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‘Residential New Zealand Fire Statistics: Part 1 Initial Analysis’, BRANZ Study Report 222
(Robbins and Wade 2010a), and Part 2 ‘Two-Level Event Tree Analysis’, BRANZ Study
Report 223 (Robbins and Wade 2010b).
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Abstract

Sets of design fire scenarios are required as one of the inputs for the probabilistic model currently
being developed.

Results and experience from analysis of New Zealand fire incident statistics were used in the
identification of the most important design fire scenarios for residential occupancies in terms of life
safety for apartments and all residential types of buildings.

A normalised weighting of design fire scenarios was developed that incorporates:

¢ the magnitude of the incidents (in terms of total numbers of incidents and casualties)

¢ the severity of the incidents (in terms of casualties per incident), and

e a measure of the confidence in the available statistics (in terms of the spread of data
compared to assumed normal distributions for each of the scenarios considered).

Example distributions of fire design scenarios based on a normalised weighted combination of the
importance values, based on percentages and ratios, for apartment fire statistics is in a form that
can be used as an input for the probabilistic model currently in development as part of the larger
project that this research was performed within.

The summary of the analysis presented here focuses on life safety of occupants. A similar
approach may be used focusing on protection of property if, for example, extent of flame damage
statistics were used instead of casualties. The approach presented here could also be applied to
commercial occupancies.
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INTRODUCTION

The overall research project has a number of core elements as follows:
1.The development of a suitable fire properties database.
2.The characterisation of fire scenarios in residential and commercial occupancies.
3.The development of an item-to-item fire spread sub-model.

4.The development of a semi-automated mechanism for providing probabilistic
design fire input (a so-called Design Fire Generator).

5.The development of probability distributions that reflect the reliability of building
fire safety features.

6.The integration of these components into the final fire model with associated
testing, validation and user documentation.

This report contributes to the second component listed above: the characterisation of
fire scenarios in residential and commercial occupancies. This report summarises the
event selection that is used in part towards the characterisation of residential fire
scenarios.

Motivation

In 1991, New Zealand was one of the first countries to introduce a performance-based
building regulatory system. In a situation where the New Zealand Building Code
(NZBC) applies nationally and a small market size, the intervening period has provided
the ability to review the effectiveness of the performance-based regulatory regime in a
New Zealand context.

A lack of quantitative fire safety performance criteria and suitable verification methods
remain the key obstacles for the full benefits of performance-based design being
realised in the New Zealand built environment. This has resulted in the unsatisfactory
situation of fire safety designers both proposing and applying their own criteria. In
addition, with no standardisation, general fire safety engineering (FSE) design
approaches are not consistent and sensitivity analyses are rarely performed.

Part of the infrastructure needed to support the next generation of risk-informed
stochastic FSE regulation in New Zealand is suitable calculation tools. Therefore
research was initiated to develop a new probabilistic model (based on the deterministic
BRANZFIRE computer zone model) that generates outputs in the form of cumulative
distribution functions that can be directly compared with probabilistic criteria for building
fire safety performance.

Objectives

The objectives of this report are to:

1.Describe a method for selecting event scenarios for use in design fires using fire
incident data.

2.Provide an example design fire scenario selection for residential buildings.



DEFINITIONS

The definitions used throughout this body of work are consistent with those found in
ISO/TS 16733 (2006).

Fire scenario

A fire scenario is a qualitative description of the course of a fire with time, identifying
key events that characterise the fire and differentiate it from other possible fires related
to the building design and intended usage that will be the focus of the fire safety
analysis.

Design fire scenario

A design fire scenario is a specific fire scenario on which a deterministic fire safety
engineering analysis will be conducted, i.e. those determined to be the most important
in relation to the specific building design and intended usage that is the focus of the fire
safety analysis.

SUMMARY OF SCENARIO SELECTION METHOD

Characterisation of fire scenarios in residential occupancies for use as input to the
probabilistic model was performed by:

e determining what input is required by the Design Fire Generator performing a
detailed analysis of New Zealand fire incident statistics

¢ estimating the weightings of the fire scenarios using fire incident statistics in
terms of fire event frequency and loss of life and injury for use in the Design
Fire Generator

e accounting for the influence and limitations of statistical significance and use of
records of past events as indications of future events.

Characterisation of fire scenarios in residential occupancies requires:

¢ choosing the intended level of user interaction/control

determining what input is required for the Design Fire Generator for the fire
scenarios

performing a detailed analysis of New Zealand fire incident statistics

estimating the weightings of the fire scenarios using fire incident statistics in
terms of fire event frequency and loss of life and injury for use with the Design
Fire Generator

accounting for the influence and limitations of statistical significance and use of
records of past events as indications of future events.

3.1 Level of user interaction

Ultimately it is intended that a user has complete control over the design fires scenarios
to be used, since a researcher and a designer would potentially have very different



3.2

motivations for using a fire model and therefore possibly require a different set of
scenarios.

The method outlined here is an example of using fire incident statistics to estimate the
scenarios that would be of highest occurrence or highest cost of life, if the future were
able to be predicted based on past events.

At this stage, it is recommended that if the combination of selections of fire events
presented here is used, the level of user interaction is restricted to the values for
weightings of a set of design fire scenarios.

It is intended that users would also be able to use the methodology demonstrated here
to develop their own design fire scenario set for their own specialised purposes.

Input required for Design Fire Generator

The required input for the Design Fire Generator includes:
¢ description of scenarios — in terms of pointing to a design fire database
¢ weightings of scenarios

The selection of scenarios based on fire incident data is the focus of this report. The
weightings of the scenarios selected in this manner is based on an effective ‘cost’,
where the ‘cost’ is estimated based on statistics for numbers of events and civilian
casualties. This is discussed in detail in Section 3.4.2.4.

Potential use of weightings beyond the selection of the most important scenarios to
include in the suite of design fire scenarios is discussed at the end of Section 0.

ldentifying scenarios to include in residential set

It is assumed that the scenarios that are the most important to consider can be, at least
initially, identified from available incident statistics in conjunction with engineering
judgement for the specific building design, functionality and usage, and the specific fire
safety objective for the fire safety analysis.

For example, if the fire safety objective is stated as life safety of the occupants, then
fire incident statistics for the most common and the most costly, in terms of civilian
casualties, could be used. For other objectives, ‘most costly’ may refer to monetary
loss for insurance purposes, area of building lost to flame, and smoke damage.

The fire safety objective for the demonstration of concept of a method for selection of
design fire scenarios for this study is life safety of the occupants. Throughout the
remainder of this document ‘most common’ refers to the number of fire incidents in
residential buildings and ‘most costly’ is based on civilian fatalities and moderate and
severe injuries in residential buildings.

The analysis of New Zealand residential fire incidents used for this research is
summarised in previous BRANZ Study Reports 222 and 223 (Robbins and Wade
2010a, 2010b).

The fire incident database category of ‘room of fire origin’ was used as a basis for
describing possible scenarios, and then the scenarios were reduced to the most
important based on the most common and most costly of the groups for the other three
categories. In particular, the category combination of ‘room of fire origin’ and ‘reported
cause of ignition’ was found to be the most useful in terms of this analysis.



The following is a summary of the current state of the New Zealand fire incident
statistics utilised in this research.

3.3.1 Summary of the state of New Zealand statistics

An analysis of New Zealand fire incident statistics have been reported elsewhere
(Robbins and Wade 2010a, 2010b). A summary of these results are included here to
provide a context for the further analysis that was performed and to estimate the event
selection for residential occupancies.

The residential fire statistics available for New Zealand are limited based on the small
population of the country. For example, between 1995 and 2005 there was an average
of approximately:

e 230 and 3500 fires/year in apartment and residential properties, respectively

e four and 24 civilian fatalities/year in apartment and residential properties,
respectively, and

e 55 and 270 civilian (moderate to severe) injuries/year in apartment and
residential properties, respectively.

Furthermore, historical trends are influenced by changes in fire incident recording
processes of the New Zealand Fire Incident Reporting System. These include a major
change in 1995 to the way casualties were recorded, and changes in the regulatory
requirements, of which there was a significant change introduced in 1991, as briefly
outlined above. To reduce these types of influences, the data available for the period
from 1995 to 2005 was used in this analysis.

The available fire statistics were first analysed with specific objectives of:

¢ determining the appropriateness of the use of New Zealand fire statistics for all
residential structures to represent fire statistics for apartments

e determining the appropriateness of the use of New Zealand residential fire
statistics to determine a selection of fire events for apartments

¢ identifying the most common and the most costly fire events that occur in New
Zealand residential structures.

In summary, there were four categories considered in the analysis: room of fire origin,
equipment involved in ignition, first material ignited, and cause of fire. These categories
were chosen based on the ease of potentially describing a design fire scenario and the
details available in the fire statistics. Each category considered had up to 211 individual
classes, where a class represents a specific standard description used in the recording
of the fire statistics (e.g. kitchen, living room, etc, are classes of the category of room of
fire origin). The situation of such a large number of results was improved by using
groups of related individual classes. Similar classes were combined into a smaller
number of clusters (or groups) that included a group for ’information not recorded’ (to
provide an indication of the level of detail recorded) and ‘other’ (to collate all the
classes with small individual contributions to the information, based on the results of
the analysis for all of the individual classes). The results were four categories:

Room of fire origin, with 74 classes agglomerated into seven clusters

Equipment involved in ignition, with 211 classes agglomerated into nine clusters

First material ignited, with 80 classes agglomerated into seven clusters, and

Cause of fire, with 67 classes agglomerated into nine clusters.



The selection of the clusters for each category considered was based on an initial
analysis of all the available data. The details and results of the analysis used are
summarised elsewhere (Robbins and Wade 2010a). An example of the total
percentage of fire incidents in residential structures for the categories of room of fire
origin and equipment involved in ignition is shown in Figure 1.
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Figure 1. An example of the percentages of total fires that occurred in apartments for
combinations of room of fire origin and equipment involved in ignition (1995-2005)

The appropriateness of using New Zealand fire statistics for all residential structures to
represent fire statistics for apartments was estimated using linear correlations between
the two data sets for the range of categories and classes and clusters within these. An
example of the results of the linear correlations between apartment and all residential
data sets for combinations of the room of fire origin and each of the other categories is
shown in Figure 2. In summary, the linear correlation coefficient values indicated that
residential results for numbers and percentages of fires and injuries are reasonably
similar to the apartment data set and therefore can be used as in indication of the
trends expected in apartment fire incidents. Care must be used when considering
fatalities or ratios of casualties to fires for residential structures compared to
apartments (Robbins and Wade 2010b).
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Figure 2: Linear correlation coefficients for apartment and all residential data sets for
percentages of fires, fatalities and injuries

The appropriateness of using New Zealand residential fire statistics to identify a
selection of fire events for apartments was determined by the probabilities of the yearly
numbers of fires, fatalities and injuries of the data sets used being representative
(within £10%, +20% or £50%) of the reality of the situation in New Zealand, assuming
this could be represented by a normal distribution. The assumption that these values
can be described by a normal distribution is only for calculation purposes to provide a
measure of influence of the sample size and spread. It is not expected that data would
provide a normal distribution for statistics per year, since historical trends are expected
to be influenced by changes in NZBC requirements, building practices and changes in
occupant behaviour that are all changeable over time. However for short time periods,
the assumption of a normal distribution may be reasonable if the results are used as
indicative only. An example of the results for residential fire incidents for the categories
of room of fire origin and equipment involved in ignition is shown in Figure 3. The
results of this analysis are presented in full elsewhere (Robbins and Wade 2010a,
2010Db).

The averages for fire events for the combined clustered categories are estimated to be
mostly reasonably (i.e. >80%) representative, to within at least +20%, of the reality of
the situation in New Zealand (excluding clusters of ‘no information recorded’ and
‘other’). For casualties the combined clustered categories are estimated to be mostly
reasonably (i.e. >80%) representative, to within at least +50%, of the reality of the
situation in New Zealand. Therefore the results based on these statistics are
recommended to be used only as a general indication.
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Figure 3: Probabilities of the data set for residential numbers of fire events for room of
fire origin and equipment involved in ignition being representative (within £20%) of the
situation in New Zealand (assuming normal distributions)

The most common and the most costly fire events that occur in New Zealand
residential structures were identified for each of the combinations of clusters of
categories that were considered. An example of the results for the combination of room
of fire origin and equipment involved in ignition for residential data is shown in Figure
4(a) (Robbins and Wade 2010b).

The results for the most costly fire incidents were determined in terms of percentages
of casualties and ratios of numbers of casualties to fires for each cluster. Examples of
the results for the combination of room of fire origin and cause of ignition for residential
data sets are shown in Figures 4(b) and (c).

The measure of the most costly in terms of percentages of casualties provides an
indication of the most common combinations that lead to casualties. However the
measure of the most costly in terms of ratios of casualties to fires provides indications
of the most lethal combinations, which may or may not be common. The measure
using ratios of casualties to fires may highlight the danger of both common (e.g. kitchen
cooking equipment or bedroom electric blanket) and uncommon situations (e.g.
bedroom cooking equipment or bedroom water heater). Uncommon situations may
indicate the unintended use or misuse of equipment that are unexpected combinations
of room of fire origin and equipment involved in ignition, etc. They may also indicate
rare accidental types of fire incident that tend to be dangerous for the occupants (e.qg.
fires that occurred in ‘internal pathways’ that includes means of escape where electrical
failure of equipment or electric transfer equipment was involved in ignition).

The results are recommended to be used as indicative only.
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Figure 4: Percentage of total (a) fires, (b) fatalities and (c) injuries that occurred in
residential structures for combinations of room of fire origin and cause of ignition (1995—
2005)

Selecting the scenarios to consider

The number of possible fire scenarios needs to be reduced to a manageable number
for use in the analysis as the design fire scenarios.

Clustering similar types of scenarios together is an initial way of reducing the number of
possible fire scenarios for consideration. Prioritising this reduced number of possible
fire scenarios assists in identifying the most important fire scenarios to be included in
the analysis. These methods for reducing the possible fire scenario set to a
manageable size for analysis are described here.

3.4.1 Clustering

The initial clustering of the classes within each category into groups of similar types
reduced the number of possible scenarios for consideration. For example, for the
category of ‘room of fire origin’ the classes including bathrooms and laundries were
clustered to form one group that is referred to as a ‘cluster’. Clusters were based
around the most common and most costly individual classes. Selection of these
clusters was based on the results and experience gained during the analysis of the
entire data set available at the time.



