­
tor. (1964, 2018] 

3.3.147.3 Straight Tip Nozzle. A smooth-bore nozzle for 
producing a solid stream. [ 1963, 2019] 

3.3.148 Nozzle Pressure. The pressure at the point where 
,vater flo,vs from a nozzle and is de cribed in pounds per 
sqt1are inch (psi). 

3.3.149 Offensive Strategy. The plan for the actions and 
movements of arriving fire department units to control the fire, 
effect rescues, start searches for occupants, and extinguish the 
fire ,vith the intent to commence operations inside the fire 
building. 

3.3.150 Origin§ The general location where a fire or explo­
sion began. [921, 2017] 

3.3.151 Overhaul. A fire-fighting term involving the process 
of final extinguishment after the main body of the fire has 
been knocked do,vn. All traces of fire must be extinguished at 
this time. [ 921, 2017] 

3.3.152 Overload. Operation of equipment in excess of 
normal, full-load rating or of a conductor in excess of rated 
ampacity that, vvhere it persists for a sufficient length of time 
,vould catise damage or dangerous overheating. A fault, such as 
a short circuit or ground fault, is not an overload. [921, 2017] 

3.3.153 Oxidizer. Any solid or liquid material that readily 
yields oxygen or other oxidizing gas or that readily reacts to 
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promote or initiate combustion of combustible materials and 
that can, under some circt1mstances undergo a vigorous self-
ustained decomposition due to contamination or heat expo­

st1re. [ 400, 2019] 

3.3.154 Oxygen Deficiency. Insufficiency of oxygen to 
support combustion. ( See also 3.3.240, Venti!.ation-Control!.ed Fzre.) 
[921, 2017] 

3.3.155 Penetrating Nozzle. See 3.3.147.1. 

3.3.156 Personal Protective Equipment (PPE). Protective 
equipment tested and approved for fire fighting, including, but 
not limited to, coat, pants, gloves, boots, hood, helmet, and 
self-contained breathing apparatus. 

3.3.157 Photovoltaic (PV) System. The total components, 
circt1its, and eqt1ipment up to and inclt1ding the PV system 
disconnecting means that, in combination, convert olar 
energy into electric energy. [70:100] 

3.3.158 Plastic. Any of a wide range of nau1ral or synthetic 
organic materials of high molecular weight that can be formed 
by pressure, heat, extrusion, and other methods into desired 
shapes. (921, 2017 

3.3.159 Pl ume. The column of hot gases, flames, and smoke
rising above a fire; also called convection colurnn, thermal updraft, 
or thermal column. (921, 2017 

3.3.160 Positive Press ure Attack. The utilization of po,vered
blowers or fans, prior to fire control, as a means to control and 
reduce the heat in the intake portion of the flovv path and 
exhaust heat and smoke from the fire area. 

3.3.161 Positive Pressure Isolation. The titilization of 
po,vered blo,vers or fans to pressurize sections of buildings or 
exposures adjacent to the fire area with the intent to prevent 
smoke and fire spread into the pressurized sections. 

3.3.162 Positive Pressure Ventilation. The utilization of 
powered blowers or fans, post-fire control, to exhaust heat and 
smoke from the fire area. 

3.3.163 Preservation. Application or use of measures to 
prevent damage, change or alteration, or deterioration. [921, 
2017] 

3.3.164 Pressure. A meast1re of force per tinit area, given in 
pounds per square inch (psi) or Pascals (Pa), exerted on a 
st1rface at 90 degrees to that surface. 

3.3.165 Products of Combustion. See 3.3.24, Combustion 
Products. 

3.3.166 Pyrolysis. A process in which material is decomposed, 
or broken down, into simpler molect1lar compot1nds by the 
effects of heat alone; pyrolysis often precedes combustion. 
[921, 2017] 

3.3.167 Radiant Heat. Heat energy carried by electromag­
netic waves that are longer than light waves and shorter than 
radio waves; radiant heat ( electromagnetic radiation) increases 
the temperature of any substance capable of absorbing the 
radiation, especially solid and opaque objects. 

3.3.168 Radiation. Heat transfer by way of electromagnetic 
energy. (921,2017 

3.3.169* Rapid Fire Development. A transient phase in fire 
behavior accompanied by a rapid increase in heat release rate 

of the fire and temperature in the environment, ometime 
accompanied by the generation of over..;pressure. 

3.3.170 Rapid Intervention Crew (RIC). A dedicated crew of 
at lea t one officer and three members, positioned outside the 
IDLH, trained and equipped as specified in NFPA 1407, who 
are assigned for rapid deployment to re cue lost or trapped 
members. [1710, 2020] 

3.3.171 Rate of Heat Release. See 3.3.105, Heat Release Rate 
(HRR). 

3.3.172 Recirculation. Ineffective ventilation ,vhere smoke 
continues to circulate ,vithin the structure instead of being 
exhausted from the structure. 

3.3.173 Rekindle. A return to flaming combustion after appa­
rent but incomplete extinguishment. [921, 2017] 

3.3.174 Rescue. The process of searching, evact1ating, and 
removing occupants from the fire building and providing 
emergency medical care. 

3.3.175 Rescue Company. See 3.3.26.2. 

3.3.176 Risk. The degree of peril; the possible harm that 
might occur that is represented by the statistical probability or 
quantitative estimate of the frequency or severity of injury or 
loss. [921, 2017] 

3.3.177 Rollover. See 3.3. 76, Flame over. 

3.3.178 Salvage. The process of protecting the contents 
within a building during and follo,ving the fire incident. 

3.3.17 9 Scene. The general physical location where an emer-
. . 

gency 1s occurring. 

3.3.180 Self-Contained Breathing Apparatus (SCBA). Protec­
tive equipment that consists of an air supply, a facepiece, and a 
regulator. 

3.3.181 Sensible Heat. The energy that cau es a change in the 
temperature of an object. 

3.3.182 Size Up. The ongoing observation and evaluation of 
factors that are used to develop strategic goals and tactical 
objective . [1006, 2017] 

3.3.183 Smoke. The airborne solid and liquid particulate 
and gases evolved ,vhen a material undergoes pyrolysis or 
combustion, together ,vith the quantity of air that is entrained 
or other,vise mixed into the mass. [921, 2017] 

3.3.184 Smoke Condensate. The condensed re idue of 
suspended vapors and liquid products of incomplete combu -
tion. (921, 2017] 

3.3.185 Smoke Cooling. Fire-fighting operations involving the 
application of extinguishing agents to reduce the flammability 
of the smoke. 

3.3.186 Smoke Ejectors. A powered fan that is designed to 
remove gases from the interior of a structure using negative 
pressure. 

3.3.187 Smoke Explosion. A rapid fire development that 
occurs ,vhen a smoke-air mixture falls ,vithin its flammable 
range, either external or internal to the room of origin, and is 
ignited, re ulting in a significant pressure front. 
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3.3.188* Smoke Ignition. The ignition of the products of 
pyrolysis and incomplete combustion interior or exterior to the 
fire compartment due to the accumulated smoke layer falling 
within its flammability range and either at1toigniting or igniting 
due to an ignition source. 

3.3.189 Smoldering. Combustion without flame, usually ,vith 
incandescence and smoke. [921, 2017 

3.3.190 Soot. Black particles of carbon prodt1ced in a flame. 
[921, 2017] 

3.3.191 Spalling. Chipping or pitting of concrete or masonry 
surfaces. [921, 2017] 

3.3.192 Special Amusement Building. A bt1ilding that is 
temporary, permanent, or mobile and contains a device or 
system that conveys passengers or provides a walkway along, 
around, or over a course in any direction as a form of amuse­
ment arranged so that the egress path is not readily apparent 
due to visual or audio distractions or an intentionally confoun­
ded egress path, or is not readily available due to the mode of 
conveyance through the building or structure. [101, 2018] 

3.3.193 Specific Gravity (air) (vapor density). The ratio of the 
average molecular weight of a gas or vapor to the average 
molecular ,veight of air. (921, 2017 

3.3.194 Specific Gravity (of a liquid or solid). The ratio of the 
mass of a given volume of a st1bstance to the mass of an equal 
volume of ,vater at a temperature of 4° C. [921, 2017]

3.3.195 Spontaneous Heating. Process whereby a material 
increases in temperature withot1t drawing heat from its 
surroundings. (921, 2017 

3.3.196 Spontaneous Ignition. Initiation of combustion of a 
material by an internal chemical or biological reaction that has 
produced sufficient heat to ignite the material. [921, 2017] 

3.3.197 Sprinkler System. A system, commonly activated by 
heat from a fire and discharges water over the fire area, that 
consists of an integrated network of piping designed in accord­
ance with fire protection engineering standards that includes a 
,vater supply source, a ,vater control valve, a waterflo,v alarm, 
and a drain. The portion of the sprinkler system aboveground 
is a net ,vork of specially sized or hydraulically designed piping 
installed in a bt1ilding, structt1re, or area, generally overhead, 
and to which sprinklers are attached in a system pattern. (13, 
2019] 

3.3.198 Stack Effect. The vertical airflow ,vithin buildings 
catised by the temperau1re-created density differences between 
the building interior and exterior or bet ,veen nvo interior 
spaces. [92, 2018] 

3.3.199 Standard Operating Guideline (SOG). A written 
directive that establishes recommended strategies/ concepts of 
emergency response to an incident. [ 475, 2017] 

3.3.200 Standard Operating Proced ure (SOP). A written
directive that established specific operation or administrative 
methods to be followed routinely for the performance of a task 
or for the use of equipment. [ 475, 2017] 

3.3.201 Steam Conversion. The physical event where ,vater is 
delivered to the heat of a fire and the water is converted from a 
liquid to a vapor in the form of steam. 

3.3.202 Straight Stream. See 3.3.205.4. 
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3.3.203 Straight Tip Nozzle. See 3.3.147.3. 

3.3.204 Strategy. The general plan or direction selected to 
accomplish incident objectives. (1026, 2018] 

3.3.205 Stream. 

3.3.205.1 Broken Stream. A stream of ,vater that has been 
broken into coar ely divided drops. 

3.3.205.2 Fog Stream. A stream of ,vater that is flo,ved in 
the form of small water droplets. 

3.3.205.3 Master Stream. A ground or aerial device 
designed to flo,v in excess of 300 gpm. 

3.3.205.4 Straight Stream. A ,vat er stream that flo,vs from a 
solid bore nozzle or a stream that flo,vs from a combination 
nozzle ,vith the stream setting placed in the narro,vest 
stream setting that is available. 

3.3.206 Support Personnel. Any personnel on the fireground 
in support of fire operations to assist ,vith rehabilitation, decon­
tamination medical treatment, and monitoring. 

3.3.207 Suppression. The sum of all the ,vork done to extin­
guish a fire, beginning at the time of its discovery. [921, 2017] 

3.3.208 Surfactants. Compounds that lo,ver the surface 
tension (or interfacial tension) benveen two liquids, between a 
gas and a liquid, or benveen a liquid and a solid, and ,vhich can 
act as detergents, wetting agents, emulsifiers, foaming agents, 
and dispersants. 

3.3.209 Tactics. Deploying and directing resources on an inci­
dent to accomplish the objectives de ignated by the strategy. 

3.3.210 Target Fuel. A fuel that is subject to ignition by ther­
mal radiation such as from a flame or a hot gas layer. [921, 
2017] 

3.3.211 Temperature. The degree of sensible heat of a body 
as measured by a thermometer or similar instrument. [921, 
2017] 

3.3.212 Thermal Column. See 3.3.159, Plume. 

3.3.213 Thermal Decomposition. A chemical decomposition 
caused by heat. 

3.3.214 Thermal Expansion. The increase in length, volume, 
or surface area of a body ,vi th rise in temperature. [ 921, 201 7] 

3.3.215 Thermal Inertia. The properties of a material that 
characterize its rate of surface temperature rise when exposed 
to heat; related to the product of the material's thermal 
conductivity (k), its density (p), and its heat capacity (c). [921, 
2017] 

3.3.216 Thermal Protective Performance (T PP). A numerical 
value indicating the resistance of materials to a convective and 
radiant heat exposure. [1977, 2016] 

3.3.217 Thermometry. The study of the science, methodol­
ogy, and practice of temperature measurement. (921, 2017] 

3.3.218 Thermoplastic. Plastic materials that soften and melt 
under exposure to heat and can reach a flo,vable state. [921, 
2017] 

3.3.219 Thermoset Plastics. Plastic materials that are hard­
ened into a permanent shape in the manufacturing process 
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and are not commonly subject to softening ,vhen heated; typi­
cally form char in a fire. [921, 2017] 

3.3.220 Time Line. Graphic representation of the events in a 
fire incident displayed in chronological order. [921, 2017] 

3.3.221 Total Burn. A fire cene ,vhere a fire continued to 
burn until most combt1Stibles were const1med and the fire self­
extinguished due to a lack of fuel or ,vas extinguished ,vhen the 
fuel load was reduced by bt1rning and there was s11fficient 
suppression agent application to extinguish the fire. 

3.3.222 Transitional Attack. The application of a fire stream 
from the exterior of a structure to improve conditions prior to 
interior fire control. 

3.3.223 Travel Distance. The length measured on the floor or 
other surface along the centerline of the natural path of travel. 

3.3.224 Trnck (Ladder) Company. See 3.3.26.3. 

3.3.225 Turnout Components. The interval that begins when 
the emergency response facilities (ERFs) and emergency 
response tinits (ERUs) notification process begins by either an 
audible alarm or visual annunciation, or both, and ends at the 
beginning point of travel time. 

3.3.226 Unidirectional Vent. A building opening that serves as 
either an intake and exhaust vent of a flo,v path at a given time. 

3.3.227 Upper Layer. See 3.3.18, Ceiling Layer. 

3.3.228 Vacant. No furnishings or equipment present. [901, 
2016] 

3.3.229 Vapor. The gas phase of a st1bstance, particularly of 
those that are normally liquids or solids at ordinary tempera­
tures. (See also 3.3.94, Gas.) 

3.3.230 Vapor Density. See 3.3.193, Specific Gravity (air) 
(vapor density). 

3.3.231 Vaporization. Also known as vapourisation, is a phase 
transition of an element or compot1nd from the liquid phase to 
vapor. 

3.3.232 Vent. An opening for the passage of� or dissipation of, 
flt1ids, st1ch as gases, fumes, smoke, and the like. [921, 2017] 

3.3.233 Vent Profile. The visual evalt1ation of the condition 
(stratification-neutral plane) presented at a specific ventilation 
opening relating to a unidirectional, bidirectional, or dynamic 
flow integrated with the four fire development assessment indi­
cators (smoke, air, heat, and flame [SAHF]). 

3.3.234 Ventilation. Circulation of air in any space by natural 
wind or convection or by fans blowing air into or exhausting air 
out of a building; a fire-fighting operation of removing smoke 
and heat from the strt1ctl1re by opening windows and doors or 
making holes in the roof. [921, 2017] 

3.3.235 Ventilation Control Device. Using an object to limit 
the amount of air available to the fire. 

3.3.236 Ventilation for Extinguishment. The controlled and 
coordinated ventilation tactic that should coincide ,vith the 
engine company extingt1ishment of the fire. [1410, 2020] 

3.3.237 Ventilation for Search. The controlled and coordina­
ted ventilation tactic performed to facilitate the movement of a 
firefighter into an area to condt1ct a search for victims. [1410, 
2020] 
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3. 3. 238 Ventilation Induced Flashover. A flashover initiated by
the introdt1ction of oxygen into a preheated, fuel-rich (smoke
filled), oxygen-deficient area. [1410, 2020]

3.3.239 Ventilation Profile. The visual evaluation of the entire 
fire building's ventilation openings, indicating air movement 
into the structure as ,vell as smoke, heat, or flame out of the 
structure. 

3. 3. 240 Ventilation-Controlled Fire. A fire in which the heat
release rate or gro,vth is controlled by the amount of air availa­
ble to the fire. [ 92 I, 201 7]

3.3.241 Ventilation-Limited Frre. A fire in which the heat 
release rate or gro,vth is controlled by the amount of air 
(oxygen) available to the fire. [1410, 2020] 

3.3.242 Venting. The escape of smoke and heat through 
opening-s in a building. 

3.3.243 Verified Independent Service Provider (ISP). An 
independent service provider verified by a third..;party certifica­
tion organization to conduct an advanced inspection, advanced 
cleaning and sanitization, basic repair, and advanced repair 
service. [1851, 2020] 

3.3.244 Vertical Ventilation. A method of using buoyancy to 
permit smoke and convected heat to flo,v upward to be exhaus­
ted from the building through vents above the fire ,vhile being 
replaced with intake air through other vents at the same level 
of the fire or lo,ver. 

3.3.245 Virgin Fuels. Fuel that is ne,v and previously unused. 

3.3.246 Void Space. offerdams and space not normally 
accessible or used for storage. 

3.3.24 7 Water Supply. The amount of ,vat er described in 
terms of gallons per minute that is available at a fire incident 
for fire control. 

3.3.248* Watt (W). Unit of power, or rate of work, equal to 
one joule per second, or the rate of ,vork represented by a 
current of one ampere under the potential of one volt. (921, 
2017] 

3.3.249 Wet Decontamination. See 3.3.35.3. 

Chapter 4 General 

4.1 Scope. 

4.1.1 This chapter will provide a brief overview of the research 
conducted ,vith the fire service that applied fire dynamics prin­
ciples to structural fire fighting and demonstrated the impact 
that changes in fuel loads and construction methods have had 
on the fire environment. 

4.1.2 These changes have altered the model of fire behavior 
taught to the fire service for decades. In addition, fire fighter 
protective and safety equipment has also changed over the 
years. All the e factors led to an assessment that fire-fighting 
tactics needed to evolve to improve the effectiveness of fire­
fighting strategies and tactics. 

4.1.3 Additional information has been made available to 
support selection of strategies and tactics that are based on 
evidence (i.e., knowledge) developed as part of research 
projects and as a result of line-of-duty death and injury after­
action reports. The overarching objectives of all of these 
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research endeavors ,vas to increase the effectiveness of fire 
fighters and increase the safety of the public and fire fighters. 

4.2 Purpose. 

4.2.1 An understanding of fire dynamics applied within the 
context of structure fires can provide a fire officer or a fire 
fighter with means to assess how a fire will grow and spread 
,vi thin a structure and ho,v best to control that gro,vth. 

4.2.2 During the past nvo decades, experimental results have 
been translated to tactical considerations. NFPA 1700 is a direct 
result of that body of research and the evidence-based results. 
This chapter provides a timeline and a brief summary of the 
body of kno,vledge, which focused on research results that had 
application on the fireground, tised in this guide. The data 
taken from each study will be noted and referenced in the 
appropriate section of NFPA 1700. 

4.3 The Need for Research. 

4.3.1 Changing Technology. Technology is constantly chang­
ing the ,vorld around us as ,vell as changing how we ,vork and 
live. This is trt1e for the fire service as well. Research that has a 
direct impact on the fire service comes from a ,vide range of 
disciplines - engineering, textile science, the military, and 
many others. For example, the development of thermal 
imagers by the military enabled the tise of thermal imagers for 
the fire ervice. 

4.3.2 Changes in the Fire Fighters' Work Environment. Over 
the past 50 years, changes in construction materials, construc­
tion methods, insulation, and furnishings have changed the 
means and the speed of fire growth within a strt1cture. Both 
research experiments and line-of-duty death (LODD) and line­
of-duty injury (LODI) investigations have demonstrated the 
importance of understanding ho,v ventilation affects fire behav­
ior. Fires in today's fire environment, ft.1eled predominantly by 
synthetic materials, commonly become ventilation-limited. 
How, where, and when a fire receives oxygen greatly impacts 
the fire dynamics and the resulting thermal environment inside 
the strt1cu1re. As ot1tlined in Figure 4.3.2, many factors in the 
construction methods, building materials, fuel loads, and 
power technologies have transformed the fire fighters' working 
environment. The construction techniques and materials used 
to build a house over the past 50 years have changed. Engi­
neered ,vood products have enabled long pans and open areas 
for improved use of living space in hotises. Gypst1m board in te­
rior linings have been reduced en masse by 30 percent in 
recent years. In order to increase the energy efficiency of 
houses, insulation has improved, �lls are wrapped in plastic to 
limit incursion of air and �ter, and multipane, low-emissivity 
,vindows are now the norm. The objects and materials inside 
ot1r homes have changed as well. Some areas have seen more of 
these change than others. It is important to note that even 
thot1gh a jt1risdiction may have very few newly built homes, 
many structures are being renovated using new building mate­
rials, constrt1ction methods, and design features. 

4.3.3 Furnishings. In the 1950s a wide range of synthetic 
materials called polymers became available for use in clothing, 
ft.1rniture, interior finish, and insulation. Today, the llSe of poly­
ester, polystyrene, polyethylene, nylon, and polyurethane foam 
has become commonplace in homes, vehicles, and indllStry. 
Durability, comfort, and economics all play a role in the design 
and manufacturer of ft.1rnishings that people choose to buy. 
Flexible polyurethane foam is one of the most common materi-
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als used in upholstered furniture. Figure 4.3.3 illustrates the 
speed of fire development, fire size, and heat release rate 
bet,veen a sofa ,vi.th cotton cushions and a sofa ,vith polyur­
ethane foam cushions. 

4.3.4 Fire-Fighting Equipment Enables Changes in Frre­
Fighting Tactics. 

4.3.4.1 During the same 50-year period, the tactics fire fighters 
llSe on the fl.reground have also changed. The reliance on indi­
rect, or exterior, attack prior to entry changed to a focus on 
interior, direct fire control. 

4.3.4.2 This change occurred largely due to the improvements 
in protective equipment and clothing that fire fighter rely on 
to enter high-temperature atmospheres considered immedi­
ately dangerous to life or health (IDLH). Just a the use of 
synthetic materials has overtaken the llSe of nau1ral materials 
such as cotton, ,vool, or ,vood in homes, the same trend is true 
for fire-fighter protective clothing and equipment. In the past, 
fire-fighting coats ,vere ,vool lined and had an outer layer of 
cotton canvas or a layer of rubber. Fire fighters protected their 
feet and legs ,vi.th long rubber boots. Hoses used to be cotton 
jacketed ,vi.th rubber liners. Starting in the 1960s, new materi-
als, such a aramid fibers and polybenzimidazole, ,vere intro­
duced. These materials did not melt and had a high resistance 
to ignition. These materials are no,v in common use as part of 
fire fighters' protective clothing and equipment. 

4.3.4.3 The use of self-contained breathing apparatllS (SCBA) 
has improved conditions for fire fighters. The continued devel­
opment of SCBAs with lighter materials, increased air upply, 
electronic monitoring, and ,varning device also have made 
working in a smoke-filled building safer. Early versions of respi­
ratory protective equipment have been around for more than 
100 years as shown in Figure 4.3.4.3, however routine llSe of 
S BA did not begin for many fire departments until the 1980s. 
Contint1ed developments in the fields of electronics and sens­
ing have produced improvements in situational a,vareness for 
fire fighters in the form of thermal imaging and fire fighter 
tracking and accountability systems. 

4.3.4.4 Currently the fire fighter has the most advanced 
protective ensemble and a wider range of tools and equipment 
for fighting fire than ever before. The synthetic materials 
currently llSed in fire-fighting gear have improved performance 
over the natural materials in many ,vays. 

4.3.4.5 Fire-fighting equipment, such as the nvo apparatus 
shown in Figure 4.3.4.5, have also changed over the years. 
Technology has improved the capabilities of fire fighters and 
provided for more safety. 

4.3.5 Thermal Exp osure Capabilities of Fire-Fighting Gear. 

4.3.5.1 Understanding the measured thermal exposures from 
research fire experiments and considering the thermal expo­
sures in the aftermath of fire-fighter LODDs and LODis we 
understand that fire conditions can overtake the protective 
capabilities of the fire-fighter protective clothing and safety 
equipment. Therefore, the protective capabilities of fire-fighter 
protective clothing and safety equipment must be understood 
in terms of tactical assignments to ensure that level of protec­
tion matches the potential hazards in the fire fighters' work 
place. 
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FIGURE 4.3.2 Today's Fire Environment. (Source: UL FSRJ.) 

4.3.5.2 The Fire Protection Research Fot1ndation report, Fzre 
Fighter Equipment operational Environment (FFEOE): Evaluation of 
lnermal Conditions, is a summary of the thermal exposure 
research to date and stl1dies from the 1970s to present that 
supported the development of the structural fire-fighter protec­
tive clothing [ 1] . 

4.4 America Burning. The release of America Burning [2] in 
1973 generated funding and programs that resulted in studies 
foctised on fire dynamics in a compartment, toxicity of fire 
gases, flammability of furniture (available at the time), plastics, 
fire detection, suppression and fire-fighting PPE. In addition to 
federal and industrial research, and top-ranked engineering 
schools across the U.S. [3], there were also significant fire 
research efforts under,vay in Canada, Japan, S,veden, and the 
United Kingdom, to name a few. The collective findings of 
these efforts ,vere incorporated into the development of the 
SFPE Handbook of the Fzre Protection Engineering [ 4] and additions 
to the NFPA Fire Protection Handbook [5]. These major gains in 
fire knowledge in the 1970s, 1980s, and 1990s led to improve­
ments in fire measurements and the development of quantita­
tive methods of predicting or simt1lating fire behavior. The first 
text book on fire dynamics ,vas authored by Dougal Drysdale 
and pt1blished in 1985 [6]. The scope of the information 
contained in these books is beyond the scope of this guide, but 
it is important to note that the ft.1ndamentals of fire behavior 
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and analytical methods for the interaction between fire, build­
ings, and people are pre ented in these books. 

4. 5 Fire Research.

4.5.1 Fire research has been conducted for many reasons such 
as improved fire safety, understanding fire dynamics within a 
compartment, the development of fire-fighter protective equip­
ment, and the study of fire-fighting tactics. 

4.5.2 Research topics covered by fire-fighting tactics have a 
broad range, but for purpose of this guide the focus is on the 
operational environment for fire fighting. Recent fire-fighting 
studies address the concepts of fuel-limited fires and 
ventilation-limited fires ,vithin a compartment or structure, 
based on fuel load, ventilation, and building construction. 

4.5.3 Madrzyko,vski provides an overview in the paper, "Fire 
Dynamics: The Science of Fire Fighting" [7]. One of the factor 
regarding the thermal environment fire fighters may work in is 
time. It makes sense that the longer a fire fighter is exposed to 
a hazard, the less time the fire fighter may have to continue to 
operate. Ho,vever, there are other time considerations., such as 
ho,v long the fire has been burning and ,vhat stage the fire is 
. 

tn. 
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FIGURE 4.3.3 Cotton Vers us Synthetic Furnishings. (Source: UL FSRJ.)
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FIGURE 4.3.4.3 Fire Fighter Protective Equipment Changed Significantly. (Source: UL FSRJ.) 

FIGURE 4.3.4.5 Technology Has Changed Fire Apparatus in Terms of Safety and Capabilities. (Source: UL FSRJ.) 

4.6 Summary of Structural Fire Dynamics Research. 

4.6.1 Time to Flashover. The paper, "Analysis of Changing 
Residential Fire Dynamics and Its Implications on Firefighter 
Operational Timeframes," by Kerber disct1sses many of the 
changes that have occurred on the fireground [8]. Th�se
changes inclt1de home size, geometry, contents, construction 
materials, and construction methods. As a result, the fire devel­
opment in strucu1res and the fire's response to traditional fire-

fighting tactic has also changed. Kerber conducted a series of 
compartment fire experiments to examine the difference in 
time to flashover beaveen a room furnished ,vith legacy fuels 
and a room furnished with modern fuels. Legacy fuels meant 
furnishings made from ,vood, steel, and cotton. Modern fuel 
are characterized by polyurethane foam, polyester fiber and 
fabric, engineered ,vood, and plastics in many different forms. 
Each room was ignited by a small open flame from a candle on 
the sofa. The flashover time for the modern room averaged 
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235 seconds after ignition. Only nvo of the three legacy room 
fires resulted in flash over. The average flashover times for the 
nvo legacy rooms ,vas 1912 seconds after ignition. It took eight 
times longer for the cotton sofa, compared to the sofa 
comprised of synthetic materials, to generate enough heat 
release rate to spread fire throt1ghot1t the room [8]. The driv­
ing difference in these experiments was the sofa with cushions 
made from polyt1rethane foam and polyester batting. These 
synthetic fuels can significantly change the thermal environ­
ment fire fighters respond to. 

4.6.2 Structural Collapse Studies. 

4.6.2.1 Phoenix FD and NIST Roof Collapse Studies. 

4.6.2.1.1 Ordinary Construction Warehouse. In 2001, the 
Phoenix Fire Department obtained a 135 ft ( 41 m) by 50 ft 
(15 m) warehotise that was scheduled for demolition. The 
building was a single story ,vith a peaked roof. The peak of the 
roof was 18 ft (5.5 m) above the floor. The main chords of the 
,vood roof trusses were full-dimension 2 in. (50 mm) by 12 in. 
(305 mm) lt1mber. The warehouse was separated into two 
sections ,vith a fire-rated ,vall constructed for these experi­
ments. One fire experiment was conducted in each section. 
Stacks of ,vood pallets were used as the primary fuel source and 
were ignited tising paper and an electric match. Some combus­
tible debris and the building structural elements provided the 
remainder of the ft.1el load. Peak temperau1res obtained at 
different elevations ranged from approximately 570°F (300° C)
to l 470°F (800° C). Peak carbon monoxide volume fractions,
measured at a height of 1 in. (25 mm) and 3 ft (0.9 m) above 
the floor, reached 4 percent in the first test and 5 percent 
during the second test. The roof of the front half of the struc­
u1re collapsed approximately 18 minutes after ignition of the 
fire for the first test. The roof of the back half of the structure 
collapsed about 15 minutes after the start of the second test 
[9]. Assuming a 6- to 10-minute fire department response time, 
these collapses would have occurred within 5 to 12 minutes of 
the start of fireground operations. 

4.6.2.1.2 Single Story, Residential. The Phoenix Fire Depart­
ment bt1ilt fot1r similar-sized structt1res with overall dimensions 
of approximately 24 ft ( 7. 3 m) by 18 ft ( 5. 5 m) . Each structure 
had a different roof constrt1ction: asphalt shingles over 
plf'VOod, asphalt shingles over oriented strand board ( OSB), 
cement tiles over plywood, and cement tiles over OSB. The 
roof trusses were built from nominal dimension 2 in. (50 mm) 
x 4 in. (100 mm) wood. Furniu1re items were placed in the 
front and back of each structure to simulate living room and 
bedroom areas. The living room and bedroom areas of each 
structure ,vere ignited simultaneously using electric matches. 
Peak temperatures obtained during the tests ranged from 
approximately 1500°F (800° C) to 1800°F ( l000° C). The roof of
each strt1cture collapsed approximately 17 minutes after igni­
tion [10 . 

4.6.2.2 UL and NI.ST Floor Collapse Studies. 

4.6.2.2.1 Floor Furnace Comparisons. UL published their 
research findings on the strt1ctural stability of engineered 
lumber in fire conditions in 2008 [11]. The experiment ,vere

conducted on a floor furnace. The research demonstrated that 
"modern" engineered ,vood floor assemblies failed faster than 
wood floor assemblies with "legacy" designs. This study also 
pointed out that modern tools like thermal imagers had limi­
ted use in determining the condition of the floor assembly or 
the fire conditions under the floor. Further, the study ques-
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tioned the use of the time-honored means of ''sounding the 
floor" as a way to determine if the floor ,vas safe to operate on. 

4.6.2.2.2 Townhouse Floor Comparisons. In 2012, UL and 
NIST released a study that examined four types of flooring 
systems in a townhouse-type arrangement, with a 720 ft2

(67 m2 ) floor area and a 20 ft (6.1 m) pan. These experiments
,vere conducted to examine the time to collapse for re idential 
floor systems constructed ,vith dimensional lumber, ,vood !­
joists, parallel chord wood trusses, and lighnveight steel Gchan-
nel. The results from this study proved that any of the 
unprotected floor assemblies could collapse ,vithin the opera­
tional time frame of the fire department. The report again 
indicates that current fireground practices of entering on the 
floor above the fire and ,vorking do,vn to the fire in the base­
ment ,vill not provide the fire fighter with the appropriate 
information to make decisions to enable a safe operating envi­
ronment [ 12]. 

4.6.2.2.3 Tuo-Level Structure, Comparison of Thermal
Imagers. NIST conducted experiments in nvo-level ,vood 
strucu1res with a 16 ft ( 4.8 m) span that supported the findings 
of the UL study on the value of gypsum board to protect the 
floor assembly and the challenges for the thermal imagers. 
Three fire-fighting thermal imagers (Tis), each ,vith a different 
type of sensor, were used to vie,v and record the thermal condi­
tions of the top of the floor assembly from the open door,vay in 
the upper compartment. Times to collapse of each floor were 
also noted. Given the insulating effects of the OSB and the 
floor coverings, the temperature increase or thermal ignatures 
vie,ved by the Tis ,vere small given the fact that the ceiling 
temperatures belo,v the OSB were in excess of 1110°F ( 600° C).
These experiments demonstrated that Tls alone cannot be 
relied upon to determine the structural integrity of a wood 
floor system. Therefore, it is critical for the fire service to 
revie,v their practice of size-up and other fireground tactics 
needed to enable the location of the fire prior to conducting 
fire operations inside a building. The study also highlighted 
the interaction of ventilation to the fire area in order to gener­
ate the energy needed to fail the floor assemblies [13]. 

4.6.3 Vlind-Driven Fires in Structures. Two studies were 
conducted to measure the impact of ,vind on the thermal envi­
ronment ,vithin a fire apartment and public access areas 
connected to the apartment. 

4.6.3.1 Laboratory Study. The first study, tarted in 2007., ,vas 
sponsored by the NFPA Fire Protection Research Foundation 
and the USFA and ,vas conducted ,vithin a laboratory at NIST 
to gain insight into the heat release rate of the apartment [14]. 
In this study, a three-room apartment ,vas attached to approxi­
mately 48 ft ( 14.6 m) of public corridor. The conditions in the 
corridor ,vere of critical importance because that is the portion 
of the building that fire fighters ,vould use to approach the fire 
apartment or that occupants from an adjoining apartment 
would use to exit the building. The fires were ignited in the 
bedroom of a three-room apartment. Prior to the failure or 
venting of the bedroom ,vindo,v, ,vhich was on the upwind ide 
of the experimental apartment, the heat release rate from the 
fire was on the order of 1 MW. Prior to implementing any miti­
gating tactics, the heat release rates from the po t-flashover 
structure fire ,vere typically between 15 MW and 20 MW. When 
the door from the apartment to the corridor ,vas open, temper­
atures in the corridor area near the open doorway, 5.0 ft 
(1.52 m) belo,v the ceiling, ,vere in excess of 1112 °F (600° )
for each of the experiments. The heat fluxes measured in the 
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same location, during the same experiments, ,vere in excess of 
70 kW /m2

. These thermal conditions are not tenable, even for 
a fire fighter in fully protective gear. The e conditions ,vere 
attained within 30 seconds of the window failt1re. The study 
sho,ved that ,vind speeds as lo,v as 9 miles per hour ( 4 m/ s) 
could create the tinidirectional fire exhaust flows, floor to ceil­
ing within the structure's flo,v path. These experiments demon­
strated the thermal conditions that can be generated by a 
"simple room and contents" fire and how these conditions can 
be extended along a flow path within a structure when a wind 
condition is present. T,vo potential tactics that could be imple­
mented from either the floor above the fire in the case of a 
,vind control device (WCD) or from the floor belo,v the fire in 
the case of the external water application were demonstrated 
to be effective in reducing the thermal hazard in the corridor. 
Other data and observations, st1ch as the fire pt1lsing out of the 
,vindo,v opening against the wind, can provide valuable infor­
mation to the fire service for hazard recognition purposes [ 14]. 

4.6.3.2 High-Rise Study. The second study was supported by 
and conducted by the Fire Department of Ne,v York City 
(FDNY) in a high-rise apartment building on Governors Island 
in 2008. Fourteen experiments ,vere conducted to evaluate the 
ability of positive presst1re ventilation fans, wind control devi­
ces, and external ,vater application to mitigate the hazards of a 
wind-driven fire in a strt1cture. NIST instrt1mented components 
of the flow path throughout the building, which included the 
fire apartment, pt1blic corridor, and a stairwell. The results of 
the experiments provided a ba eline for the hazards associated 
with a wind-driven fire and the impact of presst1re, ventilation, 
and flo,v paths ,vithin a structure. Wind-created conditions that 
rapidly catised the fire hazard in the strt1cture to increase by 
forcing hot fire gases through the apartment of origin and into 
the public corridor and stairwell. These conditions would be 
untenable for advancing fire fighters. Door control tactics, 
coupled with the tactical use of PPV fans, WCDs, and external
,vater application ,vere able to reduce the thermal hazard 
created by the wind- driven fire. Multiple tactics used in 
conjunction ,vith each other ,vere very effective at improving 
conditions for fire fighter operations and occt1pant egress [15]. 

4.6.4 Fire-Fighting Ventilation Studies. 

4.6.4.1 A wide range of ventilation stt1dies has been conducted 
in both purpose-built structures inside of laboratories and in 
acqt1ired strt1cu1res. Some of the studies foctised on natural 
ventilation [16, 17 and other considered positive pressure 
ventilation (PP\T) [ 18-23]. All of the studies show that provid­
ing additional oxygen to a ventilation-limited compartment fire 
rest1lted in an increase of heat release rate, temperature, and 
pressure in the structure and along the exhaust portions of the 
flow path. 

4.6.4.2 The UL Firefighter Safety Research Institute team 
conducted several research studies in their laboratory, in struc­
tures bt1ilt to resemble a 1200 ft2 (112 m2) single-story home
and a 3200 ft2 (297 m2 ) two-story home [16, 17, 23]. The results 
of the experiments demonstrated that an tipholstered furniture 
fire resulted in ventilation-limited fire conditions prior to fire 
department arrival and continued in the strucu1res after vent­
ing, either horizontal or vertical, until suppression actions 
reduced the heat release rate of the fire. As the building"S were 
vented, oxygen entered the hot, fuel-rich, (ventilation-limited) 
environment within the structure, which resulted in rapid 
(30 second to 120 second) increases in heat and gas velocities 
within the exhatist portion of the flow path - in other words, 
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bet,veen the location of the fire and the exhaust vent. In these 
experiments, the temperature conditions ranged between 
ambient and those consistent ,vith flames, as have been ho,vn 
in previous studies. In these experiments the fire attack was 
started from the exterior of the structure. 

