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IMPORTANT NOTE: This NFPA document is made available for
and disclaimers appear inall publications containing this document
arrd may be fosmd under the heading © Notices and Dis
daimers Concerning NFPA Docinnents.® They can afse be obtaimed
ort reguiest from NFPA or vrewed af wose. nfpa. org/disclaimers.

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

Changes other than editorial are indicated by a vertical rule
beside the paragraph, table, or figure in which the ¢ ac-
curred. These rules are included as an aid to the user in identfy-
ing changes from the previows edition. Where one or more com-

ha have been deleted, the deletion is indicated by
a bullet (#) between the paragraphs that remain.

Arcference in brackets [ | following a section or paragraph
indicates material that has been extracted from another NFPA
document. 45 an aid to the user, the complete title and edition
of the source documents for extracts in advisory sections of
this documentare given in Chapter 2 and those for extracts in
the informational scctons are given m Annex C. Editorial
changes to extracted material conzist of revising references to
an appropriate division in this decument or the inclusion of
the document number with the division number when the
reference is to the original document. Requests for interpreta-
tions or revisions of extracted text should be sent to the tech-
nical committes responsible for the source document.

Information on referenced publications can be found in
Chapter 2 and Annexes A and C.

Chapter 1 Adminisivation
1.1 Scope. This document is designed to aasist individuals who
are charged with th:rwwuihhvufmmnguﬂmﬂm
incidents

fire and explosion and rendering opinions as to the
ongin, canse, responability, or prevention of such inadents.

1.2 Purpose.

1.2.1 The purpose of this document is to establish guidelines
and recommendations for the safe and systenatic investigation
or analysis of fire and explosion incidents. Fire investigation or
anahsis and the accurate listng of causes is findamental 1o the
protection of lives and property from the threat of hostile fire or
explosions. [tis through an eficent and accurate determination
of the cause and respomsibility thar future fire incidenits can be
avoided. This document has been developed as a model for the
advancement and practice of fire and explosien investgation,
fire sdence, technology, and methodology

1.2.2 Proper determination of fire origin and cause is also
essential for the meaningful compilation of fire statistics. Ac-
curate statiites forim part of the basis of Are prevention eodes,
standards, and training.

1.3 Application. This document is designed to produce a ss-
tematc, working framework or outhne by which effective fire

and explosion investigation and origin and cause analysis can
be accomplished. It contains specific procedures to assist in
the investigation of fires and explosions. These procedures
represent the judgment developed from the NFPA consensus
process systemn that if followed can improve the probabiliny of
reaching sound conchumons, Deviations fom these proce-
dures, however, are not necessaniby wrong or inferior but need

to be justified.

L3l The reader should note that frequently the phrase fir
muestigation is used in this document when the context indi-
cates that the relevant text refers w the investigation of both
fires and explosions.

1.3.2 As every fire and explosion inddent is in seme way
unigue and different from any other, this document is not
designed to encompass all the necessary components of a
complets investigation or analysis of any one case. The scien-
tific method, however, should be applied in every instance,

1.3.3 Mot every portion of this document may be applicable
to every fire or explosion incident. It is up to investigators
(depending on their respona bality, as well s the purpose and
scope of their investigation) to apply the appropriate recom-
mended procedures in this guide to a particular incident
1.34 Inaddition, itis recognized that time and resource limi-
tations or existing policies may limit the degree to which the
recommendations in this decument will be applied in a given
investigation. This document has been developed as a model
for the advancement and practice of fire and explosion inves-
tigation, fire science, technology, and methodology,

1.35 This document is not intended asa chemistry or engineer
ing text. Although many chemnical and engineering concepts are
preseuuted within the text, the user is cautioned that these con-
cepls are presented atan introductory level and additional tech-
nical sources may often need to be utilized in an investigation.

1.4* Unita of Measure. Metnc units of meanarement in this
guide are in accordance with the modermnized metric
known as the Internatienal System of Units (51). The unit of ter
is outside of but recognized by 51 and is commonly used in inter-
national fire protection. These units are listed in Table 1.4.

Table 1.4 SI Unite and Equivalent U5, Customary Units

81 LS.
2bd4cm lin,
L3045 m 1fit
000290 m* 187
2837 L 142
002832 m? i6*
ST L 1.5, gal
0.4536 kg 1ib
2835 g 1 oz {weight)
0.3048 m feac 1ft/mec
16.02 kg/m? 11b/ 52
0.06308 L fsec 1 gpm
Pressure exerted by 760 mm of 1 atmosphere
mercury of standard densityat
0°C. 14.7 Ib/in ® (100.3 kFa),
1055 W 1 Bu/sec
1065 ] 1 Beu
0.949 Bru/sec LW
2488 Pa = 0.036 pal 1im we.
1 armosphere LT i we

Mﬂﬁﬂhm
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3.3.17F Vapor Density. Sece 3.3.155, Speafic Gravity (air)
(vapor density].

