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DAMAGE DOES NOT EQUAL CAUSATION

Fire damage is influenced by numerous Fire investigation involves developing and evaluating potential
factors, including the duration and hypotheses against the available evidence. Witness statements, scene
intensity of fire exposure, ventilation, examination, electrical and appliance examinations, fire patterns,
nearby combustible = materials, the surveillance footage and laboratory findings may all contribute to the
construction of the appliance, and the analysis. A potential ignition source should be supported by the
direction in which the fire developed. evidence rather than selected simply because it sustained the greatest
For example, an electrical appliance amount of damage.

located within the area of origin may be
extensively damaged even though it was
not operating when the fire began.
Conversely, a relatively small electrical
component responsible for ignition may
sustain less obvious damage or may be
partially destroyed as the fire progresses.
For this reason, an origin and cause
investigation should not begin with the
assumption that the most visibly damaged g ;
appliance was responsible. Instead, the e DR g T
physical evidence must be considered

within the context of the entire fire scene. DETERMING AREA OF ORIGIN
Before evaluating whether a particular appliance caused the fire,
investigators work to determine where the fire originated. This
involves examining fire patterns and damage throughout the
structure and considering how heat, smoke, and flames moved
from the developing fire. Investigators may examine areas of
varying damage, patterns on walls and structural components,
ventilation effects, and the location of potential fuel packages
and ignition sources. Once an area of origin has been identified,
the appliances, electrical systems, heating equipment, open-
flame sources, and other potential ignition sources within that
area can be evaluated.




THE INFLUENCE OF VENTILATION ON FIRE DAMAGE

Ventilation plays a significant role in fire
development and spread. Open doors, windows,
ventilation ducts, and other openings can influence
the movement of air, smoke, and hot gases
throughout a structure. As a fire develops, the
availability of oxygen can affect its intensity and
growth. Areas with increased airflow may
experience more extensive burning than other
portions of the structure, even when located away
from the initial ignition point. For example, a fire
originating in one section of a room may spread
toward a ventilation opening, where the availability
of oxygen contributes to increased burning. The
resulting damage near that opening may be more
severe than the damage surrounding the actual area
of origin. Similarly, ventilation ducts and concealed
spaces may provide pathways for the movement of
hot gases and flames, allowing fire damage to
develop in areas removed from the initial fire
location.
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A ventilation system can influence the distribution of
fire damage in several ways:

Movement of hot gases: Ductwork and associated
openings may provide pathways for heated gases
to travel away from the initial fire location.

Airflow and oxygen availability: Where ventilation
introduces additional air into a fire-affected
compartment, it may support increased
combustion and localized fire growth.

Heat transfer: Metal ductwork can transfer heat to
adjacent materials through conduction and
radiation, although the extent of heating depends
on the temperature, duration of exposure, duct
construction, and surrounding conditions.
Concealed fire: Duct penetrations and
inadequately protected openings within walls,
floors, and ceiling assemblies may permit fire and
hot gases to spread into concealed spaces.
Prolonged exposure: Combustible materials
surrounding ventilation equipment may experience
sustained heating, resulting in extensive charring
or material consumption.
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Figure 1- lllustrative Fire Scene

Al-generated illustration depicting a fire-damaged mechanical room where the area surrounding the HVAC system exhibits extensive
damage due to fire spread and ventilation effects. The hypothetical area of origin is identified near an electrical receptacle,
demonstrating how the most heavily damaged area may not necessarily represent the location of initial ignition.



HOW DIFFERENT MATERIALS INFLUENCE FIRE DAMAGE

The type, quantity, and arrangement of combustible
materials within a structure can significantly
influence the development and severity of a fire.
Different  materials  exhibit varying ignition
characteristics, burning rates, heat release rates,
and responses to thermal exposure. For example,
upholstered furniture containing polyurethane foam
can contribute to rapid fire growth and significant
heat release once ignited. In comparison, solid wood
materials may undergo surface charring, with the
resulting char layer influencing the rate at which
heat penetrates the remaining material.

Synthetic materials, plastics, textiles, and wood-
based products can also produce different fire
effects, including melting, deformation, charring, and
varying degrees of material consumption.
Consequently, an area containing a greater
concentration of combustible materials may sustain
more extensive damage than the initial area of
ignition.