4.6.5 Fire-Fighting Suppression Studies. 

4.6.5.1 Governors Island 2012. The Fire Department of the 
City of Ne,v York, along with NIST and UL, conducted a serie 
of experiments in abandoned to,vnhouses ,vith an approxi­
mately 600 ft2 area per floor and unprotected dimensional 
lumber floor systems beaveen the first level and the basement 
level. The live burn tests were aimed at quantifying emerging 
theories about ho,v fires are different today. Tactics examined 
included vent enter Isolate and search (VEIS), horizontal and 
vertical ventilation, and interior and exterior fire attack. Fire 
attacked and controlled from exterior openings from the front 
and/ or rear of the structure re ulted in improved conditions 
throughot1t the structure (24]. In addition, fire professionals 
and experts ,vill closely analyze ho,v the introduction of oxygen 
into these scenarios impacts fire behavior and how this 
required consideration of ne,v procedures on ventilation trat­
egies during fire-fighting operations. 

4.6.5.2 Spartanburg 2013 and 2014. The International Society 
of Fire Service Instructors (ISFSI) in co-operation ,vith NIST, 
the South Carolina State Fire Academy and the Spartanburg 
Fire Department conducted avo series of fire-fighting experi­
ments in acquired structures ,vere conducted as part of the 
AFG funded "Translating Fire Fighting Re earch Results into 
Fire Fighter Training Project". The experiments demonstrated 
the value of size-up, coordinated ventilation and offensive fire 
attacks ,vhich began on the exterior. These experiments and 
previous fire-fighting research, such as the Governors Island 
studies provided the basis for the ISFSI's Principles of Modern 
Fire Attack course [25]. 

4.6.5.3 UL FSRI Fire Attack Study. Beaveen 2015 and 2017 
UL FSRI, with the support of the DHS/FEMA Assistance to 
Firefighters Grant Re earch program, conducted three differ­
ent series of experiments to develop kno,vledge of fire-fighting 
hose streams applied during an interior and transitional fire 
attack and their impact on victim survivability and fire-fighter 
safety. Objectives of the studies included developing an under­
standing of ,vhere the water goes and ho,v air flows during inte­
rior and transitional fire attack and ,vhat that mean to the fire 
dynamics ,vithin a structure, and advancing the understanding 
of victim survivability in the modern fire environment. 

4.6.5.3.1 Water Distribution. The experiments conducted 
were intended to develop a fundamental knowledge of water 
distribution in compartments from fire service hose stream , 
,vithout the pre ence of furniture. The stream locations were 
chosen to simulate an attack from a hall,vay into a room and an 
attack through a ,vindo,v into a room. Fundamental knowledge 
of ,vater dispersion and distribution ,vas gained from these 
experiments. The results of the water distribution made it clear 
that the hose streams' effectiveness ,vas limited to "line of 
sight." The ability to apply water to all surfaces in a room is 
limited ,vhen the nozzle is located outside the compartment. 
Once inside the compartment a fire fighter can put water 
anY'vhere in the room by moving the nozzle. This is completely 
within the control of the fire fighter. When outside the room, 
this is not possible. Ho,vever, under tanding the dynamics of 
,vater hitting a surface at different angles provides the ability to 
extrapolate this kno,vledge to other locations [26]. 
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4.6.5.3.2 Air Entrainment. The air entrainment tests ,vere 
condt1cted without the presence of fire to gain a fundamental 
understanding of ho,v hose streams entrain and move air. Each 
set of experiments was intended to add to the tinderstanding of 
air entrainment and pressure from fire service hose streams by 
evaluating the differences caused by various application meth­
ods, hose stream types, nozzle movements, pressures/flo,vrates, 
manufacturers, and ventilation configurations. These experi­
ments looked to quantify air entrainment by hand-held fire 
hose streams, expanding on work already done looking at 
hydraulic ventilation [27-30 . The results sho,v that to increase 
entrainment, a fire fighter shot1ld have the water interact with 
as much air as possible. This can be done by using a fog 
pattern, moving the nozzle rapidly (any pattern), and provid­
ing the largest stream length. If the intent is to limit air entrain­
ment, the nozzle fire fighter should limit nozzle movement, use 
a smooth bore or straight stream, and minimize the stream 
length where possible. No difference was seen between air 
entrainment in a smooth bore stream versus a traight stream. 
Understanding these key concepts of air entrainment can aid 
fire fighters in being more effective. Applying these concepts to 
strucu1ral fire fighting allows for better control of air entrain­
ment during both interior and exterior operations (31]. 

4.6.5.3.3 Full-Scale Residential Fire Experiments. UL FSRI 
condt1cted 26 ft.ill-scale strucu1re fire experiments in a single­
story 1600 ft2 (149 m2 ) ranch-style home test tructure. T,vo of
those strt1ctures were built inside UL's large fire lab in North­
brook, IL. The objective of the study ,vas analyzing ho,v fire­
fighting tactics, specifically st1ppression methods, affect the 
thermal exposure and survivability of both building occupants 
and fire fighters in residential strt1ctures. This was accom­
plished by measuring the impact of different fire attacks on a
fire in a bedroom(s) at the end of a hallway and understanding 
the effect it would have on the fire environment and any 
persons in the structure [32]. Most of the experiments involved 
fire fighters flo,ving ,vater either before or shortly after they 
entered the structt1re. Two fire attack methods, interior and 
transitional, ,vere used with three different structure ventilation 
configurations. To determine the thermal exposure within the 
test structure, it ,vas instrumented for temperature, pressure, 
gas velocity, heat flux, gas concentration, and moisu1re content. 
Additionally, to provide information on occupant burn injuries, 
five sets of instrumented pig skin were located in pre­
determined locations in the structure. The results ,vere evalu­
ated by a fire service-based project technical panel, and 
18 tactical considerations were developed. Common threads 
for the rest1lts were that rapid and effective water application 
into the fire compartment, either from the interior or exterior, 
redt1ced the thermal hazard throt1ghout the structure and 
suppression operations, either from the interior or exterior, 
did not increase potential burn injt1ries to occupants [32]. 

4.6.5.4 Illinois Fire Service Institute (IFSI). 

4.6.5.4.1 A series of experiments was condt1cted by research 
teams from the Illinois Fire Service Institute (IFSI), UL FSRI, 
NIOSH, and Skidmore College. The goal of this study was to 
investigate the effects of modern fire environments on the nvo 
most pressing concerns in the fire service today, cardiovascular 
and carcinogenic risks [33, 34]. As part of the study, 12-person 
teams performed realistic fire-fighting tactics in residential fire 
environments that contained common building materials and 
ft.1rnishings. 
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4.6.5.4.2 Specific to the thermal environment, one of the key 
areas of the IFSI study was the measurement of the production 
and transfer of heat through modern PPE and onto or into fire 
fighters' bodies. The variables that impacted that heat transfer 
included tactical decisions (interior only vs. transitional attack) 
and operating location (interior fire suppression/ earch vs. 
exterior operations vs. interior overhaul). The overall results 
showed the follo,ving: 

(1) Temperatures inside the fire structure decreased after
,vater ,vas applied

(2) Transitional attack resulted in faster ,vater application
(3) Local temperatures were higher for fire fighters operat­

ing inside versus other positions (neck skin temperatures
for inside-attack fire fighters were lower when exterior
attack ,vas used)

(4) Higher body core temperatures were measured for the
outside vent and overhaul positions

4. 7 National Institute for Occupational Safety and Health
(NIOSH).

4.7.1 The National Institute for Occupational Safety and 
Health is a part of the Centers for Disease Control and Preven­
tion (CDC) of the U.S. Department of Health and Human 
Services. The mission of the NIOSH Fire Fighter Fatality Inves­
tigation and Prevention Program (FFFIPP) is to conduct inves­
tigations of fire fighter line-of-duty deaths to develop 
recommendations for preventing future deaths and injuries. 
The program does not eek to determine fault or place blame 
on fire departments or individual fire fighters, but to learn 
from these tragic events and prevent future similar events. 
These reports and recommendations have been the catalyst for 
most of the fire service research studies listed in this chapter. 

4. 7 .2 The FFFIPP program, ,vhich started in 1998, is divided
into nvo main areas of study: traumatic injury deaths and cardi­
ovascular disease deaths ( :VO). The traumatic injury deaths
are investigated in accordance ,vith the Fatality Assessment and

ontrol Evaluation (FACE) model. Incidents inve tigated 
under this model include burns, diving accidents, electrocu­
tions, falls, motor vehicle accidents, and structural collap e 
incidents. Heart attack and stroke are nvo of the most common 
types of line-of-duty deaths for fire fighters, accounting for 
almost half of the fire fighter deaths in the U.S. annually. 
FFFIPP investigations of CVD examine both the individual's 
risk factors for coronary artery disease and workplace factors. 
Workplace factors include ,vhat conditions the fire fighter ,vas 
exposed to in terms of physical effort, exposure to hazardous 
chemicals, and thermal stress. In addition, NIOSH asse . es the 
fire department's fitness and ,vellness program, as well as any 
screening program for coronary artery disease. 

4. 7 .3 Since the program started, more than 600 investigation
reports have been produced. Based on the trends discovered in
the investigations, NIOSH has issued special reports uch as
"Preventing Injuries and Deaths of Fire Fighters Due to Struc­
tural ollapse," "Fire Fighter Fatality Investigation and Preven­
tion Program: Leading Recommendations for Preventing Fire
Fighter Fatalities, 1998-2005," and ''Preventing Deaths and
Inj urie of Fire Fighters Working Above Fire-Damaged Floors."
All of the completed investigations and the special reports can
be do,vnloaded from https:/ /ww;v.cdc.gov/niosh/fire/
default.html (35].



FUNDAMENTAL OFFIRESCIENCE 1700-25 

4.8* Summary of Fire-Fighting Research. Building on the 
scientific body of knowledge that supports the fire protection 
engineering discipline, research pecific to fire-fighting tactics 
has been conducted. The restilts of the sttidies, referenced 
here, have been used as a basis of change for fire department 
standard operating procedures or guides around the world. 
Experience in the field has shown positive results ,vhen tactics 
stich as size-tip, door control, coordinated ventilation, and exte­
rior attack, prior to entry, have been used to accomplish the 
incident priorities of life safety, incident stabilization, and prop­
erty conservation. 

Chapter 5 Fundamentals of Frre Science 

5.1 Scope. This chapter addresses the fundamentals of fire 
science knowledge. 

5.2 Purpose. The purpose of this chapter is to provide fire 
service information that provides a basis for the application of 
fire dynamics for fire fighting. 

5.3 Application. 

5.3.1 The content in this chapter explains the fundamentals 
of basic fire science that is tised for understanding and discus-
ion in the next chapter on fire dynamics. 

5.3.2 Chapter 3 provides the definitions for the terms used 
throtighout this chapter. 

5.4 General. Fire-fighting personnel should have an under­
standing of combustion and fire dynamic principles and be 
able to tise them for fire scene size up and assessment of fire 
conditions both upon initial arrival and continuously over the 
course of the incident. This chapter addresses the basic and 
fundamental knowledge of fire science needed to assist the 
reader to stifficien tly tinderstand the following chapters. The 
user of this guide is urged to consult the reference material 
listed in Annex D for additional details. 

5.5 Fire Tetrahedron. The combtistion reaction can be char­
acterized by four components: the fuel, the oxidizing agent, 
the heat, and the tininhibited chemical chain reaction. These 
four components have been classically symbolized by a four­
sided solid geometric form called a tetrahedron (see Figu re 5.5). 
Fires can be prevented or suppressed by controlling or remov­
ing one or more of the sides of the tetrahedron. 

The difference between the fire tetrahedron model and the 
fire triangle model of combustion is the inclusion of the chemi­
cal chain reaction. The chemical chain reaction provides the 
ability to sustain flames. The fire triangle ,vill only support a 
flash of flame or combtistion in the condensed (solid) phase, 
such as glo,ving embers or hot charcoal. 

5.5.1 Fuel. A fuel is any substance that sustains combustion 
tinder specified environmental conditions. The majority of 
fuels encountered are organic, which means that they are 
carbon-based and may contain other elements such as hydro­
gen, oxy gen, and nitrogen in varying ratios. Examples of 
organic fuels include wood, wool, plastics, gasoline, alcohol, 
and natural gas. Inorganic fuels contain no carbon. Examples 
of inorganic ft.1els wotild incltide combtistible metals, such as 
magnesium or sodium. The term fuel load is used to describe 
the amount of ft.1el present within a defined space, usually 
,vithin a compartment. Fuel load can include contents, 
compartment lining"S, and strtictural materials. Increased 

Fuel 
(reducing agent) 

Uninhibited 
chemic al chain 
reac tions 

FIGURE 5.5 Fire Tetrahedron ([921:5.1.5]). 

Heat 

Oxidizing agent 

synthetic fuel loads and ne,v construction materials ,vith higher 
heat of combustion lead to higher heat release rate. Fuel loads 
vary greatly across occupancies; the nature of contents., 
amount, and configuration should be considered. 

5.5.1.1 States of Matter. All matter can exist in one of three 
states: solid, liquid, or gas. The state of a given material 
depends on the temperature and pressure and can change as 
conditions vary. Fuels also exist in various states of matter 
under standard atmospheric temperature and pressure condi­
tions. Under fire exposure conditions, a fuel can change 
phases. 

5.5.1.2 Solid. A solid fuel has a fixed shape and volume. The 
molecules are generally in a fixed position and do not move 
unless acted upon by heat or a chemical reaction. 

5.5.1.3 Liquid. A liquid fuel can take the shape of a container, 
except that it forms a flat, or slightly curved, surface due to 
gravity. The chemical bonds and spacing beuveen molecule 
tends to be ,veaker and more distant relative to solids. 

5.5.1.4 Gas. Gas is a substance that has no shape or volume of 
its own and will expand to take the shape and volume of the 
container or enclosure it occupies. So fuel gase that are 
released ,vithin a room ,vill begin to disperse throughout the 
room and take the shape of the room. The chemical bonds and 
spacing between molecules tends to be weaker and more 
distant relative to liquids. 

5.5.1.4.1 State of Change to Gas. For flames to exist, the fuel 
must be in a gaseous form to mix with oxygen in ga eous form 
to allo,v the combustion to occur. Therefore, fuels in solid and 
liquid form must be transformed to a gaseous state to support 
flaming combustion. 

5.5.1.4.2 Pyrolysis. Since solids cannot burn in their current 
state, the solid must be pyrolyzed. Pyrolysis is a process in which 
the solid fuel is decomposed, or broken do,vn, into simpler 
molecular compounds by the effects of heat alone. Pyrolysis 
precedes combustion and continues to support the combustion 
after ignition occurs. The application of heat causes vapors or 
pyrolysis products to be released ,vhere they can burn ,vhen in 
proper mixture with air and a sufficient ignition source is 
present, or if the fuel's  autoignition temperature is reached. 
Observing a piece wood that is "on fire," a gap can be seen 
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benveen the ,vood and the flames. The fuel gases being emitted 
from the wood mix with oxygen in the air, and the combustion 
takes place above the fuel surface area in a region of vapors 
created by heating the ft.1el st1rface. If the thermal exposure to 
the fuel is increased, the rate of pyrolysis (gaseous fuel genera­
tion) may increase. 

5.5.1.4.3 Vaporization. Combustion of liquid ft.1els also takes 
place above the fuel surface in a region of vapors created by 
heating the ft.1el st1rface. The heat can come from the ambient 
conditions, from the presence of an ignition source, or from 
expost1re to an existing fire. The application of heat causes 
vapors to be released into the atmosphere, ,vhere they can 
bt1rn if in the proper mixu1re with an oxygen and if a compe­
tent ignition source is present. 

5.5.1.4.4 Gaseous Fuels. Fuels that exist as a gas under atmos­
pheric temperature and pressure do not reqt1ire vaporization 
or pyrolysis before combustion can occur. Only the proper 
mixtt1re with an oxidizer and an ignition source are needed. 

5.5.1.4.5 Heat of Combustion. This material property is the 
total energy released as heat when a substance undergoes 
complete combustion. Heats of combtistion typically range 
from 10 MJ/kg to 45 MJ/kg ,vith hydrocarbon-based products 
having two to three times higher valt1es than nau1ral products. 

5.5.2 Oxidizing Agent. In most fire situations, the oxidizing 
agent is the oxygen in the earth's atmosphere. Air in the earth's 
atmosphere is made up of approximately 21 percent oxygen 
and 78 percent nitrogen. In order for a fire to burn, fuel and 
sufficient oxygen mtist be combined. Fire can occt1r in the 
absence of atmospheric oxygen, when fuels are mixed ,vith 
chemical oxidizers. Many chemical oxidizers contain readily 
released oxygen. Ammonium nitrate fertilizer (NH1N03),

potassium nitrate (KN03), and hydrogen peroxide (H202) are 
examples. 

5.5.2.1 Every fuel-air mixture has an optimum ratio at ,vhich 
point the combustion will be most efficient. This ratio occurs at 

or near the mixture kno,vn by chemists as the stoichiometric 
ratio. 

5.5.2.2 When the amount of air is in balance ,vi.th the amount 
of fuel (i.e., after burning there is neither unused fuel nor 
unused air), the burning is referred to as stoichiometric. This 
condition rarely occurs in the fires that fire fighters respond to. 
Visible smoke is an indication of inefficient combustion. 

5.5.3 Heat. The heat component of the tetrahedron repre­
sents thermal energy above the minimum level necessary to 
release fuel vapors and cause ignition. Heat is commonly 
defined in terms of heating rate (kW) intensity measured in 
kilowatts per meter squared (kW /m2), or as the total heat
energy received over time. In a fire, heat produces fuel vapors, 
causes ignition, and promotes fire growth and flame pread by 
maintaining a continuous cycle of fuel production and igni­
tion. In the past, in the American fire service, heat is expressed 
in British thermal units (Btu), though this document ,vi.11 exclu­
sively tise SI units when relating to heat. A conversation for SI 
and U.S. customary units can be found in Section 1.4. 

5.5.3.1 Heat Release Rate. Heat release rate (HRR) is the rate 
at ,vhich fire releases energy. It is the po,ver output of the fire. 
HRR is measured in units of ,vatts (W), kilo,vatts (kW), or 
mega,vatts (MW"). The heat release rate of a fire is variable over 
time and is dependent on the fuel load characteristics, oxygen 
available (ventilation), and enclosure characteristics. The HRR 
of a fire inside a compartment or structure can influence inte­
rior temperatures, compartment pressure, the amount of 
smoke produced by the fire, structural tability, and the 
amount of ,vater needed to control the fire. (See 1able 5.5.3.1.) 

5.5.3.2 Heat Flux. Heat flux is the measure of the rate of heat 
transfer to a surface, expressed in kilo,vatts per meter squared 
(kW /m2). The higher the heat flux from a fire to surface, the
faster the temperature of the surface ,vi.11 increase. The higher 
the heat flux exposure to protective equipment, the sooner it 
,vill fail. The higher the heat flux to bare skin the shorter the 
time to pain and injury. 

Table 5.5.3.1 Representative Peak Release Rates (Unconfined Burning) [921:5.6.3.1] 

Mass 

Fuel kg lb Peak HRR (kW) 

Waste basket, small 0.7-1.4 1.5-3 4-50

Trash bags, 42 L (11 gal) with mixed plastic and paper trash 2.5 7.5 140-350

12-13 26-29 40-970otton mattress 
TV sets 31-33 69-72 120 to over 1500 

Plastic trash bags/paper trash 
P\TC �iting room chair, metal frame 
Cotton easy chair 
Gasoline or kerosene in 0.2 m2 (2 ft2) pool 

hristmas trees, dry 
Polyurethane mattress 
Polyurethane easy chair 
Polyurethane sofa 
Wardrobe, wood constrt1ction 

Sources: Values are from the following publications: 

1.2-14 

15 

18-32 

19 

6-20 

3-14 

12-28 

51 

70-121 

2.6-31 

34 

39-70 

42 

13-44 

7-31 

27-61 

113 

154-267 

Babrauskas, V. and Krasny, J., Fire Behavior of UjJholstered Furniture, NBS fvlonograph 173 Fire Behavior of Upholstered Furniture. 

Babrauskas, V., "Heat Release Rates," in SFPE Handbook of Fire Protection Engineering, 3rd ed., National Fire Protection A5sociation. 
Lee, B.T., Heat Release Rate Characteristics of Som.e Combustible Fuel Sources in Nuckar Power Plants, NBSIR 85-3195. 
NFPA 72. 
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5.5.3.3 Temperature. Temperature is a measure of heat, an 
indication of molecular motion in a gas, liquid, or solid, as 
measured by a thermometer or similar instrument . Increasing 
the HRR of a fire may not increase the temperature of the 
flames. (See Figure 5.5.3.3.) 

5.5.4 Uninhibited Chemical Chain Reaction. ombustion is a 
complex set of chemical reactions that rest1lts in the rapid 
oxidation of a fuel, producing heat, light, and a variety of 
chemical by-'prodt1cts. Slow oxidation, st1ch as rust or the 
yello,ving of ne,vspaper, produces heat so slo,vly that combus­
tion does not occt1r. Self-sustained combustion occt1rs when 
ufficient excess heat from the exothermic reaction radiates 

back to the f11el to produce vapors and cause ignition in the 
absence of the original ignition source. 

5.6 Fire Chemistry. 

5.6.1 General. Fire chemistry is the study of chemical 
processes that occur in fires, including changes of state, decom­
position, and combustion. 

5.6.2 Phase Changes and Thermal Decomposition. The 
response of ft.1els to heat is qt1ite varied. Figt1re 5.6.2 illustrates 
the ,vi.de range of processes that can occur. 

5.6.2.1 Phase changes most relevant in fire are melting and 
vaporization. In melting, the material changes from a solid to a 
liquid ,vith no change in the chemical structure of the material 
(e.g., melting of candle wax). In vaporization, the material 
changes from a liquid to a vapor with no change in chemical 
strt1cture of the material (e.g., evaporation of molten candle 
,vax on the ,vick to form the vapor that burns in the candle 
flame). Phase changes are reversible events - that is, upon 
cooling, vapors Mll return to the liquid state and liquids ,vill 
solidify. 

5.6.2.2 Thermal decomposition involves irreversible changes 
in the chemical structure of a material due to the effects of 
heat (pyrolysis). Thermal decomposition of a solid or liquid 
most often results in the production of gases. Wood decompo­
ses to create char and vapors, some of which are flammable. 
Under vigorous heating, flexible polyurethane decomposes to 
form a liqt1id and flammable gases or vapors. At more moder­
ate heating conditions, flexible polyurethane decomposes to a 
char and flammable gases or vapors. 

5.6.3 Combustion. The combustion reactions can be charac­
terized by the fire tetrahedron, Figure 5.5, and may occur ,vi.th 
the fuel and oxidizing agent already mixed (premixed burn-

One candle versus 10 candles - same flame 

te
1

mperature but 10 times the HRR 

HRR: 

Appro.ximate:ly 80 W
Temperature range: 

soo·c to 14oo·c

(930"F to 2.soo°F) 
Energy.: Approximately 800 W 

FIGURE 5.5.3.3 Heat Release Rate Versus Temperature 
Vis11alization. 
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ing) or with the fuel and oxidizing agent initially separate 
( diffusion burning). Structure fires ,vould be an example of 
diffusion burning. 

5.6.3.1 Premixed burning occurs ,vhen fuel vapors mix with 
air in the absence of an ignition source and the fuel-air 
mixture is subsequently ignited. Examples of premixed fuel 
and air include a natural gas release into the environment and 
evaporation of gasoline. Upon application of an ignition source 
to the fuel-air mixture, a premixed flame quickly propagate 
through the volume of ft.1el-air. Premixed flame spread can 
proceed as a deflagration (subsonic combustion) or as a deto­
nation (supersonic combustion). Deflagration velocitie 
normally range from cm/sec to m/sec, though velocities into 
the ht1ndreds of m/sec are possible. Detonation velocitie are 
normally in the thousands of m/ sec. Premixed flame propaga­
tion in a confined volume is normally considered a smoke 
explosion. 

5.6.3.2 In order for flammable gases and vapors of ignitable 
liqt1ids to ignite, they must be mixed ,vith a sufficient amount 
of oxidizer (typically atmospheric oxygen) to allo,v the combus­
tion reaction to occur. The percentage of the mixture of 
gaseous fuel to air by volume must be ,vithin a pecific range 
for combtistion to occur. This is known as the flammable or 
explosive range of the fuel. 
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5.6.3.2.1 Flammable/Explosive Range. For fuels in gaseous 
form to be combtistible they mtist be mixed with a sufficient 
amount of oxidizer, typically atmospheric oxygen. The mixture 
of gaseous ft.1el and air must be within a specific range for 
combustion to occur. This is kno,vn as the flammable or explo­
sive range of the fuel. In this context, the words jlamrnable or 
ex-plosive are interchangeable. 

5.6.3.2.2 Lower Explosive Limit (Lower Flammable Limit).
The minimum percentage of fuel in air (by volt1me) in which 
combustion can occur is the lo,ver explosive limit (LEL) of the 
material. In a mixu1re that is below its LEL, no combustion will 
occur. Thi is because belo,v the LEL there are insufficient fuel 
molecules in the mixu1re. The mixtt1re can be said to be "too 
lean." 

5.6.3.2.3 Upper Explosive Limit (Upper Flammability Limit). 
There is also a maximt1m percentage of ft.1el in air (by volt1me) 
in ,vhich combustion can occur. This is called the upper explo­
sive limit (UEL). This is because above the UEL combustion 
,vill not occur because there are insufficient oxygen molecules 
in the mixture. These mixtures can be said to be "too rich." 

5.6.3.3 Diffusion flame burning is the ordinary stistained
burning mode in most fires. Fuel vapors and oxidizer are sepa­
rate, and combtistion occt1rs in the region where they come 
together. A diffusion flame is typified by a candle flame in 
which the luminotis flame zone exists where the air and the 
fuel vapors meet. 

5.6.3.3.1 Diffusion flames can only occur for certain concen­
trations of the mixu1re components. The lowest oxygen 
concentration in nitrogen is termed the limiting oxygen index 
(LOI). For most fuel vapors, the LOI is in the range of 
10 percent to 14 percent by volume at ordinary temperatures 
(Beyler 2002). Similarly, the fuel gas stream can be diluted with 
nitrogen or other inert gas to the extent where burning is no 
longer possible. For example, methane dilt1ted with nitrogen to 
belo,v 14 percent methane will not burn ,vith air at normal 
tern perau1res. 

5.6.3.3.2 Transitions from premixed bt1rning to difft.ision 
flame burning are common during the ignition of liquid and 
solid ft.1els. For instance, if an ignition source is applied to a 
pan of gasoline, the ignition source ignites gasoline vapors 
mixed with air above the pan. These vapors are quickly 
consumed and the burning of fuel vapors from the pan of gaso­
line occurs as a diffusion flame. 

5.6.3.3.3 The amot1nt of heat generated by a fire is dependent 
on the amount of oxygen consumed as part of the chemical 
reaction. On average, 13.1 MJ of heat is produced for every kg 
of oxygen consumed. The amount of energy generated per kg 
of oxygen consumed is independent of the heat of combustion 
of the fuel. 

5. 7 Products of Combustion.

5. 7 .1 The chemical products of combustion can vary ,videly,
depending on the ft.1els involved and the amot1nt of air availa­
ble . Complete combustion of hydrocarbon fuels containing
only hydrogen and carbon will produce carbon dioxide and
,vater. Materials containing nitrogen, such as silk, ,vool, and
polyt.1rethane foam, can prodt1ce nitrogen oxides or hydrogen
cyanide as combustion products under some combustion
conditions. Literally ht1ndreds of compounds have been identi­
fied as products of incomplete combustion of wood.
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5. 7.2 When less air is available for combustion, as in
ventilation-limited fires, the production of carbon monoxide
increases as doe the production of oot and unburned fuels
and pyrolyzates.

5.7.3 Combustion products exist in all three states of matter: 
solid, liquid, and gas. Solid material makes up the ash and oot 
products that represent the visible "smoke." Many of the other 
products of incomplete combustion exist as vapors or as 
extremely small tarry droplets or aerosols. These vapors and 
droplets often condense on surfaces that are cooler than the 
smoke - for example, sticky carcinogenic residue on fire­
fighting PPE. 

5. 7 .4 Some fuels, such as alcohol or natural gas, burn very
cleanly, while others, such as fuel oil, polyurethane foam, or
styrene, ,vill produce large amounts of sooty smoke even ,vhen
the fire is fuel controlled .  These sooty fuels require oxygen
concentration above ,vhat is available in the air in order to
burn cleanly.

5. 7.5 Smoke may contain a collection of the solid, liquid, and
gaseous products of incomplete combustion as ,vell as
unburned pyrolyzates (fuel).

5.7.6 Smoke color is not necessarily an indicator of what is 
burning. While ,vood smoke from a ,veil-ventilated or fuel­
controlled wood fire is light-colored or gray, the same fuel 
under lo,v-oxygen conditions, or ventilation-controlled condi­
tions in a post-flashover fire, can be quite dark or black, fuel 
rich. Black smoke also can be produced by the burning of 
other materials, including most plastics and ignitable liquids. 

5. 7. 7 The action of fire fighting can also have an effect on the
color of the smoke being produced. The application of ,vater
can produce large volumes of condensing vapor that will
appear ,vhite or gray ,vhen mixed ,vith black smoke from the
fire.

5. 7.8 Smoke production rates are generally less in the early
phase of a fire but increase greatly ,vith the onset of flashover, if
flashover occurs. White smoke from a fire compartment may be
unburned pyrolyzate.

5. 8 Fluid Flows.

5.8.1 General. Fluid flo,vs can be composed of liquids, gases, 
or a combination of the two. Fluid flo,vs generated by fires are 
mainly composed of heated gases. Fluids move as the result of 
differences in pressure. 

5.8.2 Buoyant Flows. Buoyant flows occur when gases are 
heated by the fire. The gases local to the fire expand and 
become less dense than the cooler air surrounding the fire. As 
a result, the heated le dense gases float on the air. 

5.8.3 Fire Plumes. The hot gases created by the fire rise above 
the fire source as a fire plume. The rising gases move with a 
faster velocity than the surrounding cooler, denser air. The 
higher velocity of the fire plume causes a local reduction in 
pressure. This pressure difference near the base of the plume 
results in the surrounding air being entrained into the fire and 
fire plume. As the hot gases rise through the urrounding 
cooler, denser air, additional air is mixed ,vith the plume. 

5.9 Heat Thansfer. 

5.9.1 The transfer of heat is a major factor in fires and has an 
effect on ignition, gro,vth, spread, and extinction. Heat is 
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always transferred from the higher temperature object to the 
lower temperatt1re object. Heat transfer is measured in terms 
of energy flo,v per unit of time. It is important to distinguish 
between heat and temperatl1re. Temperature is a measure that 
expresses the average of molecular activity of a material 
compared to a reference point. The energy that causes a 
change in the temperature of an object is referred to as sensi­
ble heat, while the transfer of energy that results in phase 
change is called latent heat. When heat energy is transferred to 
an object, withot1t a phase change, the temperatt1re increases. 
When heat is transferred away from an object, ,vithout a phase 
change, the temperatt1re of the object decreases. 

5.9.2 Conduction is heat transfer within solids or between 
contacting solids. Heat energy ,vill be transferred into and 
throt1gh a solid, or contacting solids, from the higher to the 
lower temperature areas. Fire fighters often experience 
conductive heat transfer when wearing PPE dt1ring fire-fighting 
operations. As the PPE absorbs heat energy from the fire envi­
ronment, it is transferred conductively throt1gh the various 
layers of material and to the fire fighter's body. 

5.9.3 Convection is the transfer of heat energy by the move­
ment of heated liquids or gases from the source of heat to a 
cooler part of the environment. During a fire, heat is transfer­
red by convection to a solid when hot gases pass over cooler 
surfaces or when hot smoke mixes ,vith atmospheric air. The 
rate of heat absorbed by the solid is a ft.1nction of the tempera­
ture difference benveen the hot gas and the surface, the mate­
rial properties of the st1rface being heated, and the velocity of 
the hot gas. The higher the velocity and turbulence of the gas, 
the greater the rate of convective heat transfer. 

5.9.4 Radiation is a line of sight transfer of heat energy from a 
hot surface or gas to a cooler material by electromagnetic 
waves. Althot1gh flame is often the greatest source of radiant 
heat transfer during a compartment fire, the smoke and hot 
gases that collect at ceiling level is also a source of radiant heat 
and often contributes to the ignition of materials. 

5.10 Solid Fuel Load. 

5.10.1 The term fuel load is used to describe the amount of 
fuel present, tisually within a compartment. Residential and 
office occupancies are considered to be "light hazard" ,vhen 
designing a sprinkler system, as opposed a warehotise or indus­
trial occupancy. Even though considered a light hazard, a resi­
dential room cot1ld easily have 5 MvV to 15 MvV of potential 
peak HRR, provided sufficient oxygen/ventilation is available. 

5.10.2 The potential HRR is determined by multiplying the 
mass of fuel by the heat of combtistion of the ft.1els. Heats of 
combustion typically range from 10 MJ/kg to 45 MJ/kg. While 
the total ft.1el load for a compartment is a measure of the total 
heat available if all the fuel burns, it does not determine ho,v 
fast the fire will develop once the fire starts. Ft1el load can be 
used in conjunction with the size of vent openings to estimate 
the duration of ft.illy developed burning in a compartment. 

5.10.3 The term fuel load density is the potential combustion 
energy output per unit floor area [MJ/m2 or the mass of fuel 
per t1nit floor area [kg/m2]. Fuel load densities are most often 
associated ,vith particular occupancies or used as a means to 
characterize the fire load characteristics of the room contents. 
The fuel load of a compartment is determined by multiplying 
the fuel load density by the compartment floor area. 

Chapter 6 Fire Dynamics in Structures 

6.1 Scope. This chapter addre es only the basic and funda­
mental knowledge of fire dynamics required to sufficiently 
understand the concepts presented in this guideline. Thi 
chapter is not intended to serve as a complete source of educa­
tion. 

6. 2 Purpose. The purpose of this chapter is to provide fire
dynamics information to help identify strategy and tactics.

6.3 Application. The content of this chapter fir t addresse 
fire dynamics ,vithin a compartment and is follo,ved by infor­
mation regarding fire dynamics in structures comprised of 
multiple compartments. 

6.4 General. 

6.4.1 Compartment Fires. 

6.4.1.1 A co1npartment fire is a fire that occurs ,vithin an area 
enclosed by a floor, walls, and a ceiling. This is commonly refer­
red to as a contents fire or a roo1n and contents fire. The examina­
tion and understanding of the fire dynamics that occur in st1ch 
a space is critical, as the fundamental science principles that 
govern compartment fires also govern all fire dynamics that 
occur ,vithin larger and more complex structures. 

6.4.1.2 During fires ,vithin a compartment, the characteristic 
of the initial fuel package, as ,vell as all other fuels present, will 
influence the rate of fire spread and gro,vth ,vithin the space. 
Additionally, the material properties of the compartment 
linings and geometry of the space, as ,vell as size of the ventila­
tion opening, will also be influential. 

6.4.2 Fire Progression in Ventilated vs. Unventilated Compart­
ments. Figure 6.4.2 provides a visual comparison of nvo differ­
ent progressions that a compartment fire is likely to follow. The 
first progression, sho,vn ,vith the solid line, represents a fire 
that is ignited in a compartment that has ventilation, such as an 
open door or ,vindo,v. The econd progression, sho,vn ,vith the 
broken line, represents a fire that is ignited in an underventila­
ted compartment ,vith all doors and openings closed. 

6.4.2.1 Fire in a Ventilated Compartment. 

6.4.2.1.1 Position 1. During the development of an incipient 
fire, the rate of flame spread and heat release rate (HRR) is 
greatly dependent on the configuration and characteristics of 
the fuels involved. 
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FIGURE 6.4.2 Fire Progression in Ventilated Versus 
Unventilated Compartments. 
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6.4.2.1.1.1 As radiant heat from the fire ,varms nearby fuels, it 
contint1es the progress of ft1rther pyrolysis allowing the flames 
to continue to spread and involve more fuel urfaces causing 
the fire's HRR to increase as the fire moves into the growth 
stage. 

6.4.2.1.1.2 During these early stages of fire development there 
is often stifficient air to burn all of the materials being pyro­
lyzed, and it is only the fuel load ,vithin the compartment that 
limits the HRR. This fire is then said to be fuel-lirnited. 

6.4.2.1.1.3 As the fire burns, the gaseous products of combus­
tion move up�rds due to differences in temperature, density, 
and presst1re between the room-temperatt1re air and the gases 
generated and heated by the fire, creating a thermal/plume. 

6.4.2.1.1.4 When the plume reaches the ceiling, the flo,v is 
diverted horizontally under the ceiling as a ceiling jet and flows 
in all directions until the gases strike the ,valls of the compart­
ment. As the horizontal spread is restricted, the gases turn 
do,vn,vard and begin the creation of a layer of hot gases belo,v 
the ceiling, as shown in Figure 6.4.2.1.1.4. Dt1ring this stage, 
convection is the primary method of heat transfer taking place 
within the compartment. As hot gases flow over cooler surfaces, 
energy is transferred to these objects; the greater the tempera­
u1re and velocity of these moving gases, the greater the rate of 
heat transfer. When the hot smoky layer reaches the top of the 
door opening it will flow out of the compartment, and a well­
defined flow pattern will be established at the opening. 

6.4.2.1.1.5 The ou�rd flo,v is due to the higher pressure, 
relative to atmospheric presst1re, created by the fire. Subse­
quently, a region of lo,ver pressure is also created belo,v the 
ot1tflowing gases where fresh air is drawn into the fire compart­
ment. The rate of air entrainment to the fire is influenced by 
the rate of ot1tflowing gases. If outflow increases, air entrain­
ment ,vill also increase. The height at which the flo,v changes 
direction is known as the neutral plane. 

