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I. INTRODUCTION

1.1  Scope 

This document summarizes research that sought to: 

• Conduct a literature survey to identify data sources to be incorporated
subsequently into a “living” comprehensive data set that can be used for assessing
hazards and creating design fires.

• Outline a framework that may be used by engineers to standardize the approach
and development of design fires.  The framework is aligned with the state of the
practice as described in the 5th edition of the SFPE Handbook of Fire Protection
Engineering, SFPE Engineering Guide to Performance-Based Fire Protection
and references from the international community.

1.2  Definitions of Design Fire and Design Fire Scenario 

Multiple references from the international community include definitions for design fire 
(DF) and design fire scenario (DFS).  While there is not a uniform definition for a DF in 
these sources, there are similarities in the scope of the information that is required to 
describe a DF.  The sources are also in agreement as to the purpose of specifying a DF, 
i.e. to conduct a hazard or risk-based analysis for performance-based design.  The
definitions of DFS vary appreciably.

Some of the differences in the definitions simply relate to word choice.  In many sources, 
“design fire” and “design fire scenario” are used interchangeably.  The draft SFPE 
Standard [2021] includes distinct, detailed definitions for both terms: 

Design Fire: “Quantitative description of assumed fire characteristics within a 
design fire scenario.  Typically, an idealized description of the variation with time 
of important fire variables, such as heat release rate and toxic species yields, 
along with other important input data for modelling such as the fire load density.” 

Design Fire Scenario: “Specific fire scenario on which a fire safety engineering 
analysis will be conducted.  (As the number of possible fire scenarios can be very 
large, it is necessary to select the most important scenarios (the design fire 
scenarios) for analysis.  The selection of design fire scenarios is tailored to the 
fire-safety design objectives, and accounts for the likelihood and consequences of 
potential scenarios.)” 
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The New Zealand code, C/VM2 also includes definitions for both terms (using the phrase 
“design scenario” instead of “design fire scenario”), though the definitions lack 
specificity [2017]: 

Design Fire: “Quantitative description of assumed fire characteristics within the 
design scenario.” 

Design Scenario: “Specific scenario on which a deterministic fire safety 
engineering analysis is conducted.” 

Additional information is provided in C/VM2 to describe a DF in the section on “Design 
fire characteristics.”  Also, “fire safety engineering” is defined in the document that helps 
to explain what is meant by a “fire safety engineering analysis”.  Design scenarios are 
describe in Part 4 of the document.   

The Australian Code includes similar definitions to those in the New Zealand Code 
[ABCB 2005]:  

Design Fire: “A representation of a fire that is characterized by the variation of 
heat output with time and is used as a basis for assessing fire safety systems.”  

Design Fire Scenario: “A fire scenario that is used as the basis for a design fire.” 

In the Australian code, the terms “design scenario” and “design fire scenario” are not 
defined, so the scope of the description of a scenario is unclear.   

In other sources, use of the term “design fire” refers only to the parameters related to the 
fire being considered in the analysis.  As examples of this approach, BRE [Mayfield and 
Hopkin, 2011] and Bwalya [2008] include only the description of the fire in their 
definitions.   

BRE states that a design fire is a “simplified approximation of a fire that is considered to 
be a representative of a fire involving a special hazard.  A design fire replicates the 
physical size and heat output of the fire changing with time.”  This definition still 
captures the need to thoroughly represent the space and specific fires.  Bwayla’s 
definition, provided below, is an example of a definition pertaining only to the fire 
[2008].  

“A design fire is generally considered to be a quantitative description of the main 
time-varying properties of a fire based on reasonable assumptions about the type 
and quantity of combustibles, ignition method, growth of the fire and is spread 
from the first item ignited to subsequent items, and the decay and extinction of the 
fire.”  
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The SFPE Engineering Guide to Performance-Based Fire Protection (PBFP) [2007] 
includes a succinct definition of a DFS in the glossary stating that it is a “fire scenario 
used for analysis of a design.”  In Section 8.5 of the SFPE Engineering Guide to 
Performance-Based Fire Protection , an extended description of a DFS is provided 
indicating that such a description includes characteristics of the building, occupants and 
fire.  This more comprehensive description is discussed in section II of this report.  