Each category was also assigned one cluster called ‘other’. This cluster combines all
the miscellaneous classes that did not have similarities with other classes enough to be
combined into one of the descriptive clusters and were not sufficiently ‘common’ or
‘costly’ enough to be a cluster by themselves. Therefore the results for the ‘other
cluster are not indicative of components of a possible scenario. Instead, results for the
‘other’ cluster provide an indication of what proportion of the fire incident parameters
(e.g. fire incidents, civilian fatalities, etc) of interest is included or not in the analysis.
Similarly, the ‘information not recorded’ cluster results provide an indication of the
potential amount of data that was not collected for fire incidents attended by the fire
service. This follows on to provide a general indication of how representative of the
historical situation the results may be (i.e. considering that fire incidents are influenced
by past building regulations, events, cultural trends, etc).

The initial clustering of individual fire incident data classes into groups significantly
reduces the number of possible combinations of each category for consideration.
However there are still a very large number of possible scenarios included. For
example, considering the ‘room of fire origin’ category with five possible clusters of
interest and the ‘cause of fire’ category with seven possible clusters of interest, this
combination led to 35 possible scenarios for analysis.

3.4.2 Prioritising the set of possihle scenarios

The set of possible fire scenarios needs to be prioritised so that the scenarios that are
most important to the fire safety objectives are included for analysis. There are many
ways of prioritising a set of scenarios (e.g. a risk-based approach using estimates for
likelihood and consequence, etc). The method chosen for prioritising the set of possible
fire scenarios will depend on the available relevant parameters and the statistical
significance of the values.

The parameters used from the available incident statistics for this analysis is in terms of
numbers of fire incidents and numbers of casualties. The three parameters used in this
analysis are:

e percentage of fire incidents
¢ percentage of fatalities
¢ percentage of injuries (severe and moderate).

Other analyses may use additional or other parameters related to the specific fire
safety objective of the analysis.

Considering life safety is the fire safety objective for this example, if a risk-based
approach is initially taken, the likelihood of a fire could be related to the percentage of
fire incidents and the consequence of the event could be related to the percentage of
fatalities and injuries that have been recorded for that type of event.

However the statistical significance of New Zealand fire incident data, especially for
fatalities and injuries, is not good. Considering the low statistical significance of New
Zealand fire incident data for civilian fatalities, and to a lesser extent civilian injuries,
the implications may be that recorded fire incidents that didn’t result in civilian
casualties may not be representative of a reasonable expectation that there will be no
civilian casualties from the next occurrence of this type of incident.

Therefore, another approach to prioritise the set of possible scenarios was taken that
assumed that the occurrence of a fire incident posed a credible threat to life safety.
That is, all recorded New Zealand fire incidents were considered to have a possible
consequence in terms of life safety. Furthermore records of New Zealand fire incidents
with civilian casualties were considered to have a higher probable consequence in
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terms of life safety. Therefore the percentage of fire incidents and percentages of
civilian casualties were effective measures of consequence, although they represent
different levels of consequence.

A measure of the statistical significance of each parameter value was also included to
provide a weighing of the confidence in the parameter value being representative of a
larger population (i.e. larger data set, if it was available).

Therefore relative occurrence of the parameter, relative level of consequence of the
parameter, and measure of confidence of the available data were combined to provide
an indication of relative importance of each scenario. This is described here.

3.4.2.1 Relative occurrence

The relative occurrence of fire incidents and casualties was estimated using the
percentage of total fire incidents, total fatalities and total injuries for each scenario.

In this analysis, the ‘information not recorded’ cluster for each category, where no detail
was recorded, was removed and the fire incidents associated with this cluster were
assumed to be proportional to the fire incidents where details were recorded. This was
made on the assumption that incidents where no detail was recorded were relatively
minor events that were caught early with limited damage and resulted in no casualties.

The cluster for ‘other’ was also removed, since it represents a number of dissimilar
infrequent and low consequent possible scenarios within the statistics analysed.

3.4.2.2 Level of consequence

The relative level of life-safety consequences for the records of fire incident compared
to records of civilian casualties was expected to be low. That is, the occurrence of a
fatality is associated with much greater consequences than the occurrence of a fire
incident.

Therefore the level of life-safety consequence for the occurrence of a fire incident was
chosen to be 1. The level of life-safety consequence for the occurrence of a civilian
fatality was chosen to be 6. For the occurrence of a civilian injury, the level of
consequence was chosen to be 2.

The influence of the values chosen for these relative levels of life-safety consequence
was investigated. A summary is included in Appendix D.

3.4.2.3 Measure of confidence

An estimate of the statistical significance of each parameter value was made by
assuming a normal distribution could be used to describe each parameter value. Then
the probability of the parameter value being within a certain percentage of the actual
mean can be calculated.

The size of the New Zealand fire incident data set is such that it is only reasonable to
expect to be able to estimate to within at least £20% of the mean for the percentage of
fire incidents and at least +50% of the mean for the percentage of civilian casualties.

A brief description of the calculation of the probability of each parameter value being
within a prescribed percentage of the mean of a data set that is assumed to be a
normal distribution, and example values used in this study, are included in Appendix C.

3.4.2.4 Effective importance value

For each possible scenario (n), the estimated level of consequence (w), occurrence
(P.vg) and statistical significance (S) of each parameter (x) were combined into one
value that represents the relative priority of the scenario. This combined value is
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referred to as an effective importance value (I.¢). The effective importance was then
used to prioritise the set of possible scenarios. Fire incident data for two different
building types (b) were used: apartments only and all residential structures.

An effective importance value (I¢fy,, ) for each possible fire scenario (n = combination
of clusters from two categories) using each set of fire incident data for different building
types (b = either apartments only or all residential structures) was calculated by:

3
Ieff,b,n = z WxPavg,x,b,nSx,b,n

X=1
where w is an assigned weighting to represent the level of consequence of
each parameter type used in the analysis (for this analysis values of 1 for fire
incidents, 6 for fatalities and 2 for injuries were chosen),

P,vg is the average percentage, and

S is the estimated probability of the parameter value based on the New Zealand
incident statistics, x, is within at least £20%, if x=1 (for fire incidents), or at least
+50%, if x=2 or 3 (for fatalities or injuries, respectively), of representing the mean
of an assumed normal distribution.

3.4.2.5 Effective importance value — considering ratios of casualties to fire incidents

If the available data set were statistically significant enough for the ratio of number of
fatalities to fires and the ratio of number of injuries to fires associated with each
possible fire scenario, then these could be used in a similar approach to calculate a
relative importance value for use in prioritising the set.

For example, in order to estimate the impact of casualties per incident, an effective
importance value based on ratios of casualties to fires (Iratio,b,n) was calculated by:

Wr Pavg,z,b,nsz,b,n + W3 pavg,3,b,n83,b,n

Iratio,n,b,n -

Wy pavg,l,b,nsl,b,n

Because of the limited size of the available data set in this study, this particular
approach is not appropriate for this application.
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3.9 Results — prioritised possihle fire scenarios

Using the effective importance value approach that utilises the percentages of total
numbers of fire incidents and casualties, the number of possible fire scenarios could be
prioritised. In this case the top 10 ranked fire scenarios (ranked on the first approach to
estimating an importance value based on apartment statistics) were:

Top 10 Ranked Fire Scenarios Ranking for  Ranking for All
Apartments Residential
Structures
an unattended or careless cooking fire in the 1 1
kitchen
deliberate or suspicious ignition in a bedroom 2 5
careless disposal of cigarettes, ashes, etc, in a 3
bedroom
deliberate or suspicious ignition in the living or 4 7
dining room
fire play, recklessness or carelessness in the living 5 3
or dining room
fire play, recklessness or carelessness in a 6 4
bedroom
an electric blanket or heater fire involving fabrics in 7 6
a bedroom
an electrical failure of entertainment equipment or 8 8
power transfer equipment in the living or dining
room
an electrical failure of clothes washing machine or 9 10

dryer in the laundry or bathroom

an electrical failure in an internal pathway 10 9

The ranking of scenarios for apartment buildings is used as an abbreviation to present
a summary of example results in the figures presented in this section.

A summary of the results for the effective importance values for the set of possible fire
scenarios is included in Appendix E.

When selecting the suite of design fire scenarios to be used in an engineering fire
safety analysis, engineering judgement must be used to determine the applicability of
available historical data (as represented by this set of top 10 fire scenarios) in
conjunction with the design and intended functionality and use of the specific building
design.

The intention of this document is to demonstrate the concept of the design fire scenario
selection approach described here. There is no specific building design used in this
demonstration. Therefore the top 10 fire scenarios, based on analysis of fire incident
data, will be used as the suite of design fire scenarios.

3.9.1 Design fire scenario weightings

When the suite of design fire scenarios is chosen two approaches can be taken as to
how the different scenarios are implemented in the engineering fire safety analysis.
One approach is to work through the list using the same acceptance criteria for the
level of analysis of each scenario. These acceptance criteria are associated with the
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analysis techniques or methods, not the acceptance criteria associated with the fire
safety.

For example, if an iterative modelling approach with inputs sampled from distributions
is used, then the same minimum number of iterations and convergence criteria would
be used for each scenario. This effectively treats the scenarios as though their
importance is uniform. Alternatively, the effective importance values for the selected
fire scenarios can be normalised to provide an indication of design fire scenario
weightings. The normalised weighting of each scenario may be used to distribute
available computational attention. That is, the minimum number of iterations may be
larger for the more highly weighted scenarios, having relatively higher likelihood,
consequences or both.

As an example of the second approach, using the top 10 fire scenarios for prioritising
the set of possible fire scenarios as the design fire scenario suite, the weighted
effective importance value for these fire scenarios was normalised to provide an
indication of design fire scenario weightings.

3.9.2 Example results

Examples of the results based on apartment and residential statistics are shown in
Figures 5(a) and (b), respectively. An example of the results based on statistics for
ratios of casualties to number of fires for apartments and all residential buildings is
shown in Figures 6 (a) and (b), respectively. This normalised weighted effective
importance approach provides values for a distribution for the design fire scenarios that
could be used as input for the probabilistic model.

The weighted effective importance value based on ratios of casualties to number of
fires provides a check to ensure that statistically costly scenarios are included
appropriately. For example, in the case of the apartments (Figures 5(a) and (b)), the
Scenario 10 (an electrical failure in an internal pathway) makes up 1% or less of the
normalised distribution of scenarios based on percentage of fires and casualties and
then accounts for approximately 90% from apartment statistics and 8% from all
residential statistics of the normalised distribution of scenarios based on ratios of
casualties to fires (i.e. the second approach to estimating an importance value). This
comparison highlights the problem that there have been few apartment fires, and, of
these, a small proportion of the incidents and casualties were located in internal
pathways, resulting in both low frequencies and associated confidence in the values.
However incidents in this area of fire origin were associated with a high cost in terms of
casualties per incident. Therefore linearly combining the percentage-based and ratio-
based estimates of importance (Iegrpnlrationbn) Provides a relative measure of both the
magnitude and severity of the scenarios. An example of such a distribution based on
apartment and all residential statistics is shown in Figures 7 (a) and (b), respectively.
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Figure 5: Normalised weightings of scenario set for (a) apartments and (b) all residential
structures based on percentages of fire and casualty statistics
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Figure 6: Normalised weightings of scenario set for (a) apartment and (b) all residential
buildings based on ratios of casualties per fire
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Figure 7: Normalised weightings of a design fire scenario set based on multiplying the
results for the two approaches to estimating importance values together for (a)
apartment and (b) all residential structures
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Considering use of the weightings, once the suite of design fire scenarios is selected,
the weightings of the scenarios could be considered as proportional to either the
percentage of total iterations or possibly the convergence criteria, if the available
computation time is critical and these assumptions are incorporated into the
subsequent analysis. Otherwise, the weighting of each scenario is ignored and the
same number of iterations or the same convergence criterion is used for each design
fire scenario.

SUMMARY AND CONCLUSIONS

In summary, results and experience from analysis of New Zealand fire incident
statistics were used to identify the most common, the most costly, and therefore the
most important design fire scenarios for (apartment and all residential) building
occupancies in terms of life safety.

A method to prioritise a set of possible design fire scenarios based on fire incident data
was presented, using an effective importance value. The effective importance value is
a relative measure of the consequence, likelihood and statistical significance using
relevant parameters available from the fire incident data set.

The relative likelihood of the scenarios is estimated in terms of the percentage of
incidents and casualties for each scenario or in terms of the ratios of casualties to fire
incidents for each scenario. The relative levels of consequence are chosen for each fire
incident parameter in terms of the impact on the fire safety objective. A measure of the
confidence in the available statistics used in the analysis is estimated in terms of the
sample size and spread of data compared to an assumed normal distribution for each
of the scenarios considered.

Using the effective importance value as a method to prioritise the set of possible fire
scenarios, the top fire scenarios to be included in the engineering fire safety analysis
can be identified. It is expected that engineering judgement will be used in estimating
the applicability of the available fire incident data to the design problem and therefore
use the indicative results based on the historical records. It would also add relevant
possible fire scenarios that could not be captured by fire incident data because of
timing of changes in regulation requirements or building design features and intended
usage specific to the design problem.

In addition, an approach for using the normalised effective importance value of design
fire scenarios was suggested to identify areas where design and computational
resources should be directed.

An example distribution of fire scenarios based on a normalised weighted combination
of the importance values derived from percentages of casualties and incidents for
apartment fire statistics is presented in a form that could be used as an input for the
probabilistic model currently in development.