6.4.2.1.1.6 The height at which the flow changes direction is 
kno,vn as the "neutral plane" [See Figure 6.4.2.1.1.6(a), 

Figure 6.4.2.1.1.6(b), and Figure 6.4.2.1.1.6(c)J. As the fire grows, 
the bottom of the smoke layer - the neutral plane - ,vill 
contint1e to descend. 

Thin ceiling layer 

FIGURE 6.4.2.1.1.4 Early Compartment Fire Development. 
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6.4.2.1.1.7 As the fire continues to gro,v, the ceiling layer gas 
temperature and the intensity of the radiation on the exposed 
combustible contents in the room increases. While both 
convective and radiant heat fluxes increase, radiation now 
becomes the dominant method of heat transfer. Flameover, 
which describes the condition where flames propagate through 
or across the ceiling layer only and do not involve the surfaces 
of target fuels, may be present. Flameover generally precedes 
flashover. The high radiant heat flux present cause the surface 
temperature of the combustible fuels ,vithin the compartment 
to rise, and pyrolysis gases are produced. 

6.4.2.1.2 Position 2. When the hot gas layer temperature 
reaches approximately 590° C (ll00° F), a heat flux from the
hot gas layer of approximately 20 kW /m2 at floor level is often 
present. This is sufficient to cause a rapid auto-ignition all of 
the combustible urfaces exposed to upper layer radiation. This 
phenomenon is kno,vn as flashover, and it is illustrated in 
Figure 6.4.2.1.2. 

6.4.2.1.2.1 Flashover, ,vhich is a rapid transition of a gro,vth 
phase fire to a fully developed fire, is a dangerous phenom­
enon and has claimed the lives of countless fire fighters. Time 
to flashover from ignition ,vas as little as 3 to 5 minutes. 

6.4.2.1.2.2 Flashover may occur multiple times in a strt1cture 
as the fire progresses from one area to another ,vith each event 
having a potential to impact other compartments. 

6.4.2.1.2.3 In a fully developed fire the air flow into the 
compartment is not sufficient to burn all of the combustibles 
being pyrolyzed by the fire, and the fire ,vill shift from fuel­
limited to ventilation-li1nited ,vhere the HRR is limited by the 
amount of oxygen available [see Figure 6.4.2.1.2.3]. Although 
pyrolysis can continue throughout the compartment, flaming 
combtistion will only occur where there is sufficient oxygen 
present. Depending on the momentum of the entraining air, 
flaming combustion may occur ,vithin the ventilation tream at 
various depths into the compartment. 

6.4.2.1.3 Position 6. Fully developed fire are ventilation­
limited. As the HRR of the fire is now directly proportional to 
the amount of air available to the fire, any further increase in 
ventilation ,vill result in a further increase in the HRR. Increa­
ses in heat release rate can increase temperatures and amount 
of toxic gases in the tructure. Additionally, structural stability 
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FIGURE 6.4.2.1.l.6(a) Neutral Plane - Compartment Fire Zones and Heat Transfer. 
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FIGURE 6.4.2.1.l.6(b) Neutral Plane - Compartment Fire Pressure and Airflow. 

of the affected areas could be compromised at an increased 
rate, and the amot1nt of cooling agent (water) required to 
control the energy production ,vill also be increased. 

6.4.2.1.4 Position 7. This position represents a fully devel­
oped fire that has increased its HRR due to additional ventila­
tion from openings made. Any further increases in ventilation 
after this period will again cause ft.1rther increased HRR if  effec­
tive ,vater suppression has not been achieved. 

6.4.2.1.5 Position 8. A fire ,vill enter into the decay stage ,vith 
effective fire control, depletion of fuel load, or oxygen restric­
tion. 

6.4.2.2 Fire in an Unventilated Compartment. 

6.4.2.2.1 Position 1. During the development of an incipient 
fire, the rate of flame spread and (HRR) is greatly dependent 
on the configuration and characteristics of the fuels involved. 
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� Neutral plane

Radiant heat

FIGURE 6.4.2.1.1.6(c) Neutral Plane- Upper Layer Development and Airflow. 
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FIGURE 6.4.2.1.2 Flashover Conditions in Compartment Fire. 

6.4.2.2.1.1 As radiant heat from the fire ,varms nearby fuels, it 
contint1es the progress of further pyrolysis, allowing the flames 
to continue to spread and involve more fuel surfaces, causing 
the fire's HRR to increase as the fire moves into the growth 
stage. 

6.4.2.2.1.2 During these early stages of fire development there 
is often stifficient air to burn all of the materials being pyro­
lyzed, and it is only the fuel load ,vithin the compartment that 
limits the HRR. This fire is then said to be fuel-limited. 

6.4.2.2.1.3 As the fire burns, the gaseous products of combus­
tion move up�rds due to differences in temperature, density, 
and presst1re between the room-temperatt1re air and the gases 
generated and heated by the fire, creating a fire plume. 

6.4.2.2.1.4 When the plume reaches the ceiling, the flo,v is 
diverted horizontally under the ceiling as a ceilingjet and flo,vs 
in all directions until the gases strike the ,valls of the compart­
ment. As the horizontal spread is restricted, the gases turn 
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Neutral plane Recirculating smoke

Inflow

do,vn,vard and begin the creation of a layer of hot gases belo,v 
the ceiling. During this stage, convection is the primary 
method of heat transfer taking place ,vithin the compartment. 
As hot gases flo,v over cooler surfaces, energy is transferred to 
these objects; the greater the temperature and velocity of the e 
moving gases, the greater the rate of heat transfer. 

6.4.2.2.1.5 During the growth stage in compartments with no 
openings, the increasing gas temperatures and their inhibited 
expansion can result in considerable pressure development. 

6.4.2.2.2 Position 3. Without openings to the outside, such as 
a door or ,vindo,v, the available oxygen for the fire is limited . 
With limited ventilation, the burning process becomes less 
effective. When the hot gas layer, ,vhich has a reduced oxygen 
concentration relative to the room air, increases in depth down 
from the ceiling and continues to descend, it ,vill interfere ,vith 
combustion. 
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Neutral plane Recirculating smoke 

FIGURE 6.4.2.1.2.3 Flashover or Full Room Involvement in Compartment Fire. 

6.4.2.2.2.1 As the fire compartment's oxygen concentration 
decreases below what is needed for combustion, the fire will go 
into early decay. 

6.4.2.2.2.2 When in early decay, the HRR of the fire vvill
decrease dramatically, causing gas temperan.1res within the fire 
area to decrease. This reduction of temperature ,vill cause the 
hot gas layer to contract, and the affected fire area may transi­
tion from positive pressure, relative atmospheric pressure, to 
negative pressure. 

6.4.2.2.2.3 If the fire compartment presst1re becomes nega­
tive, smoke that was previously exiting through any leakage 
points or cracks within the compartment may stop, and air may 
then be dra,vn inwards. 

6.4.2.2.3 Position 4. If the fire receives a fresh oxygen source 
at this point in development by opening a window, door, or 
othenvise providing ventilation, the fire's HRR ,vill increase, 
returning the fire to the growth s tage. 

6.4.2.2.3.1 Becatise the room's ceiling and the tipper portions 
of the wall ,vere preheated as the fire was burning prior to 
entering early decay and the hot gas layer contains unburned 
fuel gases, the fire's growth rate ,vithin the compartment can 
recover quickly. 

6.4.2.2.3.2 As the fire becomes re-established with oxygen, 
flashover and full development are now possible. 

6.4.2.2.4 Position 5. When the hot gas layer temperature 
reaches approximately 590 °C ( 1100 ° F), a heat flux from the 
hot gas layer of approximately 20 kW/m2 at floor level is gener­
ally present. This is stifficient to cause a rapid at1to-ignition all 
of the combustible surfaces exposed to upper layer radiation. 
This phenomenon, known as flashover, is illustrated in 
Figure 6.4.2.1.2. 

6.4.2.2.4.1 Flashover can occur within seconds after providing 
ventilation to vent-limited ( decay) fires. 

6.4.2.2.4.2 Flashover may occur multiple times in a structure 
as the fire progresses from one area to another, ,vith each event 
having a potential to impact other compartments. 

6.4.2.2.4.3 In a fully developed fire the air flo,v in to the 
compartment is not sufficient to burn all of the combustible 
being pyrolyzed by the fire, and the fire ,vill shift from fuel­
limited to ventilation-limited where the heat release rate is limi­
ted by the amount of oxygen available [see Figure 6.4.2.1.2.3]. 

6.4.2.2.5 Position 6. Fully developed fires are ventilation­
limited. As the HRR of the fire is no,v directly proportional to 
the amount of air available to the fire, any further increase in 
ventilation will result in a further increase in the HRR. Increa­
ses in heat release rate can increase temperatures and amount 
of toxic gase in the structure. Additionally, structural stability 
of the affected areas could be compromised at an increased 
rate, and the amount of cooling agent (,vater) required to 
control the energy production ,vill also be increa ed. 

6.4.2.2.6 Position 7. This position represents a fully devel­
oped fire that has increased its HRR due to additional ventila­
tion from openings made. Any further increases in ventilation 
after this period will again cause further increa ed HRR if effec­
tive ,vater suppression has not been achieved. 

6.4.2.2. 7 Position 8. A fire ,vill enter into the decay stage ,vith 
effective fire control, depletion of fuel load, or oxygen restric­
tion. 

6. 5 Flow Path.

6.5.1 As a fire develops ,vithin a compartment that is intercon­
nected to other spaces in the structure, fluid flo,vs develop due 
to the pressure differentials created by the fire. This pres ure 
differential is the result of the higher pressure created by the 
expansion of gasses ,vhen heated by the fire versus the lo,ver­
presst1re space in the remainder of the structure. During most 
structure fires there ,vill often be multiple flo,vs benveen multi­
ple compartments. (See Figure 6.5.1.) 

6.5.2 As the fire gases move out of their original compart­
ment, they ,vill transfer thermal energy through conduction, 
convection, and radiation at a rate that is influenced by many 
factors, including, but not limited to, temperature and velocity. 

6.5.3 The rate that fire gase flo,v is caused by pressure differ­
ences that might result from temperature differences, buoy-
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Dining Living 

FIGURE 6.5.1 Multiple Flows Between Multiple Compartments. 

ancy, expansion, wind impact, and HVAC systems. The greater 
the difference the faster the flows will travel. Any elevation 
changes ,vi.thin the structure, such as a staircase leading to 
another floor, Mll also impact the velocity of moving fire gases. 

6.5.4 Flow path is the route followed by smoke, air, heat, or 
flame benveen the fire and the opening( ) ; typically, a ,vindo,v, 
door, or other leakage points. It mtist be composed of at least 
one intake vent, one exhaust vent, and a connecting volume 
between the vents. A single opening can be comprised of both 
the intake and exhaust vent. Based on varying building design 
and the available ventilation openings (e.g., doors, windows, 
staircases, etc.), there may be several different flo,v paths ,vi.thin 
a strt1cture. 

6.5.5 Hot gas flows have claimed the lives of many fire fighters 
and can be extremely dangerous when cre,v: are po itioned in 
the exhaust portion of the flow path, which is between the fire 
and the exhaust vent. 

6.5.6 Exhaust portions of the flow path exist above the neutral 
plane and allow fire gases to exit the structure. 

6.5.7 Intake portions of the flow path exist below the neutral 
plane and allow fresh air into the structure. The safest position 
from which to mot1nt an interior fire control is to place fire 
fighters on the intake side of the flo,v path. 

6.5.8 A bidirectional flow can often be seen at an opening 
positioned at the same level as the fire. A net1tral plane will be 
present ,vi.th fire gase flowing out and air floMng in at the 
same opening. (See Figure 6.5.8.) 

6.5.9 A tinidirectional flow can often be seen when two open­
ings exist at different elevations allowing the whole inlet or 
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M. Bedroom

exhaust openings to be positioned completely belo,v or above 
the neutral plane. This commonly occur at fires involving 
multilevel structures. (See Figure 6.5.9.) 

6.5.10 The most dangerous place for fire fighter to be loca­
ted is in the exhaust portion of the flo,v path. Exhaust portions 
of the flovv path have had gas speeds recorded up to 20 mph 
(32.2 kph). These high velocities increase the rate of energy 
transfer exponentially to all objects in the flo,v path, including 
fire fighters. Modern fire fighter PPE can only protect fire 
fighters a fe,v seconds in high-temperature and high-velocity 
flows. 

6.5.11 Fire fighters on floors above an uncontrolled fire Mll 
be at increased risk of being caught in the exhaust portion of a 
flow path if any upper floor ,vindo,vs are open. 

6.5.12 Vertical ventilation can create dangerous flows if fire 
fighter are located benveen an uncontrolled fire and the venti­
lation opening. 

6.5.13* Dynamic Flow. Dynamic flow is a condition where 
unidirectional or bidirectional flo,v of smoke/ air presents 
irregular stratification and shape or alternates in direction (i.e., 
pulsations). 

6.5.13.1 A unidirectional or bidirectional flo,v of smoke/air 
that presents irregular stratification and shape or alternates in 
direction (i.e., pulsations) is identified as dynamic flo,v. 

6.5.13.2 Dynamic flo,vs may be caused by oscillations in the 
combustion cycle or as the result of being impacted by wind. 
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FIGURE 6.5.8 Bidirectional Flow Path. 
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FIGURE 6.5.9 Unidirectional Flow Path. 
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6.6 Wmd Influenced Fires. 

6.6.1 Anything that increases the speed that the gases flo,v or 
changes their direction presents an increased risk to fire fight­
ers ,vho may be working on the exhaust portion of the flo,v 
path. This includes wind, which can create a tinidirectional 
flo,v. 

6.6.2 Flow behavior can change dramatically based on the 
speed and direction of the wind. 

6.6.3 Wind speeds as low as 9 mph (14.5 kph) can have a 
significant impact on the flow behavior of the fire gases and 
increase the risk of fire extension and threat to ht1man life. 

6. 7 Fire Dynamics in Attics.

6.7.1 Attic fires are inflt1enced by a number of factors that are 
not typical of fire development in a normal building compart­
ment. 

6. 7 .2 High ft.1el loads can be present in attics dt1e to the wood
trusses and sheeting. These combustible surface can support
high heat release rates. Becatise of high ft.1el loads, attic fire can
often become ventilation-limited.

6. 7 .3 Attics are often constructed ,vith built-in passive ventila­
tion that utilizes the buoyancy of warmer air to rise up and out
of the attic ,vhile drawing fresh air in from lo,ver elevations.
This ventilation can inflt1ence fire growth and spread.

6.7.4 When a fire has grown to the extent in which it has 
caused failure of a portion of the roof system and flames are 
visible from the exterior, the fire will likely be ventilation­
limited. Additional ventilation ,vill increase the HRR ,vithin the 
attic space. Even withot1t the fire breaching the attic construc­
tion, the fire may still be ventilation-limited. 

6.8 Fire Dynamics in Basements. 

6.8.1 Basement fires are influenced by a number of factors 
that are not typical of fire development in normal (i.e., ground 
level) building compartments. High fuel loads are inherent in 
basements due to exposed wood floor joists and the potential 
for unfinished rooms. These combustible surfaces can produce 
high heat release rates. 

6.8.2 An additional concern with basement fires is the 
unknown fuel loading that might exist due to storage. On occa­
sion, the amount of storage may be in excess of the intended 
fuel loading for the compartment size. 

6.8.3 Basement fires are likely ventilation-limited due to their 
positioning relative to the natl1ral inlet points (i.e., windows, 
stair,vay opening) . 

6.8.4 Primary hazards associated ,vith basement (i.e., belo,v­
grade) fires include the following: 

( 1) The likelihood of structural collapse. A collapse ,vill
represent a vertical vent for the fire and will result in an
increase in fire intensity.

(2) Increased potential that fire fighters will be operating in
the exhaust flo,v as they position themselves for a fire
control. Flows at the top of the stairs can reach speeds of
20 mph (32.2 kph) and will present an extreme risk for
any personnel positioned at the top of the stairs.
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6. 9 Backdraft.

6.9.1 Backdraft conditions may develop in instances ,vhere the 
closed compartment has a minimal amount of ventilation 
openings provided by mall cracks around ,vindo,vs, doors, and 
structural features. As the fire develops, these smaller openings 
support the release of the expanding fire gases, minimizing the 
pressure rise ,vithin the compartment but not to the extent of 
complete ventilation. As the hot gas layer lo,vers in the 
compartment, it descends around the primary fuel package, 
further limiting ventilation and preventing the complete 
consumption of the fuel package. The unburned fuels now 
exist ,vithin an area that has insufficient oxygen to upport 
flaming combustion but will still support smoldering combus­
tion. 

6.9.2 Else,vhere in this same fire compartment, or an immedi­
ately adjacent compartment, glo,ving ember or maller 
volumes of flaming combustion may still exist. Any sudden 
action, either planned or unplanned, that introduces a new 
ventilation opening on the compartment ,vill provide an 
avenue for the no,v hot, fuel-rich atmosphere to flow out and 
relatively cooler, oxygen-rich air to be dra,vn in the lo,ver 
portions of the compartment. A mixed layer forms due to the 
shearing action benveen the outflo,ving hot gases and the 
cooler air flo,ving in. This mixed layer rides on the gravity 
current across the compartment. With a portion of the mixed 
current ,vithin its flammable range, it may ignite when it 
reaches flame or a glo,ving ember in the compartment. After 
ignition, a new flame will propagate back through the mixed 
gas area benveen the entering gravity current and the exiting 
compartment gases. The flame and its ,vake can be extremely 
unstable and generate a rapidly propagating turbulent flame. 
The re ulting expanding flame within the compartment drives 
some of the accumulated fuel out of the opening and 
consumes the fuel that ,vas initially forced out of the compart­
ment ahead of the initial flame, forming a dramatic fireball. 
This entire process - the accumulation of unburned gaseous 
fuel, the propagation of an oxygen-rich gravity current creating 
a mixed region and carrying it to the ignition source, and the 
ignition and propagation of an eventually turbulent explosion 
- constitute a backdraft (for reference see Defining the Difference 
Between Backdraft and Smoke Explosions). 

6.10 Fire Gas Ignition/Smoke Explosions. 

6.10.1 Conditions leading to a smoke explosion start like any 
other fire in a closed compartment with a minimal amount of 
ventilation openings provided by small cracks around ,vindo,vs, 
doors, and structural features (e.g., electrical outlets). 
Although the fire ,vill start like any other fire, there i insuffi­
cient air for the fire to reach flashover or break the windows 
during its development to provide an unimpeded air supply. 
This results in fire development becoming limited by the availa­
ble air supply ,vithin the compartment. Once most of the avail­
able oxygen in the compartment is consumed, flaming 
combustion ,vill cease and the fire ,vill transition to a smolder­
ing state, releasing a large amount of carbon monoxide and 
excess gaseous fuel. As the fire continues to smolder, the 
compartment will reach a "quasi-steady" condition with the 
combustion products being generated by the smoldering fire 
leaking out of the compartment and being replaced by oxygen­
rich air leaking back into the compartment belo,v the level of 
the neutral plane. 
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6.10.2 Unlike backdraft conditions, which require the crea­
tion of a new ventilation opening to allow oxygen-rich air to 
mix ,vith the fuel-rich gases within the compartment, a ne,v 
ventilation opening is not required for a smoke explosion to 
occur. Instead, the fuel-rich gases within the compartment ,vill 
mix with the available oxygen to create premixed conditions 
that require only a minimal amount of oxygen to elevate the 
mixture into its flammability range. There are a number of 
possible explanations for ho,v the fire may reach this condition: 
perhaps the fire is located far from the openings and has a 
difficult flo,v path to reach the seat of the fire, the fire could be 
located inside a small compartment within a larger compart­
ment thereby delaying air flow, or the fire could be located 
high in the compartment making it difficult for the cold 
oxygen-rich air to reach the seat of the fire. 

6.10.3 Regardless of the reason(s), the fire remains in a smol­
dering state with the oxygen level slowly rising as the oxygen­
rich air leaks into the compartment below the neutral plane to 
replace the mass of ft1el-rich gases leaking out above the 
neutral plane. Under the right conditions, the fuel-to-air 
mixture in the vicinity of the smoldering sot1rce can become 
ignited, and a smoke explosion occurs as a deflagration moves 
quickly through the premixed flammable mixture. Pressures 
generated by a smoke explosion may be significant enough to 
cause strt1cu1ral damage and loss of life within or immediately 
adjacent to the compartment (for reference see Defining the Differ­
ence Between Backdraft and Srnoke l!.xplosions). 

6.11 Fire Dynamics of Exterior Fires. 

6.11.1 Exterior fires can present a significant hazard if not 
addressed with early fire control. The flaming combustion of 
siding, sheathing, and insulation materials on the exterior 
surfaces of a structure can extend vertically and transition into 
the strt1ctural elements themselves or the interior of the struc­
ture through natural openings such as windo,vs, doors, and 
soffit vents. 

6.11.2 With the recent addition of rigid foam board to exteri­
ors of some buildings to increase the insulative per

f
ormance, 

significantly faster flame spread has been observed. In addition 
to the hazard of direct flame exposure, the heated smoke and 
tinburned pyrolyzates produced by the fire can follow natural 
intakes into the structure (i.e., soffits, overhangs, ,vindo,vs) 
where they collect in interior void paces presenting further 
hazards. Many of these structural openings (e.g., soffits) are 
designed to provide an avenue for passive ventilation into the 
attic space, and this ,vould not change in the event of a fire 
sitt1ation where hot smoke and fire gases wot1ld be drawn along 
that same path,vay. (For reference see UL FSRI Attic Fire Study.) 

6.11.3 Additional consideration should be given to commer­
cial and high-rise strt1ctt1res that inclt1de facades with rain­
screen-type cladding systems ( or similar). These cladding 
systems are typically composed from mt1ltiple pieces assembled 
together amongst vertical and horizontal gaps to provide ther­
mal transfer, passive ventilation, and moisu1re control within 
the structural components. These purpose-built gaps create 
hidden voids beneath the entire st1rface area of the facade and 
may provide avenue for fire and smoke pread ,vithin the 
StrllC ture. 

6.12 Fire Spread to Nearby Buildings (Exposures). The 
spread of fire from outside a compartment or structure to a 
nearby strt1cu1res can pose a potential risk to communities and 
fire services. This occurs ,vhen the exterior flame provides suffi-

cient heat flux to a nearby structure's exterior materials for 
pyrolysis to occur. If pyrolysis gases are of an ignitable mixture, 
they can be ignited by piloted ignition or autoignition if a suffi­
cient temperature is reached. The exposed structure's distance 
a,vay from the flame and exterior materials ,vill influence its 
risk of ignition. 

Chapter 7 Building Construction and Structural 
Considerations 

7.1 Scope. This chapter addresses information on building 
construction and structures and ho,v they interact ,vith fire. 

7.2 Purpose. The purpo e of this chapter is to provide build­
ing construction and structural performance information that 
may influence strategy and tactics for effective and safe fire­
fighting. 

7 .3 Application. The intent of this chapter is for fire-fighting 
personnel to conduct a proper assessment of the effect of the 
fire on building materials and building construction. 

7.4 General. 

7.4.1 Compartmentation. Compartmentation is the ability to 
contain a fire to an area to limit the gro,vth and spread of fire 
and smoke to other areas of a structure. Internal construction 
that provides limits to the amount of open spaces ,vithin a 
structure. The type of construction and the occupancy estab­
lishes the level of compartmentation and boundary propertie 
such as how the floor, wall, and ceilings are finished along with 
the thermal properties of those finishes. 

7.4.1.1 * The compartment size in terms of its area and height, 
the open volume of rooms, and geometry, uch as loped ceil­
ings ,vithin, all play a role in shaping the gro,vth in the size of a 
fire and the progress of the burning regime(s) to be encoun­
tered ,vithin the volume. 

7.4.1.2 ompartment size is a factor in determining fire 
spread within each type of construction. 

7.4.2* Finishes. Finishes are non-load-bearing materials that 
provide for the surface layer of an interior or exterior struc­
tural component. Finishes can range from highly combustible 
to noncombustible materials. Construction finishes can have a 
high ( thermally thick) or lo,v ( thermally thin) thermal mass, 
,vhich can affect the ability of a compartment to absorb and 
hold heat energy. This can affect the fire growth rate. 

7 .4.3 Protective Features. Part of the structural evaluation 
and the ability to contain or limit fire spread of a fully devel­
oped fire is an assessment of the protective features within the 
structure. Both passive (e.g., fire code dfY'vall, fire ,vall ) and 
active (e.g., sprinklers, stairwell pressurization systems) meth­
ods, and the role they might play in fire control and protecting 
life, property, and environmental exposures both internal and 
external to the compartment fire should be considered. 

7 .4.4 Fire Protection Systems. Fire alarm and suppression 
systems are designed to provide early notification, prevent or 
limit fire gro,vth, support intervention, and enhance occupant 
and fire fighter safety. Knowledge and understanding of these 
systems, in conjunction ,vith pre-emergency planning and fire 
prevention activities, are important components of conducting 
effective structural fire-fighting operations. 
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7.4.4.1 Fire Alarm Systems. A fire alarm ystem is a system or 
portion of a combination system that consists of components 
and circuits arranged to monitor and annunciate the status of 
fire alarm or st1pervisory signal initiating devices and to initiate 
the appropriate response to those signals. Fire alarm systems 
are designed to provide notification of alarm, st1pervisory, and 
trouble conditions, alert occupants, summon aid, and initiate 
emergency control functions. (See NFPA 72 far additional infar­
mation.) 

7.4.4.2 Fire Command Center. The fire command center is 
the principal attended or tinattended room or area where the 
status of the detection, alarm communications, control systems, 
and other emergency systems is displayed and from which the 
system(s) can be manually controlled. They are typically provi­
ded in high-rise or other complex bt1ildings. This area can be 
used as the incident command post for fire control operations. 

7 .4.4.2.1 Emergency Voice Communication System. Emer­
gency voice commt1nication systems are for the protection of 
life by indicating the existence of an emergency situation and 
communicating information necessary to facilitate an appropri­
ate response and action. The notification is often both audible 
and vist1al. 

7 .4.4.2.2 Fire Department Communication Systems. Fire 
department communication systems are usually found in high­
rise buildings where normal fire department radio connectivity 
could be impacted. These systems typically consist of nvo-,vay 
telephone type systems and are used to connect the incident 
commander with fire response teams deployed in a structure. 
As an alternative to the dedicated fire commt1nication system, a 
fire service radio signal enhancement system may be installed. 
One benefit of these systems is that fire fighters can tise radios 
they regularly use and are familiar with. 

7 .4.4.3 Fire Suppression Syste ms. 

7.4.4.3.1 Water-Based Systems. A ,vater-based suppression 
system is an integrated network of piping with water under 
pressure that allows water to be discharged immediately ,vhen a 
sprinkler head operates. It typically consists of a \<\Tater supply 
source(s), nenvork of piping, and sprinkler heads. Sprinkler 
systems are designed to provide early fire control or extinguish­
ment, helping to mitigate the hazards for occupants and fire 
fighters. The system is commonly activated by heat from a fire 
and discharges \<\Tater over the fire area. (See NFPA 13, 13R, and 
1 JD for additional information.) 

7.4.4.3.2 Non-Water-Based Suppression Syste ms. There are a 
number of special extinguishing systems that may be found 
within bt1ildings and strt1cu1res. They are designed to protect 
specific hazards, enclosures, or areas ,vithin a building. The 
method of these systems is to st1ppress the fire through any 
combination of cooling, displacement of oxygen, and inhibit­
ing the chemical chain reaction. (See NFPA 12 for additional 
information.) 

7.4.4.3.3 Sta ndpipe Systems. Standpipe systems are a series of 
fixed piping typically found in high-rise and larger building"S 
and storage areas. These systems connect a \<\Tater supply to 
hose connections located within the bt1ilding. They help elimi­
nate the need for long hose lays and are designed for the 
pt1rpose of mant1al fire-fighting operations by the fire depart­
ment or trained building occupants. (See NFPA 14 for additional 
information.) 
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7.4.4.3.4 Fire Department Connections. Fire department 
connection is a method for the fire department to supply 
either a primary or a secondary ,vater upply to standpipe 
systems or to supplement existing water supplies for fire sprin­
kler systems. Kno,vledge of the location and arrangement of 
fire department connections in advance of an emergency can 
facilitate more efficient and effective fire-fighting operations. 
The location can be visually identified on site by the appropri­
ate signage or special lighting. 

7 .4.5 Building Utilities. 

7.4.5.1 Electrical. Fire personnel must be a,vare of the elec­
trical hazards at all structure fires. Electric hazards should be 
assumed during all phase, e pecially during aerial and ground 
ladder placements. Modern services allow for secondary electri­
cal source to activate once primary sources fail or are discon­
nected. 

7.4.5.2 Fuel Gas. Gas (i.e., propane/natural gas) size-tip at 
structure fires should assume the presence of gas for cooking 
or heating. If the fire is gas fed - that is, the gas piping or 
appliance ,vas part of the ignition source and ultimately failed 
and is releasing gas into the fire - it is imperative to shut off 
gas supply before completely extinguishing. Water supply 
should be directed in a ,vay that does not extinguish fire exit­
ing from gas piping but to direct ,vater stream to extinguish the 
surrounding areas. 

7.4.6 Lightweight Construction. Lighnveight construction can 
present special hazards including the early failure of structural 
components and collapse. (For reference see NIOSH AT.J:i:R1� 
Preventing Injuries and Deaths of Fire Fighters due to 1russ System 
Failures.) 

7.5 Types of Construction. The five NFPA types of construc­
tion (fire re istive, noncombustible, heavy timber, ordinary, and 
wood frame) provide context for the assessment of fire propa­
gation ,vithin that type. Therefore, type of construction is a 
primary building factor to evaluate. 

7.5.1* Type I: Fire-Resistive Construction. These strt1ctures 
are classified as fire-resistive as all structural support members 
are protected ,vith a fire-rated assembly. Typically, these struc­
tures protect a large number of occupants. Examples of Type I 
construction include high-rise buildings, healthcare facilities, 
and parking garages. 

7.5.1.1 Type I Building Materials. Type I building materials 
are noncombustible materials. These materials can include 
steel, concrete, masonry, and glazings. 

7 .5.1.2 Components of Type I Construction. 

7.5.1.2.1 Common fire protection features may include the 
following: 

(1) Fire protection uppression systems, ,vhich include the
follo,ving:

(a) Dedicated ,vet pipe system, ,vhich is most common
(b) Clean agent, CO

2
, \<\Tater mist for server room/elec-

trical room applications, ,vhich are less common
(2) Common area interior finishes regulated for fire safety
( 3) Common area furnishings regulated for fire afety
( 4) No unprotected structural components (e.g., fire spray

protections of beams, intumescent paint)
(5) Monitored fire alarm system ,vith various detection

elements
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( 6) Fire-rated separations, assemblies, doors
(7) Fire pump rooms
(8) Standpipes

7.5.1.2.2 ommon life safety features may include the follo,v-
. 

rng: 

( 1 ) Travel distances 
(2) Signage
(3) Smoke control and evacuation
( 4) Emergency lighting
(5) Elevator recalls
(6) Stairwell presstrrization control

7 .5.1.2.3 Common Occupancies for Type I Construction. 

7.5.1.2.3.1* High-Rise. Stack effect is the movement of air 
into and out of buildings, chimneys, flue gas stacks, or other 
containers, restrlting from air btroyancy. Btroyancy occurs due 
to a difference in indoor-to-outdoor air density resulting from 
temperature and moisurre differences. The buoyant force 
creates differential pressures that can have significant impact 
on smoke, air, heat and flame (SAHF) movement and control. 
Stack effect is usually a ociated ,vith tall buildings due to the 
ntrmerous leakage paths, shafts and ductwork that are 
compounded by operational practices and occupant behavior 
when opening and failing to close doors. Stack effect can be 
used to great advantage in clearing stairwells during high-rise 
operations and even more so in winter conditions. 

. 

7 .5.1.2.3.2 Other Occupancies. Other common 
for Type I construction include the following: 

occupancies 

( 1) Hospitals
(2) Healthcare facilities
(3) 
(4) 
(5) 
(6) 

Indtrstrial facilities 
University facilities 
Newer commercial strt1cu1res 
Parking garages 

7.5.1.3 Green Construction Insulating Materials Considera­
tions for Type I Buildings. (Reserved) 

7.5.1.4 Vulnerabilities of Type I Buildings. Examples of Type 
I building vulnerabilitie include the following: 

( 1 ) Elevators to get to fire floor (high-rise) 
(2) Limited ladder truck access (high-rise)
(3) Fire cotrld be remote from building entry
( 4) Need controlled evacuation/movement of occupants
(5) Limited entrance and egress to fire floor
(6) MllSt rely on building fire protection and life afety

features ( command center, fire pump, sprinkler system,
standpipes)

(7) Complex ventilation issues (heat, smoke control, stratifi­
cation of smoke produced)

(8) Transport of personnel and eqtripment to upper floors
(weight, fatigue)

(9) Delay in response to fire area
(10) Wind-driven
( 11) Collapse zone should be considered (larger than other

types of construction)

7 .5.2 Type II: N oncomhustible Construction. Type II is simi­
lar to Type I constrtrction and can be considered to be 
noncombustible. Type II construction may contain protected 
strtrctural assemblies; however, unlike Type I, they can contain 
unprotected assemblies. Type II construction can be Type IIA 
or Type IIB. Type IIA is required to protect strtrctural assem-

blies ,vith a I-hour fire-resistance rating. The de igner or 
builder may use a few strategies to achieve the rating, but the 
most common method is an assembly utilizing gyp um board. 
Type II may have occupancies including educational, assembly, 
bllSiness, and so forth . 

7 .5.2.1 * Type II Building Materials. Type II building materials 
are noncombustible materials. These materials can incltrde 
steel, concrete, masonry, and glazings. Type II B construction 
utilizes a noncombllStible material to construct the structural 
components of a building. Examples ,vould be metal-bar joist 
trllSs, steel I-beams, cold form steel, and so forth. 

7.5.2.2 Components of Type II Constru.ction. 

7.5.2.2.1 Common fire protection features may include the 
follo,ving: 

(1) Fire protection suppression systems

(a) Dedicated ,vet pipe system, ,vhich is most common
(b) Clean agent, CO2 , ,vater mist for server room/ elec-

trical room applications, ,vhich are less common
(2) Common area interior finishes regulated for fire safety
(3) Common area furnishings regulated for fire safety
( 4) Monitored fire alarm ystem with various detection

elements
(5) Fire rated separations, assemblies, doors
(6) Fire pump rooms
(7) Standpipes

7.5.2.2.2 Common life safety features may include the follow-
. 

1ng: 

(1) Travel distances
(2) Signage
(3) Smoke control and evacuation
(4) Emergency lighting
(5) Elevator recalls
( 6) Stainve 11 pressurization control

7.5.2.2.3 ommon occupancies for Type II construction 
include the follo,ving: 

(1) Strip malls
(2) Mercantile
(3) Educational
( 4) Assembly
(5) Business
(6) Car dealerships

7.5.2.3 Green Construction and Insulatin g Materials Consider­
ations for Type II Buildings. (Reserved) 

7.5.2.4 Vulnerabilities of Type II Buildings. Types of Type IIB 
occtrpancies fire fighters ,vill encounter include box stores, 
strip malls, car dealerships, and so forth. In some cases., these 
occupancies may be protected ,vith active sprinkler protection, 
but in many occupancies there is no sprinkler protection lead­
ing to catastrophic collapse very early in the event. Fire fighters 
must use extreme caution in these tructure becallSe of the 
likelihood of early structural collapse due to the effect of heat 
on unprotected structural components. Examples of Type II 
building vulnerabilities include the follo,ving: 

(1) Large open-area floor plans, achieved by utilizing light­
weight truss construction

(2) Elevators to get to fire floor (e.g., elevated, but not full
high-rise)

(3) Limited aerial fire apparatus access
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( 4) Fire remote from building entry
(5) Need controlled evact1ation/movement of building

occupants
(6) Limited entrance and egress to fire floor
(7) Must rely on building fire protection and life safety

feau1res (e.g., command center, fire pump, sprinkler
system, standpipes)

(8) Complex ventilation issues (e.g., heat, smoke control,
stratification of smoke produced)

(9) Transport of personnel and equipment to upper floors
( e.g., ,veight, fatigue, dehydration)

(10) Delay in response to fire area
( 11) High ,vinds
(12) Collapse zone consideration

7.5.3* Type Ill: Ordinary Construction. Ordinary construc­
tion has a noncombustible exterior but the structural compo­
nents are combtistible. Most common Type III strt1cu1res have a 
masonry exterior enclosing a wood frame. As with Type II, 
there are occt1pancies that are designated as Type IIIA and 
Type IIIB. Consistent ,vith Type II, the Type IIIA has a I-hour 
rating, and Type IIIB is not required to protect the combustible 
structural components. 

7 .5.3.1 Type III Building Materials. Type III building materi­
als include noncombustible materials for exterior walls and can 
include combustible interior building elements. Exterior ,van

materials can include masonry and glazings. Interior building 
elements can include conventional or pre-engineered ,vood 
framing. Older strucu1res can have solid-sawn wood construc­
tion. 

7 .5.3.2 Components of Type III Construction. 

7.5.3.2.1 Common fire protection features may include the 
folloMng: 

(1) Sprinkler systems
(2) Fire alarm systems
(3) Higher rated separations (passive fire protection) in lieu

of active fire protection st1ch as sprinklers and fire alarm
systems in alternative construction

( 4) Common area interior finishes regulated for fire safety
(5) Common area furnishings regulated for fire safety
(6) Fire rated separations, assemblies, doors
(7) Fire pump rooms
(8) Standpipes

7.5.3.2.1.1 Fire protection constrt1ction requirements vary by 
local code for Type III construction. 

7 .5.3.2.2 Common life safety features may include the follo,v-
. 

1ng: 

( 1 ) Travel distances 
(2) Signage
(3) Emergency lighting
( 4) Elevators

7 .5.3.2.3 Common occupancies 
include the f ollo,ving: 

( 1 ) Residential 
(2) Mercantile
(3) 

(4) 

Mixed 1.ise
Strip malls 
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for Type III construction 

7.5.3.3 Green Construction Considerations for Type III Build-
•

mgs. 