3.53.174 Vent. An opening for the passage of, or dissipation
of, fluids, such as gases, fumes, smoke, and the like.

3.3.175 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 firefighting operation of removing
smoke and heat from the stmcture by opening windows and
doors or making holes in the roof.

3.3.176 Ventilation-Controlled Fire. A fire in which the heat
release rate or growth is controlled by the amount of air avail-
able to the fire.

3.3.177 Venting. The ecscape of smoke and heat through
openings in a building.

3.3.178 Yolt (V). The unit of electrical pressure (electromo-
tive force) represented by the symbol “E™; the difference in
potential required to make a current of one ampere flow
through a resistance of one ohm.

3.3.179 Watt (W). Unitof power, or rate of work, equal to one
joule per second. or the rate of work represented by a current
of one ampere under the potental of one volt.

3.3.180 Work Plans. An outline of the tasks to be completed
as part of the investigation including the order or imeline for
completion. See Chapter 14, Planning the Investigation.

Chapter 4 Basic Methodelogy

4.1* Nature of Fire Investigations. A fire or explosion invest-
gation is a complex endeavor involving skill, technology,
knowledge, and science. The compilation of factual data, as
well as an analysis of those facts, should be accomplished ob-
jectively and wuthfully. The basic methodology of the fire in-
vestigation should rely on the use of a systematic approach
and attention to all relevant details. The use of a systemanic
approach often will uncover new factal data for anahbmsis,
which may require previous conclusions to be reevaluated.
With few exceptions, the proper methodology for a fire or
explosion investigation is to first determine and establish the
origin(s), then investigate the cause: cdrcumstances, condi-
tions, or agencies that brought the ignition source, fuel, and
oxidant together.

4.2 Systematic Approach. The systematic approach recom-
mended is that of the saentific method, which 15 used in the
phvsical sciences. This method provides for the organizational
and analytical process desirable and neceszary in a successful
fire investigation.

4.3 Relating Fire Investigation to the Scientific Method. The
scientific method fsee Figure 4.3)1s a prinaple of inguiry that
forms a basis for legitimate scentific and engineering pro-
cesses, including fire mcident myvestigation. It 1= applied using
the following steps.

4.3.1 Recognize the Need. First, one should determine that a
problem exists. In this case, a fire or explosion has ocourred
and the cause should be determined and listed so that future,
similar incidents can be prevented.

4.3.2 Define the Problem. Having determined that a problem
cxists, the investigator or analyst should define in what manner
the problem can be solved. In this case, a proper origin and cause

m 2008 Edition

Scientific Method

Recognize the need
{identify the problem)

|

Define the problem

l

Collect data

l

—3»  Analyza the data

|

Devalop a hypothesis
{inductiva reasoning)

l

Test tha hypothasis
{deductive reasoning)

=

I

Salect final ypothasis

FIGUERE 4.3 Use of the Scientific Method.

investigation should be conducted. This is done by an examina-
tion of the scene and by a combination of other data collection
methods, such as the review of previously conducted investiga-
tions of the incddent, the interviewing of witnesses or other

Inowledgeable persons, and the results of scientific testing,

4.3.3 Collect Data. Facts about the fire incident are now col-
lected by observation, experiment, or other direct data-
gathering means. The data collected is called empirical data
becanse it is based on ohservation or experience and is ca-

pable of being verified.

4.3.4* Analyze the Data. The scientific method requires that
all data collected be anahzed. This is an essential step that
must take place before the formation of the final hypothesis.
The identification, gathering, and cataloging of data does not
equate to data anahsis. Anahuis of the data is based on the
knowledge, training, experience, and expertise of the indi-
vidual doing the analysis. If the investigator lacks expertise to
properly attnbute meaning to a piece of data, then assistance
should be sought. Understanding the meaning of the data will
enable the investigator to form hypotheses based on the evi-
dence, rather than on speculation.