The ISO/TS-13387-2 [2000] defines a DF as: 

“the description of the course of a particular fire with respect to time and space.  It 
includes the impact of the fire on building features, occupants, fire safety systems, 
and all other factors.  It would typically define the ignition source and process, the 
growth of fire on the first item ignited, the spread of fire, the interaction of the fire 
with its environment, and its decay and extinction.  It also includes the interaction 
of this fire with the building occupants and the interaction with the features and 
fire safety system within the building.  Design fire is an idealization of real fires 
that may occur in the building.  A quantitative temporal description of the 
assumed fire characteristics based on appropriate fire scenarios.  Variables used in 
the description include: heat release rate, fire size (including flame length), yield 
of products of combustion, temperatures of hot gases, and time to key events such 
as flashover.” 

The ISO definition is comprehensive, as it explains what is needed to create a DF along 
with what a DF represents.  The inclusion of the interaction between the ignition source 
and its environment is important, incorporating building characteristics in the description. 
Hence, this definition is broader than the definition of DF, but not as broad as the 
definition of a DFS in PBFP. 

The similarities between definitions include representing and quantifying anticipated 
fires.  Each definition seems to agree that the design fires should be realistic and probable 
based on the space to model and calculate a fire based, finding important fire variables.  
Some of the resources also explicitly identify that specification of a design fire scenario 
needs to recognize the interaction between the fire and the building environment.  Such a 
comprehensive description requires a thorough understanding of the space with respect to 
the occupancy and potential materials in such space. 

Pre-flashover, post-flashover and full burnout design fires can be used to understand and 
design according to the fire severity.  When considering structural design, selection of a 
post-flashover fire scenario this allows engineers to gather knowledge on whether (and 
how) support systems might fail.  Many pre-flashover design fires gather data which will 
be used when conducting tenability analyses and assessing the performance of 
suppression systems. 
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1.3  DF Descriptions 

As noted in PBFP [2007], BRE [Mayfield and Hopkin, 2011], V/CM2 [2017] and 
Australian Code [ABCB, 2005], complete descriptions of DFSs should include the 
characteristics of the building, occupants and the fire, such as are included in Table 1-1.  
This list allows for an accurate and comprehensive collection of data regarding the space 
and possible fires.  Each characteristic needs to be specifically defined in sufficient detail 
so that such can be used as input in an analysis.  Where characteristics vary with time, a 
description of the transient nature is needed.   

Table 1 - 1: Description of Design Fire Scenarios 

Building Characteristics Occupant Characteristics Fire Characteristics 
Architectural Features Quantity Location of the initially 

ignited fuel package, 
including proximity to heat 
sources 

Structural Components Responsiveness Growth rate of the fire 
(including that within the 
initially ignited fuel 
package and potential for 
spread to other items) 

Fire Protection Systems Physical Capabilities Peak heat release rate 
Building 
Services/Processes 

Mental Capabilities Fuel load 

Operational Characteristics Distribution Fuel composition, 
orientation, surface/mass 
ratio 

Fire Department Response Alertness/Focal Point Duration 
Environmental Factors Commitment Extinction/decay stage 

characteristics   
Familiarity with the 
building 

Ventilation 

Social Affiliation Possible interventions 
Training Yield of combustion 

products (gas species, soot) 
Level of assistance 
available 

Presence of fire resistant 
barriers, flame retardant 
treatments 
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II. AVAILABLE SOURCES & HAZARD ANALYSIS APPROACHES

2.1.  Selection of Design Fire Scenarios 

Guidance for selecting and describing design fire scenarios, as well as design fires, is 
available in several sources.  The sources include the following references: 

• SFPE Handbook of Fire Protection Engineering, 5th edition, Chapter 38 (2016).
• SFPE Standard on Calculating Fire Exposures to Structures (Standard

S.01)(2011).
• SFPE Engineering Guide to Performance-Based Fire Protection (PBFP) (2007).
• SFPE Engineering Guide on Fire Risk Assessment (FRA) (2006).
• SFPE Standard on Design Fire Scenarios (draft) (2021).
• Life Safety Code (NFPA 101) (2021).
• Design Fires for Use in Fire Safety Engineering (BRE) (Mayfield and Hopkin,