7.5.3.3.1 Insulating M.aterials. (Reserved) 

7.5.3.3.2 Light-Weight Constru.ction. (Reserved) 

7.5.3.4 Vulnerabilities of Type III Buildings. Type III build­
ings may be protected ,vith active sprinkler protection but in 
many occupancies there is no sprinkler protection, leading to 
catastrophic collapse very early in the event. Fire fighters must 
use extreme caution in these structures because of the likeli­
hood of early structural collapse due to the effect of heat on 
unprotected structural components. Common vulnerabilities to 
Type III construction include the follo,ving: 

(1) Open floor plans, achieved by utilizing lightweight truss
construction

(2) Limited, unknown, or inconsi tent building fire protec-
tion and life safety features

(3) Ventilation issues (heat, smoke control)
( 4) Collapse zone consideration
(5) Fire spread to adjacent separated spaces within the build­

ing envelop through penetrations, unprotected openings,
interstitial spaces, and so forth

(6) When present, fire sprinkler systems for residential occu­
pancies might not provide coverage in concealed combus­
tible spaces, such as attics

7.5.4 Type IV: Heavy Timber. Type IV Construction has 
historically been associated Mth older large industrial sites. 
Constructed using unprotected heavy timber structural 
members and ,vide open floor plans, these structures are associ­
ated ,vith large fire events. These occupancies are commonly 
r�novated into mixed-use residential and mercantile occupan­
cies. 

7.5.4.1 * Type I
V 
Building Materials. Type IV building materi­

als include noncombustible materials for the exterior walls and 
interior building elements composed of solid or laminated 
wood Mthout concealed spaces. Older structure can have 
solid- a,vn ,vood construction. 

7.5.4.2 Components of Type IV Construction. 

7.5.4.2.1 Common fire protection features may include the 
following: 

(1) Sprinkler systems
(2) Fire alarm systems
(3) ommon area interior finishes regulated for fire safety
(4) Common area furnishings regulated for fire afety
(5) Fire rated separations, assemblies, doors
(6) Fire pump rooms
(7) Standpipe

7.5.4.2.1.1 Fire protection construction requirements vary by 
local code for Type IV construction. 

7.5.4.2.2 Common life safety features may include the follow­
ing: 

(1) Travel distances may not comply due to older structures
(2) Signage
(3) Emergency lighting
(4) Elevators
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7.5.4.2.3 Common occupancies for Type IV construction
inclt1de the following: 

( 1) Mixed-use residential and mercantile occupancies
( 2) Warehotise

7 .5.4.3 Green Construction and Insulating Material Considera­
tions for Type IV Buildings. (Reserved) 

7 .5.4.4 Vulnerabilities of Type I
V 
Buildings. Due to the open 

floor plans, heavy ft1el load, and combustible construction, 
Type IV buildings have been a challenge for many fire depart­
ments when involved with fire. Much of the current bt1ilding 
tock ,vas constructed over 100 years ago and is in various stages 

of occt1pancy. While constructed for industrial use, current 
structures are in use in a wide variety of occupancies, including 
residential as "loft" apartments or condos. Once a fire gains 
head�y in these structures, it can be a long night. Common 
vulnerabilities for Type IV constrt1ction include the following:

(1) Outdated or unmaintained fire protection features
( 2) Vacant structt1res, unmaintained
( 3) Prone to vandalism and large fires
( 4) Large open floorplans
(5) Prone to large long duration fire incidents due to heavy

timber
( 6) Concealed spaces, unknown compartmentation, and

interstitial spaces in renovated Type I\T buildings
(7) Collapse zones

7.5.5* Type V: Combustible Construction. The vast majority 
of Type \T construction is residential construction. Type V may 
be classified as VA or VB. Type VA is required to carry a I-hour 
fire-resistance rating. 

7 .5.5.1 Type V Building Materials. Type V building materials 
include structural elements, exterior walls, and interior ,valls 
composed of any materials, often combtistible. These materials 
often include conventional ,vood, glue laminated ,vood, pre­
engineered wood, and other lightweight systems. Older struc­
tures can have solid-sa,vn ,vood construction. 

7 .5.5.2 Components of Type V Construction. 

7.5.5.2.1 ommon fire protection features may include the 
following: 

( 1) Sprinkler systems
(2) Fire alarm systems
(3) No requirements for fire resistance of contents
( 4) Fire rated separations, assemblies, doors
(5) Fire pump rooms
(6) Standpipes

7.5.5.2.1.1 Fire protection construction reqt1irements vary by 
local code for Type V construction . 

7 .5.5.2.2 ommon life safety features may include the follo,v-
. 

rng: 

( 1 ) Travel distances 
(2) Signage
(3) Emergency lighting
( 4) Elevators

7 .5.5.2.3 Common occt1pancies for Type V construction 
include the follo,ving: 

( 1 ) Single-family and two-family dwellings 
(2) Multi-family, business, or assisted living facilities

7.5.5.3 Green Construction and Insulating Material Considera­
tions for Type V Buildings. (Reserved) 

7.5.5.4 Vulnerabilities of Type V Buildings. Fire fighters can 
begin to assess the presence of Type V building construction 
based upon the occupancy of the structure. Even if the struc­
ture has a I-hour rating, caution should be exercised due to 
the large amount of concealed spaces. These spaces may poten­
tially conceal fire, unburnt fuel, and fire extension. Opening 
these spaces can have explosive results as the super-heated 
gases mix ,vith the ne,vly available oxygen. Common vulnerabil­
ities for Type V construction include the following: 

( 1) No enforceable fire code in private residences
(2) Vacant/abandoned structures, unmaintained, prone to

vandalism
(3) Fire gro,vth can be rapid over non-rated contents
( 4) Collapse zones
(5) Highest frequency of accidental fires within this construc­

tion type ( cooking, smoking, etc.), ,vhich can lead to
increased fire fighter injuries

(6) When present, fire sprinkler systems for residential occu­
pancies might not provide coverage in concealed combus­
tible spaces, such as attics

7 .6 Special Structures or Occupancies. Some structures ,vhere 
fires ,vill occur cannot be classified within the context of build­
ing type as defined by the building code or pre ent unique 
vulnerabilities due to life safety or internal process. Example 
of these type of structures that might require special consider­
ation and planning for fire-fighting activities include the follow­
ing: 

(1) Industrial settings
(2) Silos
(3) Underground buildings and occupancies; below grade
(4) Limited-access structures
(5) Theaters
( 6) Churches
(7) Indt1strial facilities, such as power plants
(8) Special amusement buildings
(9) Piers and water-surrounded structures

7. 7 Emerging Building Features. Emerging building feature
may inhibit fire-fighting operations due to the presence of a
ne,v featt1re (e.g., one that emits energy, increases a load, or
creates an obstruction).

7. 7 .1 Photovoltaic. An often-used green initiative is photovol­
taic (PV) solar panels to generate electrical power. A PV system
typically includes the PV module (array) that generates electric
direct current from the sun' energy, inverter that convert
direct current to alternating current, and disconnects that
isolate the PV module (array) from the building's electrical
circuitry conduit. The system may include an electric storage
device (batteries) to store the solar-generated electricity. Even
if the PV system is disconnected, a PV module ,vill al,vays gener­
ate electricity ,vhen the sun shines. Therefore, the units will
almost al,vays contain energy and can present a significant elec­
tric shock hazard to fire fighters hould a fire occur.

7. 7.1.1 In addition to the shock hazard, a PV ystem pose
other safety considerations. Structural collapse is a concern due
to the added weight from the system, especially when structural
elements experience fire conditions. The PV panels and ystem
components can be combustible and add fuel to a fire, and the 
PV system can also provide an ignition source. 
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7.7.1.2 Solar po,ver installations can obstruct access for fire­
fighting �ctivities, including vertical ventilation and stretching
of ho e lines, there by reducing the effectiveness of suppression 
operations. Strong building code adoption and enforcement 
can address structural load requirements and proper installa­
tion of the PV system. Fire department standard operating 
procedures (SOPs) or standard operating guidelines (SOGs) 
should be in place to clarify response strategies and tactics. 
Identifying and preplanning such installations are also essential 
components of effective response. 

7.7.1.3 The rapidly growing solar indtistry throt1ghout North 
America and much of the ,vorld increases the potential for a 
fire department response to a building fire containing a photo­
voltaic system. These systems present safety hazards and tactical 
issues to the responding department. 

7. 7 .1.4 The following are the three types of photovoltaic 
systems: 

( 1) Stand-alone. A stand-alone photovoltaic system is not
connected to po,ver grid. It may contain solar panels,
batteries, combiner boxes, charge controls, and inverters.

(2) Grid interactive. A grid interactive photovoltaic system is
connected to the grid and may contain solar panels,
combiner boxes, charge controls, and inverters.

(3) Hybrid. A hybrid photovoltaic system is a grid interactive
system containing batteries.

7.7.1.5 Photovoltaic systems present a variety of safety hazards, 
including the following, to fire fighters dt1ring and after fire 
control operations: 

( 1) Shock hazard due to direct contact with energized
components of  the system during fire control operations

(2) Shock hazard from water from fire control operations
(3) Shock hazard after fire control operations
( 4) Collapse hazard due to weakening of structt1re members
(5) Tactical issues to fire fighter during fire control from

photovoltaic systems connected to and located on build­
ings

( 6) \1ertical ventilation issues
(7) Hose stream application
(8) Overhat1l isst1es
(9) Shielded fires

7. 7 .2 Energy Storage Systems. The following are examples of
energy storage systems:

(1) Battery systems
(2) Hydrogen generators

7.7.3 Vegetative Roof. Another popular green initiative is a 
vegetative, or green, roof on a building to reduce the carbon 
footprint and improve inst1lation. Green roofs typically consist 
of a gro,vth medium on top of a root barrier, drainage and 
water-retention layers, and a waterproof base. Foliage is planted 
in the growth medium. A green roof reduces building energy 
const1mption, and the overall positive effect to the environ­
ment is unquestioned. 

7.7.3.1 A properly designed and well-maintained green roof 
can actually reduce the threat of a roof fire, since a green roof 
system contains a large amount of aggregate material that is 
not combustible. However, a green roof can pose potential risks 
to the building i tself or neighboring buildings if it is not 
designed and maintained properly. A vegetative roof can accu­
mulate dead or dry plantings that provide a highly combustible 
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fuel source that can cause a fire to spread ,vithin the building 
or to adjacent bt1ildings. 

7. 7.3.2 Other risks include roof collapse if the underlying
structure experiences the effects of fire, possibly enhanced by
the saturation of the growth medium from fire streams or a
malfunctioning drainage system. Additionally, green roofs may
affect fire department access and hinder standard fire-fighting
operations, including ventilation and deployment.

Chapter 8 Fire-Fighting Protective Clothing and Equipment 
Characteristics and Limitations 

8.1 Scope. This chapter addresses protection characteristic 
and limitation of fire-fighting protective clothing and equip­
ment ,vhen exposed to products of combustion. 

8.2* Purpose. The purpose of this chapter is to provide infor­
mation to fire-fighting personnel on the limitations during 
exposure to products of combustion of the equipment to make 
effective and safe fire-fighting decisions. 

8.3 Application. The intent of this chapter is for fire-fighting 
per onnel to have a good ,vorking kno,vledge of the limitations 
of fire-fighting gear and equipment used during interior fire­
fighting operations on a tructure fire. 

8.4 Thermal Testing Requirements for Fire Fighter Protective 
Clothing and Equipment. The criteria for thermal limitation, 
time exposed, and test method is compiled from the most 
cu�rent edition of the applicable tandard at the time of publi­
cation. The fire fighter should be a,vare of  these minimum 
requirements and how their equipment is tested as it  compares 
to their ,vork environment. Additionally, tandards are continu­
ally evolving, and gear and equipment can be used that is 
te ted to different criteria or no criteria. (See 1abk 8.4.)

8.5 Fire-fighting Protective Clothing (NFPA 1971). 

8.5.1 NFPA 1971 specifies the minimum design, performance, 
testing, and certification requirements for structural fire­
fighting protective ensembles and ensemble elements that 
include garments ( coats, trousers, and coveralls), helmets, 
gloves, foonvear, and interface components (hoods). 

8.5.2 The purpose of NFPA 1971 is to establish minimum 
levels of protection for fire-fighting personnel assigned to fire 
department operations including but not limited to structural 
fire fighting, proximity fire fighting, rescue, emergency medi­
cal, and other emergency first responder functions. To accom­

�lish this, NFPA 1971 establishes the minimum requirements
for structural fire fighting protective ensembles and ensemble 
elements de igned to provide fire-fighting personnel limited 
protection from thermal, physical, environmental, and blood­
borne pathogen hazards encountered during structural fire­
fighting operations. 

8.5.3 For the needs of NFPA 1700, only the thermal perform­
ance re_quirements and test methods for structural fire-fighting
protective ensembles ,vill be included in this summary. 
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Table 8.4 Thermal Testing Requirements for Fire Fighter Protective Clothing and Equipment 

Fire-fighting Gear and Equipment Thermal Limitations Time Exposed Standard Test Method 
(NFPA Reference Standard-Edition) 

I-Ielmet flaps (1971-2018) 500°F (260°C) 5 minutes 1-Ieat and thermal shrinkage resistance -
convective oven 

7 .. 39 Btu/ft2 (84 kW/m2) Minimttm TPP -20 I Thermal protective performance (TPP) test 
Open flame 12 to 15 seconds I Flame resistance test-Bunsen burner 

Face shield and goggle co mponents Open flame 15 seconds Flame resistance test-Bunsen burner 
(1971-2018) 

Ielmet (1971-2018) Open flame 15 seconds I Flame resistance -Bunsen bttrner
Open flame and 60 seconds followed by Bunsen Burner and radiative source 

0.88 Btu/ft2 (10 kW/m2) 15 seconds 

I-Iood (1971-2018) 500°F (260°C) 5 minutes 1-Ieat and thermal shrinkage resistance -
convective oven 

7 .. 39 Btu/ft2 (84 kW/m2) Minimttm TPP -20 I Thermal protective performance (TPP) test 
Open flame 12 to 15 seconds I Flame resistance test-Bunsen burner

Protective coat and trousers (1971- 500°F (260°C) 5 minutes 1-Ieat and thermal shrinkage resistance -
2018) convective oven 

7.39 Btu/ft2 (84 kW/m2) Minimum TPP -35 I Thermal protective performance (TPP) test 
Open flame 12 to 15 seconds I Flame resistance test-Bunsen burner 

Gloves (1971-2018) 500°F (260°C) 5 minutes 1-Ieat and thermal shrinkage resistance -
convective oven 

Open flame 12 to 15 seconds I Flame resistance test-Bunsen burner 

Boots (1971-2018) 500°F (260°C) 5 minutes I eat and thermal shrinkage resistance -
convective oven 

Open flame 12 seconds Flame resistance test-he ptane fueled pan 
fire 

Station/work uniform (1975-2019) 500°F (260°C) 10 minutes -hot air Iieat and thermal shrinkage resistance -
circulating convective oven 

510°F (265°C) 10 seconds -flame Thermal stability (sticking) -convective oven 
resistance test 3 in. x 

12 in. rectangle 
speomen 

Exists in ASTM D6413/ 12 seconds Direct flame -flame resistance of  textiles 
D6413M (vertical test) 

SCBA ensemble (1981-2019) 350°F (177°C) 15 minutes I Environmental test
Oven test 500°F (260°C) 5 minutes I Oven test -complete SCBA 
Precondition at 1500°F- 5 minute oven test Elevated te mperature test-co mplete SCBA 

2102°F (815°C-1150° C) 
followed by open flame 

contact 
Open flame 10 seconds I 

SCBA facepiece (1981-2019) Precondition at 203°F 15 minutes I eat and flame test 
(95°C) followed by o pen 

flame contact 
Open flame 10 seconds I 

500°F (260°C) 5 minutes I Elevated heat and flame resistance test 
1.32 Btu/ft2 (15 kW/m2) 5 minutes I Radiant heat test panel 

Pass devices (1982-2018) 350°F (177°C) oven test 15 minutes 1-Ieat and immersion resistance test
500°F (260°C) oven test 5 minutes I 1-Iigh-temp functionality test 
Precondition at 203°F 15 minutes 1-Ieat and flame resistance test

(95°C) oven test 
followed by 1500°F-

2102° F (815° C-1150°C) 
Open flame 10 seconds I 

Thermal imagers (1801-2018) 203°F (95°C) 15 minutes 1-Ieat and flame test
Open flame 10 seconds I 

500°F (260°C) 5 minutes I 1-Ieat resistance test

(continues) 
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Table 8.4 Cuminued 

Fire-fighting Gear and Equipment Thermal limitations Time Exposed Standard Test Method 
(NFPA Reference Standard-Edition) 

Escape ropes (1983-2017) 752°F ( 400°C) 5 minutes 300 lb Elevated temperature rope test 
(136 kg) dead load 

1112°F ( 600°C) 45 seconds 300 lb Elevated temperature rope test 
(136 kg) dead load 

I-lose* (1961-2020) 500°F (260° 

) 5 minutes L-19 hot block test
158°F (70° C) 96 hours Oven aging test 
-4 °F (-20°C) 24 hours Cold bending and flexibility test 

ozzles (1964-2018) 135°F (57°C) and 24 hours I ot conditioning then function test 
-25°F (-32° C)

Cold conditioning then function test and 
rough-handling tests 

Ladders (1931-2020) At 300°F ( 149°C ) /A Pass all of the tests ,.vhile maintaining 75% 
strength 

*The NFPA Technical ommittee is currently investigating changes to the thermal protection requirement':> for fire hose.

8.5.4 NFPA 1971 requires the structural fire-fighting protec­
tive ensemble components to pass dozens of tests. Depending 
on the component, three to five of the te ts are to ensure that 
the thermal reqt1irements of the standard are met. These tests 
include thermal protective performance (TPP), flame resist­
ance, heat/thermal resistance, conductive heat resistance, radi­
ative heat resistance, total heat loss, and thread melting. Each 
of the types of components, garments, helmets, gloves, and 
interface garments have different test methods and require­
ments. In this section, a brief summary of the key test methods, 
and pass/fail criteria ,vill be provided. The purpo e is to 
consolidate and list the test conditions for consideration with 
conditions that could be generated by a fire. For complete 
details on each test method, please refer to NFPA 1971. 

8.5.4.1 Thermal Protective Performance (TPP) Test. 

8.5.4.1.1 Protective garment elements, st1ch as turnout coat 
and pants, are composed of an outer shell, moisture barrier, 
and thermal barrier. This composite system of materials should 
be tested for thermal insulation capabilities with the TPP test 
and shot1ld have an average TPP of not less than 35. Helmet 
ear covers, hoods, and other interfaces should have an average 
TPP of not less than 20. 

8.5.4.1.2 The test uses an exposure heat flux of 7.39 Btu/ft2

(84 kW /m2). This heat flux is intended to be representative of 
the thermal energy present in a flashover. It shot1ld be noted 
that this is a harsh exposure and does not represent conditions 
in which fire fighters are intended to work. It meast1res the 
ability of the composite to provide a fe,v seconds to escape 
from st1ch an exposure. It should also be understood that 
although the heat flux used in this test is severe, this is a labora­
tory test and fire fighters can encounter conditions that are 
even more severe. Heat fluxes due to direct flame contact have 
been measured in the range of 5.28 Btu/ft2 (60 kW/m2) to
14.96 Btu/ft2 (170 kW/m2 ).

8.5.4.2 Flame Resistance Test. 

8.5.4.2.1 Helmets, gloves, garment ot1ter shells, moisture 
barriers, thermal barriers, collar linings, winter liners ,vhere 
provided, drag rescue devices (DRDs), trim, lettering, and 
other materials used in garment con truction including, but 
not limited to, padding, reinforcement, interfacing, binding, 
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hanger loops, emblems, and patches should be individually 
tested for resistance to flame. Basically the materials are 
exposed to the open, pre-mixed flame from a small laboratory 
burner (flame height approximately 2 in . (51 mm) and a flame 
temperature of approximately 2192 °F + l 80° F ( 1200 °

+ l00° C). The item to be tested is exposed to the flame for
approximately 12 to 15 seconds. After that exposure, garment
materials should not have a char length of more than 4 in .
(100 mm), should not have an afterflame of more than
2.0 seconds, and should not melt or drip. Helmets have limits
on the amount of distortion acceptable after expo ure and are
allo,ved up to 5 seconds for afterflame or glow. In one of the
helmet flame resistance tests, the top of the helmet is exposed
to a radiant heat flux of .88 Btu/ft2 (10 kW/m2 ) for 60 seconds
before the flame is applied.

8.5.4.2.2 The flame resistance test for foonvear is a different 
exposure. The footwear are exposed to the flame from a 
heptane fueled pan fire sized 12 in. x 18 in. (30.48 cm x 
45. 72 cm) for 12 seconds. The foonvear should not have an
afterflame of more than 5 seconds, should not melt or drip,
and should not exhibit any burn-through in order to pass the
test.

8.5.4.3 Heat and Thermal Shrinkage Resistance Test. 

8.5.4.3.1 Helmets, gloves, interfaces and garment outer shells, 
moisture barriers, thermal barriers, collar linings, winter liners 
,vhere provided, DRDs, trim, lettering, and other materials 
used in garment construction, including, but not limited to, 
padding, reinforcement, label , interfacing, binding, hanger 
loops, emblems, or patches, but excluding elastic and hook and 
pile fasteners ,vhere these items are placed so that they ,vill not 
directly contact the wearer' body, should be individually tested 
for resistance to heat not shrink more than 8 percent to 
10 percent in any direction and should not melt, separate, or 
ignite. 

8.5.4.3.2 Samples are placed inside of an oven and exposed to 
260 ° C, +6/-0° C (500 °F, +l0/-0 °F) for 5 minutes. 

8.5.4.4 Conductive and Compressive Heat Resistance (CCHR) 
Test. The garment composite from the shoulder areas and the 
knee areas should be tested for resistance to heat transfer. 
Eight-inch squares of the garment composite layers should be 
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conditioned for both "wet" and "dry" testing. Specimens should 
be tested tising an exposure temperau1re of 536°F, +5/-0°F
(280°C, +3/-0 °C). At time "zero" the sensor and specimen are
placed in direct contact with the exposure surface and under 
the appropriate pressure, 2 psi (0.13 bar) for the shoulder or 
8 psi (0.55 bar) for the knee. A determination should be made 
if the time to second degree burn is equal to or exceeds 
25 seconds. Specimens showing a second degree bt1rn time that 
is equal to or greater than 25 seconds are considered as having 
passing performance. Specimens that have a second degree 
burn time that is less than 25 seconds are considered as having 
failing performance. 

8.5.4.5 Thread Melting Test. All sewing thread utilized in the 
construction of garments, DRDs, helmets, boots, and interface 
components (hoods and wristlets) should be tested for resist­
ance to melting and should not melt at or belo,v 500°F
(260°C).

8.5.4.6 Conductive Heat Resistance Test. Gloves and footwear 
are required to pass versions on the conductive heat resistance 
test so that when the fire fighter is in contact with a hot st1rface 
,vith a temperature of 500°F, +l0/-0°F (260°C, +6/-0°C), ,vith
pressure of 0.5 psi + 0.05 psi (0.034 bar + 0.003 bar) or 2 psi 
+ 0.2 psi (0.13 bar + 001 bar), the heat transfer is slo,ved do,vn
so that a second-degree burn will not occur in less than
10 seconds and have a pain time of not less than 6 seconds. For
footwear, the sole of the boot is placed on the hot plate for
20 minutes. During that period, temperature of the insole
st1rface in contact with the foot should not exceed l l l°F
( 44°C).

8.5.4. 7 Radiant Heat Resistance Test. 

8.5.4.7.1 The footwear is exposed to 0.88 Btu/ft2 (10 kW /m2 )

from a radiant panel for 30 seconds. During the test period, 
the upper surface in contact with the skin should not exceed 
lll°F (44°C).

8.5.4.7.2 Based on the tests that the PPE must pass, the gear is 
intended to survive temperatures of at least 500°F (260°C) for
5 mint1tes. However, this short overview shows that the struc­
tural ensemble is tested for protecting the fire fighters from 
short duration (seconds) expost1res to flame and hot surfaces. 
Second degree burns to the skin can occur ,vhen the skin 
temperature reaches 135°F (57°C).

8.6 Station/Wo rk Uniform (NFPA 1975). 

8.6.1 Minimt1m thermal requirements (4 in. x 4 in. (100 mm x 
100 mm) square sample) are as follows: 

( 1) 500 °F (260°C) for 10 mint1tes - hot air circulating ther­
mal resistance 

(2) 510 °F (265°C) - thermal stability
(3) 500 °F (260°C) for 10 minutes - flame resistance test

3 in. x 12 in. (76 mm x 305 mm) rectangle specimen 

8.6.2 Thermal stability test samples are placed between 4 in. x 
4 in. (100 mm x 100 mm) glass plates and are placed in a 
convective oven at 510°F (265 °C). Samples are removed and
allo,ved to cool. Glass plates are lifted from the sample to test 
for any sticking of material to plates. 

8.7 SCBA and SCBA Face Pieces (NFPA 1981). Equipment 
produced to previous edition of the standard (before 2013) 
were tested to a lower thermal exposure. 

8. 7 .1 Heat and Flame Resistance Test. The SCBA facepiece is
mounted on a headform and placed in a convection oven at
203°F (95° ) for 15 minutes, ,vhile breathing is simulated at a
ventilation rate of 10.6 g/min ( 40 L/min). After the headform 
is removed from the oven, the breathing rate is increased to 
27.2 g/min (103 L/min) and the mask is exposed to direct 
flame contact at a temperature of 1500°F to 2102°F (815°C to
l 150° C) for 10 seconds. Immediately following the direct flame
exposure, the S BA and mannequin are dropped 5.9 in. 
(150 mm). During the test, no components of the SCBA may 
fail or separate from the assembly, no afterflame can be 
sustained longer than 2.2 seconds, and positive pressure must 
be maintained ,vithin the facepiece throughout the test. In 
addition, the lens cannot incur damage that obscures visual 
acuity belo,v 20/100. 

8. 7.2 Elevated Heat and Flame Resistance Test. This test
introduces the SCBA facepiece and breathing mannequin
ensemble into a convection oven at 500°F (260° ) for
5 minutes prior to direct flame contact for 10 seconds and a 
vertical drop test. Any loss of positive pressure during the test 
results in a failure. 

8. 7.3 Lens Radiant Heat Test. SCBA facepieces, mounted on
a headform, are exposed to a constant heat flux of 1.32 Btu/ft2

(15 kW/m2) for 5 minutes. After 5 minutes of exposure, the 
radiant ource is removed and the headform is dropped 5.9 in. 
(150 mm). The facepiece is required to maintain a positive 
pressure air supply ,vithin certain limits for a total of 
24 minutes. Any loss of positive pressure during the test results 
in a failure. 

8.8 Integrated and Stand.,alone PASS (NFPA 1982). Minimum 
thermal performance requirements necessitates both integra­
ted and stand-alone PASS devices. 

8.8.1 High Temperature Functionality Test. This test introdu­
ces the complete PASS device into a test convective oven at 
500°F (260° ) for 5 minutes. Follo,ving the 5 minute exposure,
the PASS device should be tested to ensure it functions as 
designed. 

8.8.2 Heat and Flame Test. This test exposes the complete 
PASS device assembly to direct flame contact for 10 seconds. 
The flame temperature should be measured to insure the 
flame temperature falls within the range of 1500°F to 2101 °F
(815°C to 1150° ) . The direct flame contact occur immedi­
ately after the pass device assembly has been preconditioned at 
203 °F (95 ° ) for 15 minute in a convection oven.

8.9 Thermal Imager - TIC (NFPA 1801). See 8.8.2, "Heat
and Flame Test" (203°F (95°C) convective oven for 15 minutes
follo,ved by 10 second direct flame contact) and 8.7.2, ''Eleva­
ted Heat and Flame Resistance Te t" (convection oven at 500°F
(260°C) for 5 minutes).

8.10 Elevated Temperature Rope Test (NFPA 1983). One of 
the ends of the rope is attached to a load cell and the other to 
a constant 300 lb (136 kg) load that is applied to the rope 
throughout the duration of the te t (after an initial stabiliza­
tion period - ,vithin 5 seconds). A thermocouple is attached 
to the rope at the location ,vhere the maximum temperature i 
expected. After the rope is passed into the furnace [held at 
+41 °F ( +5°C) of set temperature], the exposure time begin
when the thermocouple temperature increases by 10 percent. 
Failure is determined ,vhen the load cell reading [initially at 
300 lb ( 136 kg)] drops to zero when the rope separates. One or 
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more specimens failing this test results in a failing perform­
ance. 

8.11 RIT Bag. While no standards exist for RIT kits, fire 
department personnel should have a ,vorking knowledge of the 
minimal thermal performance of RIT parts, inclt1ding bag, 
escape rope, cylinder, hoses, regulator, spare facepiece, and 
related equipment. Examples of these items can be found 
throughout this chapter. 

8.12 Flashlight. While no standards exist for fire service flash­
lights, fire department personnel should have a working knowl­
edge of the minimum thermal limits of the flashlight shell, lens 
gasket, and electronics. 

8.13 Nozzles (NFPA 1964). Minimt1m thermal testing require­
ments are as follows: 

(1) The operational temperau1re range of the nozzles is
tested. The nozzle should be capable of operation after
storage in high temperatures of 135° F (57° C) and after
storage in low temperatures, with a dry nozzle, of -25°F
(-32° C) for 24 hot1rs. After the expost1re, the nozzle
should be able to meet the operational control require­
ments and be free of any cracks or broken sections.

(2) There is another thermal test for nozzles ,vith nonmetal­
lic components, other than rubber gaskets where a nozzle
connects to a hose line. They are subjected to the air-oven
aging test. The air-oven aging test exposes the nozzles to
158°F (70° C) for 180 days and then allowed to cool at
least 24 hot1rs in air at 74°F (23° C) at 50 percent relative
humidity. After the oven exposure and cool do,vn, the
nozzles mtist meet the rot1gh usage requirements of this
standard and be free of cracking or crazing.

8.14 Hose (NFPA 1961). Minimum thermal requirements are 
as follows: 

(l)* S00°F (260° C) for 5 minutes Ulrl9 hot block test 
(2) 158°F (70° C) for 96 hours oven test
(3) -4°F (-20° C) for 24 hours cold box test

8.15 Ladders (NFPA 1931). Minimal thermal requirements at 
300° F (l 49 ° C) mtist retain 75 percent of the strength necessary 
to pass all test requirements. 

Chapter 9 Strategic Considerations 

9.1 Scope. This chapter addresses the sot1rces of information 
that can be utilized to initiate strategic decisions. 

9.2 Purpose. The purpose of this chapter is to provide key 
variables in the development and assessment of structural fire­
fighting strategies. 

9.3 Application. The intent of this chapter is for fire-fighting 
personnel to condt1ct initial and ongoing assessments to 
choose an initial strategy and evaluate the effectiveness of the 
current strategy. 

9.4 Pre-Arrival Factors. Pre-arrival factors form the basis of 
the initial incident strategy and should be continually re­
evaluated during an incident. 

9.4.1 Existing Reference Materials. Materials st1ch as pre­
incident plans and maps should be developed per NFPA 1620, 
providing information regarding the strucu1re, its contents, 
and occupancy. 
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9.4.2 CAD Resources. This information may give the officer 
details on resources, amount, estimated on-scene time, arrival 
order, dispatched occupancy type, and pre-existing structural 
hazards. 

9.4.3 Weather Conditions. Adverse conditions such as wind 
and precipitation should be considered. 

9.4.4 Occupancy Status. The occupancy status includes 
specific factors associated ,vi.th the occupancy as it concerns life 
safety, building types, and fire loads. 

9.4.5 Time of Day. Effects on operations such as visibility, 
night-time operation, occupant status, and effects on re ponse 
times may be considered. 

9.5 Initial Arrival Factors. 

9.5.1 The initial fire control strategy should be assessed 
throt1gh evaluation of overall conditions upon arrival. 

9.5.2 Initial arrival factors should include considerations of 
the follo,ving: 

(1) Bystander/witness statements
(2) Access concerns on the property
(3) Building height, size, and stability
( 4) Occupancy type
(5) Constrt1ction type
(6) Wind direction relative to the building location and

configuration
(7) Fire location, size, extent
(8) Civilian and fire fighter life safety
(9) Suspected direction of fire and smoke travel ,vithin the

structure (flo,v path)
(10) Smoke and fire exposures exterior to the structure
(11) Presence and status of fixed fire protection systems
(12) Fire fighter safety building marking ystems
( 13) Resources available

9.5.3 Upon arrival at an incident, fire fighters and officers will 
need to take into account all the pre-arrival factors and then 
combine those ,vith the on-scene factors. These on-scene 
factors are the observations and kno,vledge of the incident 
scene that help assist in determining the incident strategy. 
Arriving fire fighters and officers should identify the mo t 
significant incident factors. 

9.6 360-Degree Survey. 

9.6.1 A visual assessment of all four sides of the structure look­
ing at smoke conditions, fire conditions, openings, and person­
nel hazards is essential to assessing the fire dynamics occurring 
,vithin the building to the extent practicable. 

9.6.2 Information obtained during the 360-degree survey 
should challenge and verify the initial arriving A-side size-tip. 
This may involve a change in strategy from offensive to defen­
sive or from defensive to offensive. Changing conditions hould 
initiate a reassessment of strategy decision. 

9.6.3 The use of a 360-degree survey of a structure fire is 
extremely important concerning the possible location of occu­
pants, fire dynamics, and cre,v safetyinformation. The exterior 
survey should provide essential data to develop an incident 
action plan. 

9.6.4 A 360-degree survey should be focused on the protec­
tion of all occupants in conjunction ,vi.th controlling the fire 
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and mainta1n1ng the tenability of the likely avenues of exit 
from the bt1ilding by occt1pants. 

9.6.5 Considerations should include the following: 

( 1) Number of stories A and C sides
(2) Verify basement type (finished or unfinished) and

consider the follo,ving factors:

(a) Type of windows
(b) Likelihood of occupancy

(3) Presence of occt1pant escape systems
(4) Utilities, including the follo,ving:

(a) Electrical drops
(b) Fuel gas tanks
( c) Natural gas service (location of shutoff)

( 5) Pre-existing tructural hazards
( 6) Hazardous grade changes
(7) Roof type and construction
(8) Presence of fire protection features (hydrants, FDC, fire

pump, etc.)

9.6.6 If available and appropriate, a thermal imager (TI) is a 
valuable tool and should be tised dt1ring the initial 360-degree 
size-up to assist in determining fire location and extension. 

9.7 Assessment of Fire Dynamics to Determine Strategy. 
Factors observed from the exterior of the structure should be 
used for the determination of interior conditions. 

9.7.1 Smoke and Fire Conditions. Specific evaluation of 
smoke, air, flame, and heat conditions isst1ing from an opening 
can be made by observing volume, speed/velocity, optical 
density, and color. Fires that have become ventilation-limited 
may present ,vith little to no smoke showing from the exterior 
when initial companies arrive on scene. Members on scene 
should continually evaluate smoke production and characteris­
tics throt1ghout the cot1rse of the incident and make tactical 
adjustments as needed based on changing or deteriorating 
conditions. Smoke and fire conditions can assist in locating the 
source of the fire. 

9.7.2 Fuel Load. An increased fuel load in a structure may 
cause higher heat release rates and longer burn times. Fuel 
packages may be arranged closer to structural elements, result­
ing in larger threat of strt1ctural involvement in the fire. 
Comparison should be made of the fuel load vs. the available 
water application. 

9.7.3 Openings . Openings can inclt1de windows, doors, 
garage/roll-up doors, skylights, gable/ridge vents, and any 
other similar opening designed into the bt1ilding. Fire condi­
tions can further create additional openings as a result of 
burned-throt1gh sections of the roof or walls or the breaching 
of Mndo,vs and doors by a developing fire. Openings may be 
exhausting smoke and/ or fire conditions to the exterior, may 
be serving as air inlets for exhaust openings in other portions 
of the building, or may be doing both as the pressure inside 
the building naturally seeks equilibrium due to the developing 
fire. 

9. 7 .4 Assessing Flow Path. The flow path is the route by which
the flo,v of gases, including air and fire gases, move from high
pressure to low pressure. Initial arriving companies need to
evaluate all existing openings in the building to develop an
acct1rate ventilation profile for the early stages of the incident
prior to determination of strategy. Flo,v path assessment should
inclt1de an evaluation of the neutral plane relative to the size

and physical position of the opening in relation to the fire loca­
tion. Another consideration should include the direction of 
flo,v ,vithin each opening. Opening of doors and ,vindo,vs for 
the purposes of fire fighter entry can affect the flow path and 
should be considered. Some things to consider ,vhen asse . ing 
the flo,v path are the type of flo,v (i.e., unidirectional, bidirec­
tional, or dynamic) and the characteristics of the flo,v (i.e., 
height ,vithin the boundaries of a compartment or at an open­
ing, the degree of turbulence and its direction, velocity, and 
shape). 

9.7.5 Weather Conditions. The impact of Mnd on a fire 
should be considered. Wind speeds of 10 mph or greater may 
cause a high pressure in one area of the building and lower 
pressures in others. This pressure difference can affect the 
ventilation profile. Consideration should be given to tempera­
ture and its influence on stack effect. 

9. 7.6 Accessibility of the Structure. Initial arriving units
should determine accessibility to the structure and its
surroundings. Consideration should be given to the ability to
position apparatus to allo,v for the use of tools and equipment
effectively. Con ideration should be given to the ability of cre,v
to access the structure via foot and ground ladders.

9. 7. 7 Fire Progression. Based upon the 360-degree survey,
identify the fire's suspected direction of travel or potential
directions of travel. Consider dynamic events such as change
in ventilation and application of cooling, ,vhich may affect the
path of travel. What is the current perimeter of the fire, and
,vhere is it spreading?