4.3%.5* Develop a Hypothesis {Inductive Reasoning). Based on
the data analysis, the investigator produces a hypothesis, or
hypotheses, to explain the phenomena, whether it be the na-
ture of fire patterns, fire spread. identification of the origin,
the ignition sequence, the fire cause, or the causes of damage
or responsibility for the fire or explosion incident. This pro-
cess is referred to as inductive reasoning. These hypotheses
should be based solely on the empirical data that the investi-
gator has collected through observation and then developed
into explanations for the event, which are based upon the
mvestigator s knowledge, training, experience, and expertise.
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Chapter 17 Origin Determination

17.1 Intreduction. This chapter recommends a methedology
to follow in determining the origin of a fire. The area of orminis
defined as: the room or area where the fire began. The point of
arigrn i defined as: the exact physical location where a heat
source and a fuel come in contact with each other and a fire
begins. The ongin of a fire is one of the most important hy-
potheses that an investgator develops and testss during the
investigation. Generally, if the origin cannot be determined.
the cause eannot be determined, and generally, if the correct
origin is not identified, the subsequent cause determination
will also be incorrect. The purpose of determining the origin
of the fire is to identify in three dimensions the locaton at

which the fire began.

17.1.1 This chapter deals primarily with the determination of
origin involving structares; however, the methodology generally
applies to all origin determinations. Separate chapters addres
the partioular requirements for determining ongin in non-
structure fire incidents (motor vehicles, boats, wildfre, ete.).

17.1.2 Determination of the ongin of the fire involves the
coordination of information derived from one or more of the
following:

(1) Wirnes Information. The analysis of observations reported
bry persons who witnessed the fire or were aware of condi-
tions present at the time of the fire

(2) Fire Patterns. The analysis of effects and patterns left by the
fire (See Chapter 6.)

(3) Am Mapping. The analysis of the locations where electrical
arcing has caused damage and the documentation of the
involved electrical drouits (See Section 810, )

(4) Fire Dynamics. The analbysis of the fire dynamics, that is, the
physics and chemistry of fire initation and growth (se
Chapter 5), and the interaction between the fire and the
building's systems (See Chapter 7.)

17.2 Overall Methodology. The overall methodology for de-
termining the orgin of the fire is the scdentific method as
described in Chapter 4. This methodology includes recogniz-
ing and defining the problem to be solved, collecting data,
analyzing the data, developing a hypothesis or hypotheses,
and most importantly, tesbing the lypothesia or hypotheses. In
order to use the scientific method, the investigator must de-
velop at least one hypothesis based on the data available at the
time. These hypotheses should be considered “worlang hy
potheses,” which upon testing may be discarded. revised, or
expanded in detail as new data is collected during the invess-
gation and new analyses are applied. This process is repeated
as new information becomes available. {Soe Fgure 17.2.)

17.2.1 Testing any orgin hypothesis requires an understand-
ing of the associated fire events as well as the growth of the fire
and how the fire spread through the structure. A namow foous
on only identifring the first item ignited and a competent ig-
nition source fails to ke inte account important data that can
be used to test any orgin hypothesis. In such a narrow foous,
the growth and spread of the fire and the resulting fire dam-
age are not well considered.

17.2.1.1 The purpase of the fire spread analysis is to determine
whether the resulting physical damage and available dam are
consstent with the area of origin hypothesis. For example, a fire
starting in a wastebasket is a plausible working hypothesis, but the
resulting fire damage would be highly dependent on the position

m 2008 Edition

Exampla of Applying the Scientific Method
to Origin Determination

Recognize the Nead
Afira has occurned
Tha arigin is unknown

Dofina the Problem
Dstarmmine tha angin

}

» Collect Data
Basic sita data
Datermine pra-fire conditions
Documentation of post-fine conditons
Excavation, examination, and reconstruction of the scane
Witness statements and cbsanvations
Fire dapartment infomnation
Alarm, detector, and security data

> Analyzre the Data

Pattarn anahysis

Haeat and flama vactor analyzis
Depth of char and calcinafion sunveys
Arc mapping
Evant saquancing
Fira dynamics considaration
Building constructon and occupancy consideragons

= Dovelop a Hypothasis
Initkal arigin iy pothesis

Working cnigin hypotheszes
ARarrate hypotheses

g Tast tha Hypothases
|2 there a compaisnt ignition source at the onigin?

Daas the ongin explain the data?
Ara contradiclions resalved?

Does an alternata onigin axplain the dats equally wall?