This approach may also be used for available fire incident data sets for other
occupancies. The summary of the analysis presented here used an example of the fire
safety objective of life safety of occupants. A similar approach may be used focusing
on protection of property if, for example, the extent of area of flame damage statistics,
monetary losses, etc, were used instead of (or in combination with) casualties.
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Appendix A SUMMARY OF NZ STATISTICAL RESULTS

A1 Room of fire origin and equipment involved in ignition

Table 1: The most common combination of rooms of fire origin and equipment involved
in ignition for apartment fires

% Total
Room of Fire Origin Equipment Involved in Ignition Apartment
Fires

Kitchen Cooking equipment 29.09
Kitchen Information not recorded 21.93
Bedroom Information not recorded 9.28
Other Information not recorded 7.96
Living/Dining Room Information not recorded 7.08
Kitchen Other 3.07
Living/Dining Room Heater 1.92
Bedroom Other 1.88
Internal Pathways Information not recorded 1.84
Other Other 1.81
Other Power transfer equipment 1.64
Laundry/Bathroom Clothes washing machine or dryer 1.58
Living/Dining Room Other 1.51
Laundry/Bathroom Information not recorded 1.41
Bedroom Electric blanket 1.34
Living/Dining Room Entertainment equipment 0.87
Bedroom Heater 0.81
Internal Pathways Power transfer equipment 0.56
Information not recorded Information not recorded 0.49
Bedroom Entertainment equipment 0.38
Laundry/Bathroom Other 0.28
Living/Dining Room Cooking equipment 0.28
Internal Pathways Other 0.28
Living/Dining Room Power transfer equipment 0.24
Kitchen Heater 0.23
Other Water heater 0.23
Laundry/Bathroom Heater 0.21
Other Heater 0.19
Kitchen Power transfer equipment 0.17
Living/Dining Room Electric blanket 0.15
Kitchen Water heater 0.13
Bedroom Power transfer equipment 0.13
Bedroom Cooking equipment 0.11
Kitchen Clothes washing machine or dryer 0.09
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Table 2: The most common combination of rooms of fire origin and equipment involved

in ignition for residential fires

% Total
Room of Fire Origin Equipment Involved in Ignition Residential
Fires

Kitchen Cooking equipment 19.82
Kitchen Information not recorded 17.47
Other Information not recorded 12.71
Living/Dining Room Information not recorded 10.38
Bedroom Information not recorded 9.50
Kitchen Other 2.92
Other Other 2.91
Living/Dining Room Heater 2.83
Laundry/Bathroom Information not recorded 2.00
Internal Pathways Information not recorded 1.96
Information not recorded Information not recorded 1.86
Bedroom Other 1.83
Living/Dining Room Other 1.83
Laundry/Bathroom Clothes washing machine or dryer 1.67
Bedroom Electric blanket 1.39
Other Power transfer equipment 1.38
Bedroom Heater 0.75
Living/Dining Room Entertainment equipment 0.71
Other Heater 0.69
Internal Pathways Power transfer equipment 0.55
Laundry/Bathroom Other 0.44
Living/Dining Room Power transfer equipment 0.41
Bedroom Entertainment equipment 0.35
Other Water heater 0.31
Internal Pathways Heater 0.30
Kitchen Power transfer equipment 0.28
Laundry/Bathroom Heater 0.27
Internal Pathways Other 0.26
Kitchen Water heater 0.25
Kitchen Heater 0.21
Living/Dining Room Cooking equipment 0.21
Other Clothes washing machine or dryer 0.21
Other Cooking equipment 0.21
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Table 3: The most common combination of rooms of fire origin and equipment involved
in ignition for apartments in terms of the percentage of fatalities

% Total
Room of Fire Origin Equipment Involved in Ignition Apartment
Fatalities
Living/Dining Room Information not recorded 31.43
Bedroom Information not recorded 22.86
Kitchen Cooking equipment 20.00
Kitchen Information not recorded 5.71
Bedroom Electric blanket 5.71
Living/Dining Room Other 5.71
Living/Dining Room Heater 2.86
Living/Dining Room Entertainment equipment 2.86
Other Information not recorded 2.86

Table 4: The most common combination of rooms of fire origin and equipment involved
in ignition for residential fatalities

% Total
Room of Fire Origin Equipment Involved in Ignition Residential
Fatalities

Bedroom Information not recorded 26.07
Living/Dining Room Information not recorded 20.51
Kitchen Information not recorded 12.82
Kitchen Cooking equipment 9.83
Other Information not recorded 4.27
Living/Dining Room Other 3.85
Bedroom Electric blanket 3.42
Living/Dining Room Heater 2.56
Information not recorded Information not recorded 2.56
Living/Dining Room Cooking equipment 2.14
Living/Dining Room Entertainment equipment 2.14
Kitchen Other 1.71
Bedroom Heater 1.28
Bedroom Other 1.28
Internal Pathways Power transfer equipment 1.28
Kitchen Heater 0.85
Living/Dining Room Electric blanket 0.85
Internal Pathways Information not recorded 0.85
Bedroom Water heater 0.43
Bedroom Cooking equipment 0.43
Laundry/Bathroom Information not recorded 0.43
Living/Dining Room Power transfer equipment 0.43
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Table 5: The most common combination of rooms of fire origin and equipment involved

in ignition for apartment injuries

% Total
Room of Fire Origin Equipment Involved in Ignition Apartment
Injuries

Kitchen Cooking equipment 22.17
Kitchen Information not recorded 16.26
Bedroom Information not recorded 15.27
Living/Dining Room Information not recorded 12.32
Living/Dining Room Entertainment equipment 7.55
Bedroom Other 3.45
Bedroom Entertainment equipment 3.28
Internal Pathways Information not recorded 3.12
Kitchen Other 2.46
Living/Dining Room Heater 1.81
Other Information not recorded 1.64
Bedroom Electric blanket 1.31
Bedroom Heater 1.31
Living/Dining Room Other 1.15
Other Other 1.15
Other Heater 0.82
Living/Dining Room Cooking equipment 0.66
Information not recorded Information not recorded 0.66
Laundry/Bathroom Clothes washing machine or dryer 0.33
Laundry/Bathroom Information not recorded 0.33
Laundry/Bathroom Other 0.33
Kitchen Heater 0.16
Kitchen Water heater 0.16
Kitchen Power transfer equipment 0.16
Kitchen Entertainment equipment 0.16
Bedroom Cooking equipment 0.16
Laundry/Bathroom Water heater 0.16
Laundry/Bathroom Cooking equipment 0.16
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Table 6: The most common combination of rooms of fire origin and equipment involved

in ignition for residential injuries

% Total
Room of Fire Origin Equipment Involved in Ignition Residential
Injuries

Kitchen Cooking equipment 22.15
Kitchen Information not recorded 18.63
Bedroom Information not recorded 18.03
Living/Dining Room Information not recorded 11.06
Other Information not recorded 5.10
Bedroom Other 3.41
Living/Dining Room Heater 2.85
Kitchen Other 2.74
Bedroom Electric blanket 2.14
Living/Dining Room Other 1.84
Other Other 1.65
Bedroom Heater 1.57
Laundry/Bathroom Information not recorded 1.31
Internal Pathways Information not recorded 1.20
Living/Dining Room Entertainment equipment 0.79
Bedroom Entertainment equipment 0.67
Information not recorded Information not recorded 0.49
Other Heater 0.49
Laundry/Bathroom Clothes washing machine or dryer 0.41
Living/Dining Room Cooking equipment 0.37
Kitchen Heater 0.34
Laundry/Bathroom Other 0.30
Kitchen Water heater 0.22
Internal Pathways Power transfer equipment 0.19
Internal Pathways Other 0.19
Other Water heater 0.19
Other Cooking equipment 0.19
Other Power transfer equipment 0.19
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Table 7: The most common combination of rooms of fire origin and equipment involved

in ignition for ratios of fatalities to fires (i.e deaths per fire) for apartments

Apartment
Room of Fire Origin Equipment Involved in Ignition Fatalities
per Fire

Living/Dining Room Information not recorded 4.44
Bedroom Electric blanket 4.28
Living/Dining Room Other 3.79
Living/Dining Room Entertainment equipment 3.30
Bedroom Information not recorded 2.46
Living/Dining Room Heater 1.49
Kitchen Cooking equipment 0.69
Other Information not recorded 0.36
Kitchen Information not recorded 0.26

Table 8: The most common combination of rooms of fire origin and equipment involved
in ignition for ratios of fatalities to fire (i.e deaths per fire) for residential structures

Residential
Room of Fire Origin Equipment Involved in Ignition Fatalities
per Fire

Living/Dining Room Electric blanket 14.76
Bedroom Water heater 10.54
Living/Dining Room Cooking equipment 9.97
Bedroom Cooking equipment 8.68
Kitchen Heater 3.99
Living/Dining Room Entertainment equipment 3.00
Bedroom Information not recorded 2.74
Bedroom Electric blanket 2.46
Internal Pathways Power transfer equipment 2.34
Living/Dining Room Other 2.11
Living/Dining Room Information not recorded 1.98
Bedroom Heater 1.71
Information not recorded Information not recorded 1.38
Living/Dining Room Power transfer equipment 1.05
Living/Dining Room Heater 0.91
Kitchen Information not recorded 0.73
Bedroom Other 0.70
Kitchen Other 0.59
Kitchen Cooking equipment 0.50
Internal Pathways Information not recorded 0.44
Other Information not recorded 0.34
Laundry/Bathroom Information not recorded 0.21
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Table 9: The most common combination of rooms of fire origin and equipment involved

in ignition for ratios of injuries to fires (i.e injuries per fire) for apartments

Apartment
Room of Fire Origin Equipment Involved in Ignition Injuries
per Fire

Bedroom Entertainment equipment 8.72
Living/Dining Room Entertainment equipment 8.72
Kitchen Entertainment equipment 8.72
Laundry/ Bathroom Entertainment equipment 8.72
Internal Pathways Cooking equipment 8.72
Other Entertainment equipment 8.72
Other Heater 4.36
Laundry/Bathroom Water heater 4.36
Laundry/Bathroom Cooking equipment 2.91
Living/Dining Room Cooking equipment 2.33
Living/Dining Room Water heater 2.18
Bedroom Other 1.83
Living/Dining Room Information not recorded 1.74
Internal Pathways Information not recorded 1.69
Bedroom Information not recorded 1.65
Bedroom Heater 1.62
Bedroom Cooking equipment 1.45
Information not recorded Information not recorded 1.34
Kitchen Water heater 1.25
Laundry/Bathroom Other 1.16
Living/Dining Room Electric blanket 1.09
Bedroom Electric blanket 0.98
Kitchen Power transfer equipment 0.97
Living/Dining Room Heater 0.94
Kitchen Other 0.80
Living/Dining Room Other 0.76
Kitchen Cooking equipment 0.76
Kitchen Information not recorded 0.74
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Table 10: The most common combination of rooms of fire origin and equipment involved
in ignition for ratios of injuries to fires (i.e injuries per fire) for residential structures

Residential
Room of Fire Origin Equipment Involved in Ignition Injuries
per Fire

Information not recorded Clothes washing machine or dryer 6.47
Internal Pathways Clothes washing machine or dryer 3.24
Bedroom Cooking equipment 3.05
Bedroom Heater 2.10
Bedroom Entertainment equipment 1.91
Bedroom Information not recorded 1.90
Bedroom Other 1.87
Bedroom Water heater 1.85
Laundry/Bathroom Cooking equipment 1.85
Living/Dining Room Cooking equipment 1.75
Kitchen Heater 1.57
Bedroom Electric blanket 1.54
Internal Pathways Cooking equipment 1.44
Living/Dining Room Electric blanket 1.29
Laundry/Bathroom Water heater 1.21
Kitchen Cooking equipment 1.12
Living/Dining Room Entertainment equipment 1.11
Kitchen Information not recorded 1.07
Living/Dining Room Information not recorded 1.07
Living/Dining Room Heater 1.01
Living/Dining Room Other 1.01
Internal Pathways Water heater 1.00
Living/Dining Room Water heater 0.96
Kitchen Other 0.94
Other Cooking equipment 0.91
Kitchen Water heater 0.89
Living/Dining Room Clothes washing machine or dryer 0.76
Internal Pathways Other 0.71
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Figure 8: Percentages of total fires and casualties for apartments and all residential buildings for combinations of room of fire origin and
28

equipment involved in ignition



—@— Apartments

- All Residential

n

< [32] N

(%) pooyujay1 Ayjees g aai4

By10 1Byo

PapJ023J J0U UOIIBWIO| J3Y10

Juawdinba Juswulensug 4BYl0

awdinba Jajsuety JoMod 4ay10

awdinb3 8upjoo) “4ayro

J31eay Jaep 1BYr0

J31e3H 19Y10

1|Ue(q 211933 4aY10

Jakup Jo duiydew Suiysem sayiold 4ay10

JaY3Q ‘papJoaaJ J0U UOIIBWIOU]|

P3PJ0I3J JOU UOIJEWIOJU| ‘P3PI0ISJ JOU UOJJBWIO|
Juswdinba Juswu|e}ISUT ‘PIP.I0ISJ JOU UOLIBWIO|
Juawdinba Jajsueuy JaMod ‘PapJ0daJ J0uU UojewIou|
awdinb3 Suoo) ‘pap403a Jou UoiEWION|

19183y J33BA\ ‘PapJ033J J0U LUOIBWLIOJU|

J3}BaH ‘pap.J0IaJ JOU UO[IBWLIOU]|

1|Ue|Q 2143993 ‘PaPJ0I3J 10U UOI}eULIOU|

Jakup Jo 3ulydew uiysem sayo|) ‘PapJ0Iad J0U UOIBWIO]
Jay30 ‘shemyied |eutaiul

P3pJ023J J0U UOIeWIOU| ‘SABMUIE] |BUISIU|

Juawdinba juswuienaiug ‘shemyied |euaiu

Jawdinba Jajsue.y Jamod ‘shemyied |euaiu|

Ewca_scm_ 3upjoo) ‘shemuyied |eusaiu|

Jajeay Jaiep ‘shemuyied |eutaiu

J91e9H ‘shemuyied |eutaiu

1|UB|211399]3 ‘sAemyied |eulalu|

Jakup Jo suiydew Suiysem sayio|) ‘shemyied [euiaiu|
Jay1Q ‘@8uno1 Jo wooy Suluiq /SulAn

papJ023. 10U Uoliew.iou| ‘98uno Jo wooy Sululq /SulAn]
Juswdinbs Juawulesiul ‘93uno Jo wooy 3uiulg /SuIAT g

Involved in Ignition

awdinba Jaysueu) Jamod ‘93uno Jo wooy 3uiuiq /SuIAr] m
awdinb3 3upjoo) ‘93uno Jo wooy Suiuiq /SuIAr] s
19183y Ja1ep ‘93uno Jo wooy Juiuiq /3uiA 5
J91e3aH ‘a3uno7 Jo wooy 3ululg /3ulA] _._a._.