9. 7 .8 Fire Control Positioning . Determining the size and loca­
tion of the fire assists in determining the safest and most effec­
tive fire control positions for fire suppression personnel. Fire
control positions should be established to prevent crews from
operating above the main body of fire, or on the existing ( or
potential) exhaust side of the flo,v path. The following ques­
tions should be considered:

(1) What floor is the fire located on?
(2) Where might potentially viable occupant be located?
(3) What area of the floor plan is the fire located on?
(4) Is there direct and timely access to the fire given its loca-

tion?

9.8 Risk Management Plan. Every department should have a 
risk management plan in ,vriting. The combined processes of 
understanding of risk management, pre-arrival factors, and on­
scene factor ,vill drive the decision of the initial declaration of 
strategy by the first arriving unit. The constant evaluation of 
the incident and all factors could possible change the strategy 
of the incident depending on the changes. (See NFPA 1500.)

9.9 Identification of Strategy. 

9.9.1 The incident commander (IC) should consider the 
entirety of the available information ,vhen making a decision 
,vith respect to strategy. The IC should continually re-assess the 
strategy decision based upon changing conditions. 

9.9.2 re,v accessibility to the fire is a key component in deter­
mination of strategy. Selection of the appropriate operational 
strategy for the incident is based on the efficiency ,vith ,vhich 
cre,vs can perform their tactical responsibilities from safe and 
protected fire control positions. 

9.9.3 The initial I should assess accessibility and fire control 
positioning. Consideration should be given to the ability to 
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pos1tion apparatus to sup port the efficient use of tools and 
equipment and the ability of crews to access the strt1cture via 
the most direct route to the fire location. Considerations may 
include the following: 

( 1) Existence of barriers impeding the positioning of appara­
tus (fences, grade changes)

(2) Existing barricades or security features on the structure to
delay fire fighter access

(3) Status of entrance and egress points on the structure and
their integrity and operational ability tinder present and
potential fire conditions

9.10 Strategic Decision. 

9.10.1 Once a thorough size-up has been performed, the IC 
mtist take all size-up considerations to formulate an appropri­
ate strategic decision, whether offensive or defensive. 

9.10.2 Life safety is the greatest consideration ,vhen determin­
ing the overall incident strategy. 

9.10.3 The decision for implementing the offensive strategy is 
predicated on the ability of the IC to consider the most effec­
tive fire control positions. 

9.10.4 The decision for implementing the defensive strategy is 
predicated on the incident's hazards outweighing the ability to 
safely operate inside the strucu1re. 

9.10.4.1 "When the defensive strategy is selected, all control 
operations should occur in positions outside of the exclusion 
zone. 

9.11 Strategy Implementation. 

9.11.1 The IC should make the strategy known via verbal or 
radio communications through the chain of command so that 
all on-scene personnel are aware. 

9.11.2 "Whenever there is a change of strategy, the IC should 
make the ne,v strategy kno,vn via verbal or radio communica­
tions throt1gh the chain of command so that all on-scene 
personnel are aware. 

Chapter 10 Tactical Considerations for Fire Control and 
Extinguishment. 

10.1 Scope. This chapter addresses the tactical considerations 
for coordinated fire control and extinguishment operations. 

10.2 Purpose. The pt1rpose of this chapter is to provide guid­
ance on fire control and extinguishment options for tactical 
consideration. 

10.3 Application. The intent of this chapter is for fire-fighting 
personnel to apply science-based tactical considerations for fire 
control and extinguishment. 

10.4 General. 

10.4.1 The primary mission on the fireground is life safety; 
therefore, fire control, search, and ventilation/nonventilation 
become primary tactical objectives. How, where, and with how 
many fire fighters each department operates on the fireground 
should be based on an ongoing (exterior and interior) size-up. 
Since the fireground is not black and ,vhite, there is no single 
tactic that is ideal for all fires. Coordinated actions are identi­
fied in this chapter and Chapter 12. 
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10.4.2 On the fireground, coordination means that all of the 
crews operating on the fireground are working together. It 
means that timing is precise, movements are ,vell choreo­
graphed, and communications are clear and concise. Specifi­
cally, fire control, search and rescue, and ventilation/ 
nonventilation cre,vs should all operate as one. Coordinated 
fireground operations enhance life safety, incident stabiliza­
tion, and property conservation. 

10.4.3 Conditions, staffing, and resources should drive fire­
ground tactics and tasks. "While the majority of this chapter 
focuses on fire control and ventilation (,vater and air), that is 
not because earch and rescue is being minimized, it i only 
because this document is driven by empirical data, and the fire 
service has yet to truly dissect the tactic and tasks of search and 
resct1e. Search and rescue is, and ahvays will be, of utmo t 
importance to the fire service and to unprotected occupants. 
Although ,ve do not yet have empirical data on search, the fire 
service does have data points on occupant urvivability. We no,v 
kno,v that, apart from fire department operations, three things 
impact the survivability of a given space in the structure: the 
proximity to the fire, the elevation in the space, and whether or 
not the room/volume is isolated from the fire. 

10.4.4 An occupant located in a room during a search ,vith a 
closed door bet,veen them and the fire has a much higher like­
lihood of survivability than an occupant ,vith an open bedroom 
door. If the door is open, and/ or smoke and heat are commu­
nicating beaveen avo spaces, the proximity to the fire compart­
ment increases the exposure to toxic gases and thermal 
injuries. A closed door gives the highest chance of occupant 
survival, although places further from the compartment of 
origin and lo,v in the space increase the occupant(s) chance of 
survival. Place closest to the fire and high in the space have 
the least chance of survival. 

10.4.5 Removing any potential victims from the hazardous 
atmosphere as soon as possible after arrival is essential to mini­
mizing their exposure, there by increasing their chance of 
survival. As the exposure dose is a function of the time an indi­
vidual is exposed to the hazard (i.e., thermal exposure and/or 
toxic gases), the earlier into an incident the occupant is 
removed from the atmosphere, the lo,ver dose he/she is likely 
to have been exposed to and the greater the chances for 
survival. Finding them is the first step to removing them, and 
therefore searches need to start as soon as possible. 

10.4.6 "While this chapter does not focus on search, it is still 
essential to our operations and therefore is defined and 
mentioned here. Primary search is the fast, yet thorough, 
search for life and fire. At residential fires, fire control and 
ventilation are there to support the primary search. A primary 
search needs to be conducted in all involved and exposed 
buildings that can be entered. As more re earch is conducted, 
and more data made available to the fire service, this chapter 
will continue to evolve to help improve efficiency and effective­
ness on the fireground. 

10.4.7 Fire control and extinguishment tactics are the art and 
science of fire fighting. Fire-fighting tactics presented in this 
section are intended to provide guidance to fire fighters on 
how to implement the incident commander's strategic objec­
tives through tactical actions, ,vithout restriction to chosen 
methods or techniques. 
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10.4.8 Tactical options provided herein only address those 
tactics associated with water and air. They are intended as 
templates for action(s) to be ordered and organized ,vhen posi­
tioning and moving fire fighters in response to life safety, fire 
control, or property conservation priorities. 

10.4.9 The intent of these templates is not to restrict innova­
tion or prevent the addition of newly discovered tactics, 
,vhether derived through evidence from empirical research or 
fire community best practices. Rather, the guidance provided 
rest on the understanding that tactics will evolve as discovery is 
made and shot1ld be revised within the template so that innova­
tion can be shared and quickly disseminated to the practi­
tioner. 

10.4.10 Tactical options are presented in an order that moves 
from the outside to the inside of a structure (in terms of ,vater 
tise) and from simple to more complex ventilation (in terms of 
air). The ordering is not restrictive but rather intended to assist 
new recruits, fire fighters, company officers, and chief officers 
in enhancing their understanding of fire control and extin­
gtiishment tactics and in advancing their abilities in coordina­
ted operational practices. 

10.4.11 Coordination of operational practices requires clear, 
direct commt1nication between command and companies or 
cre,vs assigned to fire control, ventilation, and other tactical 
(e.g., search, rescue) ft.1nctions that are or will be taking place 
inside a structure. Coordination in this sense is the act of ,vork­
ing together and implies a tactical plan that is matched to the 
incident risks and the available resources to manage those 
risks. 

10.4.12 A tactical plan prioritizes the consideration to control 
or neutralize any dangers. When multiple high-priority tasks 
must be accomplished sequentially, fire control should be the 
first priority. Rescue of trapped occupants is the first strategic 
priority but not necessarily the first tactical priority. 

10.4.13 More people are saved by a well-placed and advanced 
hose line than by any other tactic. Controlling the fire reduces 
the expost1re hazards to the victim and facilitates a more effec­
tive primary search. In the absence of confirmed viable occu­
pants, it is vital to find, control, and extingt1ish the fire as 
quickly as possible. 

10.4.14 When high-priority tasks can be accomplished simulta­
neoU_�ly, it is important to support and protect the rescue or 
search operations using hose line(s) and flow path manage­
ment. Ignoring the fire dt1ring search and/ or rescue opera­
tions is a recipe for disaster. If the fire is extinguished early 
enough, there will be less smoke, heat, flame, and potential for 
rapid fire development and its associated dangers. Regardless 
of the assigned priorities of on-scene crews, a fire control crew 
hould not overlook the needs of a trapped occupant, and a 

rescue or search crew shot1ld not disregard the risks presented 
by active fire. 

10.4.15 Coordination therefore becomes a tactical decision as 
to whether the need is to apply tactical actions sequentially due 
to insufficient resources or to undertake tactical actions simul­
taneously becatise resources are stifficient for that level of inci­
dent action plan. Specifically, fl.reground tactics are formed 
when equipment, techniqt1es, and positioning are combined 
and deployed to complete a strategic objective. 

10.5 Water. 

10.5.1 General. Water is the most ,videly used fire extinguish­
ing agent due to it being effective (absorbs heat energy), envi­
ronmentally friendly, nontoxic, inexpensive, and, in many 
cases, readily available. Therefore, it is important to under­
stand the most effective ,vays to use hose streams in order to 
optimize the effectiveness. 

10.5.2 Exposure Control.

10.5.2.1 Tactical Objective. The main objective is to control 
fire extension and limit fire gro,vth to the building of origin. 

10.5.2.2 How It Works. Water reduces the impact of radiant 
heat or direct flame contact on exposed surfaces. 

10.5.2.3 Tactical Considerations. 

10.5.2.3.1 Surface ,vetting utilizes water streams to limit expo­
sure of radiant heat transfer to the follo,ving: 

(1) Building of origin
(2) Other building(s) or adjacent combustibles

10.5.2.3.2 A ,vater curtain is not effective on radiant heat 
transfer as direct application. 

10.5.2.4 Preferred Technique. Direct ,vater application to 
exposed surfaces using straight or solid stream or large droplet 
fog is the preferred technique. 

10.5.2.5 Alternative Technique. The follo,ving are alternative 
techniques for exposure control: 

(1) Foam application to exposure
(2) Direct/indirect application to source fire

10.5.2.6 Safety Consideration. The follo,ving are afety 
considerations for exposure control: 

(1) Collapse zones
(2) Radiant heat

10.5.3 Exterior Control-Transitional Attack. 

10.5.3.1 Tactical Objective. The objective is to improve occu­
pant tenability and interior conditions for fire control. 

10.5.3.2 How It �7orks. The follo,ving are examples of 
successful outcomes of exterior control-transitional fire 
control: 

( 1) Compartment linings and burning fuel surface are
cooled, interfering ,vith pyrolysis, ,vhich halts flaming
combtistion and in turn reduces the heat release rate.

(2) Reducing surface temperature of unignited fuels tops
pyrolysis.

(3) The flame is displaced from the surface of burning fuels.
(4) Steam production absorbs energy from the environment

to cool smoke.

10.5.3.3 Tactical Considerations. The follo,ving are tactical 
considerations: 

(1) oordinated to support other fire operation (e.g., fire
control/rescue)

(2) Performed from an exterior position
(3) Optimal through a ventilation opening to the fire room
( 4) Flo,v path not disrupted
( 5) Flo,v rate appropriate ,vith heat release rate and are a of

involvement; balanced to avoid excessive ,vater damage
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(6) Rapid interior control following/concurrent ,vith exterior
control crucial to limit regrowth and maintain tenability

(7) Limited on-scene resources, large fire volume, delayed
entry time/access for direct fire control may require
multiple or longer applications; more time equals more
water

10.5.3.4 Preferred Technique. The preferred technique is a 
stationary straight or solid stream hand line through the bottom 
third of an opening, at a steep angle, deflected off the ceiling 
in the fire room, with care taken to not disrupt the flo,v path. 

10.5.3.5 Alternative Technique. The follo,ving are alternative 
techniqt1es: 

(1) Master stream devices/appliances
(2) Water application to eaves for attic fire control
(3) Floor below nozzle or rotary nozzle from above for high-

rise structures

10.5.3.6 Safety Considerations. The following are safety
considerations: 

( 1) Improper nozzle application may disrupt flow path and
can injure or kill occupants and/ or interior fire fighters.

(2) Change of flow path may also result in rapid fire growth
to other uninvolved areas.

10.5.4 Interior Advancement. 

10.5.4.1 Tactical Objective. The primary tactical objective is 
to cool and control smoke temperau1re, flammability, and radi­
ation to increase safety during interior progression to the seat 
of the fire and until effective water is applied to the source fire. 

10.5.4.2 How It Works. 

10.5.4.2.1 Straight Stream/Solid Bore Application. The 
follo,ving are examples of successful outcomes using traight 
stream/ solid bore application: 

(1) Water is used to cool hot compartment surfaces, ,vhich
allow those surfaces then to have the ability to absorb
more thermal energy from the hot smoke layer.

(2) Water deflection off the ceiling cools the hot gases as
droplets travel through the hot layer.

(3) Steam created from cooling both the ceiling area and hot
gases will further absorb thermal energy as the steam is
heated to eqt1alize with the hot layer.

10.5.4.2.2 Fog Stream Application. The following are exam­
ples of successful outcomes using fog stream application: 

( 1) Water droplets applied to the smoke vol time convert to
steam cooling the smoke.

(2) Steam conversion redt1ces temperatt1re catising contrac­
tion and dilution of smoke, resulting in reduced flamma­
bility and radiation.

10.5.4.3 Tact ical Considerations. The following are tactical 
considerations: 

( 1) These are not extingt1ishment techniqt1es bt1t a means of
safer interior progression to the eat of the fire.

(2) Factors that affect these techniqt1es include fire intensity,
room size and configuration, location, ventilation profile,
and distance to the sot1rce fire.

(3) Effectiveness of the water application technique and reap­
plication should be continuotisly assessed while advanc­
ing.
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( 4) Water must be applied to the source fire as soon as possi­
ble with consideration given to safe positioning.

(5) Optimal position, nozzle pattern, and technique hould
be evaluated to maximize or minimize air entrainment/
movement based on ventilation conditions and flo,v path.

(6) Ventilation hould be coordinated until ,vater is applied
to the main body of fire.

(7) Limiting ventilation with door control ,vill increase the
effectiveness of smoke cooling techniques and should be
considered.

(8) If the intent is to move smoke ahead of the advancing
cre,v, a large and sufficient vent opposite the advancing
cre,v is required.

(a) The hose stream can then be moved rapidly and
consistently in an O, T, Z, or n pattern to maximize
air movement.

(b) Utilize a reach and penetration of the tream to ,vet
all surfaces for,vard of the operating position.

(c) A "flo,v and move" technique is most effective in
d,vellings with a known fire location, or if a "shut
do,vn and move" technique is utilized, reapplication
of ,vater as needed to control heat rebound of fire is
necessary.

10.5.4.4 Preferred Technique. A straight stream/ smooth bore 
application is preferred with the follo,ving techniques to 
consider: 

( 1) Utilize a reach of the stream to ,vet ceiling surfaces
for,vard of the cre,v position.

(2) A straight stream pattern should be flowed and swept
across the ceiling area.

(3) Ne,v ceiling areas should be swept and cooled while
advancing to,vards the fire area.

( 4) The frequency and extent of the ,vater application is
influenced by fire intensity, smoke temperatures, room
size and configuration, location, and distance to the
source fire.

10.5.4.5 Alternative Technique. A fog stream application is an 
alternative with the following techniques to consider: 

(1) Water mist or fog tream is directed into the smoke layer
in short or long pulses (,vith a s,veeping motion).

(2) Nozzle, cone angle, pulse duration, and flo,v rate are
important in achieving an optimal droplet size of O .12 in.
(0.3 mm); this ensures effective cooling and contraction
of the smoke and lessens the disruption of the thermal 
balance. 

(3) Avoid contact ,vith hot surfaces to prevent excess wet
steam and disruption of thermal balance.

( 4) Re application is necessary during advance.
(5) Water application should quickly transition to extinguish­

ment on the source fire.

10.5.4.6 Safety Considerations. 
considerations: 

The following are safety 

(1) Fire fighters should avoid advancing under a superheated
thermal layer ,vithout cooling as they advance.

(2) Hose stream air entrainment should be limited when no
vent is available opposite the fire.

(3) Continuous monitoring of cooling effectiveness again t
fire conditions ,vith a thermal imager should be main­
tained while advancing to the source fire.

( 4) PPE can be quickly compromised during interior
advancement ,vithin a convective flo,v.
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(5) Wind speed and direction in relation to intended flo,v
path shot1ld be checked prior to and dt1ring cooling oper­
ations.

10.5.5 Interior Fire Control. 

10.5.5.1 Tactical Objective. The primary tactical objective is 
fire control and extingt1ishment. 

10.5.5.2 How It \\7orks. The following are examples of 
successful outcomes of interior direct fire control: 

( 1) Water cools burning fuel surfaces interfering with pyroly­
sis, ,vhich halts flaming combustion and in turn reduces
the heat release rate.

(2) The flame is displaced from the surface of burning fuels.
( 3) Redt1cing surface temperau1re of t1nignited fuels stops

pyrolysis.
( 4) Secondary steam production absorbs energy from the

environment to cool smoke.

10.5.5.3 Tactical Considerations. The follo,ving are tactical 
considerations: 

( 1) Direct fire control should be conducted as soon as the
fire seat is located and can be reached with a water
stream.

(2) Direct water application should be performed from an
interior or exterior position to the fire room.

(3) The flow rate should be appropriate with the heat release
rate and area of involvement and balanced to avoid exces­
sive steam generation and water damage.

( 4) The ideal position is the air intake side of the flo,v path
with flow path control.

(5) Optimal position, nozzle pattern, and technique should
be evaluated to maximize or minimize air entrainment/
movement based on ventilation conditions and flo,v path.

(6) Advance shot1ld be matched to interior conditions.
(7) Smoke or surface cooling prior to direct attack may be

appropriate. 

10.5.5.4 Preferred Technique. The following are preferred 
techniques: 

(1) Straight or solid stream, applied in an unbroken pattern
directly to burning fuels, where compartment/room is
unvented opposite the attack line

(2) 0, T, Z, or n pattern applied from furthest distance if
compartment/room has vent opposite attack line

10.5.5.5 Alternative Technique. The following are techniques 
for direct fire control: 

( 1) An indirect attack.
(2) Switching to a fog pattern may improve coverage and

redt1ce water damage. 

10.5.5.6 Safety Considerations. 
considerations: 

The following are safety 

( 1) Avoid position between the seat of the fire and the
exhaust outlet.

(2) Apply reach and penetration of the stream to provide
standoff distance from the effects of fire.

(3) Wind speed and direction are in relation to the intended
flo,v path.

10.5.6 Interior Indirect Attack. 

10.5.6.1 Tactical Objective. The primary tactical objective is 
fire suppression to improve tenability for follow-up fire control 
and overhaul. 

10.5.6.2 How It Works. Water is applied to compartment 
linings, burning fuel, and the smoke layer to produce the maxi­
mum volume of steam. Steam production reduces temperature, 
dilt1tes smoke, and displaces oxygen. 

10.5.6.3 Tactical Considerations. The following are tactical 
considerations: 

( 1) Application is made from outside the fire compartment/
room that remain under-ventilated.

(2) Smoke or surface cooling may be appropriate to gain
access to the fire room prior to indirect attack.

(3) Indirect water application can be utilized for shielded
fires.

( 4) The flo,v rate should be appropriate with heat release
rate and area of involvement and balanced to avoid exces­
sive water damage.

( 5) Advance should be matched to interior conditions.
(6) This technique is not intended for use in occupied

spaces.

10.5.6.4 Preferred Technique. The follo,ving are preferred 
techniques for interior indirect attack fire control: 

(1) Water is applied from the exterior of the compartment/
room utilizing a fog stream.

(2) A narro,v fog is applied to compartment linings, burning
fuel, and the smoke layer to quickly produce the maxi­
mum volume of steam.

(3) The compartment/room is isolated to ensure maximum
effectiveness of steam production.

10.5.6.5 Alternative Technique. The follo,ving are alternative 
techniques for interior indirect attack fire control: 

(1) Broken traight or solid stream
(2) Rotary nozzle
(3) Fog- or mist-producing piercing nozzle
( 4) Fire extinguisher

10.5.6.6 Safety Considerations. 
considerations: 

The following are safety 

(1) Fog application from a position exposed to resultant
outflo,v of heated smoke and steam can be dangerous.

(2) Steam production may reduce tenability in adjoining
spaces.

10.6 Air. 

10.6.1 General. Decisions about ,vhen and ,vhere ventilation 
is needed and the method(s) employed is to be guided by an 
understanding that, in the absence of effective ,vater being 
applied on the fire, air increases the HRR and potential for 
rapid fire development. With this under tanding of the impact 
of air on fire gro,vth and the requirement for coordinated 
,vater, the tactical options are for either nonventilation or venti­
lation. 

10.6.2 N onventilation. 

10.6.2.1 Tactical Objective. The primary tactical oqjective is 
limiting combustion air to the fire to hold fire gro,vth in prepa­
ration for interior operations. 
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10.6.2.2 How It Works. Fire gro,vth is dependent on oxygen. 
By limiting the oxygen st1pplied to the fire, growth and heat 
release rate are reduced. 

10.6.2.3 Tactical Considerations. The following are tactical 
considerations: 

(1) Life-fire-layout sweep to assess survivability profile in the
fire compartment/room.

(2) Assess ability to close or restrict openings.
(3) Utilize to create survivable areas in other parts of the

structure.
( 4) Height of interface layer lowers and redt1ces tenability.
(5) Thermal imaging to source fire and monitor changing

conditions.
( 6) Plan for exposure control.

10.6.2.4 Preferred Technique. The following are preferred 
techniqt1es for nonventilation fire control: 

(1) Close or restrict building ventilation openings.
(2) Manage the flow path by control of the air inlet(s)

and/ or the smoke outlet(s).

10.6.2.5 Alternative Technique. An alternative technique is to 
employ ventilation control devices or a portable door or smoke 
curtain. 

10.6.2.6 Safety Considerations. The following are safety 
considerations: 

(1) Interior fire control cre,v must be con ulted prior to any
tactical ventilation.

(2) Anticipate rapid fire development if ventilation is
increased absent the application of water for both plan­
ned and unplanned ventilation.

(3) Wind speed and direction is in relation to position and
potential flow path.

10.6.3 Horizontal Ventilation. 

10.6.3.1 Tactical Objective. The primary tactical objective is 
to improve interior tenability by releasing smoke and heat 
during the fire control and to support search, extinguishment, 
overhaul, and post-fire ventilation. 

10.6.3.2 How It Works. Bt1oyant smoke is replaced by denser 
fresh air due to the gravity current and/ or air pressure differ­
entials. 

10.6.3.3 Tactical Considerations. The following are tactical 
considerations for horizontal ventilation: 

( 1) Coordinated inlet and ot1tlet openings concurrent with
effective application of water

(2) St1rvivability profile in the fire room
( 3) Smoke or surface cooling prior to fire control may be

appropriate
( 4) Purposeful management of the flo,v path considering

wind direction
(5) Thermal imaging to source fire and monitor changing

conditions.
( 6) Plan for exposure control

10.6.3.4 Preferred Technique. The following are preferred 
techniqt1es for horizontal ventilation: 

(1) Door control and limited ventilation may be used until
effective water is on the fire.

(2) Ventilation outlet is established in the fire compartment.
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(3) Opening the entry door as an additional inlet, ,vhile
considering flo,v path impacts.

(4) Inlet and outlet on opposite sides of the structure or
compartment.

(5) Vent openings chosen to take into account ,vind peed
and direction and potential flo,v path.

10.6.3.5 Alternative Technique. Vertical ventilation is an alter­
native technique for horizontal ventilation. 

10.6.3.6 Safety Considerations. The follo,ving are safety 
considerations for horizontal ventilation: 

(1) Failure to coordinate ventilation ,vith effective ,vater
application ,vill increase heat release rate.

(2) Rapid fire development should be anticipated if ventila­
tion is increased absent the application of water for both
planned and unplanned ventilation.

(3) Consider opposing wind, ,vind speed, and impact on the
direction of the flo,v path.

10.6.4 Vertical Ventilation. 

10.6.4.1 Tactical Objectives. To improve interior tenability by 
releasing smoke and heat during fire attack and to support 
search, extinguishment, overhaul, defensive trenching opera­
tions, and post-fire ventilation. 

10.6.4.2 How It Works. The following are examples of 
successful outcomes of vertical ventilation: 

(1) Buoyant smoke is replaced by denser fresh air due to the
gravity current and/ or air pre sure differentials.

(2) Buoyant smoke is exhausted from an opening located
above the level of fire utilizing the stack effect, and
denser fresh air is entrained via a horizontal inlet(s) due
to the gravity current and/ or air pressure differentials.

10.6.4.3 Tactical Considerations. The follo,ving are tactical 
considerations for vertical ventilation: 

(1) oordinated inlet and outlet openings concurrent ,vith
effective application of water.

(2) Survivability profile in the fire room/ compartment.
( 3) Inability to horizontally ventilate.
( 4) Smoke cooling prior to fire control or indirect attack

may be appropriate.
(5) Purposeful management of the flo,v path considering

wind, ,vind speed, and direction.
(6) Raising of interface layer height and visibility ,vill be

temporary if fire is not controlled.
(7) Thermal imaging to source fire and monitor changing

conditions.
(8) Plan for exposure control.
(9) Delays due to staffing, assembly time, or equipment.

(10) A 4 ft x 4 ft (1.22 m x 1.22 m) hole is rarely sufficient for
effective ventilation. 

10.6.4.4 Preferred Technique. The following are preferred 
techniques for vertical ventilation: 

(1) Door control and limited inlet ventilation until vertical
outlet is established.

(2) Inlet opening is on the ,vindward side and outlet is above
or close to the source fire.

(3) Establish outlet openings followed by inlet openings coor­
dinated ,vith fire control.

10.6.4.5 Alternative Technique. Alternative techniques for 
vertical ventilation should be considered to minimize risk. 
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10.6.4.6 Safety Considerations. The follovving are safety 
considerations for vertical ventilation: 

( 1) Failure to coordinate ventilation ,vith effective ,vater
application will increase heat release rate.

(2) Rapid fire growth should be anticipated i f  ventilation is
increased absent the application of �ter for both plan­
ned and unplanned ventilation.

( 3) Consider wind speed and direction.
( 4) Working at heights increases risks for falls from or

through a roof.
(5) Working position, means of egress, and structural

performance mtist be contint1ally assessed.

10.6.5 Positive Pressure Attack (PPA). 

10.6.5.1 Tactical Objectives. The primary objective is to 
improve interior tenability conditions for advancing cre,vs and 
trapped occupants. Additional objectives inclt1de purposeful 
direction of the flo,v path, extinguishment, and property 
conservation. 

10.6.5.2 How It Works. Fans are used to create a pressure 
differential influencing the flo,v of smoke, air, heat, and flame 
from the inlet to the exhaust. 

10.6.5.3 Tactical Considerations. The following are tactical 
considerations for positive pressure attack: 

(1) Staff controlling operation of the fan should have a
radio to coordinate operations ( e.g., change speed,
angle) i f  adverse conditions develop.

(2) Staff controlling exhaust should have a radio to coordi­
nate operations if adverse conditions develop.

(3) Bringing a line to the exhaust(s) for protection should
be considered.

( 4) Fan activation should be communicated and the struc­
u1re for negative effects should be continuously moni­
tored.

(5) Transitional attack may be titilized, if possible, prior to
fan activation.

(6) Fire growth dt1e to ventilation mtist be redt1ced by apply­
ing ,vater on the fire during fan operation.

(7) PPA in domestic floor plans with many rooms and closed
doors ( compartmented) is more effective.

(8) PPA will not be effective on a fire located in an open
floor concept plan or any floor plan with high ceilings.

(9) Source fire must be near or adjacent to an exterior
outlet.

( 10) It shot1ld be understood that the inlet is the opening to
the fire compartment, and not necessarily the exterior
door.

( 11) During PPA, creating additional openings not in the fire
room will create additional flow paths, making PPA inef­
fective ,vith the potential to dra,v the fire into all flo,v

paths
(12) An exhaust larger than the inlet must be provided in the

fire room to allow for effective PPA
( 13) PPA should be coordinated ,vith exhaust.
(14) Dt1ring PPA, an ongoing assessment of inlet and exhaust

flo,v is imperative to understanding ,vhether or not a fan
flow path has been established and if conditions are
improving/effective.

( 15) The setback of the fan or development of a cone of air is
not as important as the exhaust size.

( 16) The application of ,vater, as quickly as possible, ,vhether
from the interior or exterior prior to initiating PPA will
increase the likelihood of a successful outcome

(17) PPA is not a replacement for using the reach of your
hose stream.

(18) Dt1ring PPA, extension into void spaces ,vhen using PPA
is directly related to the exhaust capabilities of the void
space.

( 19) P PA doe not negatively affect the survivability of occu-
pants behind a closed door.

10.6.5.4 Preferred Technique. Exhaust ventilation should be 
established prior to mechanical ventilation at the inlet. The 
exhaust should be larger than the inlet. Interior advancement 
techniques can be used as appropriate, follo,ved up by timely 
fire control. 

10.6.5.5 Alternative Technique. Positive pressure ventilation 
or positive pressure isolation might be used as an alternative 
technique to PPA. 

10.6.5.6 Safety Considerations. The attack team should coor­
dinate and communicate ,vith the I and fan and exhaust 
control personnel. The assessment of inlet and exhaust must 
be continuous for adverse conditions. Rapid fire gro,-vth should 
be anticipated if  ventilation is increased absent the application 
of ,vater for both planned and unplanned ventilation. onsid­
eration should be given to ,vind speed and direction. 

10.6.6 Positive Pressure Ventilation (PPV). 

10.6.6.1 Tactical Objective. Tactical objectives are as follows: 

( 1) Remove smoke from the non-fire area to improve tenabil­
ity 

(2) Secure egress path to assist search and re cue or the
approach to fire area

(3) Remove smoke from fire room post-fire
( 4) Purposeful management of the flo,v path

10.6.6.2 How It Works. The fan is used to create a pressure 
differential influencing the flo,v of air and smoke from the 
inlet to the exhaust. 

10.6.6.3 Tactical Considerations. The following are tactical 
considerations for positive pressure ventilation: 

( 1) Communicate fan activation and continuously monitor
the structure for negative effects.

(2) Hose line(s) should be in place for potential gro�h or
extension of fire.

(3) When PPV is used post fire control, in single-story resi­
dential structures, the more openings made in the struc­
ture during PPV, the more efficient it is at ventilating the
tructure. 

( 4) When PPV is used post fire control, it is important to
assess for extension.

(5) When PPV is used post fire control, starting or turning in
the fan immediately after fire control ,vill provide the
most benefit.

(6) Interior CO concentration levels should be monitored for
gas-po,vered fans ,vhen clearing smoke post fire.

10.6.6.4 Preferred Technique. Outlet ventilation should be 
established prior to mechanical ventilation at the inlet. Multi­
ple exhaust openings should be created ,vherever possible to 
increase efficiency. 
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10.6.6.5 Alternative Technique. Hydraulic ventilation should 
be considered an alternate technique for positive presst1re 
ventilation. 

10.6.6.6 Safety Considerations. The attack team coordinates 
and commt1nicates with the IC and fan and exhaust control 
personnel. Rapid fire development should be anticipated if 
ventilation is increased absent the application of water for both 
planned and unplanned ventilation. Consideration should be 
given to wind speed and direction. 

10.6. 7 Positive Pressure Isolation (PPI). 

10.6. 7.1 Tactical Objective. The primary objective is to create 
a positive pressure in the non-fire area greater than the pres­
sure in the fire area to limit fire and smoke propagation. 

10.6. 7.2 How It '\\rorks. Mechanical fans or systems are used 
to increase the pressure in an adjoining room or compartment 
to contain smoke to the fire room or compartment. Protected 
areas have a mechanical fan at the inlet ,vi th limited or no 
exhatist openings. 

10.6. 7.3 Tactical Considerations. PPI is contra-indicated in 
compartments impacted by fire extension from the compart­
ment of origin. Fan activation should be communicated and 
the structure should be continuously monitored for fire/ smoke 
propagation. As long as a flow path throt1gh the seat of fire is 
not created there is no fire gro,vth. Pre urize areas of the 
strucu1re that are isolated from the fire compartment. Antici­
pate rapid fire growth if ventilation is increased absent the 
application of water for both planned and unplanned ventila­
tion. 

10.6. 7.4 Preferred Technique. All inlet and exhaust openings 
should be controlled to maintain desired presst1re differential 
and isolate the fire. 

10.6. 7.5 Alternative Technique. Nonventilation might be a 
viable alternative. 

10.6. 7.6 Safety Considerations. Progress reports should be 
given to the IC and should be coordinated ,vith fan control 
personnel. Consideration shot1ld be given to wind speed and 
direction. Rapid fire development is possible if the fire has 
extended to concealed spaces. 

10.6.8 Hydraulic Ventilation. 

10.6.8.1 Tactical Objective. The primary tactical objective is 
to improve interior tenability conditions during primary/ 
secondary search, overhat1l, and property conservation through 
purposeful direction of the flow path. 

10.6.8.2 How It Works. The following are examples of 
successful outcomes of hydrat1lic ventilation: 

(1) A hose stream is employed at an opening, creating a pres­
st1re differential, entraining smoke, and discharging it
from the compartment/room.

(2) This action results in a net negative pressure in the
compartment/room, dra,ving in replacement air from
other openings.

10.6.8.3 Tactical Considerations. The following are tactical 
considerations for hydraulic ventilation: 

( 1) Check if ventilation can be done safely post-fire utilizing
the fire control hose line.

(2) Evalt1ate optimal position, nozzle pattern, and technique
to maximize air entrainment/movement.
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(3) Observe the movement of smoke and adjust position for
best ventilation effect.

( 4) Check urroundings for rekindling or adver e effects.
( 5) Check for exterior consequences of stream application.

10.6.8.4 Preferred Technique. The hoseline should be open 
on a straight stream and move to fog selection ,vithin the open­
ing to prevent turbulence. The opening should be approached 
from a lo,v position. Nozzle placement should create a ,vater 
pattern that fills the window opening. 

10.6.8.5 Alternative Technique. An alternative technique is a 
straight stream or straight bore nozzle pattern ,vith positioning 
furthest from the opening as possible ,vith a rapid consistent 0, 
T, Z, or n pattern to maximize air movement. 

10.6.8.6 Safety Considerations. Per onnel hould stay lo,v on 
approach to the intended vent location and ensure hose stream 
operation does not create other hazards do,vnstream (e.g., 
energized electrical, structural damage, or compromise other 
control operations). The operation should be monitored for 
fire rekindle. Consideration should be given to wind speed and 
direction. 

10.6.9 Negative Pressure Ventilation. 

10.6.9.1 Tactical Objective. The tactical objective is to create 
a negative pressure at an established ventilation opening post­
fire to exhaust moke. 

10.6.9.2 How It Works. A mechanical fan (i.e., ejector) i used 
to create a negative pressure at an outlet to pull smoke from a 
structure. 

10.6.9.3 Tactical Considerations. The follo,ving are tactical 
considerations for negative pres ure ventilation: 

(1) Smoke ejectors are most effective ,vhen ,vorking ,vith
natural air flow and not against a prevailing wind.

(2) Ventilation efficiency is greatly reduced if air is allo,ved to
recirculate around the ejector or by opening windows or
doors near the ejector. 

(3) Man-hole or spiral duct adapter can enable more effec­
tive and efficient smoke extraction delivery to hard-to­
reach spaces, both above and belo,v grade.

( 4) Po,ver supply and electrical cords are required.
(5) Ventilation is ineffective in high ceiling areas

10.6.9.4 Preferred Technique. The ejector is placed on the 
lee,vard side of structure ,vith the perimeter of the fan sealed to 
the ventilation opening ,vith a tarp or commercial adapter 
,vhile ensuring the ejector inlet and outlet are not obstructed. 

10.6.9.5 Alternative Technique. Positive pressure ventilation 
might be considered as an alternative technique. 

10.6.9.6 Safety Considerations. 
considerations: 

The following are safety 

(1) Enst1re ejector fan is intrinsically safe.
(2) En ure electrical cords are protected from environmental

conditions.
(3) Do not move operating fans.

Chapter 11 Exposure and Hygiene Considerations 

II.I Scope. This chapter provides the fundamental linkage
bet,veen fire dynamics re earch and the need for implementing
health hygiene policies for the fire service.
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11.2 Purpose. The purpose of this chapter is to provide 
science-based information to fire-fighting personnel regarding 
procedures to minimize the exposure and health risks of fire­
fighting. 

11.3 Application. The intent of this chapter is to apply the 
principles of science-based research to minimize fire fighters' 
risk on the firegrot1nd and redt1ce secondary impacts before 
and after the incident. 

11.4 General. Cancer is one of the leading causes of line-of­
duty deaths among fire fighters today. Fire-fighting duties 
significantly increase an individual's risks for contracting 
several types of cancers. Cancer rates for fire fighters have risen 
dramatically in correlation with the increase in toxicity of 
smoke. Smoke from a fire always contains contaminants, which 
are harmful to health ,vhen these toxins enter the body via 
mot1th, respiratory tract, mucous tisst1e, or skin. During work­
ing fire responses ("hot smoke"), these contaminants occur in 
high concentrations as gases, which are easily absorbed. During 
overhaul operations or other lower heat conditions ("cold 
smoke"), contaminants may be bonded to soot, run off water, 
or a h. Additional hazards at the fl.reground may be caused by 
hazardous materials, such as asbestos or flame-retardant materi­
als found in the products of combustion. 