2011).
• Design Fires for Fire Safety Engineering (VTT) (Hietaniemi and Mikkola, 2010).
• Design Fires for Enclosures (SP) (Hertzberg, Sundstrom and van Hees, 2003).
• Selecting Design Fires (Lund University) (Steffanson, 2010).
• Design Fires for Fire Safety Engineering: A State of the Art Review (Bwayla,

Sultan and Benichou, 2004).
• Development of Design Fires for Performance-Based Fire Safety

(Hadjisophocleous and Zalok, 2008).
• An Overview of Design Fires for Building Compartments (Bwayla, 2008).
• Fire Safety Engineering - Part 2: Design Fire Scenarios and Design Fires

(ISO/TR13387-2, 2000).
• Developing Probabilistic Design Fires for Performance-Based Fire Safety

Engineering (Baker, et al.,2013).
• International Fire Engineering Guidelines, Australian Building Codes Board,

Canberra (ABCB, 2005).
• Verification Method: Framework for Fire Safety Design,  C/VM2, New Zealand

(C/VM2, 2017).
• Private Laboratory tests on commodity specific or hazard specific projects.

o Note: These results are typically owned by the laboratory and/or client,
and not typically published.

As indicated above, the list of resources for identifying design fire scenarios or design 
fires is relatively long.  It is noteworthy that other than the SFPE draft standard, NFPA 
101 and C/VM2 from New Zealand, all of the other references are at least 8 years old 
indicating that there hasn’t been much progress in this area for many years.   
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Selected fire scenarios should reflect the likelihood and potential consequences of 
potential fires in the facility [SFPE, 2021].  According to the SFPE Guide for PBFP, the 
selection process can utilize both hazard and risk analysis processes.  A hazard analysis is 
useful to identify ignition sources, potential fuels and fire development characteristics.  
Risk analysis embodies both the hazard analysis components plus the likelihood of 
hypothesized ignition sources and presence of fuel items (where transient fuels are 
involved) and potential consequences.   

Design fire scenarios may be selected by two categories of methods: 
 Engineering analysis
 List of example scenarios

Engineering analyses to identify design fire scenarios may consist of several different 
approaches (SFPE, 2007).  Examples of engineering analyses identified in the PBFP 
guide are: 

• Statistics for a specific occupancy
• Historical data of an existing building, similar buildings (perhaps operated by the

same owner or tenant) or with facilities having similar types of equipment
• Hazard and failure analyses, using tools such as HAZOP, Failure Mode and

Effects Analysis (FMEA), event trees, and fault trees.
• Risk Ranking Matrix

In addition to the above list, engineering judgement may also be utilized to propose 
potential fire scenarios of interest for a selected project.  However, because engineering 
judgement will not involve a systematic analysis, it likely will not be comprehensive.  As 
such, engineering judgement should only be utilized to supplement other approaches or 
critique results from those approaches.  Engineering judgement should not be the lone 
method by which DFS’s are identified.   

Using statistical or historical data to construct design fires can implicitly incorporate risk 
analysis as the data will incorporate the likelihood of events.  This is appropriate only if 
the past incidents can confidently be used to predict the future.  Where past experiences 
are limited, then the accurate prediction of future incidents is challenged.  Further, the 
credibility of the statistical analysis depends on the robustness of the database of past 
incidents.   

Conducting hazard and failure analyses allows for an explicit evaluation of risk.  FMEA, 
Hazard and Operability Study (HAZOP) and event trees are all inductive methods, i.e. 
starting from a root cause of the ignition and ending with a final consequence.  
Conversely, a fault tree uses a deductive method, starting with the final consequence and 
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resulting with the faults that can lead to the consequence.  These faults would represent 
possible initial causes of a fire incident.   

2.1.1 FMEA 

The FMEA method assesses the effect of failure of each individual component on the 
performance of the overall system.  An example of an FMEA is presented as Table 2-1.  
Variations of FMEA’s exist where additional columns are added to include normal 
operating mode/condition of the component, detection methods for the failure, and 
corrective actions.  FMEA’s are useful where the failure of a single element may lead to a 
failure.  They are not capable of exploring the impact of the interaction of multiple 
components which could lead to an incident.  

Table 2 - 1: Format of FMEA 

Component 
name/ID 

Component 
Failure Mode 

Probability of 
Failure Mode Effect 

1. 
2. 
3. 