19yue|q211I3|3 ‘83unoT Jo wooy Jululqg /3uIAr

10 3ujydew Suiysem sayio|) ‘@8uno Jo wooy Sujuig \mcs_._.g

Jay10 ‘woouyreg/Aipune]

Ppap.023J4 jJou uonewJoyu| ‘woolyieg/Aipune]
Juswdinbs Juswuresaiug ‘wooJyleg/Aipune]
wawdinba Jaysueuy Jamod ‘woolyreg/Aipune
wawdinb3 3upjoo) ‘woouyieg/Aipune]
9183y Jarep ‘woolyieg/Aipune]

J91eaH ‘woouyreg/Aipuner

1jue|qo1199|3 ‘wooJyeg/Aipune]

J9AJp Jo aulydew Sulysem saylo|) ‘wioouyreg/Aipune]
Jay1Q ‘wooupag

PapJ023J JOU UOIIBWIOJU| ‘W004pag
awdinba Juswulelsiug ‘wooupag
Juawdinba Jajsues} JaMod ‘woo.pag
awdinb3 Suoo) ‘wooupag

J13)e3Y J33BM ‘Wo0Jpag

J31eaH ‘wooJipag

13)Ue|q 214199]3 ‘wooJpag

JakJp Jo suiydew Suiysem sayio|) ‘woolpag
3Y10 ‘Uayomy

Pap40334 10U UOIIBWIOU| ‘UBYDIY

Juawdinba JuswulelIRIuI ‘UsYINY

uawdinba JaysueJy Jamod ‘Usydy
Juawdinb3 Suoo) ‘uayaiy

13183y Ja1eM ‘UBYIMY

Ja1eay ‘usyany

18)Ue|q 214393|F ‘Usydlly|

JaAJup Jo aulyoew Juiysem saylo|d ‘usyddy

Room of Flre 0

Figure 9: Combinations of percentages of total fires and fatalities for apartments and all residential buildings for combinations of room of fire

origin and equipment involved in ignition
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Figure 10: Combinations of percentages of total fires and injuries for apartments and all residential buildings for combinations of room of

fire origin and equipment involved in ignition
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Figure 11: Combinations of percentages of total fires, fatalities and injuries for apartments and all residential buildings for combinations of

room of fire origin and equipment involved in ignition
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Figure 12: Ratios of casualties to fires for combinations of room of fire origin and equipment involved in ignition for apartments and all

residential buildings
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Figure 13: Normalised combined value incorporating weighted percentages of fires and casualties for combinations of room of fire origin

and equipment involved in ignition
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Figure 14: Normalised combined value incorporating weighted percentages of fires and casualties for combinations of room of fire origin

and equipment involved in ignition, excluding values for ‘no information recorded’ clusters
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Figure 15: Summary of normalised weighted importance factor for clusters of room of fire origin and equipment involved in ignition for
apartments, excluding ‘no information recorded’ clusters
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Figure 16: Summary of normalised weighted importance factor for clusters of room of fire origin and equipment involved in ignition for all
residential structures, excluding ‘no information recorded’ clusters
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Table 11: Normalised weighted importance factor for clusters of room of fire origin and equipment involved in ignition for apartments,
excluding ‘no information recorded’ clusters

Room of Fire Origin
Laundry/ Living/ Internal
Kitchen | Bedroom Bathroom Dining Room Pathways Other

Clothes washing
c machine or dryer 0.000 0.000 0.009 0.000 0.000 0.001
S Electric blanket 0.000 0.083 0.000 0.002 0.000 0.000
% Heater 0.002 0.012 0.001 0.053 0.000 0.005
2 _g Water heater 0.001 0.000 0.001 0.001 0.000 0.002
= ‘S | Cooking equipment 0.544 0.002 0.001 0.006 0.001 0.000
g 2 | Power transfer
o equipment 0.002 0.001 0.000 0.002 0.003 0.008
S | Entertainment
L equipment 0.001 0.021 0.001 0.077 0.000 0.001

Other 0.027 0.030 0.002 0.083 0.001 0.012

Table 12: Normalised weighted importance factor for clusters of room of fire origin and equipment involved in ignition for all residential
structures, excluding ‘no information recorded’ clusters

Room of Fire Origin
Laundry/ Living/ Internal
Kitchen | Bedroom Bathroom Dining Room Pathways Other

Clothes washing
c machine or dryer 0.001 0.001 0.030 0.001 0.000 0.004
3 Electric blanket 0.000 0.042 0.000 0.005 0.000 0.000
% Heater 0.008 0.023 0.005 0.076 0.005 0.016
2 _S Water heater 0.004 0.002 0.001 0.001 0.001 0.006
= ‘S | Cooking equipment 0.438 0.003 0.001 0.014 0.000 0.004
g 2 | Power transfer
o equipment 0.005 0.004 0.003 0.010 0.012 0.029
S | Entertainment
w equipment 0.000 0.008 0.000 0.024 0.000 0.001

Other 0.057 0.040 0.007 0.049 0.004 0.052
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A.2 Room of fire origin and material first ignited

Table 13: The most common combination of rooms of fire origin and material first ignited for

apartment fires

% Total
Room of Fire Origin Material First Ignited Apartment
Fires
Kitchen Fat or Food 34.8
Kitchen Flammable or Combustible Liquid 8.0
Bedroom Fabric 5.6
Other Other 4.8
Kitchen Polymer 4.4
Kitchen Other 4.1
Bedroom Other 4.0
Living/Dining Room Other 3.7
Other Polymer 3.4
Living/Dining Room Polymer 3.2
Bedroom Polymer 2.8
Living/Dining Room Fabric 2.5
Kitchen Information not recorded 1.9
Other Finished timber 1.9
Laundry/Bathroom Polymer 1.8
Living/Dining Room Finished timber 1.1
Internal Pathways Polymer 1.0
Laundry/Bathroom Other 0.9
Internal Pathways Other 0.9
Living/Dining Room Information not recorded 0.9
Kitchen Finished timber 0.8
Bedroom Information not recorded 0.8
Other Fabric 0.8
Other Information not recorded 0.8
Kitchen Fabric 0.6
Bedroom Finished timber 0.5
Living/Dining Room Flammable or Combustible Liquid 0.5
Laundry/Bathroom Fabric 0.5
Other Flammable or Combustible Liquid 0.4
Bedroom Flammable or Combustible Liquid 0.3
Living/Dining Room Fat or Food 0.3
Internal Pathways Fabric 0.3
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Table 14: The most common combination of rooms of fire origin and material first ignited for

residential fires

% Total
Room of Fire Origin Material First Ignited Residential
Fires
Kitchen Fat or Food 22.2
Kitchen Flammable or Combustible Liquid 6.6
Other Other 6.4
Bedroom Fabric 5.2
Living/Dining Room Other 5.1
Other Finished timber 5.0
Kitchen Polymer 4.8
Other Polymer 4.1
Bedroom Other 3.8
Kitchen Other 3.7
Living/Dining Room Polymer 3.5
Bedroom Polymer 3.2
Living/Dining Room Finished timber 2.9
Living/Dining Room Fabric 2.7
Laundry/Bathroom Polymer 2.0
Kitchen Information not recorded 1.9
Living/Dining Room Information not recorded 1.6
Internal Pathways Polymer 1.3
Kitchen Finished timber 1.2
Laundry/Bathroom Other 1.2
Other Information not recorded 1.2
Other Fabric 1.0
Information not recorded Information not recorded 1.0
Bedroom Information not recorded 1.0
Internal Pathways Other 0.8
Bedroom Finished timber 0.7
Other Flammable or Combustible Liquid 0.7
Kitchen Fabric 0.7
Laundry/Bathroom Fabric 0.7
Living/Dining Room Flammable or Combustible Liquid 0.5
Laundry/Bathroom Information not recorded 0.5
Internal Pathways Finished timber 0.3
Internal Pathways Fabric 0.3
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Table 15: The most common combination of rooms of fire origin and material first ignited for

apartment fatalities

% Total
Room of Fire Origin Material First Ignited Apartment
Fatalities
Living/Dining Room Other 17.1
Living/Dining Room Information not recorded 14.3
Kitchen Other 8.6
Bedroom Other 8.6
Living/Dining Room Fabric 8.6
Kitchen Fat or Food 5.7
Bedroom Flammable or Combustible Liquid 5.7
Bedroom Polymer 5.7
Bedroom Information not recorded 5.7
Kitchen Flammable or Combustible Liquid 2.9
Kitchen Polymer 29
Kitchen Finished timber 2.9
Kitchen Information not recorded 2.9
Bedroom Fabric 2.9
Living/Dining Room Polymer 2.9
Other Information not recorded 2.9
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Table 16: The most common combination of rooms of fire origin and material first ignited for

residential fatalities

% Total
Room of Fire Origin Material First Ignited Residential
Fatalities
Bedroom Fabric 11.1
Kitchen Fat or Food 7.7
Living/Dining Room Fabric 7.3
Living/Dining Room Information not recorded 7.3
Kitchen Flammable or Combustible Liquid 6.8
Bedroom Polymer 6.4
Living/Dining Room Other 6.4
Bedroom Other 5.6
Kitchen Other 5.1
Bedroom Information not recorded 5.1
Living/Dining Room Polymer 5.1
Living/Dining Room Flammable or Combustible Liquid 3.8
Bedroom Flammable or Combustible Liguid 3.0
Kitchen Information not recorded 2.1
Living/Dining Room Finished timber 2.1
Information not recorded Information not recorded 2.1
Kitchen Finished timber 1.7
Bedroom Finished timber 1.7
Other Fabric 1.7
Internal Pathways Finished timber 1.3
Other Finished timber 1.3
Kitchen Fabric 0.9
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Table 17: The most common combination of rooms of fire origin and material first ignited for

apartment injuries

% Total
Room of Fire Origin Material First Ignited Apartment
Injuries
Kitchen Fat or Food 24.2
Kitchen Flammable or Combustible Liquid 13.0
Bedroom Fabric 104
Bedroom Other 7.7
Living/Dining Room Polymer 5.5
Living/Dining Room Fabric 4.6
Kitchen Other 4.2
Living/Dining Room Other 4.0
Bedroom Polymer 3.5
Kitchen Polymer 2.4
Living/Dining Room Information not recorded 24
Internal Pathways Fabric 2.0
Other Other 1.8
Bedroom Information not recorded 15
Bedroom Finished timber 1.1
Living/Dining Room Flammable or Combustible Liquid 11
Internal Pathways Information not recorded 1.1
Kitchen Finished timber 0.9
Kitchen Information not recorded 0.9
Other Information not recorded 0.9
Living/Dining Room Finished timber 0.7
Kitchen Fabric 0.5
Laundry/Bathroom Polymer 0.5
Living/Dining Room Fat or Food 0.5
Information not recorded Information not recorded 0.5
Other Fabric 0.5
Other Polymer 0.5
Bedroom Flammable or Combustible Liquid 0.4
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Table 18: The most common combination of rooms of fire origin and material first ignited for

residential injuries

% Total
Room of Fire Origin Material First Ignited Residential
Injuries
Kitchen Fat or Food 20.3
Kitchen Flammable or Combustible Liquid 14.8
Bedroom Fabric 10.7
Bedroom Other 7.0
Bedroom Polymer 4.9
Living/Dining Room Other 4.9
Living/Dining Room Polymer 4.5
Kitchen Other 3.9
Living/Dining Room Fabric 3.7
Kitchen Polymer 2.8
Other Other 2.4
Bedroom Information not recorded 1.9
Living/Dining Room Information not recorded 15
Other Polymer 15
Living/Dining Room Flammable or Combustible Liquid 1.3
Other Finished timber 1.3
Other Flammable or Combustible Liquid 1.2
Laundry/Bathroom Other 0.9
Living/Dining Room Finished timber 0.9
Kitchen Finished timber 0.8
Kitchen Information not recorded 0.8
Bedroom Flammable or Combustible Liquid 0.8
Kitchen Fabric 0.7
Bedroom Finished timber 0.7
Other Fabric 0.7
Other Information not recorded 0.6
Laundry/Bathroom Polymer 0.5
Laundry/Bathroom Fabric 0.4
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Table 19: The most common combination of rooms of fire origin and material first ignited for ratios of

fatalities to fires for apartments

Apartment
Room of Fire Origin Material First Ignited Fatalities
per Fire

Bedroom Flammable or Combustible Liquid 17.9
Living/Dining Room Information not recorded 15.8
Bedroom Information not recorded 7.1
Living/Dining Room Other 4.6
Other Information not recorded 3.8
Kitchen Finished timber 3.4
Living/Dining Room Fabric 3.4
Bedroom Other 2.2
Kitchen Other 2.1
Bedroom Polymer 2.1
Kitchen Information not recorded 15
Living/Dining Room Polymer 0.9
Kitchen Polymer 0.6
Bedroom Fabric 0.5
Kitchen Flammable or Combustible Liquid 0.4
Kitchen Fat or Food 0.2
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Table 20: The most common combination of rooms of fire origin and material first ignited for ratios of

fatalities to fire for residential structures

Residential
Room of Fire Origin Material First Ignited Fatalities
per Fire
Bedroom Flammable or Combustible Liquid 11.7
Living/Dining Room Flammable or Combustible Liquid 7.9
Bedroom Information not recorded 5.0
Living/Dining Room Information not recorded 4.5
Internal Pathways Finished timber 3.8
Internal Pathways Information not recorded 3.4
Living/Dining Room Fabric 2.7
Bedroom Finished timber 2.5
Living/Dining Room Fat or Food 2.2
Bedroom Fabric 2.1
Information not recorded Information not recorded 2.1
Bedroom Polymer 2.0
Other Fabric 1.6
Bedroom Other 15
Living/Dining Room Polymer 1.4
Information not recorded Other 1.4
Kitchen Finished timber 1.4
Kitchen Other 1.4
Kitchen Fabric 1.3
Living/Dining Room Other 1.2
Kitchen Information not recorded 1.1
Kitchen Flammable or Combustible Liquid 1.0
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Table 21: The most common combination of rooms of fire origin and material first ignited for ratios of
injuries to fires for apartments