11.4.1 Prior to complete fire suppression, combustion prod­
ticts are released as smoke. Initially many of these substances 
are mobile. The toxic and/ or caustic gases and vapors that 
occur in high concentrations dt1ring this phase, such as carbon 
monoxide (CO), carbon dioxide (CO2 ), hydrogen chloride 
(HCl, hydrochloric acid when condensed), acrolein, and 
hydrogen cyanide (HCN, prussic acid ,vhen condensed), 
constitute a potential hazard for operating members and civil­
ians. The smoke plume must be considered ,vhen the incident 
commander designates the hot zone at an operation. 

11.4.2 Once the fire has been extinguished and the burnt 
materials have cooled down to ambient temperature, hazard­
ous organic st1bstances, in particular soot particles, are still 
present. Operating personnel continue to have the potential 
for contamination, and members contint1e to titilize the appro­
priate level of personal protective equipment (PPE), including 
respiratory protection. Care must be taken not to transport 
contaminants outside the hot zone. 

11.4.3 There are three primary ,vays in ,vhich airborne harm­
ful st1bstances prodt1ced by fires can make their way into the 
body: via inhalation, via skin absorption, and via the mouth 
(orally). Fire fighters shot1ld be aware of good hygiene practi­
ces to minimize their exposure to harmful ubstances both on 
scene and post-incident. Enst1ring fire fighters have the proper 
tools, processes, and kno,vledge is essential in minimizing 
exposure to harmful substances involved with structural fire­
fighting. 

11.4.4 Fire fighters can protect themselves to a great extent by 
limiting exposure and conducting firegrot1nd decontamina­
tion. During and after extinguishing the fire, respiratory 
protection shot1ld be worn when contaminants are present. To 
further limit exposures, the incident commander (IC) should 
establish zones on the firegrot1nd similar to those commonly 
accepted at the scene of a haz-mat release (hot, ,varm, cold). 
Operating apparatlis should, if possible, be positioned outside 
the hot zone, and effort should be made to limit entry of 
smoke into the crew compartment by closing cab windows and 
additional openings. Structural fire-fighting gear ,vill continue 

to off gas after the fire fighter leaves the hot zone. PPE should 
be removed prior to removing the facepiece (as dictated by 
best practices). 

11.4.5 A critical on-scene tactical consideration is setting up 
decontamination and rehabilitation areas. Gross on-scene 
decontamination of PPE and fire-fighting equipment should be 
undertaken in the ,varm zone prior to PPE or equipment being 
removed to the cold zone and placed back on the fire appara­
tllS. If necessary, contaminated PPE and equipment should be 
bagged and transported back to the station outside the cre,v 
compartment. In the cold zone adjacent to the rehabilitation 
areas, rehabilitation should be et up ,vhere drinking and 
eating is permissible. 

11.4.6 Upon return to the fire station, personnel who were 
exposed to smoke and contaminants in the hot zone should 
sho,ver immediately. lathing should be laundered at the 
station and not transported in a private vehicle to a member' 
home. Contaminated equipment should be thoroughly cleaned 
before being placed back into service 

11.5 On Scene. The fl.reground size up conducted by the IC 
mllSt take smoke production and associated contaminants' 
potential impact on operating members, equipment, civilian , 
and the environment into account. Special consideration may 
be given under certain circumstances ,vhen kno,vn hazardou 
materials are burning to let the fire continue to burn under 
controlled conditions. 

11.5.1 During and after extinguishing the fire, respiratory 
protection should be worn ,vhen contaminants are present. 
Lack of visible contaminants does not mean that the environ­
ment is free from contaminants; therefore, strict compliance 
,vith respiratory protection must be enforced. The I should 
establish zones on the fireground similar to those commonly 
accepted at the scene of a hazardous materials release. A hot, 
warm, and cold zone should be designated, and appropriate 
levels of PPE should be required in the designated zones. The 
contamination zones are to be set as follows: hot zone for 
contaminated areas; ,varm zones to designate ,vhere gross on­
scene decontamination takes place, decontaminated PPE is 
doffed, and contaminated equipment is stored; and cold zone 
for debriefings and rehabilitation. The incident commander 
should take into account the travel of the smoke plume ,vhen 
designating the perimeter of the hot zone. 

11.5.2 The IC should limit the amount of operating personnel 
assigned to the hot zone. The fl.reground must al,vays be 
secured and cordoned off during fire operations, removing 
non-essential personnel, civilians, apparatus, and equipment 
from the hot zone where contamination may occur. The inci­
dent commander should provide for timely relief of member 
operating in the hot zone to limit individual exposure to the 
lo,vest possible limits. Cre,vs should be rotated ,vhen possible to 
redt1ce exposure and thermal risks to fire fighters. Chemicals 
found on the fireground pose an immediate threat to the respi­
ratory tract if self-contained breathing apparatllS (SCBA) i not 
,vorn and there is a latent threat through cutaneous exposure. 
Time influences the levels of airborne chemicals post knock­
do,vn; if cre ,vs are able to exit the structure as oon as reasona­
bly possible and allow for the chemicals to dissipate naturally, 
their exposure ,vill be reduced. Timely replacement of cre,v 
,vorking in the fire structure and allo,ving them to rehabilitate 
can also reduce the exposure times of individual cre,vs. 
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11.5.3 Fire engine cabs should be kept shut during operations 
and aired out briefly when operations have ended. After the 
fire has been extingui hed, involved and contaminated rooms 
should be ventilated for a sufficient time prior to entry without 
respiratory protection for investigation purposes. Kno,vn carci­
nogens and hazardous chemicals can attach themselves to PPE 
and exposed skin. Proper use of PPE, including SCBA, is 
important and can minimize the smoke exposure risks to fire 
fighters. Members, apparatus, and equipment in the hot zone 
should be decontaminated. PPE that has been contaminated 
should be removed ,vhile using respiratory protection and 
placed in an area remote from operating personnel. This 
procedure ,vill limit the exposure of operating personnel to the 
off gassing of contaminants from the PPE. Contaminated gear 
should not be removed from the ,varm zone unless decontami­
nated or bagged. Personnel working \vith eqt1ipment contami­
nated during a structure fire should use nitrile or latex 
emergency medical services (EMS) gloves and partict1late filter­
ing facepiece (N95 minimum) during the cleaning process. 

11.5.4 Upon doffing of PPE, gear should be allo,ved to "air 
ot1t" and off-gas volatile compounds released in the open air, 
up,vind from the fire and away from personnel who are ,vork­
ing on the incident and in decontamination or rehabilitation. 
Prior to transport of contaminated gear, it should be encapsula­
ted titilizing an airtight container. The container should be of 
sufficient size and strength to contain all contaminated gear, 
including u1rnot1ts, helmet, mask, gloves, and boots. The conta­
minated gear should be placed outside of the passenger 
compartment. Gear shot1ld be transported in a similar manner 
to a facility ,vith a specialized PPE washer (i.e., extractor) or to 
an independent service provider (ISP). The fire department 
should attempt to complete as much of the decontamination 
process on scene as possible to reduce expost1res in the fire 
station. "When possible, departments should hold responding 
companies out of service tintil the decontamination process is 
complete. 

11.5.5 Gross on-scene decontamination of PPE and fire­
fighting eqt1ipment shot1ld be undertaken on the fireground 
prior to PPE or equipment being placed back on the fire appa­
ratlis. The criterion for successful pre-cleaning is the removal 
of all visible traces of soot. PPE ,vith traces of soot should be 
kept outside the crew compartment or transported separately. 
The pre-cleaned equipment should also be transported sepa­
rately and only placed back into service when final decontami­
nation is complete. 

11.5.6 Gross on-scene decontamination of personnel should 
occt1r as soon as possible after the operating member exits the 
hot zone. After the fire, fire fighters ,vho operated in the hot
zone should immediately remove soot from the head and neck 
using skin cleansing ,vipes or soap and ,vater ,vashing if availa­
ble. Wipes should be tised during air cylinder changes and in 
rehabilitation areas benveen operational periods ,vhenever 
possible. Gross on-scene decontamination shot1ld also be used 
prior to entering the rehabilitation area and consumption of 
fluids and/or food. Drinking and eating is permissible outside 
the area ,vhere smoke and contamination can occur after oper­
ating personnel have removed contaminated gear, conducted a 
gross on-scene decontamination, and thoroughly washed hands 
and faces. Washing can be considered as adequate when there 
are no visible traces of soot afterwards. 
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11.6 Post-Incident. On returning to quarters, fire fighters 
shot1ld enst1re gear is cleaned in accordance \vith Chapter 7 of 
NFPA 1851 immediately after the fire has been extinguished 
and fire-fighting operations have concluded. Contaminated 
equipment should be initially cleaned on scene prior to being 
stored on the fire apparatus. Contaminated apparatus hot1ld 
be cleaned prior to leaving the scene. 

11.6.1 No equipment, including S BA, should be stored in 
the passenger compartment prior to decontamination. Crews 
should provide detailed cleaning of all contaminated tools, 
equipment, and apparatus while utilizing particulate filtering 
facepiece (N95 minimum) and nitrile or latex EMS gloves 
during the station decontamination process. Personnel should 
not enter clean areas of the station until they have completed 
the entire decontamination process. 

11.6.2 With proper use of PPE at structure fires, most contam­
inants ,vill likely remain outside the epidermis; ho,vever, a ,vash 
do,vn on scene and a sho,ver at quarters could reduce further 
exposure. After equipment has been decontaminated, fire
fighters should sho,ver as soon as possible to decontaminate 
their person. are should be used to clean finger nails and 
other areas prone to absorption. 

11.6.3 Personnel should utilize fresh uniforms when entering 
the clean areas of the fire station. After sho,vering and chang­
ing to a clean uniform, any tools should be removed from turn­
outs and laundered in an extractor or repackaged for transport 
to a designated cleaning station or ISP Departments hould 
maintain documentation of gross exposures or contaminations 
in fire-fighter records. 

11.7 Suppression Specific Concerns. Interior operations 
during live fire response typically expose fire fighters to the 
highest thermal conditions (heat flux and ambient tempera­
tures) and highest concentration of fl.reground chemicals. As a 
result, the environmental risk is typically considered maximum 
for this group of fire fighters. Fire fighters ,vorking on the inte­
rior of the structure are most likely to be ,vearing a full comple­
ment of fire-fighting PPE. This reduces the risk for 
contamination and burn injuries but increases the physiologi­
cal and thermal strain of the operations. PPE also increases the 
restrictions on movement and range of motion, increasing risk 
for slips, trips, and falls; overexertion; and other biomechanics­
related injurie . 

11.8 Incident Commander and Driver/ Operator Specific 
Concerns. Exterior operations of incident command, engi­
neer, and safety officers are often conducted ,vith a reduced et 
of PPE due to the perceived reduced risk. As a result, breathing 
protection is often not ,vorn. Skin exposures potential due to 
the lack of PPE or incomplete closure of PPE ( even not ,vear­
ing a hood) are increased. Significant exposures are still possi­
ble on the exterior of the structure due to incomplete lift of 
the smoke plume, die el exhaust from operating apparatus (a 
kno,vn carcinogen), and radiant heat from exterior plumes 
and exposure to sun. 

11.9 Overhaul Specific Concerns. A
f
ter extinguishing the 

main body of fire, the I should be a,vare that potential chemi­
cal exposure ,vill remain elevated due to the continued chemi­
cal breakdo,vn and off gassing of structural elements and 
furnishings. Many of these contaminants ,vill be present in 
hazardous levels even ,vhen the environment appears free of 
visible smoke. Strict use of all PPE must continue in the post­
control phase of operations in the hot zone. The number of 
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operating members in the hot zone should be kept to the 
necessary minimt1m to limit expost1re. Non-deployed members 
hould be stationed in the cold zone to limit chemical expo­

st1re. 

11.9.1 Overhat1l operations are of ten viewed as reduced risk 
due to the lack of ,vorking fire conditions and the apparent 
heat and smoke prodt1ction. Despite the apparent reduction in 
risk during overhaul, full PPE should be worn throughout 
operations. Significant physical exertion is reqt1ired during 
overhaul operations, increasing metabolic heat generation 
inside the PPE. As a rest1l t, high core and skin temperatures 
have been measured during overhaul operations. 

11.9.2 Ventilation is an important step to ensure that the envi­
ronment becomes more tenable and ambient temperatures are 
reduced for the cre,vs operating on the fl.reground. Studies 
have evaluated ventilation techniques related to the levels of 
toxicants, sho,ving a reduction of airborne levels. Ho,vever, 
toxicant levels rapidly increased when ventilation was discontin­
ued. Care should be taken while using gas-po,vered fans that 
may increase carbon monoxide (CO) levels within the struc­
ture. 

11.9.3 Discerning and quantifying the gasses and particulates 
present not only indicates when it is safe to doff SCBA, it 
provides the information that dictates proper decontamination 
and post-fire medical monitoring. The ability to monitor the air 
for particulates and harmful toxicants provides the best infor­
mation to fireground personnel. However, current technology 
is limited. A four-gas or six-gas meter may not be adequate to 
effectively analyze the firegrot1nd, particularly for gasses other 
than those directly measured by the meter itself. A simple 0 
detector, or any other detection device by itself, cannot be 
relied upon to make this determination. 

11.10 Apparatus. Operating apparatus should be positioned 
outside the hot zone in an effort to limit contamination when­
ever possible. Closing cab ,vindo,vs and additional openings ,vill 
limit contamination of the crew cab. The exposure of operat­
ing apparatus and equipment to smoke and contaminants 
shot1ld be avoided wherever possible. Operating apparatus and 
equipment that has been everely contaminated ,vith smoke 
and contaminants shot1ld receive a gross on-scene decontami­
nation prior to leaving the scene. 

11.10.1 Dust found inside apparatus has been found to be 
significantly contaminated. Apparatus windows left open 
during a working fire can result in smoke transport through 
the cab, which can deposit on st1rfaces. Wearing contaminated 
turnout back to the fire station ,vill transfer contaminants to 
apparatus seats, resulting in exposure to the next member who 
its there due to cross-contamination. Storing and transporting 

contaminated PPE within the apparatus cab, particularly ,vi th 
closed ,vindo,vs, can lead to an increase in the concentration of 
compot1nds off-gassing from PPE. Decontamination, partict1-
larly of soft surfaces, of the cab is challenging. 

11.10.2 Diesel exhaust is a known carcinogen. Where possible, 
apparatus should be placed so that the exhaust will not be 
up,vind from operational personnel. In particular, engineers 
and command personnel withot1t respiratory protection should 
not operate downwind from apparatus where feasible. Ne,ver 
apparatus have improved emission controls, which has reduced 
their particulate contamination. Ho,vever, this does not mean 
that it has removed all gasses of concern. 

11.11 Support Personnel. PPE ,vorn by support personnel 
should be appropriate for the services provided. Non-fire­
service per onnel often support air bottle changes and may 
assist ,vith decontamination and rehabilitation. Nitrile or latex 
EMS gloves and potentially ainvay protection should be provi­
ded to reduce risk to these individuals. 

11.12 Operational Hygiene at the Fire Station. Science-based 
research has characterized the significant level of contamina­
tion that is occurring on the fireground. Appropriate measure 
must be taken during the pre-control as ,vell as the po t-control 
phases of the fire control operations to limit exposure and 
decontaminate appropriately. Fireground exposure poses an 
ongoing heal th risk to civilians and fire-fighting personnel. 
Operating apparatus and equipment must be thoroughly 
decontaminated after every operation. 

11.12.1 PPE should be laundered in an industrial extractor 
after exposed to smoke and contaminants on the fl.reground. 
Members who operated in the hot zone should be considered 
contaminated, and the I should ensure that proper decon­
tamination measures are taken. Boots must be thoroughly 
cleaned, and dirt and soot must be ,vashed off (including the 
soles) using an appropriate cleaning solution. 

11.12.2 Body areas contaminated with soot should be pre­
cleaned ,vith cold ,vater and soap in an attempt to minimize 
the penetration of contaminants through open pores and allow 
the soot to be more easily removed. Thorough body ,vashing 
,vith hot water should begin once all visible traces of soot have 
been removed. leaning ,vith organic solvents or substance 
containing grease should also be avoided as pollutants can 
dissolve in these products and penetrate into the skin. Final 
cleaning can be regarded as successful i f  there are no visible 
traces of soot after ,vashing ,vith conventional body clean ing 
products. Only skin care products should be used after a thor­
ough body ,vashing. 

11.12.3 lothing that is ,vorn during fire operations mu t be 
kept separate at the fire station and properly laundered. Care 
should be given not to cross-contaminate bedding and per onal 
clothing dt1ring the laundering process. Fire fighters and 
support personnel should not leave the fire station in ,vork 
clothing that has been contaminated ,vith smoke. 

11.13 Fireground Tactical Consideration - Gross On-Scene 
Decontamination. 

11.13.1 Strategic Objective. Gross on-scene contamination i 
the systematic removal of the byproducts of the fireground 
from tools, equipment, and PPE. Fire fighters should make 
efforts to remove all byproducts from their equipment in an 
effort to promote a healthier environment, including reducing 
exposure to potential carcinogens and keeping tools and 
equipment serviceable. 

11.13.2 HowitWorks. 

11.13.2.1 Wet Decontamination. Water should be used ,vith 
soap and/ or physical brushing to remove contaminants that 
have been deposited onto the fire fighters' PPE, tools, and 
equipment while still on scene. The follo,ving are considera­
tions for ,vet decontamination: 

(1) Depending on the situation, gross decontamination may
be performed prior to fire fighters doffing PPE or after it
has been removed. Considerations must include environ-
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mental conditions and potential for contaminating 
exposed skin through splash or dermal contamination. 

(2) Members should brush large debris first and then spray
each other with water to remove loose partict1lates from
turnouts and equipment.

(3) Some prodt1cts of combustion rest1lt in a "sticky'' deposit
on the gear, requiring detergents or other surfactants to
remove.

( 4) Wet decontamination techniques may temporarily place
PPE out of service, and a second set of tt1rnot1t gear fit to
the fire fighter should be put in service ,vhere possible.

11.13.2.2 Dry Decontamination. Techniques that do not ,vet 
the PPE may be employed depending on the level of contami­
nation, environmental conditions (particularly cold condi­
tions), and materials available on scene. Dry brushing and air­
based brushing methods have been proposed as means to 
remove the toxic prodt1cts of combtistions from the fire fight­
ers. The follo,ving are considerations for dry decontamination: 

( 1) If wet decontamination is not an option, dry decontami-
nation should be performed prior to the fire fighter doff­
ing PPE tinless there is a medical condition needing
immediate attention or other emergency such as running
out of air. Specifically, consider the impact of environ­
mental conditions as ,vell as the potential for the breath­
ing of airborne contaminants and cross-contamination of
exposed skin.

(2) When feasible, personnel shot1ld allow PPE to off-gas as
described in 11.5.4 prior to bagging their gear for the
return to the station.

(3) All fire fighters engaged in suppression activities, over­
hat1l, or expost1re to smoke should exchange their conta­
minated hoods and gloves after exiting the immediately
dangerotlS to life and health (IDLH) environment.

11.13.3 Application� 

11.13.3.1 Mitigation of Contaminated PPE. 

11.13.3.1.1 Upon exiting the hot zone, no PPE should be 
removed, including the SCBA facepiece. 

11.13.3.1.2 To reduce exposure to airborne particulates and 
gasses from off-gassing PPE, the SCBA face piece shot1ld remain 
in place ,vhile doffing remaining PPE components. 

11.13.3.1.3 If directly returning to the hot zone after an air 
cylinder change, the following shot1ld take place: 

(1) Dry brush debris from helmet, facepiece, and SCBA prior
to change-out.

(2) If available, fire fighters engaged in suppression activities
or overhat1l or who are otherwise exposed to smoke can
further reduce contamination by exchanging their conta­
minated hood for a clean one when they exit the IDLH.
Replacement hoods should be readily available on scene.

(3) Personnel performing mitigation shot1ld wear gloves, eye
protection, and suitable PPE for the suspected contami­
nants.

11.13.3.1.4 Prior to removing fire-fighting ensembles worn in 
the hot zone, an appropriate gross decontamination procedure 
should be performed to remove potentially harmful contami­
nants. 

11.13.3.1.4.1 If wet decontamination procedures are 
employed, members should brush large debris first and then 
spray each other with water to remove loose particulates from 
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turnouts and equipment. Utilizing the pump operator for 
decontamination should not be allo,ved due to the lack of 
respiratory protection. A designated gross decontamination 
line may be deployed, preferably distant from the pump panel 
to eliminate overspray and un,vanted exposure of the pump 
operator. Measure should be taken to position the decontami­
nation area up,vind of the incident scene in an effort to not 
expose personnel to more contaminants from smoke. The 
follo,ving should be considered for ,vet decontamination: 

(1) Wet mitigation should begin using a fine mist from a
decontamination hose line to rinse debris from the
helmet, facepiece, SCBA, bunker gear, glove , and boots.

(2) Initial decontamination of all PPE can be completed ,vith
a 1-in. hose line utilizing a 10 to 40 gpm (25.4 mm hose
line utilizing 37.8 to 151.4 L/m) nozzle or a garden hose.

(3) Personnel performing mitigation should wear gloves, eye
protection, and uitable PPE for the suspected contami­
nants.

( 4) Personnel may require tents or buses to provide privacy
and protect against extreme environmental expost1re.

(5) Tyvek suits should be made available for members as
necessary.

11.13.3.1.4.2 During cold weather operations, dry brushing 
should be conducted to remove the products of combustions 
from the fire fighters prior to removing respiratory protection 
and doffing SCBA facepieces. ontaminated PPE that is dry
brushed should be allowed to off-gas in an open area away 
from any fire fighting, decontamination, or rehabilitation activ­
ities and away from locations ,vhere additional contamination 
may be experienced. Air-based decontamination methods have 
been proposed and are currently being studied in place of dry
brushing techniques. Data on effectiveness and risks/benefits 
shot1ld be available shortly. 

11.13.3.1.5 Certain parts of the PPE ensemble cannot be effec­
tively deconned on scene due to their typically porous nature 
(e.g., hoods and gloves). These parts of the ensemble should 
be s,vitched out on the scene until they can be properly 
cleaned in accordance ,vith NFPA 1851. 

11.13.3.1.6 After gross decontamination and before eating or 
drinking, a personal hand ,vashing station, including hand 
soap and to,vels, should be set up. In lieu of soap and water, 
disposable ,vipe hould be utilized for hands, face, and neck. 
Personnel should ,vash their hands before rehabilitation, at the 
end of suppression activitie including overhaul, and before 
returning to the living quarters. The hand ,vash station or 
,vipes should be available at the entry point to rehabilitation. 

11.13.3.2 Containment of Contaminated PPE. 

11.13.3.2.1 When released from the incident, fire fighters 
should place their contaminated turnouts in large, encapsulat­
ing leak-proof bags or totes for transport back to the station. 
Wearing contaminated turnouts back to the fire station will 
transfer contaminants to apparatus seats, resulting in exposure 
to the next member ,vho sits there due to cross-contamination. 

11.13.3.2.2 To protect hands from dermal absorption of 
contaminants ,vhile packaging turnouts, a minimum of nitrile 
or latex EMS gloves should be worn. Personnel should shower 
upon returning to quarters, or as soon as practical. 

11.13.3.2.3 Contaminated turnouts, including hood, gloves, 
boots, and helmets, should be cleaned in accordance with 
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NFPA 1851 or they should be sent out to a designated station 
or an ISP for cleaning. 

11.13.3.2.4 When cleaning contaminated eqt1ipment, appro­
priate PPE [gloves, splash go,vn, and particulate filtering face­
piece (N95 minimum) if eqt1ipment is dry and particles could 
become airborne] should al,vays be ,vorn to protect against 
exposures from contaminated eqt1ipment. 

11.14 Fireground Tactical Consideration - Rehabilitation. 
Rehabilitation is an intervention to mitigate against the physi­
cal, physiological, and emotional stress of fire fighting - in 
order to sustain a member's energy, improve performance, and 
decrease likelihood of on-scene 1nJt1ry or death. (See 

NFPA 1584.) 

11.14.1 Strategic Objectives. Objectives for rehabilitation are 
to provide a refuge area where personnel who have been 
engaged in emergency incident activities can be properly 
rested, cooled, rehydrated, not1rished, and medically and 
psychologically evaluated to help prevent incident-related 
illness and/ or injury, and to prepare them physically and 
mentally to be able to continue to perform operational tasks as 
an incident dictates. Rehabilitation provides a controlled 
means for on-scene per onal hygiene activities to be conduc­
ted, monitored, and verified. 

11.14.2 How it \\7orks. On-scene rehabilitation operations 
could consider location and services to be provided. 

11.14.2.1 The rehabilitation setup should be located in the 
cold zone and the following should be considered when deter­
mining the rehabilitation setup location: 

( 1) Protected from dangerotis environmental elements

(a) Smoke, particulate, and radiant heat from the fire
(b) Exhatist fumes
( c) Environmental heat, cold, wind, precipitation, and

. 

noise
(2) Far enough a,vay from the scene that members may safely

remove PPE
(3) Located near emergency medical services (EMS)

11.14.2.2 Service provided by rehabilitation should include 
the following: 

( 1) Relief from incident and environmental conditions
(2) Personal hygiene
( 3) Rest and re co very
( 4) Rehydration
(5) Nourishment
( 6) Medical monitoring

11.14.2.3 Rehabilitation should operate within the established 
accountability system. Fire fighters should be tracked as they 
enter and leave the rehabilitation sector, and their vitals, fluid 
intake, and ,vhat was eaten should be recorded. 

11.14.3 Application. 

11.14.3.1 Relief from incident and environmental conditions 
shot1ld be provided for the following considerations: 

(1) When ambient temperature is elevated, shaded areas
should be provided at a minimum. For extreme tempera­
tures and high humidity, active cooling may include
moving to an air-conditioned area, using misting systems/
fans or ,vet to,vels, or submersion of extremities in ,vater.

(2) When ambient temperatures are lo,v, areas protected
from precipitation or overspray from hose streams should
be provided. Dry, ,varm clothing and hot beverage may
need to be provided. During extreme cold conditions,
structures (temporary or permanent) or large, heated
vehicles may be required to provide protection from the
elements and personnel ,varming.

11.14.3.2 Hygiene practices should be implemented directly 
into the rehab process for the following considerations: 

( 1) Skin must be decontaminated o that contamination isn't
further distributed through the following:

(a) Eating
(b) Touching other body parts
(c) Exposing members of the rehab team

(2) Turnout coats, pants, helmets, hoods, and SCBA should
be removed to allo,v the follo,ving:

(a) Distance from PPE that may be potentially off­
gassing chemicals absorbed during the fire event

(b) Cooling of the fire fighter through weat evapora-
tion from the skin

11.14.3.3 Rest and recovery provided by rehabilitation 
includes providing an environmentally comfortable area to sit 
do,vn. Typical ,vork/re t ratios recommended for rehabilitation 
include the follo,ving: 

( 1) 10-minute self-rehabilitation after ,vorking for 30 minute
on an SCBA cylinder or 20 minutes of intense work

(2) Formal 20-minute rehabilitation after avo 30-minute
SCBA cylinders or one 45-minute or 60-minute cylinder
or 40 minute of ,vork ,vithout SCBA

11.14.3.3.1 Recent studies have sho,vn a significant reduction 
in typical fire fighters' physical capabilities while working 
through a econd 30-minute bottle or the second hal

f 
of the 

first 60-minute bottle . 

11.14.3.3.2 This same study found that one-third of the fire 
fighters ,vere unable to complete a second bout of activity. Thi 
effect ,vas elevated in fire fighters ,vho ,vere less fit and had a 
larger body size. 

11.14.3.3.3 Significant thermal and cardiovascular strain may 
be experienced during outside ventilation operations that may 
not re ult in significant consumption of air. Thi effect can be 
further exacerbated by elevated ambient temperatures and 
direct sun exposure. Yet, the fire fighter may not have ,vorked 
through SCBA. 

11.14.3.3.4 Exposures on the fireground may be significant 
for exterior operations ( command officers, engineers), yet 
prompts for rehab may not come from SCBA usage. 

11.14.3.4 Replenishing lost fluids and expended fuels is criti­
cal and should include consideration of the follo,ving: 

(1) Rehydration should be actively provided since a large
portion of the human body is ,vater. At a minimum, it i
recommended that ,vater be consumed during air bottle
changes and during rehabilitation. Additional ,vater
should be consumed after the incident. Sports drinks
,vith electrolyte may be desirable during prolonged inci­
dents and are typically recommended after �ter. arbo­
nated and energy drinks should be avoided.

(2) Very cold incidents may necessitate hot beverages.
(3) Excessive fat and empty calories should be avoided.
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11.14.3.5 Rehabilitation staffers should continually monitor 
personnel for signs of exhatistion, stress, and/ or physical 
injury. Vital signs should be recorded upon entry, every 10 
mint1tes and before exit from rehabilitation. 

Chapter 12 Fire Specific Tactical Considerations 

12.1 Scope. This chapter addresses the information, factors, 
and observations needed to develop the initial and ongoing 
operational strategy required for fire control for special 
circumstances. 

12.2 Purpose. The pt1rpose of this chapter is to provide 
options on science-based tactical considerations for fire control 
and extingt1ishment for special circumstances. 

12.3 Application. The intent of this chapter is for fire-fighting 
personnel to apply tactical considerations for fire control and 
extinguishment for special circumstances. 

12.4 Introduction. This chapter provides specific tactical 
considerations based on the building construction information 
combined with bt1ilding design feau1res and occupancy types. 
This list is not exclusive and will likely evolve over time. 

12.5 One- and Two-Family Dwellings and Townhomes. More 
fires occur in these structt1res than any other occt1pancy type. 
The types of construction vary extensively, but the key 
commonality is that they are tisually occt1pied by a single 
family. 

12.5.1 These fires can generally be controlled by one or nvo 
properly operated handlines. Depending upon the siu1ation, 
the fire control could be initiated by an interior or exterior 
water application. 

12.5.2 Using the reach of the stream, the initial water applica­
tion should be made as close to the fire as possible, including 
at the level and side of the building where fire is encot1ntered. 

12.5.3 The incident commander shot1ld consider the extent 
and location of fire involvement prior to the commencement 
of a primary search. 

12.5.4 Generally, vertical travel of heat and smoke occurs in 
interior stair,vells in multistory residences. This can create 
resct1e and egress challenges, especially when upper floor 
,vindows are opened or compromised. 

12.5.5 Exterior fire communication can occur through inte­
rior ceiling openings, and at1to expost1re throt1gh eaves and 
soffit vents can result in fire spread to the attic. 

12.5.6 Non-code-compliant renovations may lead to basement 
occt1pants being trapped in this area of the strt1cture. 

12.5. 7 Townhomes are a type of single-family dwelling that is 
structurally independent from adjacent single-family d,vellings 
and separated by a common fire-resistive-rated wall assembly. 
As long as the wall integrity is maintained, the fire-specific 
considerations applicable to the single- family dwelling are 
applicable to the to,vnhouse. Consideration should be given to 
confirming the integrity of the fire-resistive-rated wall assembly 
and extension has not occurred to adjacent townhouse units. 

12.6 Conceale d Space Fires. These fires involve balloon 
frame construction, void spaces, attics, knee walls, and other 
concealed spaces ,vithin a structure. Concealed fires present 
many hazards and are challenging to safely extingt1ish. 
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12.6.1 A search for fire shall be conducted ,vith the protection 
of a charged hose line. The structure should be assessed from 
both the interior and exterior simultaneously to ensure rapid 
detection of signs of concealed space fires. Ventilation should 
be controlled during the search for fire. 

12.6.2 Thermal imagers should be used from the interior and 
exterior of the structure to assess for temperature in concealed 
spaces. 

12.6.3 Void fires in combustible buildings may consume struc­
tural support members and lead to collapse. 

12.6.4 The utilization of penetrating nozzles should be consid­
ered for ,vater application in a safe manner. 

12.6.5 Complete overhaul to expose hidden spaces ,vhere fire 
may have traveled is essential to the prevention of fire spread. 

12.7 Garage. Most garages contain a significant fuel load and 
fire control hazards due to vehicle , po,vered equipment, ignit­
able liquids, and variollS fuels. Detached garage roofs may be of 
inferior construction, including lighnveight truss. Storage in 
and SllSpended from the overhead supports is common and will 
add to a collapse hazard. 

12.7.1 Due to the storage of flammable compressed gases, the 
potential for a flash fire and boiling liquid expanding vapor 
explosion (BLEVE) in these spaces is relatively high. 

12. 7 .2 The height of a garage may accommodate a hydraulic 
lift that may have a vehicle in a raised position. Failure of a 
hydraulic line could cause the lift to fail. 

12.7.3 Overhead garage door can open or close during a fire 
and have the potential to collapse or trap fire fighters. 

12.7.4 It may be preferable to have a handline that flows more 
than 150 gpm to knock do,m and extinguish fires in the e 
spaces from a relative area of safety. The utilization of exterior 
streams through as small an opening as possible, having a 
charged line flo,ving into an open vent as soon as possible, or 
the use of a piercing nozzle should be considered. 

12.7.5 Consideration should be given to applying exterior 
,vater streams to attached garages, in particular in avoiding fire 
propagation into the main tructure. Fire fighter safety and fire 
control, in most cases, is enhanced by an exterior stream appli­
cation. 

12.7.6 Cre,vs should consider alternative access modes before 
opening, cutting, or removing overhead doors. If an overhead 
door is the best access, small openings can be cut in the door 
and fire streams can be applied through these openings to 
manage the ventilation of the compartment ,vhile extinguish­
ing the fire. Thermal imagers and penetrating (i.e., piercing) 
nozzles can be effective in uppression operations. 

12.7.7 Adjacent or attached tructure should be assessed to 
identify any fire extension. Interior doors should be closed to 
confine the fire and slo,v extension into the living space ,vhen 
possible. 

12.7.8 An interior charged ho eline should also be placed at 
potential fire spread openings in order to confine the fire. 

12. 7 .9 Vertical ventilation should not be utilized due to the
potential for early collapse. Incident commanders should thor­
oughly consider the risks and benefits before assigning cre,vs to
perform roof operations such as vertical ventilation.
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12. 7.10 Positive pressure ventilation should be considered in
the living space to create a pressure differential, there by inhib­
iting fire spread.

12.8 Manufactured and Modular Dwellings. Manufactured 
and modular dwellings are built off-site, may not have the same 
fire resistance as site-built structures, and may propagate fire 
rapidly dt1e to the geometry of the bt1ilding. These buildings 
may be susceptible to early failure due to numerous lighnveight 
building construction materials. 

12.8.1 Due to the building construction, fire conditions may 
result in considerable destruction of the floor, resulting in fire­
fighters falling throt1gh the floor. 

12.8.2 In a ventilation limited condition, an earlier flashover 
condition should be anticipated. 

12.8.3 The utilization of exterior stream placement i a tactic 
that should be considered as all of the compartments in the 
structure are generally accessible from the exterior. 

12.8.4 Vertical ventilation is not a recommended tactic due to 
the potential for early collapse. 

12.9* Large Estate Dwellings. Building constrt1ction trends 
continue to evolve, producing larger and more open floor 
plans in residential strucu1res that commonly include light­
,veight construction and engineered elements. It is not uncom­
mon to encounter residential strt1ctures with sqt1are footage 
imilar to commercial buildings. large estate d,velling-s are 

strt1ctures that exceed 3000 ft2
, have open floor plan designs, 

and use lighnveight construction and engineered structural 
elements, which creates the potential for large area fires and 
early collapse, necessitating adjustments to fire tactic as recom­
mended by Section 12.9. 

12.9.1 Operating tinits shot1ld make every effort in their size­
up to identify the fire area and building construction features. 

12.9.2 Due to the large open floor plan and fuel load it is 
recommended to control these fires with high-volume fire 
flows, utilizing the reach of the stream and the cooling ability 
of the increased flows. 

12.9.3 Doorway curtains can be utilized to slow fire extension 
in these open spaces. 

12.9.4 Incident commanders should consider the need for 
additional resot1rces to complete primary and secondary 
searches of these structures in a reasonable amount of time. 

12.9.5 Large ,vindo,vs present a significant inadvertent ventila­
tion risk. The failt1re of such windows can rest1lt in rapid venti­
lation of the fire, ,vhich can cause rapidly deteriorating 
conditions and extreme fire conditions. 

12.9.6 Large objects, such as light fixtures, arnvork, and other 
decorations suspended in open areas, can pose an additional 
hazard to fire fighters. 

12. 9. 7 Large open areas include long spans typically using
lighnveight truss constrt1ction. These structural characteristics
can lead to early structural failure, primarily roof and floor
collapse. Incident commanders should thorot1ghly consider the
risks and benefits before assigning crew to perform roof oper­
ations st1ch as vertical ventilation.

12.9.8 Multiple large open stainvells, the presence of elevator 
shafts, and large open floor plans can facilitate rapid spread of 
fire. 

12.9.9 These structures often present numerous ob tacle 
regarding access to the structure. Lengthy setbacks from public 
access, gates, and other impediments can complicate apparatu 
placement and result in long hose lays for supply and fire 
control lines. 

12.10 Buildings Converted to Residential or Multiple Dwell­
ings. The e are buildings that have been converted from 
single-family residences, ,varehouses, retail, and all other type 
of occupancies for use by multiple families within the same 
structure. The e living units may be located above or adjacent 
to commercial occupancies. 

12.10.1 Many of these conversions have been completed with­
out code compliance. This can re ult in delayed detection, limi­
ted egress paths, maze-like conditions with limited access for 
fire-fighting operations, increased fire load, rapid fire propaga­
tion, and unpredictable fire travel. 

12.10.2 Living units may be found at all level including the 
basement and the attic, resulting in extremely limited acce . 
for fire operations. 

12.10.3 The structure may be overcro,vded and the number of 
residents may far exceed the original anticipated occupancy 
load. 

12.10.4 Due to the difficulty in conducting rescues and evacu­
ations, it is essential to limit fire spread ,vith a coordinated fire 
control as oon as practical. 