2.1.2 HAZOP 

HAZOP is a methodology that is widely used in risk analyses, predominantly in 
applications in the chemical process industry.  The approach considers the effect of 
deviations in normal conditions, activities, substances, time or place to explore the 
occurrence of a fire (in this context).  Examples of the type of deviations used in HAZOP 
studies are presented in Table 2-2.  Being that HAZOP was developed as a tool to assess 
the impact of abnormal situations leading to hazardous conditions, it is well suited to 
identifying ignition scenarios. 
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Table 2 - 2: Format for Analyses with HAZOP 

Key word Meaning 

No/Not Didn’t happen 

More Increase in quantity 

Less Decrease in quantity 

As well as Additional parameter function: ‘x’ happened as well as ‘y’ 

Part of Only partial function seen 

Reverse Opposite occurred 

Other than Function substituted for 

2.1.3 Event 

Event trees are logic diagrams that identify a sequence of events which develop from an 
initiating event to a consequence.  In this application, an event tree could be useful to 
identify ignition sequences that result in full involvement of an initially ignited fuel item.  
Possible binary states for each event in the tree are identified, where the two options 
should be mutually exclusive and all inclusive.  An example of an event tree that explores 
the full involvement of a chair from an improperly discarded cigarette.  If probabilities 
for each event state are known, they can be included in the event, thereby enabling a 
quantitative assessment of the probabilities associated with potential outcomes.  Even if 
probabilities are not available for the event states, an event tree still can be useful to 
assess the sequence of events necessary to lead to an outcome.    

An event tree describing a DFS with operational fire protection systems is depicted in 
Figure 2-1.  Consistent with the binary state requirement for an event tree, the operation 
of the fire protection systems need to be either at full capacity or not at full capacity.  
Considering the performance of an operating system at a reduced effectiveness is not an 
option when constructing an event tree.    
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Figure 2 - 1: Example of Event Tree (CHU, ET AL., 2007) 

2.1.4 Fault Trees 

Fault trees show functional relationships of undesirable events leading to the final 
undesirable fault, or “top event”.  For the selection of design fire scenarios, the top event 
undesirable fault could be a fuel item burning at a peak HRR.  In using a fault tree to 
identify design fire scenarios, the faults1 leading to the top event would include factors 
associated with ignition scenarios, presence of fuel items and the presence of any control 
mechanisms that would deter either ignition or fire development.   

Applying a fault tree versus any of the inductive methods depends on whether the 
building is under design or is existing and on the scope of the analysis.  A fault tree is 
beneficial when no specific fuel items or hardware is known.  Fault trees are also more 
appropriate if the task is to identify multi-component failure modes where interactions of 
multiple factors or conditions influence ignition scenarios.   

1 A fault is an undesired condition.  This could be a failure, but can also include an event that occurs at an 
inopportune time.   
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While hazard and failure analyses can be very insightful, comprehensive hazard and 
failure analyses can be very time-consuming and are rarely used currently in applications 
other than industrial occupancies.  In any occupancy, these analyses may be limited to 
qualitative assessments given the limited data that is available on fire causes and 
equipment performance and reliability.  

The methods listed in the PBFP can result in an appreciation for the variety of selected 
DF’s.  The benefits of using these methods depend on the creativity of the design team 
(where engineering judgement is used), diligence of the design team to conduct a 
thorough statistical analysis (or search of historic incidents in similar buildings) and 
robustness of the database containing statistics of fires in that occupancy.    

2.1.5 Risk Ranking Matrix 

A risk ranking matrix can be helpful in addressing the range of likely design fires.  An 
example of a risk ranking matrix is provided as Table 2.3.  An important feature of the 
matrix is the aspect that the frequency or likelihood of the design fire needs to be 
considered, not just the magnitude or severity.   