Solact Final Hypothasis
Araa of origin
Point of arigin
Origin insufficiont to determine cause

FIGURE 17.2 An Example of Applying the Scientific Method
to Orrigin Determination,

of the initial fuel and any subsequently ignited fivels. If the waste-
basket had been located in an area with no adjacent fuel, then
the results may be significantly different than if the wastebasket
had been located next to a polyurethane sofa. Both hypotheses
pasit the same first item ignited, but the outcome i3 very differ-
ent. Thus, if the origin hypothesis is not consistent with the resule-
ing growth and spread of the fire, it is not a valid lypothesis. Fire
spread scenarios within a compartment or building should be
analyzed using the princples of fire dymamics presented in Chap-
ter b and fire pattern development in Chapter 6.

17.2.1.2 Insome instances, 3 sngle item, such as an irrefutable
article of physical evidence or a credible eyewitness to the igni-
tion, or a video recording, may be the basis for a determination of
origin. In most cases, however, no single ivem is sufficient in itself.
The investigator should vse all available resources to develop ori-
gin and spread hypotheses and to determine which hypotheses
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FIGURE 21.5.1 Low-Order Damage in a Dwelling.

21.3.2* High-Ovrder Damage. High-order damage is character-
ized by shattering of the structure, producing small, pulver-
ized debris. Walls, roofs, and structural members are splin-
tered or shattered, with the buillding completely demalished.
Debris is thrown great distances, possibly hundreds of feet.
High-order damage is the result of rapid rates of pressure rise.
{See Frgure 21.3.2.)

FIGURE 21.3.2 High-Order Damage Shown by Shattered and
Splintered Remains of a FourBedroom House.

214 Effects of Explosions. An explosion is a gas dynamic
phenomenon that, under ideal theoretical cirewmstances, will
manifest itself as an expanding spherical heat and pressure
wave front. The heat and pressure waves produce the damage
characteristic of explosions. The effects of explosions can be
observed i four major groups: blast pressure wave effect,
shrapnel effect, thermal effect, and seismic effect.

21.4.1 Blasi Pressure Front Effect.

21.4.1.1 General. The explosion of a material produces a
large quantity of gases. These gases expand at a high speed
and move cutward fram the point of origin, The gases and the
displaced aw moved by the gases produce a pressure front that
15 pnmarily responsible for the damage and injuries associated
with explosions.

21.4.1.1.1 The blast pressure front ocours in two distinet
phases, based on the direction of the forces in relation to the

point of origin of the explosion. These are the positnee g
phase and the negative pressure phase,

E 2008 Edition

214112 A wpical prewure history from an idealized deto-
nation, measured at a point away from the point of detona-
tion, i shown in Figure 21.4.1.1.2 and consists of posiive and
negative phases. The area under the pressure—time curve is
called the fmpuclse of the explosion.

Pressura

Ambiant, B,

0
Positive
phasa Negathie phase
Duration,’ Duration, &5 :
:E'
Time after coplosion

FIGURE 21.4.1.1.2 Typical Pressure History from an Ideal-
ized Detonation, Measured at a Point Away from the Point of
Detonation.

21.4.1.2 Positive Pressure Phase. The positive pressure phase is
that portion of the blast pressure front in which the expanding
gases are moving away from the point of onigin. The poative pres-
sure phase is more powerful than the negative pressure phase
and iz responsible for the majorioof pressure damage. The nega-
tive pressure phase may be undetectable by witnesses or by post-
blast examination in n:LiEu.-cc—FI'L.r.r {E;ti,-f'\:ipnr:l :xPImi.o-m.

21.4.1.3 Negative Pressure Phase,

21.4.1.5.1 As the extremely rapid expansion of the positive
pressure phase of the explosion moves outward from the on-
gin of the explosion, it displaces, compresses, and heats the
ambient surrounding air. A low air pressure condition {rela-
tive to ambient) is created ar the epicenter or origin. When
the positive pressure phase dissipates, air rushes back e the
area of orggn o equilibrate the low air pressure conditon,
creating the negative pressure |1h.ur.

21.4.1.3.2 The negative pressure phase can cawse secondaiy
damage and move items of phivsical evidence toward the point
of ongin. Movement of debns dunng the negative pressure
phase mav conceal the point of origin. The negative pressure
phase is usnally of considerably less power than the positive
pressure phase but may he of sufficient strength to cause col-
lapse of structural featres already weakened by the positve
pressure phase.

2L4.1.4 Shape of Blast Front. Under ideal thearetical condi-
tions, the shape of the blast front from an explosion would be
spherical, [t would expand evenly m all directions from the
epicenter. In the real world, the confinement or obstruction
of the blast pressure wave changes and modifies the direction,
shape, and force of the front itself.

21.4.1.4.1 Venting of the confining vessel or structure may
cause damage outside of the vessel or structure. The most
damage can be expected to be in the path of the venting. For






