12.10.5 Additional resources may be needed due to the chal­
lenges presented by potential multiple rescues and fire control 
within a converted structure. 

12.11 Multifamily Dwellings. Multifamily dwelling-s include 
ro,v houses and garden apartments. 

12.11.1 Initial considerations to multifamily d,velling fire 
include the elements listed in 12.11.1.1 through 12.11.1.5. 

12.11.1.1 Size-up. The first arriving ,vater source should 
prioritize master streams to reset the fire ,vith a deck gun or a 
monitor if possible. If a confirmed fire is reported from the 
first arriving resource , additional resources should be reque -
ted immediately. Placement of apparatus becomes paramount 
in many cases due to setbacks, parking lots, and a multitude of 

. 

access issues. 

12.11.1.2 Rescue. The residents in greatest danger should be 
an immediate priority. It must be understood if large number 
of residents require immediate rescue, resources become criti­
cal. Delayed extinguishment of the fire is often the result. 

12.11.1.3 Evacuation. The difference bet,veen re cue and 
evacuation must be clear. The evacuation of residents is those 
that are not in immediate danger. Evacuation of residents not 
in the immediate fire area may not be an initial priority. Shel­
tering residents in place may be the most practical method of 
protection until fire control is complete and additional re our­
ces are on scene. 

12.11.1.4 Water Supply. Apparatus placement should be 
considered due to the possible need of several water source 
and the distance required to reach the fire. 
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12.11.1.5 Laddering. Active fires in these structures ,vill often 
increase the demand of ground ladders. Incident commanders 
should proactively consider early placement of ground ladders. 

12.11.2 Using the reach of the stream, the initial ,vater appli­
cation shot1ld be made as close to the fire as possible, including 
at the level and side of the building where fire is encountered. 

12.11.3 The incident commander should consider the extent 
and location of fire involvement prior to the commencement 
of interior fire control and primary search. 

12.11.4 Generally, vertical travel of heat and smoke occurs in 
interior stairwells in mt1ltistory residences. This can create 
rescue and egress challenges, especially when upper-floor 
windows are opened or compromised. 

12.11.5 Exterior fire commt1nication can occur through inte­
rior ceiling openings, and auto expo ure through eaves and 
soffit vents can rest1lt in fire spread to the attic. 

12.11.6 Non-code-compliant renovations may lead to base­
ment occupants being trapped in this area of the structure. 

12.11.7 Common attic areas can facilitate horizontal fire 
spread. 

12.12 Multi-Unit Residential Buildings. These are buildings 
that ,vere designed and constructed for multi-family occupancy. 

12.12.1 Lighnveight construction is routinely found in this 
type of bt1ilding, and early collapse should be anticipated. 

12.12.2 Exposure protection shot1ld be an early tactical prior­
ity 

12.12.3 Large and common attics and other concealed spaces 
may exist that permit tindetected rapid fire propagation. Early 
use of thermal imager and opening of spaces to detect fire 
spread is critical. 

12.12.4 Protection of exit pathways should be a tactical prior­
ity. 

12.12.5 The layout of the building and the number of occu­
pants may present significant resct1e challenges. 

12.12.6 The incident action plan (IAP) shot1ld include consid­
eration of flo,v path management that facilitates evacuation of 
OCCllpants. 

12.13 Abandoned and Vacant Struct ures. Abandoned or
vacant structures are buildings that are no longer in use, and in 
many cases are in an unknown state of condition or compro­
mise, ,vhich could result in ,veakened structural components, 
holes in floors, and structural deficiencies. The following 
should be considered ,vhen controlling fires in these struc­
tures: 

(1) Exterior fire control should be considered prior to entry.
(2) Early collapse shot1ld be anticipated.
(3) Gutted, deteriorated, and modified interior can result in

tinpredictable and increased fire activity. These condi­
tions may impede normal fire-fighting operations.

( 4) Occupancy by sqt1atters and transients shot1ld be consid­
ered. As such, an evaluation of occupant survivability and
rescue potential should be made.

12.14 Large-Space Buildings. Large-space buildings are struc­
tures ,vith large, non-compartmentalized spaces, such as 
churches, skating rinks, bowling alleys, gymnasiums, concert 
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halls, and o forth. They generally have atypical construction 
features. 

12.14.1 A fire of any significance in a large structure of this 
type ,vill challenge the resources of many departments. 

12.14.2 Large noncompartmented areas ,vith their fuel load 
and available air can lead to a ,veil-developed fire. 

12.14.3 Large open areas require long spans typically using 
truss construction. These structural characteristics can lead to 
early structural failure and roof and floor collapse. 

12.14.4 Fire control may require multiple large flow streams. 

12.14.5 These structures may have unique roof characteristics 
that can be hazardous for vertical ventilation operations. 

12.14.6 Controlling the advancement of fire fighters into this 
structure is vital as there is increased potential of fire fighters 
becoming disoriented and so that command can determine 
their location. Special tactics and equipment, such as search 
ropes, should be considered. 

12.14.7 Air management and accountability should be a criti­
cal consideration. 

12.15 Warehouses. Warehouse and storage fires are complex 
incidents that expose fire fighters to many challenge and 
hazards. The complexity of these incidents is a function of a 
number of factors and can require significant resources to miti­
gate. Fires in these occupancies can involve large open areas 
and high fuel loads. 

12.15.1 Key risk factors for ,varehouse fires include the follo,v-
. 

1ng: 

(1) Construction features including construction type, total
building size, details of fire-rated enclosures, and the
presence of large open fire areas

(2) The types and hazard level of material stored
(3) Details on the storage configuration uch as height and

type (e.g., rack storage, floor storage)
( 4) Presence, type, and suitability of fire protection and

detection systems
(5) Any available methods to facilitate ventilation such as roof

vents, smoke control, and exhaust systems
(6) Available ,vater supply sources and adequacy
(7) Equipment and machine related to material handling

12.15.2 Preplanning of ,varehouse and storage occupancies is 
a critical aspect of enabling an effective fire response. 

12.15.3 High fuel loads, large open areas, and complex floor 
layouts can make size-up and determining the exact location of 
the fire difficult. These factor can require additional staffing 
to properly execute engine company, ladder company, and 
rapid-intervention team activities. 

12.15.4 Large open areas ,vith complex and confusing floor 
plans can facilitate fire fighter disorientation and hamper 
search operations and hose movement. If automatic-closing fire 
doors are present, they should be monitored o that they do 
not impact the emergency egre s of fire cre,vs. Good communi­
cation, controlled movements, and fire fighter accountability 
should be a focus of incident command. 

12.15.5 High fuel loads and long tructural spans can facilitate 
structural collapse. Structural conditions should be continually 
evaluated. 
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12.15.6 Localized collapse of storage racks and storage piles 
are a safety hazard to fire-fighting personnel. 

12.15.7 Fire sprinkler systems may control, confine, or 
uppress fire , greatly reducing damage, helping to maintain 

strt1ctural stability, and providing time for the establishment of 
manual fire-fighting operations. Sprinkler control valves and 
associated water st1pplies should be verified to be in service, 
and systems should not be shut down until incident command 
determines it is appropriate to do so. Manual fire-fighting 
efforts should be supplemental to the efforts of the fire sprin­
kler system and typically are used for final extingt1ishment and 
overhaul. 

12.15.8 Warehouse and storage occupancies can result in high 
fire flow demands. Potential sources of water include public 
hydrants, water supply shuttles (tanker/tender), and large 
diameter hose lays. If available, private water st1pplies are also 
an option; however, these systems are typically sized to supply 
fire sprinkler system demands so cat1tion shot1ld be used when 
accessing these supplies so the effectiveness of the sprinkler 
systems is not impacted. Likewise, interior standpipe systems 
typically dra,v water from the sprinkler system. Utilization of 
these standpipe systems cot1ld hamper the effectiveness of the 
sprinkler system. 

12.15.9 When the ,varehouse or storage facility is equipped 
with a fire sprinkler system, the first or second arriving engine 
should feed the fire department connection (FDC). 

12.15.10 If the warehouse or storage building has multiple fire 
divisions, fire doors can be closed arot1nd the fire area to 
reduce the potential for the spread of fire and related fire gases 
and smoke. 

12.15.11 Uninvolved fire-rated areas adjacent to the fire can 
be used as forward staging areas for staffing and equipment. 

12.15.12 Consideration for use of handlines should include 
the following: 

( 1) Due to the high fuel loads and large areas involved, larger
volume hand lines [>2½ in. (>63.5 mm)] that can reach
the base of the fire should be considered.

(2) The large areas and complicated storage layouts can
make the use of traditional pre-connected lines ineffec­
tive. In these cases consideration shot1ld be given to the
use of portable monitors or gated wyes and hose/high­
rise packs.

12.15.13 For large fires where the fire has vented through the 
roof, defensive operations are recommended. If defensive 
operations are initiated, personnel should be evacuated from 
,vi thin the interior and the roof areas and appropriate collapse 
zones established and enforced. Aerial water streams and 
ground-level monitors can be used to help control the spread 
of fire and for protection of expost1res. 

12.15.14 Rooftop ventilation operations, especially involving 
fires ,vith high fuel load materials and ,vhen roof supports 
inclt1de lightweight construction and/ or unprotected steel 
members, can be hazardous ,vith structural collapse a signifi­
cant concern. This is especially trt1e for buildings not equipped 
,vith fire sprinkler systems. Use of existing ventilation facilities 
inclt1ding skylights, melt out vents, and smoke control systems 
can be effective. Positive pressure ventilation may not be practi­
cal dt1e to the large volume areas involved with warehouse and 
storage occupancies. 

12.15.15 Products of combustion from the materials stored 
can contain hazardous or toxic components. Appropriate PPE 
and S BA should be utilized at all times, and environmental 
monitoring of air and effluent water should be considered. 

12.15.16 Controlling the advancement of fire fighters into this 
structure is vital as there is increased potential of fire fighter 
becoming disoriented and for command to determine their 
location. 

12.15.17 Air management and accountability should be a criti­
cal consideration. 

12.16 Variable Grade (Hillside) Building. These are buildings 
that have acce s to grade at various levels. As an example, the 
front of the structure may appear to be a single-story building 
from the front but from the rear may appear to be a t,vo or­
more-story structure. These structures create challenges involv­
ing accessibility, flo,v paths, stream application, and fire fighter 
safety, as well as the potential for rapid changes in fire condi­
tions. Uncontrolled ventilation on any grade level can rapidly 
change the flow path on stairwells and hall,vays. 

12.16.1 Early identification of a variable-grade building, 
including floor designations, operating areas, and unit assign­
ments, should be clearly communicated and understood by all 
operating units and incident command. 

12.16.2 Entering the structure above the fire creates the 
potential of being ,vithin the exhaust flow path. 

12.16.3 If practical, entry should be made at or below the level 
of the fire. 

12.16.4 Ventilation, tightly coordinated ,vith fire control 
involving ,vater streams, to control flo,v paths is essential in 
these occupancies. The potential impact of unintended ventila­
tion creates a significant exposure to fire fighters and should 
be recognized. 

12.16.5 Interior tair,vells have the potential for vertical flo,v 
paths. 

12.16.6 The different elevations create significant access chal­
lenge and create issues in the application of both interior and 
exterior fire streams. 

12.17 Hospital/Health Institution. These fires normally 
involve buildings of noncombustible construction that are fully 
or partially sprinklered. Fire control is usually a lesser concern 
in fully sprinklered structures but is a critical concern in parti­
ally or nonsprinklered facilities ,vith combustible construction. 
The movement and control of smoke (smoke management), 
conducting interior horizontal evacuation to safe area, and the 
control of medical gas sy terns are key tasks that must be 
considered. 

12.17.1 "When the hospital or health institution is equipped 
,vith a fire sprinkler and/ or standpipe system, the first- or 
second-arriving engine should feed the fire department 
connection (FDC). 

12.17.2 If the building is of combustible construction or not 
fully sprinklered, applying water to the fire area as quickly as 
practical from the interior or exterior is a critical task. Empha­
sis must be given to getting the first stream on the fire. 

12.17.3 It is essential to have a smoke control plan to manage 
the smoke ,vithin the noninvolved fire areas to minimize the 
exposure to occupants. 
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12.17.4 The medical gases supply to the fire area should be 
isolated or terminated as soon as practical. 

12.17.5 Sheltering in place is an option for patients based on 
fire conditions, building characteristics, and available response 
resot1rces. 

12.18 High-Rise. Fires in high-rise buildings reqt1ire preplans, 
significant resources, and comprehensive SOPs/SOGs. Tasks 
that are normally considered rot1tine for most fire depart­
ments, such as locating and controlling the fire, evacuating 
occt1pants, and performing ventilation, are more complex in 
high rises. 

12.18.1 Access to floor levels that are beyond the reach of 
aerial apparatlis are generally limited to the interior stairways. 
The use of elevators during fire operations should be designed 
for fire service operations and closely monitored with safety 
precautions. 

12.18.2 Occupants may be exposed to the products of 
combtistion while they are evacuating or unable to descend 
past a fire on a lo,ver floor. Exits may be limited, ,vhich is 
ft.1rther complicated by the simultaneous use for egress and for 
fire-fighting operations. 

12.18.3 The ability to contain and control the fire is increas­
ingly dependent on the construction of the bt1ilding and the 
ability of sprinkler and/ or standpipe systems to deliver ,vater to 
the fire area. 

12.18.4 Ventilation can be much more complicated and criti­
cal in highrises than in other types of structures. Vertical venti­
lation is often limited to stairways or elevator shafts, both of 
,vhich may also have to be used to evacuate occupants. Hori­
zontal ventilation, by breaking out windows, presents the risk of 
falling glass to those outside the building. Stack effect in the 
bt1ilding can cause smoke movement in an upward (i.e., posi­
tive) or do,vn,vard (i.e., negative) direction in vertical shafts. 
Accumulations of smoke remote from the fire areas can be 
found at the upper and lower floors of the building. 

12.18.5 Reflex time, or the amount of time it takes to react 
and take action, is ust1ally mt1ch higher in high-rise building"S 
than in non-high-rise buildings. It often takes longer to travel 
from the grot1nd floor to the fire floor than it takes to respond 
from the fire station to the building. Fire fighters may have to 
climb dozens of floors before they can even reach the fire floor. 

12.18.6 Commt1nications, command, and control can be very 
difficult in a high-rise fire. Radio transmissions through a buil­
ding's concrete and steel infrastrt1cture may be compromised. 
The size and complexity of these buildings require large forces 
of fire fighters and well-coordinated operations in a very 
complex tactical environment. The establishment of an opera­
tions post and staging area on the floor below the fire can 
enhance communications, command, and control. Effective 
coordination and control of strategy and tactics are essential. 

12.19 Basement. Basement or belowgrade fires can be 
extremely difficult to control and extinguish once they are past 
the incipient stage. Access and ventilation opportunities are 
limited, floor plans are not standard, and fuel loads can be 
extraordinary and tinpredictable. Fire fighters are injt1red and 
killed at these fires when the floor beneath them collapses or 
they are cat1ght in the exhatist portion of the flow path of the 
fire. 
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12.19.1 A thermal imager can be utilized on the exterior to 
assess the thermal conditions at windows, vents, and doorways 
to assess the potential for a fire ,vithin the basement. It hould 
be noted that thermal imagers cannot see through walls or 
barriers, only the thermal conditions at the material's surface. 

12.19.2 Smoke sho,ving from chimney or vent pipe may indi­
cate a basement fire. 

12.19.3 Observing the position of the neutral plane at the 
first-floor entrf'vay door of a building might indicate a base­
ment fire. An observable indication of a basement fire can be 
smoke filling an entire first floor door opening of a structure 
,vithout the presence of a neutral plane. Such observations may 
also indicate a fire located on the first floor, ,vhich is ventilated 
elsewhere providing fresh air to the fire. Additional openings 
on the first-floor might also affect the level of the neutral plane 
at the front door. Basement fires are more likely to be 
ventilation-limited upon fire department arrival, and control of 
the flow path on the first floor through managing openings is 
critical 

12.19.4 A thermal imager may be used to assess the tempera­
ture of the interior basement door and to look for heat sources 
around ground-floor penetrations such as near heating regis­
ters and pipe penetrations. A thermal imager should not be 
used to assess the structural stability of the floor from above. 
Additionally, the use of a thermal imager on the ground floor 
surface is not a conclusive ,vay to assess elevated temperatures 
in the basement area. The images in Figure 12.19.4 illustrate 
the thermal imaging vie,v and temperature just prior to 
collapse of the first floor in a basement fire research experi­
ment. 

12.19.5 During a suspected basement fire, the risk analysis 
should consider the fire fighter safety issues prior to placing 
personnel above the basement level. 

12.19.6 When initiating the fire control, ,vhen possible, fire­
fighters should control the basement fire from an exterior 
opening on the same level as the fire. If this is not possible, u e 
of special nozzles or appliances may be used to flow water into 
the basement from the safest positions as possible including 
throt1gh exterior basement ,vindow openings, door openings, 
vent holes, or hole cut above the fire. The application of a 
water spray pattern that cools the hot gases is the most effective 
,vay to control a basement fire. There are many nozzles or 
application devices that provide an effective spray pattern such 
as spray nozzles, penetrating nozzles, and distributor nozzles. 

12.19.7 Any potential ventilation operations including open­
ing of doors to the basement or breakage of ,vindows should be 
performed in a controlled manner once an incident action 
plan is established and at the direction of the incident 
commander. Controlling flo,v path through ventilation 
management is essential in conducting rescue operations and 
limiting fire spread. Positive pressure ventilation should be 
used with caution due to its effect on flow path and fire spread 
due to the limited exhaust vent sizes. 

12.20 Strip Malls. The complexes are generally multiple retail 
establishments and are located adjacent to each other in a line. 
The separate retail businesses are separated by dividing ,valls 
and may have a common attic space and roof. 
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FIGURE 12.19.4 Exterior Thermal Imaging. (Courtesy of UL Firefighter Safety Research Institute.) 

12.20.1 The existence of a common attic space (i.e., cockloft) 
may lead to rapid horizontal fire propagation. Generally, any 
visible fire on the grot1nd floor will be in a wider area with the 
cockloft. 

12.20.2 The examination of void space above ceiling in the 
adjacent occtipancies shot1ld be considered. 

12.20.3 In many cases, hydrants may not be close to the fire 
occupancy. This may require long hose lays. 

12.20.4 These structures usually have no windovvs, only doors, 
in the rear. The rear doors should be forced open early in the 
incident to create a ventilation flo,v path and to provide a 
means of egress for occtipants. Door control shot1ld be imple­
mented so that ventilation may be coordinated ,vith ,vater 
application. 

12.20.5 These buildings ust1ally have a considerable roof load 
due to multiple HVAC units as ,vell as other equipment. The 
additional load increases the possibility of early roof collapse. 

12.21 Buildings Under Construction/Demolition. These 
buildings present particular challenges involving fire control. 
Bt1ilding strucu1ral elements may be exposed to fire and propa­
gation, ,vhich could result in early collapse. Fire systems such as 
sprinkler and alarm systems may not be operational. 

12.21.1 Rapid fire propagation should be anticipated. Signifi­
cant wind conditions could lead to a ,vind-driven fire. The call 
for additional resources should be considered early within the 
incident. 

12.21.2 Large fire flows including master stream appliances 
shot1ld be deployed for fire spread and control. 

12.21.3 Access to these strt1ctures is often limited. 

12.21.4 Fire protection features such as separation doors, ,vall 
board protection, sprinklers, and stand pipes may not be opera­
ble. 

12.22 Photovoltaic Systems. 

12.22.1 General. As a result of the significant increased use of 
PV systems on residential and commercial strt1ctures, fire fight­
ers and fire safety officials have raised concerns about the 
potential risks when P\1 systems may be part of the fire hazard 
or impact fire department operations. To help address these 
concerns, UL condt1cted fire and electrical performance 

experiments to identify and quantify the electrical hock 
hazard that may be present to fire fighter during the suppres­
sion, ventilation, and overhaul activities associated with a fire 
involving the PV equipment. 

12.22.2 Fireground Considerations. 

12.22.2.1 The electric shock hazard due to application of 
,vater is dependent on voltage, �ter conductivity, distance, and 
spray pattern. A slight adjustment from a solid stream to,vard a 
fog pattern (i.e., a IO-degree cone angle) reduced measured 
current belo,v perception level. Salt ,vater should not be used 
on live electrical equipment. A 20 ft (6.1 m) distance had been 
determined to reduce potential shock hazard from a 
0.95 Btu/sec (1000 Vdc) source to a level below 0.002 W/volt 
(2 mA), ,vhich is considered safe. It hould be noted that 
pooled �ter or foam may become energized due to damage in 
the PV system. 

12.22.2.2 Outdoor ,veather-exposure-rated electrical enclo­
sures are not resistant to water penetration by fire hose 
streams. A typical enclosure ,vill collect ,vater and present an 
electrical hazard. 

12.22.2.3 Fire fighter's gloves and boots afford limited protec­
tion against electrical shock provided the insulating sur

f

ace is 
intact and dry. They should not be considered equivalent to 
electrical PPE. 

12.22.2.4 Turning off an array is not as simple as opening a 
disconnect switch. Depending on the individual system, there 
may be multiple circuits ,vi.red together to a common point 
such as a combiner box. All circuits upplying power to this 
point must be interrupted to partially de-energize the system. 
While the array is illuminated, parts of the ystem will remain 
energized. Unlike a typical electrical or gas utility, on a PV array 
there is no single point of disconnect. 

12.22.2.5 Tarps offer varying degrees of effectivene . to inter­
rupt the generation of po,ver from a PV array, independent of 
cost. Heavy, densely ,voven fabric and dark plastic films reduce 
the po,ver from PV to near zero. As a general guide, if light can 
be seen through a tarp, it should not be used. Caution should 
be exercised during the deployment of tarps on damaged 
equipment as a ,vet tarp may become energized and conduct 
hazardous current if it contacts live equipment. Also, fire­
fighting foam should not be relied upon to block light. 
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12.22.2.6 When illuminated by artificial light sources such as 
fire department light trucks or an expost1re fire, PV systems can 
produce electrical po,ver sufficient to cause a lock-on hazard. 
Severely damaged PV arrays can produce hazardotis conditions 
ranging from perception to electrocution. Damage to the array 
may result in the creation of new and tinexpected circt1it paths. 
These paths may include both array components (e.g., module 
frame, mot1nting racks, condt1its, and so forth) and building 
components (e.g., metal roofs, flashings and gutters). are 
mtist be exercised during all operations, both interior and exte­
rior. Contacting a local profe ional PV installation company 
should be considered to mitigate potential hazards. 

12.22.2.7 Damage to modt1les from tools may rest1lt in both 
electrical and fire hazards. The hazard may occur at the point 
of damage or at other locations depending on the electrical 
path. Metal roofs present unique challenges in that the surface 
is conductive, unlike other types such as shingle, ballasted, or 
single ply. 

12.22.2.8 Severing of conductors in both metal and plastic 
condt1it results in electrical and fire hazards. Care mllSt be 
exercised during ventilation and overhaul. 

12.22.2.9 Responding personnel must tay away from the roof­
line in the event of modt1les or sections of an array sliding off 
the roof. 

12.22.2.10 Fires under an array but above the roof may breach 
roofing materials and decking allowing fire to propagate into 
the attic space. 

12.23 Attic. Fast-moving fires with limited access are charac­
teristics of attic fires. A critical aspect of these types of fires are 
structural collapse. 

12.23.1 Many attic fires originate on the exterior of the struc­
ture from an adjacent strt1cu1re fire, garage fire, motor vehicle 
fire, trash fire, porch or deck fire, mulch or vegetation fire, or 
wildland fire. 

12.23.2 Use of plastics or combtistibles such as vinyl siding in 
exterior ,vall assemblies can facilitate rapid fire spread into the 
attic space. 

12.23.3 Exterior fires can transition to attic fires either directly 
via eave/soffit and wall vents or indirectly by burning through 
eaves/soffits, exterior walls and/or windows, and plumbing or 
electrical penetrations. 

12.23.4 Rapid application of ,vater from the exterior can 
inhibit exterior fire spread into the attic. 

12.23.5 It should be recognized that residential occupancies 
equipped ,vith fire sprinkler systems typically do not extend the 
protection to the attic area. 

12.23.6 Contint1ous plastic ridge vents can melt and collapse 
on the opening of a peaked roof� creating an effective seal. 
Once the ridge vent seals, the eaves act as both the inlet and 
exhaust of air for the fire. The resultant restrictions in airflo,v 
can lead to a ventilation-limited fire with the extent of the fire 
potentially hidden during size-up. Smoke pulsing from the 
eaves can be an indicator that the ridge vent has melted, creat­
ing a seal. 

12.23.7 Attic fires are typically ventilation-limited due to limi­
ted nau1ral ventilation opening"S. Controlled openings created 
belo,v the neutral plane (such as through the ceiling belo,v the 
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attic space) ,vill not cause immediate gro,vth and can provide 
access for suppression operations 

12.23.8 For ventilation-limited fires, effective methods for the 
application of fire suppression ,vater include a small hole in the 
ceiling and ,vater from below, water introduced into the attic 
through the gable ends, and ,vater applied to the underside of 
the roof by ,vay of the eaves. While these methods are far less 
effective for ,vell-vented attics, they are still preferable to flo,v­
ing aerial streams directed into roof openings. 

12.23.9 Wetting interior sheathing as part of offensive or 
defensive operations slo,vs fire spread and reduces the poten­
tial for rapid fire gro,vth, facilitating ventilation and access to 
the attic. 

12.23.10 Vertical ventilation should be closely timed or limi­
ted until fire suppression water is available. In the absence of 
fire suppression ,vater, vertical ventilation can re ult in uncon­
trollable fire groMh, fire blo,v back into the occupied pace, 
and potentially smoke explosions. 

12.23.11 When fire in the attic space burns through the 
sheathing or out of the gable ends, the fire may become well­
ventilated. In these cases, cre,vs should be repositioned from 
the interior and transitioned to exterior operations. Traditional 
"top do,vn" use of aerial devices and master treams through 
these openings fail to apply ,vater to the underside of the roof 
deck or onto any burning material or contents that are not 
directly beneath or in the immediate vicinity of the hole. As an 
alternative, consider using aerial devices or portable ladders 
and handlines to open up the eave and flow water into the 
attic from the "bottom up." This approach may re ult in 
controlling the fire enough to permit fire-fighting crews to 
transition back inside the tructure to complete searches, 
suppression, and overhaul. 

12.23.12 Attic construction affects hose stream penetration. 
The most effective ,vater application takes into consideration 
the construction within the attic, using the natural channels 
created by the rafters or trusses to direct the ,vater onto the vast 
majority of the surf aces. 

12.23.13 Potential for structural collapse should be continu­
ally evaluated. Modern lighnveight attic construction can 
collapse rapidly ,vhen exposed to fire conditions. If collapse 
becomes a concern, fire fighters should not be placed in the 
collapse zone. When transitioning to the interior after large 
amounts of ,vater ,vere flo,ved into the attic, it should be recog­
nized that insulation will hold water and allo,v the ceiling to 
collapse in sections A defensive strategy should be strongly 
considered ,vhen the llSe of an offensive strategy would re ult 
in fire fighters performing fire-fighting operations under or 
above trusses that are compromised by fire or fire operations. If 
lighnveight trus construction is exposed to fire and no re cue 
operations are required, a defensive strategy is highly recom­
mended, as early collapse is likely. 

12.23.14 Knee ,vall construction creates interconnected 
concealed spaces where the wooden tructural members 
provide a relatively large surface area of exposed fuel along 
with air flow conducive to spreading fire. Knee walls in a 
finished attic create the potential for ventilation-limited fires 
,vith large amot1nts of fuel heated to near its ignition point in 
the spaces that urround interior operating cre,vs. Subsequent 
ventilation at the roof or by breaching the knee wall from the 
interior provides the flo,v path to rapidly gro,v the fire to flash-
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over. When the barrier between the concealed spaces and the 
occupied space fails or is breached, interior operating crews 
may become trapped between the ne,vly created flo,v path and 
their means of egress. Even thot1gh there is a delay between 
making the breach and the change in conditions, once initi­
ated, the transition to untenable conditions in the area of oper­
ation occur very rapidly. 

12.23.15 The application of water should be applied on a 
knee wall fire at the source and toward the direction of spread 
before committing to the attic. Applying water utilizing the 
same path the fire took to enter the concealed space may be 
the most effective method at slo,ving fire gro,vth, applying 
water throt1gh an exterior soffit or with the titilization of a 
piercing nozzle. Water application to the knee ,vall ,vill not be 
effective until the sot1rce below it is controlled with direct water 
application. Consideration should be given to opening the 
floor below the knee wall. 

12.23.16 The most effective approach for interior operations 
on knee ,van fires is to control the source fire, cool the gasses 
prior to making large breaches in the barrier, and then aggres-
ively open the knee walls to complete extinguishment, focus­

ing on wetting the underside of the roof decking. The use of 
thermal imagers and penetrating (piercing) nozzles can be 
effective tools in st1ppression operations. 

Chapter 13 Implementing NFPA 1700 

13.1 Scope. This chapter addresses the implementation of 
NFPA 1700 within fire-fighting organizations. 

13.2 Purpose. The pt1rpose of this chapter is to provide assis­
tance to AH] in facilitating the implementation of science­
based fire dynamics principles. 

13.3 Application. The intent of this chapter is to apply the 
principles of science-based fire dynamics into an AHJ's cultural 
practice. 

13.4 General. Implementation of new strategies, tactics, and 
tasks can be challenging for fire departments. Organizational 
bureaucracy, traditions, and department ct1lture play a role in 
ho,v ne,v research findings are incorporated in department 
policies, procedt1res, and gt.1idelines. Actual implementation of 
the e change to policies, procedures, and guidelines can be an 
additional challenge for an organization and requires long­
term assessment and monitoring. 

13.4.1 * Organizational leaders and early adopters should be 
instrt1cted on the valt1e of incorporating science-based research 
,vithin structure fire-fighting strategies and tactics. 

13.4.2 A meeting should be held ,;'\Tith stakeholders so they can 
provide input on the implementation plan. Stakeholders may 
include representatives from labor unions, volunteer associa­
tions, relevant instrt1ctor grot1ps, and at1tomatic and mt1tual aid 
departments. Involving a cross-section of operational personnel 
in this stakeholder meeting, across ranks and assignments, can 
help set the foundation for ,vide cultural acceptance in the 
organization. 

13.4.3 The AH] shot1ld establish an implementation work 
group consisting of individuals interested in change, subject 
matter experts, and those possessing the skills and abilities to 
navigate political and organizational cultural concerns. The 

,vork group should develop an implementation plan consisting 
of appropriate message delivery model(s). 

13.4.4 Applicable research studies and training materials 
should be identified. Re earch tudies and training re ource 
from the UL Firefighter Safety Research Institute, National 
Institute of Standards and Technology, International Associa­
tion of Fire Fighters, International Society of Fire Service 
Instructors, International Association of Fire hiefs, and the 
Illinois Fire Safety Institute may be utilized. 

13.4.5 Subject matter experts should be assigned to write 
policy, procedure , and guidelines. A multidisciplinary group 
(i.e., fire behavior specialists, hose and nozzle experts, recruit 
training cadre members, training officers, ventilation and forci­
ble entry experts) should be assigned to ,vrite the policy. The 
policy ,vriting may occur concurrently as the training material 
are developed. 

13.4.6 Consideration should be given to delivering the train­
ing prior to releasing official policy, procedures, and guideline 
to allo,v personnel access to the information to understand the 
value and importance of science-based fire fighting and to 
develop the knowledge and skills to support such documents 
and fl.reground operations. 

13.4.7 Science-based tactical considerations hould be incor­
porated into all aspects of fireground operations, and existing 
training, policie , procedures, and guidelines should be upda­
ted. Forcible entry, rapid intervention, ventilation, search and 
rescue, and other related functions are inherently connected 
,vith structural fire-fighting operations. Policies, procedures, 
guidelines, and training content supporting these operations 
should be updated as ne,v strategies and tactics are developed. 

13.4.8 Training materials supporting the policy, procedures, 
and guideline should be designed. Use of existing training 
materials developed by science-based research organizations 
devoted to fire service advancement should be considered. 
Departments can also develop their own customized me age to 
address specific concerns of their organizations. A recognition 
of the potential challenges of cultural change in the fire service 
should also be included in the training, along ,vith strategie to 
overcome them and evolve the organization. 

13.4.9 The best method of kno,vledge-based training delivery 
should be identified. A preferred training delivery model may 
be different for each department. The training delivery model 
a department use is dependent on the size, available training 
resources, time, and geography. Some departments may benefit 
from making some or all of the kno,vledge-based content avail­
able online and require access by each individual fire fighter. 
Other departments may only be able to deliver the training 
using instructor-led trainings. Additionally, a blended approach 
including both training models may erve to be beneficial. 

13.4.10* Hands-on training hould be provided to support the 
ne,v policies, procedures, and guidelines. Training should 
focus on individual, company, and multi-company skills and 
tasks. Skills should progress from basic concept application to 
live-fire, multi-company drills. 

13.4.11 The efficacy of the implementation model should be 
determined. After policies, procedures, and guidelines have 
been published and all forms of training delivered, assessment 
methods to determine the efficacy of the implementation 
model should be delivered. Requiring company officer and 
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chiefs to report ho,v ne ,v tactics ,vere, or ,vere not, used during 
strucu1re fires should be considered. 

13.4.12 Training shot1ld be revised and adjusted as required. 
Follo,ving the evaluation of operational behaviors on emer­
gency incidents, training shot1ld be reviewed and adjusted 
,vhere kno,vledge and skill gaps are identified. 

Annex A Explanatory Material 

Annex A is not a part of the recommendations of this NFPA document 
but is included for informational purposes only. 1'hi,_� annex contains 
ex-planatory material, numbered to correspond with the applicable text 
paragraphs. 

A.3.2.1 Approved. The National Fire Protection Association
does not approve, inspect, or certify any installations, proce­
dt1res, eqt1ipment, or materials; nor does it approve or evaluate
testing laboratories. In determining the acceptability of installa­
tions, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance ,vith
NFPA or other appropriate standards. In the absence of such
standards, said authority may require evidence of proper instal­
lation, procedure, or tise. The at1thority having jt1risdiction
may also refer to the listings or labeling practices of an organi­
zation that is concerned Mth product evalt1ations and is thus in
a position to determine compliance with appropriate standards
for the ct1rrent prodt1ction of listed items.

A.3.2.2 Authority Having J urisdiction (AHJ). The phrase
"authority having jurisdiction," or its acronym AHJ, is used in 
NFPA documents in a broad manner, since jt1risdictions and 
approval agencies vary, as do their responsibilities. Where 
pt1blic safety is primary, the authority having jurisdiction may 
be a federal, state, local, or other regional department or indi­
vidt1al st1ch as a fire chief; fire marshal; chief of a fire preven­
tion bureau, labor department, or health department; building 
official; electrical inspector; or others having statl1tory author­
ity For insurance purposes, an insurance inspection depart­
ment, rating bt1reat1, or other inst1rance company 
representative may be the authority having jurisdiction. In 
many circumstances, the property owner or 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 havingjurisdiction. 

A.3.2.5 Listed. The means for identifying listed equipment
may vary for each organization concerned with product evalua­
tion; some organizations do not recognize equipment as listed
unless it is also labeled. The at1thority having jt1risdiction
should utilize the system employed by the listing organization
to identify a listed product.

A.3.3.35 Decontamination. Decontamination is sometimes
abbreviated as "decon."

A.3.3.51 Energy Storage System (ESS). ESS(s) can include but
is not limited to batteries, capacitors, and kinetic energy devi­
ces (e.g., fly ,vheels and compressed air). These systems can
have ac or de output for utilization and can inclt1de inverters
and converters to change stored energy into electrical energy.

A.3.3.85 Flow Path. The follo,ving list details the types of
flows in a flow path, how they are generated, and related char­
acteristics:
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(1) The flo,v is caused by pressure differences that re ult
from temperature differences, buoyancy, expansion, Mnd
impact, and HVAC ystems.

(2) Flow characteristics include stratification ,vithin the boun­
daries of a compartment or at an opening, the degree of
tl1rbulence and its direction, velocity, and shape. The e
characteristics can often be identified by evaluating the
smoke/air flo,vs.

(3) At openings or ,vithin rooms, halhvays, tair,vays, and
shafts, the smoke/air flows may be classified as unidirec­
tional, bidirectional, or dynamic.

(4) Multiple flow paths are possible Mthin a structure fire,
and there may be multiple combinations of inlets and/ or
outlets.

(5) Flo,v paths can be altered by fire fighting tactics.

A.3.3.99.3 Hot Zone. For a structure fire, the structure is part
of the hot zone, regardless of ,vhat can be seen from the
outside.

A.3.3.121 Incident Action Plan. It can include the identifica­
tion of operational resources and assignments. It can also
include attachments that provide direction and important
information for management of the incident during one or
more operational periods.

A.3.3.131 Latent Heat. When heat is added to a liquid fuel 
and it vaporizes into a gas phase fuel, the temperature of the 
liquid does not increase because ,ve can add heat to a 
substance during its phase change and not see any ri e in 
temperature; this is called "latent" or hidden heat. 

A.3.3.134 lightweight Construction. Lighaveight construction 
can include, bt1t is not limited to, the follo,ving: 

(1) Lighaveight ,vood structural members such as
engineered-type trusses, laminated beams, oriented
strand board ( OSB), or other such products that are
attached ,vith lightweight nail plates or glued and pressed
in place

(2) Lighaveight metal structural members of light gauge
metal in the form of bar trusses and other such material

A.3.3.169 Rapid Fire Development. Rapid fire developments 
are subdivided into the two main categories of phenomena of 
flashover and smoke ignition. 

A.3.3.188 Smoke Ignition. Smoke ignition is then further 
subdivided into three separate developments: smoke explosion, 
backdraft, and flash fire (propagating flame fronts including 
rollovers). 

A.3.3.248 Watt (W). A watt is defined as one joule per econd, 
a kilo,vatt is 1000 ,vatts, and a mega,vatt is 1,000,000 ,vatts. 