Table 2 - 3: Risk Ranking Matrix 

Consequence 

Frequency 

Severe High Moderate Mild 
Very rare 
Rare 
Infrequent 
Frequent 

2.2  Fire Characteristics 

The first two parameters noted in Table 1 - 1, location of the initially ignited fuel package 
and growth rate of the fire, are incorporated into the lists of example DFS’s included in 
NFPA 101 [2021a], C/VM2 [2017] and the SFPE draft standard [2021].  As an example, 
NFPA 101 includes the following list of suggested DFS’s to consider: 

1. representative of a typical fire for the occupancy
2. ultrafast-developing fire, in the primary means of egress, with interior doors open

at the start of the fire
3. fire in a normally unoccupied room that could endanger a large number of people

in area
4. fire originating in a concealed wall or ceiling space adjacent to a large occupied

room
5. slowly developing fire, shielded from fire protection systems, in close proximity

to a high occupancy area
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6. most severe fire with the largest possible fuel load characteristic of normal
operation of the building

7. an outside exposure fire
8. fire involving ordinary combustibles for that occupancy with fire safety system

features individually taken out of service

The principal advantage of the above list is that it identifies potential locations for DF’s, 
each of which provide a distinct challenge to proposed fire protection solutions.  In only 
some of the options included in the list, is the fire growth rate or overall severity 
identified.  The role of fire protection equipment is addressed only in the last scenario.  
While the above list provides some direction for the design team, the designer still has an 
appreciable amount of flexibility in selecting specific characteristics of design fire 
scenarios when referencing NFPA 101.   

Information on peak heat release rates, fuel load and growth rates are included in some 
documents.  In general, fire growth rates can be selected using the following four 
approaches [Hertzberg, Sundstrom and van Hees, 2003]: 

 Measured heat release rate (HRR) history for a specific fuel item
 Average HRR history for the category of fuel item selected
 HRR history specified for the occupancy
 Generic HRR history (i.e. selection of slow, medium, fast or ultra-fast t2-fire

without reference to the likelihood of such in that occupancy)

Experimental data from tests conducted with specific fuel items are included in several 
publications, with examples compiled in the database associated with this report.  The 
sources consulted for data included in the database are listed in the appendix.   

Some of the reported experimental data includes the HRR history beginning with ignition 
and continuing until burnout.  This data is useful where the fuels proposed for a building 
or already present in an existing building either match those that have been tested or are 
very similar.   

The other three options are applicable where the specific fuel items are either not known 
or have not been previously tested.  The average HRR history, including the 
characteristics of a fire during the incipient period, for a particular category or type of 
fuel item can be useful where the general type of proposed fuel items is known, but not 
the specific items.  Examples of such information is provided in Table 2-4.   

Where the types of fuel items are unknown, or a mixture of types of fuel items is 
expected, then referencing information for the HRR history or peak value applicable to a 
particular occupancy can be useful.  Specification of the HRR history can be done by 
referencing alpha in the equation used to estimate the HRR of t2-fires,  
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�̇�𝑄 = 𝛼𝛼𝑡𝑡2      [2-1] 

where �̇�𝑄 is the HRR in kW, alpha in kW/s2 and t is the time from ignition in seconds, 

As an alternate, the growth time may be stipulated in an alternate expression for HRR as 
presented in equation 2-2.  

�̇�𝑄 = �1055
𝑡𝑡𝑔𝑔2
� 𝑡𝑡2   [2-2] 

where �̇�𝑄 is the HRR in kW, tg is the growth time in seconds and t is the time from 
ignition in seconds, 

Alpha is specified for selected occupancies in the document developed by the Nordic 
Committee on Building Regulations, NKB and the growth time in included in the 
Eurocodes. Converting alpha to a growth time utilizing equations 2-1 and 2-2, the 
information in the two documents can be presented in a consistent manner and is 
presented in Table 2-5.   

Table 2 - 4: HRR for Selected Fuel Commodities [ISO 13387, 2000] 

Fuel Commodity f2–fire Category 
Upholstered furniture and stacked furniture near combustible linings Ultra-fast 
Light-weight furnishings Ultra-fast 
Packing material in rubbish pile Ultra-fast 
Non-fire retarded plastic foam storage Ultra-fast 
Cardboard or plastic boxes in vertical storage arrangement Ultra-fast 
Displays ad padded work-station partitioning Fast 
Bedding Fast 
Office furniture – horizontally distributed Medium 
Shop counters Medium 
Floor coverings Slow 
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Table 2 - 5: Fire Growth Characteristics for Specific Occupancies [NKB, 1994][CEN 
2009] 

Growth Time (s) 
Occupancy CEN NKB 
Hospital (room) 300 
Hotel (room) 300 145 
Library 150 
Office 300 145 
Residential 300 297 
Shops, public spaces 150 75 
Schools 300 145 
Theatre (cinema) 150 
Transport (public space) 600 

The peak HRR for specific occupancies may be expressed as a HRR per unit area 
(HRRPUA).  HRRPUA are included in the Eurocode and NFPA 92.  These 
characteristics from the two standards are included in Table 2-6.   