Apartment
Room of Fire Origin Material First Ignited Injuries
per Fire
Internal Pathways Fabric 7.6
Internal Pathways Information not recorded 5.3
Laundry/Bathroom Fat or Food 4.9
Laundry/Bathroom Flammable or Combustible Liquid 3.9
Living/Dining Room Information not recorded 2.6
Living/Dining Room Flammable or Combustible Liquid 2.3
Bedroom Finished timber 2.1
Information not recorded Information not recorded 2.1
Living/Dining Room Fat or Food 1.9
Bedroom Other 1.9
Bedroom Fabric 1.9
Living/Dining Room Fabric 1.8
Bedroom Information not recorded 1.8
Living/Dining Room Polymer 1.7
Kitchen Flammable or Combustible Liquid 1.6
Information not recorded Fat or Food 1.4
Bedroom Polymer 1.3
Other Information not recorded 1.2
Bedroom Flammable or Combustible Liquid 1.1
Kitchen Finished timber 1.1
Living/Dining Room Other 1.1
Kitchen Other 1.0
Internal Pathways Flammable or Combustible Liquid 0.9
Kitchen Fabric 0.9
Other Fabric 0.7
Kitchen Fat or Food 0.7
Living/Dining Room Finished timber 0.7
Kitchen Polymer 0.5
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Table 22: The most common combination of rooms of fire origin and material first ignited for ratios of

injuries to fires for residential structures

Residential
Room of Fire Origin Material First Ignited Injuries
per Fire
Bedroom Flammable or Combustible Liquid 3.2
Living/Dining Room Flammable or Combustible Liquid 28
Laundry/Bathroom Flammable or Combustible Liquid 23
Kitchen Flammable or Combustible Liquid 22
Bedroom Fabric 21
Bedroom Information not recorded 1.9
Bedroom Other 1.9
Other Flammable or Combustible Liquid 1.8
Living/Dining Room Fat or Food 1.7
Bedroom Polymer 1.6
Internal Pathways Fabric 15
Living/Dining Room Fabric 1.4
Internal Pathways Flammable or Combustible Liquid 1.3
Bedroom Fat or Food 1.3
Living/Dining Room Polymer 1.3
Laundry/Bathroom Fat or Food 1.2
Kitchen Fabric 1.1
Internal Pathways Information not recorded 1.1
Kitchen Other 1.0
Bedroom Finished timber 1.0
Living/Dining Room Other 0.9
Living/Dining Room Information not recorded 0.9
Information not recorded Flammable or Combustible Liquid 0.9
Other Fat or Food 0.9
Kitchen Fat or Food 0.9
Information not recorded Fat or Food 0.8
Laundry/Bathroom Other 0.8

a7




juries

== % Total Apartment Fatalities
=—>4=% Total Residential Fatalities
=@ % Total Residential Injuries

== % Total Apartment In

—@-—% Total Apartment Fires
=ll— % Total Residential Fires

13410 18Y10
Pap.0234 J0U UOIJeWIOU| UBYI0
[ngmejun ‘snojaidsng ‘a3eaaq1iaq 4ayr0
241} uayay das|sy/papuaneun 4ayiQ
3Jn|1e4 [B214393(3 “13Y10
SS9USSIPIRY Jo Ae|d IO
S59USS3|3JBD) UaYI0
(paq u1 Bunjows sapnjaut) daajse 3uljjeq 4ayiQ
219 ‘sayse ‘sa3124e810 Jo |[esodsIp ssaja4e) UaylQ
J3y10 ‘pap.03a4 10U UOIBWIO|
Pap.0234 10U UOI1BWLIOJU| ‘PIPJ0IDJ 10U UOBULIO|
[nyme|un ‘snoididsng ‘a1e4aq1jaq ‘pap4023J J0U UoIBWIOU|
841} Usyay daa|syy/papualieun ‘paPJoIaJ JOU UOITRUIO|
3Jn|1e4 [£214393|3 ‘paP4023J 10U UOIIBWIO|
$S9USSIP|IY 40 Ae|d ‘papJ0IaJ J0U LOIIRWIOU|
$S9USSI[48) ‘PaPJ023J J0U UOIRWIOU|
" Bupjows sapnjoul) das|se Suijje4 ‘pap4023. 10U UOIRWIOHU|
“‘s3)394e8)12 JO |esods|p ssa|2Je)) ‘PapJ0daJ J0U UOJIeWIOU|
19y10 ‘shemuyied [eutaiu|
papJ02aJ J0U UoIjewWIoU| ‘SABMUIE] |PUIRIU|
[nymejun ‘snoioidsng ‘93eJaq1aq ‘shemyied [euJaiu|
3J1) uaydy das|sy/papuaiieun ‘shemyled |eussiu|
aJn|1e4 |B211193|3 ‘shemyled |eusau|
SS9USSPIRY J0 Aeld ‘Shemyied |eulaiu
$S9USSa[a..) ‘SAemyled |euJau|
(p3q ur Bupjows sapnpaut) daajse Suljjed ‘shemyied |eutaiu|
219 ‘sayse ‘s9334e310 Jo |esodsip ssa|a.e) ‘shemuyied [eulSiuie
Jay1Q ‘@8uno7 Jo wooy 3uluiq /SulAn] .
papJ02a. 10U UoliewLiou| ‘98unoT Jo wooy Sululq /SulAn]
" ‘sno1d1dsng ‘a1euaq1aq ‘@8uno Jo wooy Sululd /SuIAn
" uaydyy das|sy/papusnieun ‘asunot Jo wooy Sululq /Suinl
aJn|le4 |ea1393]3 ‘98uno Jo wooy Buluiq /SulAl]
$S3USSay23y J0 Aejd ‘@3uno7 Jo wooy 3uiuiqg /3uiA
$S3uUssa|a.Je) ‘93uno7 Jo wooy Juiulq /3uiA
“sapn|oul) daajse 3ul||e4 ‘93uno7 Jo wooy Suiuiq /3uiAn
**J0 |esodsIp ssa|3.e) ‘98unoT 4o wooy Suluiq /SulAn]
J3y10 ‘woouyreg/Aipune]
PaPJ023J Jou Lofewou| ‘wooJyleg/Aipune]
[nymejun ‘snopdidsng ‘e1euaqi|aq ‘wooayieg/Aspune]
41} uayalpy dassy/papuaneun ‘woolyleg/Aipune]
aJn|ie4 |ea1199|3 ‘woolyreg/Aipune
Ssaussay Iy Jo Aeld ‘woouyieg/Aipune]
$saussafaJe) ‘wooayleg/Aipune
(paq ur Suryows sapnjaut) das|se 3uljje4 ‘woolyreg/Aipune
218 ‘sayse ‘se1a.4e310 Jo |esodsip ssa|aJe) ‘woouyieg/Aipuner
Jay1Q ‘wooupag
P3PJ023J JOU UOIJEWIOLU| ‘W00.pag
[nymejun ‘snoididsng ‘93eJaqiaq ‘woolpag
aJ1j uaydly das|sy/papusneun ‘woolpag
aJn|ie4 |214193|3 ‘woo.pag
SS9USSIPIRY Jo Aeld ‘Wo0Jpag
SS9USSI|JL) ‘W004PIg
(p3q ur Supjows sapnjoui) daajse Suljjeq ‘woolpag
219 ‘sayse ‘sa)324e812 Jo |esods|p ssaaJe) ‘woo.pag
1310 ‘uayay
PapJ023J 10U UOIJEWIOU| ‘UBYI}Y
[nymejun ‘snopidsng ‘3eJaqiaq ‘Usydiy
241} sy das|sy/papuanieun ‘Usyalry
aJn|ie4 |B1I399|3 ‘USYIY
$S9USSaIY J0 Ae|d ‘Uaydnry
SS9USS|DJeD ‘UYL
(pag ut Bupjows sapn|oul) daajse Suljje4 ‘UsyIMY
219 ‘sayse ‘sa3324e812 Jo |esodsip sso|9Je) Uy

10

Room of Flre Origin, Cause of Igni

35
30
25

(%) @8e3uadsad

Figure 17: Percentages of total fires and casualties for apartments and all residential buildings for combinations of room of fire origin and
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material first ignited
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Figure 18: Combinations of percentages of total fires and casualties for apartments and all residential buildings for combinations of room of
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fire origin and material first ignited
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Figure 19: Combinations of percentages of total fires and fatalities for apartments and all residential buildings for combinations of room of

fire origin and material first ignited
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Figure 20: Combinations of percentages of total fires and injuries for apartments and all residential buildings for combinations of room of

fire origin and material first ignited
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Figure 21: Combinations of percentages of total fires, fatalities and injuries for apartments and all residential buildings for combinations of

room of fire origin and material first ignited
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Figure 22: Ratios of casualties to fires for combinations of room of fire origin and material first ignited for apartments and all residential

buildings
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Figure 23: Normalised combined value incorporating weighted percentages of fires and casualties for combinations of room of fire origin

and material first ignited
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Figure 24: Normalised combined value incorporating weighted percentages of fires and casualties for combinations of room of fire origin

and material first ignited, excluding values for ‘no information recorded’ clusters
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Figure 25: Summary of normalised weighted importance factor for clusters of room of fire origin and material first ignited for apartments,
excluding ‘no information recorded’ clusters
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Figure 26: Summary of normalised weighted importance factor for clusters of room of fire origin and material first ignited for all residential
structures, excluding ‘no information recorded’ clusters
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Table 23: Normalised weighted importance factor for clusters of room of fire origin and material first ignited for apartments, excluding ‘no
information recorded’ clusters

Room of Fire Origin
Living/
Dining Internal
Kitchen | Bedroom | Laundry/ Bathroom Room Pathways Other
Fabric 0.004 0.060 0.0009 0.062 0.005 0.003

2 | Fator Food 0.208 0.0001 0.000 0.002 0.000 0.000
= | Flammable
> |or
% | Combustible
T | Liquid 0.078 0.029 0.000 0.004 0.001 0.001
< | Polymer 0.036 0.045 0.005 0.036 0.002 0.009
% | Finished
< | timber 0.020 0.004 0.000 0.004 0.000 0.005
= [ Other 0.064 0.076 0.003 0.108 0.003 0.015

Table 24: Normalised weighted importance factor for clusters of room of fire origin and material first ignited in ignition for all residential
structures, excluding ‘no information recorded’ clusters

Room of Fire Origin
Living/
Dining Internal
Kitchen | Bedroom | Laundry/ Bathroom Room Pathways Other
Fabric 0.007 0.063 0.005 0.0343 0.002 0.01

3 | Fat or Food 0.222 0.000 0.000 0.002 0.000 0.001
= | Flammable
> |or
% | Combustible
T | Liquid 0.074 0.007 0.001 0.010 0.001 0.007
< | Polymer 0.048 0.041 0.016 0.041 0.009 0.039
% | Finished
< | timber 0.012 0.008 0.002 0.025 0.003 0.039
= [ Other 0.041 0.045 0.010 0.058 0.006 0.059
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A3 Room of fire origin and cause of ignition

Table 25: The most common combination of rooms of fire origin and cause of ignition for apartment

fires
% Total
Room of Fire Origin Cause of Ignition Apartment
Fires
Kitchen Unattended/Asleep kitchen fire 24.3
Kitchen Other 20.9
Careless disposal of cigarettes,
Bedroom ashes, etc 5.6
Kitchen Carelessness 4.1
Bedroom Deliberate, Suspicious, Unlawful 4.0
Living/Dining Room or
Lounge Other 3.3
Other Deliberate, Suspicious, Unlawful 3.1
Bedroom Play or Recklessness 2.8
Living/Dining Room or
Lounge Carelessness 2.6
Other Other 2.5
Other Electrical Failure 2.0
Living/Dining Room or
Lounge Deliberate, Suspicious, Unlawful 1.8
Careless disposal of cigarettes,
Other ashes, etc 1.7
Kitchen Play or Recklessness 1.6
Laundry/Bathroom Other 15
Living/Dining Room or
Lounge Electrical Failure 1.5
Kitchen Electrical Failure 1.3
Internal Pathways Deliberate, Suspicious, Unlawful 11
Living/Dining Room or Careless disposal of cigarettes,
Lounge ashes, etc 1.0
Laundry/Bathroom Electrical Failure 1.0
Other Carelessness 1.0
Other Play or Recklessness 1.0
Kitchen Information not recorded 0.8
Bedroom Unattended/Asleep kitchen fire 0.8
Living/Dining Room or
Lounge Information not recorded 0.8
Kitchen Deliberate, Suspicious, Unlawful 0.7
Living/Dining Room or
Lounge Play or Recklessness 0.7
Other Information not recorded 0.6
Internal Pathways Electrical Failure 0.6
Internal Pathways Other 0.6
Bedroom Electrical Failure 0.5
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Table 26: The most common combination of rooms of fire origin and cause of ignition for residential

fires.
% Total
Room of Fire Origin Cause of Ignition Residential

Fires
Kitchen Other 18.1
Kitchen Unattended/Asleep kitchen fire 13.7
Living/Dining Room or
Lounge Other 5.5
Bedroom Careless disposal of cigarettes, ashes, etc 5.2
Other Other 5.0
Living/Dining Room or
Lounge Carelessness 3.8
Kitchen Carelessness 3.8
Bedroom Deliberate, Suspicious, Unlawful 3.8
Bedroom Play or Recklessness 3.2
Other Electrical Failure 2.8
Other Deliberate, Suspicious, Unlawful 2.8
Other Carelessness 2.8
Other Careless disposal of cigarettes, ashes, etc 2.4
Kitchen Electrical Failure 2.0
Living/Dining Room or
Lounge Deliberate, Suspicious, Unlawful 1.8
Laundry/Bathroom Other 1.8
Living/Dining Room or
Lounge Electrical Failure 1.7
Laundry/Bathroom Electrical Failure 1.3
Living/Dining Room or
Lounge Information not recorded 1.3
Other Play or Recklessness 1.2
Living/Dining Room or
Lounge Play or Recklessness 1.2
Other Information not recorded 1.2
Kitchen Play or Recklessness 1.1
Kitchen Information not recorded 1.1
Living/Dining Room or
Lounge Careless disposal of cigarettes, ashes, etc 1.0
Bedroom Unattended/Asleep kitchen fire 1.0
Information not recorded Information not recorded 1.0
Internal Pathways Electrical Failure 0.9
Kitchen Deliberate, Suspicious, Unlawful 0.7
Internal Pathways Other 0.7
Bedroom Electrical Failure 0.7
Internal Pathways Deliberate, Suspicious, Unlawful 0.6
Laundry/Bathroom Carelessness 0.5
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Table 27: The most common combination of rooms of fire origin and cause of ignition for apartment
fatalities.