A.4.8 Many governmental fire fighter training organizations
and fire departments have incorporated fire dynamics and
evidence-based practices into their training documents and/ or
their standard operational procedures or guidelines. The
follo,ving is a list of those organizations and fire departments,
but it is not all-inclusive:

(1) In the United States, examples of fire departments that
have incorporated fire dynamics and evidence-based 
practices include the follo,ving: 

(a) Bo ton (MA) Fire Department
(b) Chicago (IL) Fire Department
(c) leveland (OH) Division of Fire



(d) Columbus (OH) Division of Fire
( e) Eau Claire (WI) Fire Department
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(f) Fairfax County (VA) Fire and Rescue Department
(g) Fire Department City of New York (FDNY)
(h) Fort Worth (TX) Fire Department
(i) Hanover (VA) Fire EMS Department
(j) Houston (TX) Fire Department 

(k) Laramie (WY) County Fire District #2
(1) Las Cruces (NM) Fire Department

(m) Los Angeles (CA) County Fire Department
(LACoFD)

(n) Mesa (AZ) Fire and Medical Department
(o) Oklahoma City (OK) Fire Department
(p) Prince George's Cot1nty (VA) Fire/Emergency

Medical Services Department
(q) St. Petersburg (FL) Fire and Rescue
(r) Sanjose (CA) Fire Department
(s) Tucson (AZ) Fire Department

(2) In anada, many of the provincial organizations responsi­
ble for fire fighter training that have incorporated fire­
dynamics-based fire tactics into their curriculums include
the following:

(a) Justice Institute of British Columbia Fire and Safety
(b) Newfoundland Fire School
(c) Nova Scotia Fire School
(d) Ontario Fire College
(e) Ontario Association of Fire Training Officers
(f) IPIQ - Institt1t de protection contre les incendies

du Quebec
(g) Manitoba Emergency Services College

(3) Examples of Canadian fire departments that have incor­
porated fire dynamics and evidence-based practices
include the following:

(a) District of North Vancouver Fire and Rescue Serv-
. 

rces
(b) Ottawa Fire Services
(c) Oakville Fire Department
(d) Hamilton Fire Department
(e) Calgary Fire Department
( f) Winnipeg Fire Paramedic Service
(g) Service d'Incendie de Montreal
(h) Halifax Regional Fire and Emergency
(i) SaintJohn Fire Department

( 4) European fire departments that have implemented a fire
dynamics training program include the follo,ving:

(a) Belgit1m: Brussels, Antwerp
(b) Croatia: Federal fire academy
(c) Finland: Federal fire academy
( d) France: Paris
(e) Germany: All 102 career departments especially

the "big five": Berlin, Hamburg, Munich, ologne,
Frankft.1rt; all 20 state fire academies (main target
group: volunteer fire departments all over the
country)

(f) Greece: Thessaloniki
(g) Great Britain: Federal fire academy, some regional

fire academies, London, Liverpool (Merseyside),
and Birmingham

(h) Netherlands: Amsterdam, the Hague, and the
national and regional fire academies

(i) Poland: Federal fire academy
(j) Sweden: The two federal academies: Stockholm 

and Gothenburg 

(k) Spain: Madrid
(1) Switzerland: Both federal fire academies

A.6.5.13 Winds blo,ving into a closed fire compartment can 
lead to a high-pressure zone in the compartment. Under 
normal wind conditions, a room ,vith only one opening will 
display a bidirectional air track. This ,vill be either fuel­
controlled (i.e., smooth flow) or ventilation-controlled (i.e., 
turbulent flo,v). In a ,vind-impacted scenario resulting from 
high ,vinds, the opening can aggressively alternate from a total 
inlet to a total exhaust outlet ,vith a range of unique vent 
profiles. Alternatively, a steady-state unidirectional flow path 
may also present a unique vent profile. 

Smoke seen pulsing out of opening is a result of variations 
in pressure due to limited oxygen supply and indicates a 
ventilation-controlled fire. As the oxygen level decrease , so 
does the intensity of the combustion proces . This condition, in 
turn, decreases the temperature and consequently the volume 
of hot smoke. This condition causes air to be drawn in, increas­
ing the fire intensity and internal pressure until the air is 
consumed and the cycle starts over again. Audible indicators 
such as ,vhistling noises may also help one to recognize the 
presence of pulsations. The ,vhistling noises result from smoke 
being pushed in and out of the compartment through small 
gaps or openings, due to pressure variations. It shot1ld be 
noted that it might be difficult to notice this audible indicator 
above the background noise. 

In some cases, pulsations can develop into a ituation where 
the sudden opening of the compartment could lead to back­
draft. Extreme caution should be exercised before creating any 
opening in these conditions. It is important for fire fighters to 
cool the smoke and surfaces while undertaking door control 
before tactical venting operations begin. 

A.7.4.1.1 Traditional post-WWII home construction ,vas typi­
cally one story in height ,vith an area of 90 m2 (1000 ft2),

consisting of many small volume rooms ,vith 2.4 m2 (8 ft2 ) ceil­
ings. Fires ,vithin these small homes tended to become ventila­
tion controlled fairly quickly as the available oxygen ,vas
consumed by the fire. In contrast, modern homes have areas
that rt1n from 230 m2 to 420 m2 (2500 ft2 to 4500 ft2 ) with open
concept floor plans, great rooms, or foyers ,vith avo-story high
ceilings. The same fire ,vithin a larger volume ,vill tend to grow
in scale and be sustained given the available oxygen and the
ability of bt1oyant smoke to spread, mix ,vith air, and be collec­
ted in the upper regions of the great room due to the loped
(angled) ceiling well above the fire. Like the smaller volume
home, the larger fire ,vill eventually become ventilation
controlled. The difference beaveen the two scenarios is the
lack of protective compartmentation, degree of fire develop­
ment, and ultimate danger to occupants and responders due to
rapid fire progress upon the reintroduction of air.

A.7.4.2 Once finishes have absorbed the heat energy, they ,vill 
tend to hold it and this ,vill make it difficult to cool the smoke. 
Metal claddings have a lo,v thermal mass and an inability to 
absorb heat but transfers that heat quickly through conduction 
to other potential combustibles. 

Well-insulated linings ,vill hold the heat energy in the fire 
compartment and this may accelerate fire growth. Combustible 
linings ,vill produce pyrolysis gases as they are heated to about 
572° F to 752°F (300°C to 400° C) and this ,vill contribute to fuel 
accumulating in the upper region of the fire room or compart­
ment. 
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A. 7.5.1 The fire-resistance rating is based upon assembly test­
ing titilizing ASTM Ell 9, Standard 1est Method.s for Fire 1ests of
Building Construction and Materials. A Type I structure ,vill have a
minimt1m of a 3-hotir fire-resistance rating. The goal is to
compartmentalize and protect the structural integrity of the
bt1ilding permitting interior fire-fighting operations and the
evacuation of occupants. An ASTM El 19 fire-resistance rating
does not necessarily mean an assembly will protect the struc­
ture for the designated rating consistently. It is a testing system
that utilizes the same testing formt1las and stresses to compare
dissimilar materials with the results reported in an hourly
rating. Fire service members shot1ld be aware of the levels of
ratings and expectant performances. This is beyond the scope
of this doct1ment bt1t an important consideration.

A. 7.5.1.2.3.1 Stack effect is the movement of air into and out
of building-s, chimneys, flue gas stacks, or other containers,
resulting from air buoyancy. Bt1oyancy occt1rs dt1e to a differ­
ence in indoor-to-outdoor air density resulting from tempera­
ture and moisture differences. The bt1oyant force creates
differential pre ures that can have significant impact on SAHF
movement and control. Stack effect is usually associated with
tall building-s due to the numerous leakage paths, shafts, and
dt1ctwork that are compot1nded by operational practices and
occupant behavior ,vhen opening and failing to close doors.
Stack effect can be used to great advantage in clearing stair­
,vells during high-rise operations and even more so in ,vinter
conditions.

It should be noted that stack effects in winter are significant 
even in a one- or nvo-story house and very significant in tall 
bt1ildings. Reverse stack effects are another possibility in warm 
climates ,vithin air-conditioned buildings, ,vhere smoke flo,v 
can be reversed and flows down a shaft can confuse the 
observer as to the actual fire location. 

Extremely lo,v ambient temperatures, for example, can 
catise rapid cooling of discharged smoke. The cooler smoke 
,vill have decreased buoyancy, and entrained ,vater ,vill 
condense and catise larger particles normally lofted in the 
smoke plume to be precipitated out to produce a dense ,vhite 
smoke. "When combined with "low atmospheric pressure," an 
inversion layer can form that ,vill prevent the smoke from 
rrsrng. 

The lack of bt1oyancy in the smoke may suggest to the 
observer that the fire intensity is not that great when in fact it 
may be quite severe. 

A. 7.5.2.1 "While these structural components are noncombus­
tible, they tend to fail very early in a fire ,vhen exposed to eleva­
ted heat. Steel will elongate and deform when exposed to
temperatures of 1000 °F (538° C). The endurance of the steel
depends on the mass of the steel. The smaller the structural 
element the less time until structural compromise. Many of the 
steel structl1ral components in Type IIB are lightweight and will 
fail early in an event. 

A.7.5.3 The United States fire service has a long history of
battling fires in this type of construction. More fire fighters
have lost their lives in battling residential fires in Type III
constrt1ction than other forms of constrt1ction. Fire fighters
should not develop a level of complacency because they
encounter a noncombtistible exterior. This may assist in reduc­
ing the risk of the fire propagating to the exposure, but the
common concealed spaces and combustible strt1ctural compo-
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nents combine to make this a very dangerous occupancy to do 
business. 

Fire fighters may encounter Type III construction in a wide 
variety of occupancie , but common occupancie include resi­
dential, mercantile, and mixed use. Quick knock down, occu­
pant rescue, and opening void spaces are high priorities in 
Type III construction. 

A.7.5.4.1 Modern Type IV tructure utilize a more modern
approach to heavy timber. Due to environmental concerns and
supply challenges within the timber industry, many Type IV
structures are using Glulam or laminated lumber in place of
heavy timber. These products are created using piece of
dimensional lumber glued and compressed together to form
one solid structural component. The resulting product is
designed to carry and distribute an impressive load. The debate
is how these structural members perform under fire condi­
tions. Incident commanders should understand the type of
construction ,vithin the Type IV construction when the struc­
ture is involved ,vith fire. 

Another form of construction that may fall under the 
Type IV construction category that is gaining interest is cross 
laminated timber ( LT). CLT is simply the use of layering of 
structural lumber boards stacked cross,vise ( typically at 90 
degree ) and glued together on their ,vide faces and, ome­
times, on the narro,v faces as well. Manufacturers will layer 
dimensional lumber, ,vhich can consist of 2 x 4, 2 x 6, 2 x 8, 
and so forth. They ,vill initially set a layer of lumber horizon­
tally, then vertically, then horizontally, and so on until reaching 
the desired thickness. This thickness may be seven to 11 layers 
or greater. Manufacturers then calculate the inherent fire­
resistance rating based on the established char rate for the 
used species. Completed products resemble a large block, and 
they are placed as a ,vall, floor, or ceiling. The result is similar 
to modular construction. The CLT slabs are mechanically 
connected and reinforced with adhesives. This is a rapidly 
developing market, and fire service member should monitor 
proposed construction projects in their jurisdictions to under­
stand the buildings in their re ponse districts. 

At this time, CLT structures have been proposed for use in 
high-rise structures, but research is ongoing. Fire services 
members should be a,vare of the positives and negatives of this 
type of construction and remain alert for updated research as it 
becomes available. 

A.7.5.5 By far the majority of fires encountered by the U.S.
Fire Service occur in Type VB construction. Single- and two­
family structures are prime example of Type VB. It ,vould be
easy to classify most single-family structures as Type VB and
lump the various structural components into one category, but
it is not that simple.

A.8.2 There are many other limitations that are important to
fire fighters such as mechanical, electrical, reliability, and aging
testing.

A.8.14(1) The sample is to be ealed at one end, filled with tap
,vater, sealed at the other end, and conditioned for 24 hour in
a room maintained at 73°F (23° C). The steel block is to be
heated for at least 16 hours in an oven maintained at 500 °F
(260° C), removed from the oven, and ,vi thin 5 seconds placed
so that the longitudinal axis of the steel block is perpendicular 
to the longitudinal axis of the sample. The contact area is to be 
the midpoint of the 2½ in. (63.5 mm) wide ide of the steel 
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block and the midpoint of the sample. A metal knife edge is to 
be tised as a support near one end of the steel block to balance 
the teel block and obtain maximum force on the hose. After 
60 seconds, the steel block is to be removed. After the hose has 
cooled, it is to be laid straight and subjected to the hydrostatic 
strength test. 

A9. 7.3 Consideration should also be given to H\TAC status in 
the building and factors such as air movement via the stack 
effect in high-rise structures. When evalt1ating exterior open­
ings, a number of observations can be made. Influences such as 
fire location relative to the opening, stage of fire development, 
compartmentation inside the building, ,vind conditions on the 
exterior, and the length of time that an opening has been open 
or closed ,vill all play a part into the conditions at an opening. 

During the initial survey, fire companies may take specific 
action to close doors or windows that were already open in 
order to limit fire gro,vth and control flow paths, or to open 
windows or doors for entry, water application, or coordinated 
ventilation related to fire control. When assessing the overall 
ventilation profile, consideration should be paid to the fact 
that fire burns in proportion to the oxygen in ,vhich it receive , 
and limiting ventilation prior to the application of water is typi­
cally an effective method to impede fire gro,vth. When fire 
fighters and fire officers choose to limit ventilation by closing 
doors, or by controlling doors in a mostly closed position after 
forcing entry, a brief sweep or check for victims in the immedi­
ate area is necessary prior to closure. Doors may have been left 
open by fleeing occupants, opened by earlier-arriving respond­
ers such as police officers, or breached/burned-through by 
heat and fire conditions. 

When evaluating the ventilation profile, strategic considera­
tions include assessing the stage and progression of the fire in 
different areas of the building based on observed conditions at 
openings both visually and with the thermal imager. In the 
event that an offensive strategy is selected, any interior fire 
attack should be made on the inlet portion of the flo,v path if 
possible, with the airflow and/ or wind at the back of the 
advancing fire crew. Continuous evaluation and management 
of the ventilation profile is partict1larly important in the offen­
sive strategy, as window openings may be created to facilitate 
coordinated fire attack, and entry doors may be pt1rposely 
controlled through partial closure or by flo,v-path control devi­
ces (i.e., curtains). Every building has its own individual ventila­
tion profile. 

A 9. 7.4 Evaluation of the height and turbulence of any exist­
ing neutral plane is a critical factor in sizing up an opening. As  
a room progre es to flashover, the level of the neutral plane in 
the opening will lower, and the tl1rbt1lence of the inlet flow at 
the boundary layer will increase. In the absence of a defined 
horizontal neutral plane, an opening in a fire building is likely 
functioning exclusively as an inlet or an outlet. Dynamic smoke 
and fire presentation at an opening, or a puffing or pulsation­
type appearance, may indicate wind-impacted conditions. The 
incident commander may initiate tactics st1ch as closing outside 
openings while performing his or her a essment of fire condi­
tions. 

A12.9 2013 U.S. Census data indicates that the average dwell­
ing size is approximately 2600 ft2

, and NFPA 1710 utilizes a nvo­
story 2000 ft2 hotise for initial deployment staffing 
considerations. Large estate dwellings over 3000 ft2 can present 
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significant challenges relative to ventilation and fire 
suppression and require additional resources. 

A.13.4.1 Organizations incorporating science-based research
might benefit from an understanding and use of the di:ffu ion
of innovation (DOI) theory.

The DOI theory, developed by E.M. Rogers in 1962, is one of 
the oldest social science theorie . It originated in communica­
tion to explain how, over time, an idea or product gains 
momentum and diffuses ( or spreads) through a specific popu­
lation or social system. The end re ult of this diffusion is that 
people, as part of a social system, adopt a ne,v idea, behavior, or 
product. Adoption means that a person does something differ­
ently than ,vhat they had previously (e.g., purchase or use a 
ne,v product, acquire and perform a new behavior). The key to 
adoption is that the person must perceive the idea, behavior, or 
product as new or innovative. It is through this that diffusion is 
possible. 

Adoption of a ne,v idea, behavior, or product (i.e., "innova­
tion") does not happen simultaneously in a social system; 
rather it is a process ,vhere by some people are more apt to 
adopt the innovation than others. Researchers have found that 
people ,vho adopt an innovation early have different character­
istics than people who adopt an innovation later. When 
promoting an innovation to a target population, it is important 
to understand the characteristics of the target popt1lation that 
,vill help or hinder adoption of the innovation. There are five 
established adopter categories, as sho,vn in Figure A.13. 4.1, 
and ,vhile the majority of the general population tends to fall 
in the middle categories, it is still necessary to understand the 
characteristics of the target population. When promoting an 
innovation, there are different strategies used to appeal to the 
different adopter categories: 

(1) 

(2) 

(3) 

(4) 

(5) 

Innovators. These are people who want to be the first to 
try the innovation. They are venturesome and intere ted 
in new ideas. These people are very willing to take risks, 
and are often the first to develop ne,v ideas. Very little, if 
anything, needs to be done to appeal to this population. 
Early Adopters. These are people ,vho repre ent opinion 
leaders. They enjoy leadership roles, and embrace change 
opportunities. They are already a,vare of the need to 
change and so are very comfortable adopting new ideas. 
Strategies to appeal to this population include ho,v-to 
manuals and information sheets on implementation. 
They do not need information to convince them to 
change. 
Early Majority. These people are rarely leaders, but they 
do adopt new ideas before the average per on. That aid, 
they typically need to see evidence that the innovation 
works before they are willing to adopt it. Strategies to 
appeal to this population include succe s tories and 
evidence of the innovation's effectiveness. 
Late Majority. These people are skeptical of change, and 
will only adopt an innovation after it has been tried by the 
majority. Strategies to appeal to this population include 
information on ho,v many other people have tried the 
innovation and have adopted it successfully. 
Laggard.,_�- These people are bound by tradition and very 
conservative. They are very skeptical of change and are 
the hardest group to bring on board. Strategies to appeal 
to this population include statistics, fear appeals, and 
pressure from people in the other adopter groups. 

2021 Edition 



1700-72 STRUCTURAL FIRE FIGHTING 

The stages by ,vhich a person adopts an innovation, and 
whereby diffusion is accomplished, include awareness of the 
need for an innovation, decision to adopt ( or reject) the inno­
vation, initial use of the innovation to test it, and continued use 
of the innovation. There are five main factors that influence 
adoption of an innovation, and each of these factors is at play 
to a different extent in the five adopter categories: 

( 1) Relative Advantage. The degree to which an innovation is
seen as better than the idea, program, or product it repla­
ces.

(2) Compatibility. How consistent the innovation is ,vith the
values, experiences, and needs of the potential adopters.

( 3) CompleX'ity. How difficult the innovation is to understand
and/or tise.

( 4) lriability. The extent to which the innovation can be
tested or experimented with before a commitment to
adopt is made.

(5) Observability. The extent to which the innovation provides
tangible results.

There are several limitations of the DOI theory, ,vhich 
include the following: 

(1) Much of the evidence for this theory, including the
adopter categories, did not originate in pt1blic health and
it ,vas not developed to explicitly apply to adoption of
new behaviors or health innovations.

(2) It does not foster a participatory approach to adoption of
a pt1blic health program.

(3) It ,vorks better with adoption of behaviors rather than
cessation or prevention of behaviors.

( 4) It doesn't take into account an individual's resources or
social st1pport to adopt the new behavior (or innovation).

This theory has been tised st1ccessfully in many fields includ­
ing communication, agriculture, public health, criminal justice, 
social work, and marketing. In public health, the DOI theory is 
used to accelerate the adoption of important public health 
programs that typically aim to change the behavior of a social 
system. For example, an intervention to address a public health 
problem is developed, and the intervention is promoted to 
people in a social system ,vith the goal of adoption (based on 
the DOI theory). The most st1ccessft.1l adoption of a public 
health program results from understanding the target popula­
tion and the factors inflt1encing their rate of adoption. 

A.13.4.10 Individt1al skills may inclt1de compartmentation and 
door control to limit fire growth and protect occupants. 
Company-level skills may inclt1de applying exterior fire streams. 
Multi-company level skills may include coordination of ventila­
tion with fire control. Small fire behavior demonstrations, such 
as candles and reduced-scale fire dynamics and flo,v path 

2.5% 

Innovators Early 
adopters Early majority Late majority Laggards 

13.5% 34% 34% 1S°/o 

models, can be an effective method for demonstrating founda­
tional fire dynamics concepts in training. 

Annex B Template Standard Operating Procedures/ 
Guidelines 

lnis annex is not a part of the recommendations of this NFPA docu­
rnent but is included for inforrnational purposes only. 

B.1 Purpose. The purpose of this annex is provide a template
to reflect ,vritten policies, procedures, and guideline , includ­
ing strategy tactic and tasks for structural fire fighting (i.e.,
standard operating procedure (SOP), standard operating
guidelines ( SOG) , fire fighting proce <lures) .

B.2 Backgro und. In 1999, the U.S. Fire Administration
published a FEMA document, "Developing Effective Standard 
Operating Procedures for Fire and EMS Departments." Since 
the publication of this report efforts have been made to 
improve the development of SOPs. T,vo reports/paper are 
noted here: Developnent of E1nergency Responder SOPs/SOGs Using 
Crowdsourc

i

ng to Address Electric Vehicle Fires Q uly 2014) and 
"Development of Best Practice Standard Operating Procedures 
for Prevention of Fireground Injuries" (2014). The basis for 
this guide's template is based on ,vork by the Fire Protection 
Research Foundation, ,vhich included gathering and reviewing 
SOPs and SOG6 from a range of fire departments in North 
America, including career, volunteer, and combination depart­
ments. 

B.3 Outline. An SOP for structural fire fighting should, at
minimum, include the 12 sections identified in B.3.1 through
B.3.12.

B.3.1 Title. The title should clearly indicate the type of SOP
or SOG (e.g., for structural fire fighting).

B.3.2 Date of Implementation/Publication. The implementa­
tion/ publication date should indicate the date on ,vhich the
SOP ,vas implemented. This ,vill be used to inform users of the
relevancy of the information contained ,vithin the SOP to
determine ,vhether a revision should be considered.

B.3.3 Revision Date. The most recent date of revision hould
be clearly indicated on the front page of the SOP. Note, if it is
the first edition of the SOP, the revision date may be the same
a the date of implementation. This revision date is intended to
enable the user to kno,v ho,v current the information is that is
contained ,vithin the SOP.

B.3.4 Name of Fire Department. The name of the fire depart­
ment should be provided to clearly indicate ,vhich fire depart­
ment the SOP is specifically tailored to.

FIGURE A.13.4.1 Division of Innovation C urve. (So urce: http://blog.leanmonitor.com/early­

adopters-allies-launching-product/.) 
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B.3.5 Purpose and Scope. A purpose/scope of an SOP /SOG
provides the reader with information on how the SOP should
be enforced, the type of incident(s) that the procedures apply
to (e.g., structt1re fire, motor vehicle fire, high-rise fire, and so
forth), the reasoning on the development of the SOP /SOG,
and which personnel the SOP /SOG applies to.

B.3.6 Table of Contents. A table of contents within the
SOP /SOG gives the reader a brief view of the entire SOP /SOG.
This can be tiseft.1l for qt1ickly finding or referencing a certain
section of the SOP /SOG and providing organization to the
doct1ment.

B.3. 7 Definitions and Terminology. This section of the
SOP /SOG should provide clear definitions of terminology
tised throt1ghout the SOP /SOG. This additional explanatory
material should provide context and assist the reader in under­
standing the SOP/SOG.

B.3.8 Risk Assessment. An SOP /SOG shotild contain consid­
erations for applying a risk-based approach to structural fire­
fighting. All fire-fighting and rescue operations involve an
inherent level of risk to fire fighters. A basic level of risk is
recognized and accepted, in a measured and controlled
manner, in efforts that are routinely employed to save lives and
property.

For example, the risk assessment cot1ld consider factors such 
as the risk to building occupants, building characteristics, fire 
factors, and fire-fighting capabilities. The SOP /SOG should 
specify the risk assessment methodologies implemented for 
response to any strt1cture fire. A risk matrix shotild also be 
contained vvithin this section of the SOP /SOG. 

B.3.9 Operational Responsibilities. The operational responsi­
bilities section provides the reader with the necessary steps to
take upon arrival at the scene. Operational responsibilitie may
be defined based on different types of companies/units/appa­
ratus/members. This section should include tactical considera­
tions and safety considerations, as well as considerations
specific to apparatus and corresponding personnel.

Tactical considerations are of critical importance ,vithin the 
SOP /SOG. It provides the reader with the appropriate fire 
attack methods that should be used, whether it be every situa­
tion or specific fire scenarios. Such tactics might include venti­
lation techniques, size-up, suppression, and so on. 

Safety con iderations may include specific areas of concern 
that the first responders shotild be aware of. These can be rela­
ted to a certain type of incident or a commonly experienced 
safety concern. Safety considerations provide the first re pond­
ers ,vith a general idea of the risks associated ,vith their fire­
fighting activities. 

B.3.10 Responsibilities of Command/Incident Management
System. The SOP /SOG may contain techniques, methods, or
best practices for managing basic or significant incidents.
The e techniques ,vill be defined in a specific incident manage­
ment section within the SOP/SOG, intended to be applied by
necessary first responders. The incident management section
may provide a step-by-step gtiideline on effective incident
management or a collection of appropriate incident manage­
ment techniqt1es.

B.3.11 References. An SOP /SOG may contain reference to
scientific material that was used to develop the SOP /SOG. The
references \vill most likely pertain to fire-fighting tactics or
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operational responsibilities because these sections may require 
evidence that the material is appropriate and represents the 
best practices. 

If the SOP /SOG contains content that has been influenced 
from scientific literature but does not reference a singular 
piece of ,vork, this should be addressed in this section as ,vell.

B.3.12 Appendix. The appendices are intended to provide
the reader ,vith information supplemental to the SOP /SOG
material. Such appendices may include further discussion on
tactics or responsibilities found in the SOP /SOG.

Annex C National Fallen Firefighters Foundation (NFFF) 

1
"'

hi_s annex is not a part of the recornrnendations of this NFPA docu-
1nent but is included for informational purposes only. 

C.1 "16 Firefighter Life Safety Initiatives." In 2004, the NFFF
held an tinprecedented gathering of the fire ervice leadership
,vhen more than 200 individuals assembled in Tampa, Florida
to focllS on the troubling question of how to prevent line-of­
duty deaths and injuries. Every year approximately 100 fire
fighters lose their lives in the line of duty in the United State
- about one every 80 hours. Every identifiable segment of the
fire service was represented and participated in the summit.

The first Firefighter Life Safety Summit marked a significant 
milestone, because it not only gathered all segments of the fire 
service behind a common goal, but it also developed the 
"16 Firefighter Life Safety Initiatives." The summit attendee 
agreed that the "16 Firefighter Life Safety Initiatives" serve as a 
blueprint to reduce line-of:.cluty deaths and injuries. In 2014., a 
second Life Safety Summit was held and more than 300 fire 
service leaders gathered. At the econd Firefighter Life Safety 
Summit, the "16 Firefighter Life Safety Initiatives" were reaf­
firmed as being relevant to reduce line-of-duty deaths and inju-
. 

rres. 

C.2 NF'F'F''s "16 Firefighter Life Safety Initiatives."

( 1) Define and advocate the need for a cultural change
,vithin the fire service relating to safety; incorporating
leader hip, management, supervision, accountability,
and personal responsibility.

(2) Enhance the personal and organizational accountability
for health and safety throughout the fire service.

(3) Focus greater attention on the integration of risk
management ,vith incident management at all levels,
including strategic, tactical, and planning responsibili­
ties.

( 4) All fire fighter must be empo,vered to stop unsafe prac­
tices.

(5) Develop and implement national standards for training,
qualifications, and certification (including regular recer­
tification) that are equally applicable to all fire fighter
based on the duties they are expected to perform.

(6) Develop and implement national medical and physical
fitness standards that are equally applicable to all fire
fighters, based on the duties they are expected to
perform.

(7) reate a national research agenda and data collection
system that relates to the initiatives.

(8) Utilize available technology ,vherever it can produce
higher levels of health and safety.

(9) Thoroughly inve tigate all fire fighter fatalities, injuries,
and near misses.
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(10) Grant programs should support the implementation of
safe practices and/ or mandate safe practices as an eligi­
bility requirement.

( 11) National standards for emergency response policies and
procedures should be developed and championed.

(12) National protocols for response to violent incidents
should be developed and championed.

(13) Fire fighters and their families must have access to coun­
seling and psychological support.

(14) Public education must receive more resources and be
championed as a critical fire and life safety program.

( 15) Advocacy mtist be strengthened for the enforcement of
codes and the installation of home fire sprinklers.

(16) Safety must be a primary consideration in the design of
apparatus and equipment.

Annex D Informational References 

D.1 Referenced Publications. The doct1ments or portions
thereof listed in this annex are referenced within the informa­
tional sections of this guide and are not advisory in nature
unless also listed in Chapter 2 for other reasons.

D.1.1 NFPA Publications.

NFPA 1710, Standard for the Organization and Deployment of Fire
Suppression Operations, l!,mergency Medical Operations, and Special 
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Harbor Drive, P.O. Box C700, West Conshohocken, PA
19428-2959.

ASTM El 19, Standard lest Methods for Fire 1ests of Bui!.ding 
Construction and Materials, 2015. 
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Margaret; Bt1rgess, Jefferey L., "Development of Best Practice 
Standard Operating Procedures for Prevention of Fireground 
Injt1ries," Fire 1echnolog;y; Norwell Vol. 50, Isst1e 5, Springer 
Science & Business Media, September 2014. 
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cal Vehicle Fires, Qt1incy MA, 2014. 

United States Fire Administration, Guide to Developing Effective 
Standard operating Procedures far Fire and EMS Departments, 
FA-197, Emmitsburg, MD: Department of Homeland Security, 
Federal Emergency Management Agency, 1999. 

D.2 Informational References. The follo,ving documents or
portions thereof are listed here as informational resources
only. They are not directly referenced in this guide.

2021 Edition 

D.2.1 ANSI Publications. American National Standards Insti­
tute, Inc., 25 West 43rd Street, 4th Floor, New York, NY 10036.

ANSI B46.1, Surface lexture, 1978. 

ANSI Sl.13, Methods for Measurement of Sound Pressure Levefl, 
2005. 
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Sequence of Events for the Standards 
Development Process 

Once the current edition is published, a .Standard is opened for 
Public Input. 

Step 1 - Input Stage 

• Input accepted from the public or other co1nmittees for
consideration to develop the First Draft

• Technical Com1nittee holds First Draft Meeting to revise
Standard (23 weeks); Technical Committee(s) ,vith Cor­
relating Committee (10 weeks)

• Technical Committee ballots on First Draft (12 ,veeks);
Technical Committee(s) with Correlating Committee
(11 weeks)

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

page

Step 2- Comment Stage 

• Public Comments accepted on First Draft (10 ,veeks) fol­
lo,ving posting of First Draft Report

• If Standard does not receive Public Comments and the
Technical Com1nittee chooses not to hold a Second Draft
1neeting, 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); Tecl1nical Committee (s) 'ivith Correlating
Committee (7 weeks)

• Technical Committee ballots on Second Draft (11 ,veeks);
Technical Committee(s) with Correlating Committee
(10 weeks)

• Correlating Committee Second Draft Meeting (9 'i\1eeks)
• Correlating Committee ballots on Second Draft

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

tion page

Step 3 - NFPA Tecbni�al Meeting 

• Notice of Intent to Make a Motion (NITMAM) accepted
(5 weeks) follo'iving the posting of Second Draft Report

• NITMAMs are reviewed and valid 1notions are certified
by the Motions Com1nittee for presentation at the NFPA
Technical Mee ting

• NFPA membership meets each,June at tl1e NFPA Techni­
cal Meeting to act on Standards 'ivith "Certified A mend­
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 1nust be filed 'i\rithin
20 days of the NFPA Technical Meeting

• Standards Council decides, based on all evidence,
,vhether 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 ,�rith certified a1nend-
ing motions take approxi1nately 101 weeks to co1nplete.

3. all revision cycle documents receiving certified a1nend-
ing motions take approximately 141 weeks to complete.

Committee Membership 
Classifications1 ,2,

3
,
4

The following classifications apply to Co1n1nittee 1ne1nbers 
and represent their principal interest in the activity of the 
Committee. 

1. M M<tnufacturer: A representative of a maker or 1nar­
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 sut?ject 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 L<tbor: A labor representative or e1nployee concerned
with safety in the workplace. 

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

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

7. I Insur<Lnce: A representative of an insurance co1npany,
broker, agent, bureau, or inspection agency. 

8. C Consumer: A person ,,vho is or represents the ulti1nate
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) through
(8) and wl10 has special expertise in the scope of the
standard or portion thereof.

NOTE 1: "Standard" connotes code, standard, reco1n­
mended practice, or guide. 

NOTE 2: A representative includes an e1nployee. 

NOTE 3: While these classifications ,�rill be used by the 
Standards Council to achieve a balance for Technical Com­
mittees, the Standards Council may determine that new 
classifications of 1ne1nber or unique interests need repre­
sentation in order to foster the best possible Co1nmittee 
deliberations on any project. In this connection, the Stan­
dards Council may make such appoint1nents as it deems 
appropriate in the public interest, such as the classification 
of "Utilities" in the National Electrical C1ode Co1nmittee. 

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, tl1e 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 online submission system at www.nfpa.org. To use 

tl1e 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.

• Cl1oose 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 tl1e online instructions to submit your Public Input (see www.nfpa.org/publicinput for de­

tailed instructions).

• Once a Public Input is saved or submitted in the system, it can be located on tl1e "My Profile" page

by selecting the "My Public Inputs/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 Doc ument 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 
Editions 

Next Edition 

Technical 

Committee 

Ask a Technical 
Ques tion 

News 

Purchase Product s 

& Training 

Research current and previous edition information. 

ollov,7 the co1n1nittee's progress in the processing of a standard in its next revision cycle. 

View current co1nmittee rosters or apply to a co1n1nittee. 

or 1ne1nbers, officials , and Al-ijs to submit standards questions to NFPA staff. Our Technical 
Questions Service provides a convenient ·v.1ay to receive ti1nely 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. 

RelatedProducts Viev.r related publications, training, and other resources available for purchase. 
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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 Developrnent of NFPA Standards (Regs). Other
applicable rules include NFPA Byl.aws, NFPA lechnical Meeting Convention Rules, NFPA Guide for the Conduct of Participants in
the NFPA Standard._� 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 Directory. For copies of the
Directory, contact Codes and Standards Administration at NFPA headquarters; all these documents are also available on the
NFPA ,vebsite at "'""""v.nfpa.org/ regs."

The follo,ving is general information on the NFPA process. All participants, ho,vever, should refer to the actual rules and 
regt1lations for a ft.1ll t1nderstanding 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 responsible
Committee (s), in accordance with the Regulations, in preparation of a ne,v 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.)

III. Step I: First Draft Report. The First Draft Report is defined as "Part one of the Technical Committee Report, ,vhich
doct1ments the Input Stage." The First Draft Report consists of the First Draft, Public Input, Committee Input, Committee
and Correlating Committee Statements, Correlating 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 ,vill be considered re olved. [See Regs at 4.3.1 (b) .]

IV. Step 2: Second Draft Report. The Second Draft Report is defined as "Part nvo of the Technical Committee Report,
which doct1ments the Comment Stage." The Second Draft Report consists of the Second Draft, Public Comments with
corresponding Committee Actions and Committee Statements, Correlating Notes and their respective Committee
Statements, Committee Comments, Correlating 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 constitute 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 or the objection will be considered re olved. [See Regs at 4.4.1 (b).]

V. Step 3a: Action at NFPA Technical Meeting. Follo,ving 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 (NITMAM). (See Regs at 4.5.2.) Standards that receive
notice of proper Amending Motions (Certified Amending Motions) ,vill 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 1, 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 follo,ving successful Amending Motions, see Regs at 4.5.3. 7 through 4.6.5) mu t be
raised through an appeal to the Standards Cot1ncil or it will be considered to be resolved.

VI. Step 3b: Documents Forwarded Directly to the Council. Where no NITMAM is received and certified in accordance
,vith the 1echnical Meeting Convention Rules, the standard is fonvarded directly to the Standards Council for action on
isst1ance. Objections are deemed to be resolved for these documents. (See Regs at 4.5.2.5.)

VII. Step 4a: Council Appeals. Anyone can appeal to the Standards Council concerning procedural or substantive matters
related to the development, content, or issuance of any document of the NFPA or on matters ,vithin the purvie,v of the
authority of the Cot1ncil, as established by the Bylaws and as determined by the Board of Directors. Such appeals must be in
,vritten form and filed with the Secretary of the Standards Council (see Regs at Section 1.6). Time constraints for filing an
appeal mtist 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 Bylatvs). The
Council acts on the i uance of a document presented for action at an NFPA Technical Meeting ,vi thin 75 days from the
date of the recommendation from the NFPA Technical Meeting, unless this period is extended by the Council (see Regs at
4. 7.2). For documents for,varded directly to the Standards Council, the Council acts on the issuance of the document at its
next schedt1led meeting, or at such other meeting as the Council may determine (see Regs at 4.5.2.5 and 4. 7.4).

� 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. Ho,vever, ,vhere 
extraordinary circt1mstances reqt1iring the intervention of the Board of Directors exist, the Board of Directors may take 
any action necessary to fulfill its obligations to preserve the integrity of the codes and standards development process 
and to protect the interests of the NFPA. The rt1les for petitioning the Board of Directors can be found in the Regulations 
Governing Petitions to the Board of Directo rs 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 (a ,vell as the NFPA ,vebsite as information
becomes available) shot1ld be const1lted for the date on which each report scheduled for consideration at the meeting will
be presented. To view the First Draft Report and Second Draft Report as ,vell as information on NFPA rules and for up-to­
date information on schedules and deadlines for processing NFPA documents, check the NFPA website (,vww.nfpa.org/
docinfo) or contact NFPA Codes & Standards Administration at ( 617) 984-7246.
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