Metal components, such as HVAC units, ventilation
ducts, and electrical enclosures, respond differently
to fire exposure than combustible materials.
Although steel and other metals commonly used in
HVAC systems do not typically contribute fuel to a
fire, they can absorb, conduct, and transfer heat to
surrounding materials. During prolonged fire
exposure, metal components may exhibit
discolouration, oxidation, warping, and deformation.
HVAC units may also contain combustible
components, including plastic housings, wiring
insulation, filters, and other internal materials that
can ignite or sustain additional damage. As a result,
an HVAC unit located within an area of significant
fire exposure may exhibit extensive damage even
when the fire originated elsewhere.

The presence of severe thermal damage to metal
equipment does not independently establish that the
equipment was responsible for ignition. Investigators
must consider whether the observed damage
resulted from an internal equipment failure or
exposure to an external fire.

DURATION OF
EXPOSURE VS. TEMPERATURE

The severity of fire damage is influenced not only by
the temperature reached during a fire but also by the
length of time materials are exposed to elevated
temperatures.

A material subjected to prolonged heating may
exhibit extensive charring or deformation, while
another material exposed to higher temperatures for
a shorter period may sustain less damage. For this
reason, the greatest degree of damage does not
necessarily indicate the location of the highest
temperature or the initial ignition point.

The extent of damage is also influenced by the
following:

e Material's physical properties

¢ The rate of heat transfer

¢ The availability of oxygen and combustible fuel

Higher Temperature, Lower Temperature,
Shorter Exposure Longer Exposure
INTENSE HEAT FOR A SHORT PERIOD SUSTAINED HEAT OVER TIME

May result in localized charring and May result in extensive charring, greater

surface damage, with the material material consumption, and deeper
remaining largely intact. thermal penetration

Figure 2 - Al-generated lllustrative Fire Scene



THE IMPACT OF FLASHOVER ON FIRE PATTERNS

Flashover is a significant stage of fire development
that can complicate the interpretation of fire patterns
and the determination of a fire's origin. Flashover
occurs when the thermal conditions within a
compartment cause exposed combustible materials
to become involved in combustion over a relatively
short period. As a fire develops, heat accumulates
within the compartment, and radiant heat from the
upper hot gas layer contributes to the heating of
surrounding combustible surfaces. When flashover
occurs, the fire transitions from localized burning to
widespread involvement of combustible materials
throughout the compartment. Following flashover,
extensive burning may occur across multiple areas
of the room, resulting in widespread charring,
material consumption, and structural damage. These
conditions can alter or destroy fire patterns that
developed during the earlier stages of the fire. As a
result, areas that were not initially involved in the fire
may exhibit damage comparable to, or greater than,
the original area of ignition.

POST-FLASHOVER

In a post-flashover fire, the distribution and severity
of damage may be influenced by ventilation, fuel
availability, and the duration of burning rather than
solely by proximity to the initial ignition point.

For example, an area near a window, doorway, or
ventilation opening may experience increased
burning due to the availability of oxygen, resulting in
more extensive damage than the area where the fire
began. This can make it challenging to distinguish
between damage associated with the initial fire
development and damage produced during
subsequent full-room involvement.

KEY INVESTIGATIVE CONSIDERATIONS

« Evaluate fire patterns collectively:
Examine the distribution of charring,
material consumption, and structural
damage throughout the compartment rather
than relying on the most heavily damaged
area alone.

« Consider ventilation effects: Identify
windows, doors, HVAC systems, and other
openings that may have influenced airflow,
fire intensity, and the resulting fire patterns.

« Examine protected areas: Areas shielded
from direct flame impingement or radiant
heat may preserve evidence of earlier fire
development that was destroyed elsewhere.

« Assess fuel distribution: Consider the
type, quantity, and arrangement of
combustible materials that may have
contributed to increased burning in
particular areas.

Examine potential ignition sources: Evaluate
electrical equipment, appliances, heating systems,
and other potential ignition sources within areas
supported by the fire pattern analysis.

Identify fire spread pathways: Examine wall cavities,
ceiling assemblies, ventilation ducts, and structural
openings to determine how the fire may have
travelled throughout the building.

Review withess information and available records:
Statements, surveillance footage, fire alarm data, and
observations from responding firefighters may
provide valuable information about the fire's early
development.

Develop and test origin hypotheses: Evaluate
potential areas of origin against the physical
evidence, fire dynamics, and available information,
considering alternative explanations for the observed
damage.