% Total
Room of Fire Origin Cause of Ignition Apartment
Fatalities

Kitchen Unattended/Asleep kitchen fire 20.0
Bedroom Deliberate, Suspicious, Unlawful 8.6
Living/Dining Room or

Lounge Deliberate, Suspicious, Unlawful 8.6
Living/Dining Room or

Lounge Information not recorded 8.6
Bedroom Carelessness 5.7
Bedroom Play or Recklessness 5.7
Bedroom Unattended/Asleep kitchen fire 5.7
Living/Dining Room or

Lounge Careless disposal of cigarettes, ashes, etc 5.7
Living/Dining Room or

Lounge Falling asleep (includes smoking in bed) 5.7
Living/Dining Room or

Lounge Play or Recklessness 5.7
Living/Dining Room or

Lounge Electrical Failure 5.7
Kitchen Careless disposal of cigarettes, ashes, etc 29
Kitchen Other 29
Bedroom Careless disposal of cigarettes, ashes, etc 29
Living/Dining Room or Other

Lounge 2.9
Other Careless disposal of cigarettes, ashes, etc 29
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Table 28: The most common combination of rooms of fire origin and cause of ignition for residential

fatalities.
% Total
Room of Fire Origin Cause of Ignition Residential
Fatalities
Kitchen Unattended/Asleep kitchen fire 13.7
Bedroom Careless disposal of cigarettes, ashes, etc 11.1
Bedroom Play or Recklessness 6.4
Living/Dining Room or Deliberate, Suspicious, Unlawful
Lounge 6.0
Bedroom Deliberate, Suspicious, Unlawful 56
Living/Dining Room or Information not recorded
Lounge 5.6
Bedroom Unattended/Asleep kitchen fire 51
Living/Dining Room or Other
Lounge 5.1
Kitchen Other 4.3
Living/Dining Room or Careless disposal of cigarettes, ashes, etc
Lounge 3.8
Living/Dining Room or Play or Recklessness
Lounge 3.8
Bedroom Carelessness 3.0
Living/Dining Room or Carelessness
Lounge 2.6
Living/Dining Room or Unattended/Asleep kitchen fire
Lounge 2.6
Living/Dining Room or Electrical Failure
Lounge 2.1
Kitchen Falling asleep (includes smoking in bed) 1.7
Bedroom Electrical Failure 1.7
Information not recorded Information not recorded 1.7
Kitchen Careless disposal of cigarettes, ashes, etc 1.3
Kitchen Carelessness 1.3
Kitchen Information not recorded 1.3
Internal Pathways Other 1.3
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Table 29: The most common combination of rooms of fire origin and cause of ignition for apartment

injuries.
% Total
Room of Fire Origin Cause of Ignition Apartment
Injuries
Kitchen Other 31.0
Kitchen Unattended/Asleep kitchen fire 17.3
Living/Dining Room or Other
Lounge 12.7
Bedroom Careless disposal of cigarettes, ashes, etc 7.0
Bedroom Deliberate, Suspicious, Unlawful 5.2
Living/Dining Room or Carelessness
Lounge 2.7
Internal Pathways Other 26
Bedroom Play or Recklessness 23
Kitchen Carelessness 21
Living/Dining Room or Careless disposal of cigarettes, ashes, etc
Lounge 1.4
Living/Dining Room or Electrical Failure
Lounge 14
Living/Dining Room or Information not recorded
Lounge 1.2
Internal Pathways Careless disposal of cigarettes, ashes, etc 1.1
Kitchen Play or Recklessness 1.0
Bedroom Unattended/Asleep kitchen fire 1.0
Laundry/Bathroom Other 1.0
Living/Dining Room or Falling asleep (includes smoking in bed)
Lounge 1.0
Living/Dining Room or Play or Recklessness
Lounge 0.9
Kitchen Information not recorded 0.7
Bedroom Electrical Failure 07
Other Play or Recklessness 0.7
Kitchen Falling asleep (includes smoking in bed) 0.6
Living/Dining Room or Unattended/Asleep kitchen fire
Lounge 0.6
Other Information not recorded 0.6
Other Other 0.6
Information not recorded Other 05
Information not recorded Information not recorded 0.4
Other Carelessness 0.4
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Table 30: The most common combination of rooms of fire origin and cause of in ignition for residential

injuries.
% Total
Room of Fire Origin Cause of Ignition Residential
Injuries
Kitchen Other 31.3
Kitchen Unattended/Asleep kitchen fire 14.1
Living/Dining Room or Other
Lounge 12.2
Bedroom Careless disposal of cigarettes, ashes, etc 7.6
Bedroom Deliberate, Suspicious, Unlawful 4.9
Bedroom Play or Recklessness 3.5
Living/Dining Room or Carelessness
Lounge 2.6
Kitchen Carelessness 24
Laundry/Bathroom Other 1.7
Living/Dining Room or Play or Recklessness
Lounge 15
Other Other 1.4
Bedroom Unattended/Asleep kitchen fire 1.4
Living/Dining Room or Electrical Failure
Lounge 1.3
Internal Pathways Other 1.2
Living/Dining Room or Careless disposal of cigarettes, ashes, etc
Lounge 1.2
Kitchen Play or Recklessness 1.1
Other Carelessness 1.1
Living/Dining Room or Information not recorded
Lounge 1.0
Other Play or Recklessness 0.9
Kitchen Information not recorded 0.7
Other Careless disposal of cigarettes, ashes, etc 0.7
Bedroom Carelessness 0.6
Other Electrical Failure 0.5
Other Deliberate, Suspicious, Unlawful 0.5
Bedroom Electrical Failure 05
Kitchen Electrical Failure 0.5
Living/Dining Room or Falling asleep (includes smoking in bed)
Lounge 0.4
Information not recorded Other 0.4
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Table 31: The most common combination of rooms of fire origin and cause of ignition for ratios of

fatalities to fires for apartments.

Apartment
Room of Fire Origin Cause of Ignition Fatalities
per Fire
Living/Dining Room or Falling asleep (includes smoking in bed)
Lounge 20.2
Bedroom Carelessness 17.9
Living/Dining Room or Information not recorded
Lounge 11.1
Living/Dining Room or Play or Recklessness
Lounge 7.8
Bedroom Unattended/Asleep kitchen fire 7.1
Kitchen Careless disposal of cigarettes, ashes, etc 6.9
Living/Dining Room or Careless disposal of cigarettes, ashes, etc
Lounge 55
Living/Dining Room or Deliberate, Suspicious, Unlawful
Lounge 4.8
Living/Dining Room or Electrical Failure
Lounge 3.8
Bedroom Deliberate, Suspicious, Unlawful 22
Bedroom Play or Recklessness 21
Other Careless disposal of cigarettes, ashes, etc 1.6
Living/Dining Room or Other
Lounge 0.9
Kitchen Unattended/Asleep kitchen fire 0.8
Bedroom Careless disposal of cigarettes, ashes, etc 0.5
Kitchen Other 0.1
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Table 32: The most common combination of rooms of fire origin and cause of ignition for ratios of

fatalities to fire for residential structures.

Residential
Room of Fire Origin Cause of Ignition Fatalities
per Fire
Living/Dining Room or Unattended/Asleep kitchen fire
Lounge 19.7
Bedroom Carelessness 11.7
Kitchen Falling asleep (includes smoking in bed) 8.3
Living/Dining Room or Falling asleep (includes smoking in bed)
Lounge 6.0
Information not recorded Carelessness 59
Bedroom Unattended/Asleep kitchen fire 5.0
Living/Dining Room or Information not recorded
Lounge 4.4
Living/Dining Room or Careless disposal of cigarettes, ashes, etc
Lounge 3.7
Living/Dining Room or Deliberate, Suspicious, Unlawful
Lounge 3.2
Living/Dining Room or Play or Recklessness
Lounge 3.2
Kitchen Careless disposal of cigarettes, ashes, etc 3.0
Bedroom Electrical Failure 25
Bedroom Careless disposal of cigarettes, ashes, etc 21
Bedroom Play or Recklessness 2.0
Internal Pathways Other 1.7
Information not recorded Information not recorded 1.7
Bedroom Deliberate, Suspicious, Unlawful 15
Living/Dining Room or Electrical Failure
Lounge 1.3
Information not recorded Other 1.3
Kitchen Information not recorded 1.2
Kitchen Deliberate, Suspicious, Unlawful 1.2
Other Play or Recklessness 1.0
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Table 33: The most common combination of rooms of fire origin and cause of ignition for ratios of
injuries to fires for apartments.

Apartment
Room of Fire Origin Cause of Ignition Injuries
per Fire
Internal Pathways Careless disposal of cigarettes, ashes, etc 4.9
Internal Pathways Other 4.6
Living/Dining Room or Other
Lounge 3.8
Information not recorded Other 3.7
Living/Dining Room or Unattended/Asleep kitchen fire
Lounge 3.6
Living/Dining Room or Falling asleep (includes smoking in bed)
Lounge 3.5
Living/Dining Room or Information not recorded
Lounge 1.6
Kitchen Other 15
Bedroom Electrical Failure 1.4
Kitchen Falling asleep (includes smoking in bed) 1.3
Living/Dining Room or Careless disposal of cigarettes, ashes, etc
Lounge 1.3
Information not recorded Information not recorded 1.3
Bedroom Deliberate, Suspicious, Unlawful 1.3
Bedroom Careless disposal of cigarettes, ashes, etc 1.3
Bedroom Unattended/Asleep kitchen fire 1.2
Living/Dining Room or Play or Recklessness
Lounge 1.2
Living/Dining Room or Carelessness
Lounge 1.0
Other Information not recorded 1.0
Kitchen Information not recorded 0.9
Living/Dining Room or Electrical Failure
Lounge 0.9
Bedroom Play or Recklessness 0.8
Laundry/Bathroom Play or Recklessness 0.8
Bedroom Carelessness 0.8
Other Play or Recklessness 0.8
Kitchen Unattended/Asleep kitchen fire 0.7
Laundry/Bathroom Careless disposal of cigarettes, ashes, etc 0.7
Laundry/Bathroom Other 0.6
Kitchen Play or Recklessness 0.6
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Table 34: The most common combination of rooms of fire origin and cause of ignition for ratios of

injuries to fires for residential structures.

Residential
Room of Fire Origin Cause of Ignition Injuries
per Fire

Bedroom Carelessness 23
Living/Dining Room or Unattended/Asleep kitchen fire
Lounge 2.2
Living/Dining Room or Other
Lounge 2.2
Kitchen Other 1.7
Internal Pathways Other 1.7
Kitchen Falling asleep (includes smoking in bed) 1.6
Bedroom Careless disposal of cigarettes, ashes,

etc 1.5
Bedroom Unattended/Asleep kitchen fire 1.3
Bedroom Deliberate, Suspicious, Unlawful 1.3
Information not recorded Unattended/Asleep kitchen fire 1.3
Other Falling asleep (includes smoking in bed) 1.3
Living/Dining Room or Play or Recklessness
Lounge 1.2
Information not recorded Other 1.2
Living/ Dining Room or Careless disposal of cigarettes, ashes,
Lounge etc 1.2
Internal Pathways Careless disposal of cigarettes, ashes,

etc 1.1
Laundry/Bathroom Falling asleep (includes smoking in bed) 1.1
Bedroom Play or Recklessness 1.1
Kitchen Unattended/Asleep kitchen fire 1.0
Kitchen Play or Recklessness 1.0
Laundry/Bathroom Other 0.9
Bedroom Falling asleep (includes smoking in bed) 0.9
Living/Dining Room or Electrical Failure
Lounge 0.8
Living/Dining Room or Information not recorded
Lounge 0.8
Other Play or Recklessness 0.7
Bedroom Electrical Failure 0.7
Laundry/Bathroom Careless disposal of cigarettes, ashes,

etc 0.7
Living/Dining Room or Carelessness
Lounge 0.7
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Figure 28: Normalised combined value incorporating weighted percentages of fires and casualties for combinations of room of fire origin
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, excluding values for ‘no information recorded’ clusters

ignition
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Figure 29: Summary of normalised weighted importance factor for clusters of room of fire origin and cause of ignition for apartments,
excluding ‘no information recorded’ clusters
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Figure 30: Summary of normalised weighted importance factor for clusters of room of fire origin and cause of ignition for all residential
structures, excluding ‘no information recorded’ clusters

72



Table 35: Normalised weighted importance factor for clusters of room of fire origin and cause of ignition for apartments, excluding ‘no
information recorded’ clusters

Room of Fire Origin
Laundry/ Living/ Internal
Kitchen | Bedroom Bathroom Dining Room Pathways Other

Careless disposal of

cigarettes, ashes, etc 0.017 0.051 0.001 0.039 0.003 0.019

Falling asleep (includes
_5 smoking in bed) 0.003 0.000 0.000 0.037 0.000 0.000
= | Carelessness 0.017 0.002 0.001 0.015 0.000 0.003
E’ Play or Recklessness 0.006 0.045 0.001 0.037 0.000 0.004
8 Electrical Failure 0.003 0.004 0.003 0.040 0.001 0.006
@ | Unattended/Asleep
8 kitchen fire 0.207 0.037 0.000 0.002 0.000 0.000

Deliberate, Suspicious,

Unlawful 0.002 0.075 0.001 0.055 0.003 0.009

Other 0.169 0.000 0.006 0.062 0.007 0.007
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Table 36: Normalised weighted importance factor for clusters of room of fire origin and cause of ignition for all residential structures,
excluding ‘no information recorded’ clusters

Room of Fire Origin
Laundry/ Living/ Internal
Kitchen | Bedroom Bathroom Dining Room Pathways Other

Careless disposal of

cigarettes, ashes, etc 0.006 0.074 0.002 0.018 0.002 0.025

Falling asleep (includes
_5 smoking in bed) 0.005 0.000 0.000 0.003 0.000 0.000
= | Carelessness 0.039 0.009 0.004 0.045 0.002 0.029
E’ Play or Recklessness 0.010 0.040 0.001 0.018 0.002 0.012
8 Electrical Failure 0.021 0.011 0.012 0.022 0.008 0.032
@ | Unattended/Asleep
8 kitchen fire 0.121 0.017 0.000 0.006 0.000 0.001

Deliberate, Suspicious,

Unlawful 0.009 0.050 0.003 0.030 0.004 0.029

Other 0.157 0.000 0.014 0.058 0.007 0.044
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AppendixB SUMMARY OF SCENARIO SETS

Normalised Weighted Importance

Room of Fire Origin

/ Other
Internal Pathways
Living/ Dining Room or Lounge
Laundry/Bathroom
Bedroom

Kitchen

Equipment Involved in Ignition

Figure 31: Normalised weighted importance factor for clusters of room of fire origin and equipment
involved in ignition based on apartment fire statistics
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Figure 32: Normalised weighted importance factor for clusters of room of fire origin and equipment
involved in ignition based on all residential structure fire statistics
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B.2 Room of Fire Origin and Material First lgnited
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Figure 33: Normalised weighted importance factor for clusters of room of fire origin and material first
ignited based on apartment fire statistics
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Figure 34: Normalised weighted importance factor for clusters of room of fire origin and material first
ignited based on all residential structure fire statistics
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Figure 35: Normalised weighted importance factor for clusters of room of fire origin and reported
cause of ignition based on apartment fire statistics
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Figure 36: Normalised weighted importance factor for clusters of room of fire origin and reported
cause of ignition based on all residential structure fire statistics
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B.A Room of fire origin and the highest importance values

Internal Pathways,
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Bedroom, Electric

Blanket or Heater fire

involving fabrics
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Figure 37: Normalised weighted importance factor for clusters of room of fire origin and reported cause of ignition based on apartment fire
statistics, including deliberate, suspicious or unlawful fires
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Figure 38: Normalised weighted importance factor for clusters of room of fire origin and reported cause of ignition based on all residential
structure fire statistics, including deliberate, suspicious or unlawful fires
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Figure 39: Normalised weighted importance factor for clusters of room of fire origin and reported cause of ignition based on apartment fire
statistics, excluding deliberate, suspicious or unlawful fires
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Figure 40: Normalised weighted importance factor for clusters of room of fire origin and reported cause of ignition based on all residential
structure fire statistics, excluding deliberate, suspicious or unlawful fires
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If all deliberately ignited fires were excluded from the set of design fires, then the results would be
such that the top eight possible fire scenarios were (ranked on the first approach to estimating an
importance value based on apartment statistics):

1.An unattended or careless cooking fire in the kitchen.