Table 2 - 6: HRR for Specific Occupancies [CEN, 2009][NFPA, 2021B] 

HRRPUA (kW/m2) 
Occupancy CEN NFPA 
Hospital (room) 250 
Hotel (room) 250 249 
Industrial 260 
Library 500 
Office 250 290 
Residential 250 
Shops, public spaces 250 
Schools 250 
Theatre (cinema) 500 
Transport (public space) 250 

An alternative style of providing characteristic properties for a particular occupancy is to 
include experimental data of the HRR history for a typical set of fuel items found in that 
occupancy.  Mayfield and Hopkin provide this type of information is provided in their 
report [2011].   

An advantage of having information on HRR history and maxima for a particular 
occupancy is that this provides a baseline of the HRR to be used in performance-based 
design (PBD).  While the baseline value could be modified if more specific information 
is available for specific fuel packages, having a baseline value reduces the temptation for 
designers to be optimistic in the specification of design fires by underestimating the 
severity of the hypothesized fire.   
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Information on fire load densities are included in several documents.  These include mean 
values of fire load densities for a broad range of occupancies as well as statistical 
measures to address the distribution of fire load densities observed in those occupancies.  
Table 2-7 includes an example of the information provided.  The mean values included in 
the BSI document [2019] agree with those provided in the Eurocodes [CEN, 2009], 
though the 80% fractile values differ between the two documents.  

Table 2 - 7: Fire Load Densities for Different Occupancies [BSI, 2019] 

In NFPA 557 [2020], average fuel load densities are included for several occupancies. 
NFPA 557 means to decrease the fuel load densities in each occupancy is based on the 
frequency of “structurally significant fires” in each occupancy.  The frequency of 
structural significant fires is to be based on national statistics and account for the role of 
type of construction and fire protection system present (detection and alarm or 
sprinklers).  

A new survey instrument to collect data in the field on fire loads was developed by 
Elhami-Khorasani, et al. [2019].  Their approach uses mobile electronic devices and 
machine vision to identify fuel packages and characterize their contribution to the fire 
load in a space.  

While some quantitative measures are provided for the fire characteristics, very limited 
information is available on people characteristics.  The relevant people characteristics are 
included in Table 2-8 along with any indications of where quantitative information can be 
found. 
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While some information is provided in some of the literature for people characteristics 
[SFPE, 2003] and the chapters of the SFPE Handbook of Fire Protection Engineering 
[Kuligowski, 2016][Gwynne and Rosenbaum, 2016][Gwynne and Boyce, 2016], the lack 
of guidance for several of the characteristics provides significant voids.  Several of the 
characteristics, such as commitment, focal point and familiarity affect the premovement 
time portion of the analysis, so perhaps these could be incorporated into the 
responsiveness characteristic.   

The most significant gaps involve the lack of guidance on the physical and mental 
capabilities of the occupants to consider in design.  Information is needed to identify an 
assumed proportion of occupants who would have impairments and the changes in 
movement speed or responsiveness for impaired occupants.  As an example, for buildings 
open to the general public, the demographics of that region could be referenced to 
propose a particular portion of the population with impairments.   

Table 2 - 8: Guidance for People Characteristics 

Characteristic Quantitative Measure 
Quantity Occupant load [SFPE, 2021][C/VM2, 

2017][ABCB, 2005]  
Responsiveness Detection and premovement times are included in 

C/VM2 [2017] and ABCB [2005], some of which 
is provided in the SFPE Handbook [Kuligowski, 
2016][Gwynne and Rosenbaum, 2016][Gwynne 
and Boyce, 2016] 

Physical Capabilities Movement speeds are included in C/VM2 [2017] 
(largely in agreement with the SFPE Handbook 
[Gwynne and Rosenbaum, 2016]), though with no 
indication of reduced speeds for mobility impaired 
individuals.  Gwynne and Boyce [2016] do include 
data for reduced speeds for mobility impaired 
individuals. The proportion of mobility impaired 
individuals that should be assumed is unstated.   

Mental Capabilities The proportion of mentally impaired individuals 
that should be assumed is unstated.   

Distribution 

No information. 

Alertness 
Commitment 
Focal Point 
Familiarity with the building 
Social Affiliation 
Training 
Level of assistance available 
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Building characteristics that are part of design fire scenario descriptions include [SFPE, 
2007]: 

• Architectural Features
• Structural Components
• Fire Protection Systems
• Building Services/Processes
• Operational Characteristics
• Fire Department Response
• Environmental Factors

Much of the information for the building characteristics can be found on design drawings 
or specifications.  However, some of the characteristics could include a multiple possible 
conditions, such as position of a door or operability of a building or fire protection 
system.  Very little guidance for quantitative measures of variable building characteristics 
is provided in any of the sources.  C/VM2 [2017] is a notable exception with 
requirements for the treatment of doors.  Any fire or smoke door or fire shutter should be 
assumed closed, while unrated doors should be assumed open.   

No guidance is provided on fire department response characteristics.  Guidance is needed 
to identify what time period should be referenced when addressing a fire department 
response.  Possible times could include travel time to the site or travel time plus setup 
time.  Further, guidance is needed to identify whether average times should be used or ‘x’ 
percentile values.   

For all of the other building characteristics, the resources are either silent or require an 
identification of the respective features.  Environmental factors are not referred to in the 
documents describing performance-based design methodologies.  However, in NFPA 92 
[2021b], reference is made that smoke control system design, done principally via a 
performance-based approach, should consider environmental factors and provides a 
reference for design conditions.    
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III. GAP ANALYSIS

Through the research conducted within Task 1 (Sources) and Task 2 (Hazard Analysis 
Approaches) a Gap Analysis was developed.  The Gap Analysis presented in this section 
was developed using a three-step process: 

1. Identify the current sources and data available to practicing engineers using
design fires and material performance information, specifically in performance-
based designs.

2. Identify how this data and information is lacking and not satisfying the needs of
practicing engineers.

3. Provide proposed next-steps to progress the collection of available data as well as
influence the addition of new data into a “tool set” for practicing engineers.

Of the above three (3) items, Item #1 has already been described in the previous two 
sections of this report.  The focus for this section is to address the lack of available data 
associated with Item #2.  

There are numerous items that can affect the characteristics and probability of a DF. 
These items may be addressed statistically (such as in Eurocodes [CEN, 2009] or NFPA 
557 [2020] for a particular occupancy given the typical fuels present in the occupancy 
group.  The limitations of this approach are described in section 3.1.  Alternatively, the 
variability of properties associated with a specific fuel package in a DF is outlined in 
section 3.2.  

3.1  Gaps in Data for Occupancy Groups 

With risk assessment being an inherent part of performance based design analysis, and 
with any risk assessment needing to consider the probabilistic aspects of variables 
included in the assessment, the probabilistic nature of fuel properties needs to be 
recognized.  The presentation of fractile portions of fire loads in the Eurocodes [CEN, 
2009] and NFPA 557 [2020] are important steps in that direction.  However, this data 
only relates to fire load density and not to HRR or other fire properties.   

While the mean fire load density is provided in the Eurocodes, information is lacking on 
what characteristics of a particular building would lead the engineer to strongly consider 
using the 80% fractile value, other than to have a general notion of including an inherent 
safety factor.  Similarly, NFPA 557 includes information on mean fire load densities, but 
not fractile values of the fire load density itself for a selected occupancy.  
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Finally, the information provided in the Eurocodes and NFPA 557 include several 
occupancies, but not every occupancy group.  The tabulation of this information needs to 
be extended to include every occupancy group. 

The importance of this gap depends on the following considerations, depending on the 
application.  If the application involves an occupancy that already has tabulated 
information, the lack of data for other occupancies is moot.  The information provided is 
unquestionably a good start but needs to be updated periodically (just as fire load 
densities in buildings have changed from the middle of last century when much of the 
existing data on fire load densities was collected).  The collection of such information 
should be facilitated by the recent research by Elhami-Khorasani, et al. [2019].  An 
additional benefit of collecting data using the video technology by Elhami-Khorasani, et 
al. is simply to create a catalog of fuel sources from which the likelihood that a particular 
fuel package will be present in a selected type of building can be determined.  This is 
readily achievable, but will take time to accumulate such an inventory.  