2.Fire play, recklessness or carelessness in the living or dining room.
3.Careless disposal of cigarettes, ashes, etc, in a bedroom.

4.Fire play, recklessness or carelessness in a bedroom.

5. An electric blanket or heater fire involving fabrics in a bedroom.

6.An electrical failure of entertainment equipment or power transfer equipment in the living or
dining room.

7.An electrical failure of clothes washing machine or dryer in the laundry or bathroom.
8.An electrical failure in an internal pathway.

This ranking of scenarios is used to present a summary of these example results in the figures
presented in this section.
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Figure 41: Normalised weightings of scenario set based on (a) apartments and (b) all residential

structure fire and casualty statistics
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Figure 42: Normalised weightings of scenario set based on ratios of (a) apartment and (b) all
residential casualty and fire statistics
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Figure 43: Normalised weightings of a design fire scenario set based on multiplying the results for the
two approaches to estimating importance values together for (a) apartment and (b) all residential fire
statistics
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AppendixGC SUMMARY OF ESTIMATES OF STATISTICAL SIGNIFICANCE

A measure of the statistical significance of the fire incident and casualty percentages was estimated by calculating the statistical confidence of
the percentage value being within a chosen percentage of the mean, assuming a normal distribution is appropriate for the description of the
population (if a larger sample size was available). For fire incidents, the maximum percentage deviation from the mean was chosen to be £20%.
For fire casualties, since the data sets were small and therefore larger deviations are expected, the maximum percentage deviation from the
mean was chosen to be £50%.

The appropriateness of the assumption that a normal distribution reasonably describes the data is not known. However all the data is handled
with the same treatment and therefore the relative values from this type of analysis is important. There would not be direct correlation between
the results from the analysis of this data set and other data sets.

The following table presents an example of the estimated values for the statistical significance associated with each of the probabilities of each
parameter for each fire incident percentages being within £20% of the mean value, and casualty percentages being within £50% of the mean
value, assuming a normal distribution is a reasonable representation of the data.

Table 37: Examples of estimated values of the statistical significance of the probabilities being reasonable representations

Scenario Description Percentage of Total Statistical Significance
(decimal)
Fire Incidents Fatalities Injuries Fire Incidents Fatalities Injuries
Apart. All Apart. All Apart. All Apart. All Apart. All Apart. All
Res. Res. Res. Res. Res. Res.

Kitchen, Unattended or careless
cooking fire 5594 | 4442 | 33.33 | 18.40 | 43.53 | 46.76 | 0.72 0.67 0.35 0.47 0.61 0.65
Bedroom, Electric blanket or heater
fire involving fabrics 4.13 4.80 9.52 8.80 5.16 7.83 0.76 0.72 0.33 0.42 0.54 0.69
Bedroom, Careless disposal of
cigarettes, ashes, etc 10.83 | 11.71 | 4.76 | 20.80 | 13.75 | 16.04 | 0.96 0.85 0.34 0.44 0.53 0.75
Bedroom , Play or recklessness 5.32 7.11 9.52 12.00 | 4.58 7.41 0.79 0.71 0.34 0.47 0.61 0.78
Bedroom, Deliberate, suspicious or
unlawful 7.64 8.42 14.29 | 10.40 | 10.13 | 10.43 | 0.97 0.86 0.34 0.45 0.56 0.71
Laundry/Bathroom, Electrical failure of
clothes washing machine or dryer 3.04 3.74 0.00 0.00 0.64 0.87 0.84 0.61 0.00 0.00 0.31 0.41

Living/Dining Room, Electrical failure
of entertainment equipment or power

transfer equipment 2.14 2.51 4.76 4.80 | 15.16 | 1.90 0.81 0.73 0.33 0.39 041 0.53
Living/Dining Room, Play,

recklessness or carelessness 6.41 11.21 | 952 | 12.00 | 7.00 8.53 0.92 0.82 0.35 0.47 0.52 0.74
Living/ Dining Room, Deliberate,

suspicious or unlawful 3.44 4,13 | 1429 | 11.20 | 0.02 0.00 0.98 0.83 0.36 0.45 0.47 0.64
Internal Pathways, Electrical failure 1.12 1.96 0.00 1.60 0.02 0.22 0.88 0.66 0.00 0.32 0.36 0.47
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Appendix D SUMMARY OF INFLUENCE OF CHOICE OF RELATIVE CONSEQUENCE LEVELS

The influence of the choice of values for the relative consequence levels for the historical record of a fire incident versus a civilian fatality
versus a civilian injury (moderate to severe) was investigated.

A variation of £10% in the value of 1 for the relative consequence level for the historical record of a fire incident results in a variation of up
to £10% in the values for effective importance value for both apartments and all residential buildings.

Similarly, a variation of £10% in the value of 6 for the relative consequence level for the historical record of a civilian fatality results in a
variation of up to +9% and +£10%, for apartments and all residential buildings, in the values for effective importance value.

Finally, a variation of £10% in the value of 6 for the relative consequence level for the historical record of a civilian injury results in a
variation of up to £9% in the values for effective importance value for both apartments and all residential buildings.

Table 38: Summary of percentage of change for £10% of the consequence levels

+10% for fire -10% for fire +10% for -10% for -10% for
incidence incidence fatalities fatalities +10% for injuries injuries
All All All All All All

Description Apart. | Res. | Apart. |Res. |Apart.| Res. | Apart. | Res. |Apart.| Res. Apart. | Res.
Kitchen, Clothes washing machine or dryer -10 -6 10 6 0 0 0 0 0 -4 0 4
Kitchen, Electric blanket
Kitchen, Heater -5 -1 5 1 0 -8 0 8 -5 -2 5 2
Kitchen, Water heater -4 -4 4 4 0 0 0 0 -6 -6 6 6
Kitchen, Cooking equipment -2 -2 2 2 -5 -4 5 4 -3 -4 3 4
Kitchen, Power transfer equipment -4 -7 4 7 0 0 -6 -3 6 3
Kitchen, Entertainment equipment -1 -10 1 10 0 0 -9 0 9 0
Kitchen, Information not recorded -3 -2 3 2 -3 -5 3 5 -4 -3 4 3
Kitchen, Other -4 -2 4 2 0 -5 0 5 -6 -3 6 3
Bedroom, Clothes washing machine or dryer -10 -10 10 10 0 0 0 0 0 0 0 0
Bedroom, Electric blanket -1 -1 1 1 -8 -7 8 7 -1 -2 1 2
Bedroom, Heater -3 -1 1 0 -5 0 5 -7 -4 7 4
Bedroom, Water heater -10 0 10 0 0 -9 0 9 0 -1 0 1
Bedroom, Cooking equipment -3 0 3 0 0 -8 0 8 -7 -1 7 1
Bedroom, Power transfer equipment -10 -8 10 8 0 0 0 0 0 -2 0 2
Bedroom, Entertainment equipment -1 -3 1 3 0 0 0 0 -9 -7 9 7
Bedroom, Information not recorded -1 -1 1 1 -7 -7 7 7 -3 -2 3 2
Bedroom, Other -3 -1 3 1 0 -4 0 4 -7 -5 7 5
Laundry/Bathroom, Clothes washing machine or dryer -9 -8 9 8 0 0 0 -1 -2 1 2
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Laundry/Bathroom, Electric blanket -10 10 0 0 0 0
Laundry/Bathroom, Heater -10 -6 10 6 0 0 0 0 0 -4 0 4
Laundry/Bathroom, Water heater -2 -3 0 0 0 0 -8 -7 8 7
Laundry/Bathroom, Cooking equipment -2 -2 0 0 0 0 -8 -8 8 8
Laundry/Bathroom, Power transfer equipment -10 -7 10 0 0 0 0 0 -3 0 3
Laundry/Bathroom, Entertainment equipment -1 -10 10 0 0 0 0 -9 0 9 0
Laundry/Bathroom, Information not recorded -8 -3 3 0 -3 0 3 -2 -4 2 4
Laundry/Bathroom, Other -4 -5 4 5 0 0 0 0 -6 -5 6 5
Living/ Dining Room or Lounge, Clothes washing machine or

dryer -10 -5 10 5 0 0 0 0 0 -5 0 5
Living/ Dining Room or Lounge, Electric blanket -4 0 4 0 0 -9 0 9 -6 0 6 0
Living/ Dining Room or Lounge, Heater -2 -2 2 2 -6 -5 6 5 -2 -3 2 3
Living/ Dining Room or Lounge, Water heater -3 -4 3 4 0 0 0 0 -7 -6 7 6
Living/ Dining Room or Lounge, Cooking equipment -2 0 2 0 -9 0 9 -8 -1 8 1
Living/ Dining Room or Lounge, Power transfer equipment -6 -2 6 2 -7 0 7 -4 -1 4 1
Living/ Dining Room or Lounge, Entertainment equipment -1 -1 1 1 -4 -8 4 8 -5 -1 5 1
Living/ Dining Room or Lounge, Information not recorded -1 -1 1 1 -8 -7 8 7 -2 -2 2 2
Living/ Dining Room or Lounge, Other -1 -1 1 1 -9 -7 9 7 -1 -2 1 2
Internal Pathways, Clothes washing machine or dryer -10 -2 10 2 0 0 0 0 0 -8 0 8
Internal Pathways, Electric blanket

Internal Pathways, Heater -10 -10 10 10 0 0 0 0 0 0 0 0
Internal Pathways, Water heater -10 -4 10 0 0 0 0 -6 0 6
Internal Pathways, Cooking equipment -1 -3 3 0 0 0 -9 -7 9 7
Internal Pathways, Power transfer equipment -8 -1 1 0 -8 0 8 -2 -1 2 1
Internal Pathways, Entertainment equipment

Internal Pathways, Information not recorded -3 -3 3 0 -5 0 5 -7 -3 3
Internal Pathways, Other -10 -5 10 0 0 0 -5 0 5
Information not recorded, Clothes washing machine or dryer -1 0 0 -9 9
Information not recorded, Electric blanket -10 10 0 0 0 0
Information not recorded, Heater -10 10 0 0 0 0
Information not recorded, Water heater -10 10 0 0 0 0
Information not recorded, Cooking equipment -10 10 0 0 0 0
Information not recorded, Power transfer equipment -10 10 0 0 0 0

Information not recorded, Entertainment equipment
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Information not recorded, Information not recorded -3 -1 3 1 -8 8 -7 -1 1
Information not recorded, Other -10 -10 10 10 0 0 0 0 0
Other, Clothes washing machine or dryer -10 -8 10 8 0 0 0 0 0 -2 0 2
Other, Electric blanket -10 10 0 0 0 0
Other, Heater -2 -4 0 0 0 0 -8 -6 8 6
Other, Water heater -6 -5 6 5 0 0 0 0 -4 -5 4 5
Other, Cooking equipment -10 -4 10 0 0 0 0 0 -6 0 6
Other, Power transfer equipment -9 -8 9 8 0 0 0 0 -1 -2 1 2
Other, Entertainment equipment -1 -10 1 10 0 0 0 0 -9 0 9 0
Other, Information not recorded -5 -3 5 -4 -4 4 4 -1 -3 1 3
Other, Other -6 -5 6 0 0 0 0 -4 -5 4 5
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Appendix E SUMMARY OF EFFECTIVE IMPORTANCE VALUES

Table 39: A summary of the effective importance values for selection of the combinations of room of fire origin and equipment involved in

ignition

Scenario Description Importance | Importance | Normalised | Normalised
Value for Value for Importance | Importance

Apartments | Residential | Value for Value for
Apartments | Residential
Kitchen, Clothes washing machine or dryer 0.08 0.09 0.083 0.089
Kitchen, Electric blanket 0.00 0.00 0.000 0.000
Kitchen, Heater 0.34 0.83 0.351 0.828
Kitchen, Water heater 0.25 0.39 0.257 0.390
Kitchen, Cooking equipment 89.87 44.68 93.533 44,778
Kitchen, Power transfer equipment 0.26 0.27 0.275 0.267
Kitchen, Entertainment equipment 0.17 0.01 0.177 0.010
Kitchen, Information not recorded 53.29 42.88 55.463 42.976
Kitchen, Other 4.43 5.19 4.612 5.206
Bedroom, Clothes washing machine or dryer 0.05 0.02 0.052 0.018
Bedroom, Electric blanket 13.70 4.68 14.254 4.686
Bedroom, Heater 2.06 3.21 2.145 3.215
Bedroom, Water heater 0.03 0.21 0.029 0.212
Bedroom, Cooking equipment 0.29 0.36 0.306 0.366
Bedroom, Power transfer equipment 0.09 0.18 0.096 0.181
Bedroom, Entertainment equipment 3.54 1.04 3.682 1.046
Bedroom, Information not recorded 85.45 43.40 88.935 43.502
Bedroom, Other 4.89 5.68 5.086 5.689
Laundry/Bathroom, Clothes washing machine or dryer 1.53 1.36 1.591 1.366
Laundry/Bathroom, Electric blanket 0.00 0.00 0.000 0.003
Laundry/Bathroom, Heater 0.15 0.29 0.153 0.295
Laundry/Bathroom, Water heater 0.13 0.14 0.135 0.143
Laundry/Bathroom, Cooking equipment 0.17 0.10 0.182 0.100
Laundry/Bathroom, Power transfer equipment 0.05 0.13 0.052 0.126
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Laundry/Bathroom, Entertainment equipment 0.12 0.01 0.123 0.005
Laundry/Bathroom, Information not recorded 1.37 2.83 1.429 2.834
Laundry/Bathroom, Other 0.40 0.49 0.415 0.493
Living/Dining Room or Lounge, Clothes washing machine or dryer 0.03 0.08 0.035 0.076
Living/Dining Room or Lounge, Electric blanket 0.26 0.34 0.273 0.345
Living/Dining Room or Lounge, Heater 8.82 6.63 9.182 6.640
Living/Dining Room or Lounge, Water heater 0.19 0.13 0.199 0.130
Living/Dining Room or Lounge, Cooking equipment 0.92 1.22 0.957 1.221
Living/Dining Room or Lounge, Power transfer equipment 0.31 0.51 0.318 0.514
Living/Dining Room or Lounge, Entertainment equipment 12.66 1.85 13.178 1.858
Living/Dining Room or Lounge, Information not recorded 100.02 29.86 104.097 29.925
Living/Dining Room or Lounge, Other 13.72 4.12 14.279 4,127
Internal Pathways, Clothes washing machine or dryer 0.03 0.06 0.032 0.065
Internal Pathways, Electric blanket 0.00 0.00 0.000 0.000
Internal Pathways, Heater 0.04 0.17 0.040 0.173
Internal Pathways, Water heater 0.05 0.09 0.052 0.088
Internal Pathways, Cooking equipment 0.15 0.05 0.157 0.046
Internal Pathways, Power transfer equipment 0.46 0.65 0.480 0.652
Internal Pathways, Entertainment equipment 0.00 0.00 0.000 0.000
Internal Pathways, Information not recorded 4.35 2.43 4 527 2.437
Internal Pathways, Other 0.17 0.26 0.174 0.261
Information not recorded, Clothes washing machine or dryer 0.00 0.05 0.000 0.055
Information not recorded, Electric blanket 0.00 0.00 0.000 0.001
Information not recorded, Heater 0.00 0.01 0.000 0.008
Information not recorded, Water heater 0.00 0.00 0.000 0.004
Information not recorded, Cooking equipment 0.00 0.01 0.000 0.006
Information not recorded, Power transfer equipment 0.00 0.00 0.000 0.004
Information not recorded, Entertainment equipment 0.00 0.00 0.000 0.000
Information not recorded, Information not recorded 0.83 1.93 0.869 1.932
Information not recorded, Other 0.01 0.01 0.008 0.011
Other, Clothes washing machine or dryer 0.08 0.19 0.088 0.192
Other, Electric blanket 0.00 0.01 0.000 0.009
Other, Heater 0.78 1.22 0.816 1.223
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Other, Water heater 0.28 0.41 0.292 0.406
Other, Cooking equipment 0.07 0.40 0.074 0.405
Other, Power transfer equipment 1.27 1.19 1.321 1.192
Other, Entertainment equipment 0.13 0.03 0.135 0.033
Other, Information not recorded 14.25 18.33 14.832 18.377
Other, Other 2.05 3.76 2.139 3.766
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Table 40: A summary of the effective importance values for selection of the combinations of room of fire origin and recorded cause of

ignition

Scenario Description Importance | Importance | Normalised | Normalised
Value for Value for Importance | Importance

Apartments | Residential Value for Value for
Apartments | Residential
Kitchen, Careless disposal of cigarettes, ashes, etc 5.82 0.97 0.016 0.006
Kitchen, Falling asleep (includes smoking in bed) 0.67 1.00 0.002 0.004
Kitchen, Carelessness 2.86 7.00 0.016 0.037
Kitchen, Play or Recklessness 1.28 2.40 0.006 0.009
Kitchen, Electrical Failure 0.12 2.45 0.003 0.020
Kitchen, Unattended/Asleep kitchen fire 62.52 28.50 0.195 0.114
Kitchen, Deliberate, Suspicious, Unlawful 0.07 0.81 0.002 0.008
Kitchen, Information not recorded 0.85 1.94 0.004 0.010
Kitchen, Other 46.37 57.64 0.159 0.148
Bedroom, Careless disposal of cigarettes, ashes, etc 13.77 18.66 0.048 0.070
Bedroom, Falling asleep (includes smoking in bed) 0.00 0.06 0.000 0.000
Bedroom, Carelessness 0.33 2.05 0.002 0.008
Bedroom, Play or Recklessness 14.60 9.57 0.043 0.038
Bedroom, Electrical Failure 0.86 1.86 0.003 0.010
Bedroom, Unattended/Asleep kitchen fire 13.10 3.81 0.035 0.016
Bedroom, Deliberate, Suspicious, Unlawful 23.87 11.69 0.071 0.047
Bedroom, Information not recorded 0.00 0.00 0.000 0.000
Bedroom, Other 0.00 0.00 0.000 0.000
Laundry/Bathroom, Careless disposal of cigarettes, ashes, etc 0.10 0.43 0.001 0.002
Laundry/Bathroom, Falling asleep (includes smoking in bed) 0.00 0.04 0.000 0.000
Laundry/Bathroom, Carelessness 0.12 0.64 0.001 0.004
Laundry/Bathroom, Play or Recklessness 0.11 0.13 0.001 0.001
Laundry/Bathroom, Electrical Failure 0.18 1.27 0.003 0.011
Laundry/Bathroom, Unattended/Asleep kitchen fire 0.01 0.05 0.000 0.000
Laundry/Bathroom, Deliberate, Suspicious, Unlawful 0.03 0.27 0.001 0.003
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Laundry/Bathroom, Information not recorded 0.01 0.19 0.000 0.002
Laundry/Bathroom, Other 0.95 3.00 0.005 0.013
Living/Dining Room or Lounge, Careless disposal of cigarettes,

ashes, etc 13.23 3.55 0.037 0.017
Living/Dining Room or Lounge, Falling asleep (includes smoking in

bed) 13.32 0.84 0.035 0.002
Living/Dining Room or Lounge, Carelessness 3.07 7.87 0.014 0.042
Living/Dining Room or Lounge, Play or Recklessness 12.85 4.02 0.035 0.017
Living/Dining Room or Lounge, Electrical Failure 13.29 3.88 0.038 0.021
Living/Dining Room or Lounge, Unattended/Asleep kitchen fire 0.64 1.12 0.002 0.005
Living/Dining Room or Lounge, Deliberate, Suspicious, Unlawful 18.45 3.14 0.052 0.028
Living/Dining Room or Lounge, Information not recorded 18.64 3.66 0.050 0.020
Living/Dining Room or Lounge, Other 20.18 22.48 0.059 0.054
Internal Pathways, Careless disposal of cigarettes, ashes, etc 0.80 0.46 0.003 0.002
Internal Pathways, Falling asleep (includes smoking in bed) 0.00 0.00 0.000 0.000
Internal Pathways, Carelessness 0.02 0.24 0.000 0.002
Internal Pathways, Play or Recklessness 0.01 0.19 0.000 0.002
Internal Pathways, Electrical Failure 0.05 0.84 0.001 0.008
Internal Pathways, Unattended/Asleep kitchen fire 0.00 0.01 0.000 0.000
Internal Pathways, Deliberate, Suspicious, Unlawful 0.10 0.36 0.002 0.004
Internal Pathways, Information not recorded 0.00 0.09 0.000 0.001
Internal Pathways, Other 2.27 1.81 0.007 0.006
Information not recorded, Careless disposal of cigarettes, ashes, etc 0.00 0.07 0.000 0.001
Information not recorded, Falling asleep (includes smoking in bed) 0.00 0.00 0.000 0.000
Information not recorded, Carelessness 0.00 0.13 0.000 0.001
Information not recorded, Play or Recklessness 0.00 0.01 0.000 0.000
Information not recorded, Electrical Failure 0.00 0.09 0.000 0.001
Information not recorded, Unattended/Asleep kitchen fire 0.00 0.03 0.000 0.000
Information not recorded, Deliberate, Suspicious, Unlawful 0.00 0.12 0.000 0.001
Information not recorded, Information not recorded 0.27 0.96 0.001 0.007
Information not recorded, Other 0.41 0.59 0.001 0.002
Other, Careless disposal of cigarettes, ashes, etc 5.25 3.13 0.017 0.024
Other, Falling asleep (includes smoking in bed) 0.01 0.05 0.000 0.000
Other, Carelessness 0.41 4.17 0.003 0.028
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Other, Play or Recklessness 0.72 2.57 0.004 0.012
Other, Electrical Failure 0.48 3.54 0.006 0.030
Other, Unattended/Asleep kitchen fire 0.00 0.08 0.000 0.001
Other, Deliberate, Suspicious, Unlawful 0.50 3.12 0.008 0.027
Other, Information not recorded 0.53 1.35 0.003 0.009
Other, Other 0.78 5.70 0.007 0.041
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Table 41: A summary of the effective importance values for selection of the combinations of room of fire origin and material first ignited

Scenario Description Importance | Importance | Normalised | Normalised
Value for Value for Importance | Importance

Apartments | Residential Value for Value for
Apartments | Residential
Kitchen, Fabric 0.79 1.85 0.003 0.007
Kitchen, Fat or Food 46.78 53.15 0.175 0.204
Kitchen, Flammable or Combustible Liquid 20.97 29.13 0.066 0.068
Kitchen, Polymer 9.01 8.47 0.030 0.044
Kitchen, Finished timber 6.46 2.36 0.017 0.011
Kitchen, Information not recorded 7.22 2.92 0.020 0.016
Kitchen, Other 23.37 11.03 0.064 0.041
Bedroom, Fabric 20.95 25.35 0.060 0.063
Bedroom, Fat or Food 0.01 0.09 0.000 0.000
Bedroom, Flammable or Combustible Liquid 11.97 2.35 0.029 0.007
Bedroom, Polymer 16.27 12.62 0.045 0.041
Bedroom, Finished timber 1.30 1.97 0.004 0.008
Bedroom, Information not recorded 14.08 4.87 0.035 0.016
Bedroom, Other 28.45 17.72 0.076 0.045
Laundry/Bathroom, Fabric 0.04 0.99 0.001 0.005
Laundry/Bathroom, Fat or Food 0.17 0.07 0.000 0.000
Laundry/Bathroom, Flammable or Combustible Liquid 0.28 0.22 0.001 0.001
Laundry/Bathroom, Polymer 0.62 2.11 0.005 0.016
Laundry/Bathroom, Finished timber 0.01 0.23 0.000 0.002
Laundry/Bathroom, Information not recorded 0.02 0.51 0.000 0.003
Laundry/Bathroom, Other 0.39 2.22 0.003 0.010
Living/Dining Room, Fabric 24.19 9.94 0.062 0.034
Living/Dining Room, Fat or Food 0.68 0.82 0.002 0.002
Living/Dining Room, Flammable or Combustible Liquid 1.12 3.43 0.004 0.010
Living/Dining Room, Polymer 12.20 11.18 0.036 0.041
Living/Dining Room, Finished timber 0.80 3.79 0.004 0.025
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Living/Dining Room, Information not recorded 34.04 5.12 0.083 0.023
Living/Dining Room, Other 42.11 14.49 0.108 0.058
Internal Pathways, Fabric 1.87 0.64 0.005 0.002
Internal Pathways, Fat or Food 0.01 0.01 0.000 0.000
Internal Pathways, Flammable or Combustible Liquid 0.16 0.33 0.001 0.001
Internal Pathways, Polymer 0.24 1.20 0.002 0.009
Internal Pathways, Finished timber 0.02 0.62 0.000 0.003
Internal Pathways, Information not recorded 0.93 0.53 0.003 0.002
Internal Pathways, Other 0.40 0.86 0.003 0.006
Information not recorded, Fabric 0.00 0.04 0.000 0.000
Information not recorded, Fat or Food 0.17 0.19 0.001 0.001
Information not recorded, Flammable or Combustible Liquid 0.00 0.06 0.000 0.000
Information not recorded, Polymer 0.00 0.20 0.000 0.001
Information not recorded, Finished timber 0.00 0.10 0.000 0.001
Information not recorded, Information not recorded 0.45 1.08 0.001 0.007
Information not recorded, Other 0.00 0.34 0.000 0.002
Other, Fabric 0.60 2.38 0.003 0.011
Other, Fat or Food 0.00 0.20 0.000 0.001
Other, Flammable or Combustible Liquid 0.19 2.57 0.001 0.007
Other, Polymer 0.83 6.21 0.009 0.039
Other, Finished timber 0.46 5.70 0.005 0.039
Other, Information not recorded 6.24 1.73 0.016 0.009
Other, Other 2.16 10.02 0.015 0.059
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Table 42: A summary of the effective importance values for selection of highest values across the combinations of scenarios considered

Scenario Description Importance | Importance | Normalised | Normalised
Value for Value for Importance | Importance
Apartments | Residential | Value for Value for

Apartments | Residential

Kitchen, Unattended or careless cooking fire 163 142 0.41 0.30

Bedroom, Electric blanket or heater fire involving fabrics 28 36 0.07 0.08

Bedroom, Careless disposal of cigarettes, ashes, etc 35 89 0.09 0.19

Bedroom, Play or recklessness 29 51 0.07 0.11

Bedroom, Deliberate, suspicious or unlawful 48 50 0.12 0.10
Laundry/Bathroom, Electrical failure of clothes washing machine or

dryer 3 3 0.01 0.01
Living/Dining Room, Electrical failure of entertainment equipment or

power transfer equipment 24 15 0.06 0.03

Living/Dining Room, Play, recklessness or carelessness 33 56 0.08 0.12

Living/Dining Room, Deliberate, suspicious or unlawful 34 34 0.09 0.07

Internal Pathways, Electrical failure 1 5 0.003 0.01
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