3.2  Fuel Package Specific Gaps 

The variability of the fire characteristics of a selected fuel package associated with a DF 
may be attributed to three general parameters, as described in the 2nd Edition PBFP.  
These three parameters are: 

1. Type of Ignition Source
2. Type of Fuel first Ignited and Secondary Fuels
3. Location of fire in the room, compartment, or other

These three parameters are in addition to sources of variability that can include 
reproducibility of an experimental conducted to measure the properties, differences 
related to natural variations of a material (e.g. wood components) or quality control 
limitations of a manufactured product.   

1. Type of Ignition Source

Data on the type of ignition source is sometimes provided in available data to 
practicing engineers, but most often it is not readily available in test series without 
extensive literature searches to find fuel testing reports (a lengthy and time 
consuming process that cannot be performed in every analysis).  Although the type of 
ignition source may not be the driving parameter in all characteristics of a DF 
justification, it surely has an influence specifically on growth rate and peak HRR. 

To demonstrate this, as an example, consider the HRR data and material properties 
provided for an upholstered couch.  The source of ignition associated with this data is 
important to the practicing engineer intending to utilize the HRR curve for this 
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commodity.  If the experimental series utilized an electric match or spark to create the 
fire event, an extended incipient/smoldering stage could occur and hence affect the 
numerical output data (such as an average HRR or time to reach the peak HRR).  
Such needs to be noted in the tabulation of data on early fire growth. Likewise, if a 
small burning trash can adjacent to the couch, or even more severe flammable liquids 
pool fire, then the growth rate, peak HRR, and other fire characteristics would be 
expected to be more severe and demanding. 

With the above in mind, the type of ignition source should always be recorded and 
provided with experimental data for a test series.  Currently, this information is not 
always provided but the importance of such could be emphasized for a provider of 
any future data. 

2. Type of Fuel first Ignited and Secondary Fuels

This data point is more straight-forward as the specific fuel or commodity being 
tested is typically provided in the numerical data set being examined by the practicing 
engineer.  One issue with the fuel types and fuel descriptions is that in some cases 
when reviewing referenced material, data from the tests are generalized or provided 
with non-detailed descriptions.  For example, testing series for televisions may be 
provided as “Test A”, “Test B”, and so on, without further description of any changes 
between these tests in the series.  In such cases, the engineer needs to review the 
complete experimental report, which is often difficult to find, proprietary, and/or 
quite dated.  

Further, even with similar fuel compositions, changes in the geometry of the sample 
can lead to appreciable differences in fire performance.  As an example, the heat 
release rate of an array of small wood elements arranged in a crib will be different 
than a slab of wood thickness and total mass.  

This gap is significant in providing a comprehensive description of the DF relative to 
the first item ignited.  The gap also identifies the need to broaden the description to 
include second items ignited in the scenario, not first item ignited.  The gap can be 
readily resolved by proper documentation of the experimental configuration used to 
collect the data.   

3. Location of fire in the room, compartment, or other (including geometry and
ventilation)

Another key component to available data that is not always readily available is the 
location of the fuel being tested within a compartment, or if it was burning in open 
air.  The majority of the commodity-based testing performed is done under a cone 
calorimetry hood, unconfined within an enclosure.  This provides data points that are 
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consistent with free-burning fires, which may not always represent the information 
that an engineer needs to perform their assessments.  For example, if a DF involving a 
couch is hypothesized for an atrium, the selected HRR and products of combustion 
(soot yield, CO yield, etc.) from a couch fire experiment performed in open-air under 
a hood may vary greatly as compared to if the experiment was conducted in a 
compartment.  If an engineer then placed these outputs and data into a fire model, e.g. 
in a location under a ceiling simulating a balcony-spill plume event, the combustion 
efficiency and thus product yields would be expected to vary. 

This dynamic is a significant disconnect between experimental data and application 
into fire models and analysis tools and needs to be closely reviewed.  Without further 
information, conservative safety factors need to be considered (such conservatism 
would be unnecessary with proper documentation of the experimental configuration 
and protocol.  In more modern testing series, such as those performed by UL’s Fire 
Safety Research Institute where they are conducting detailed experiments of 
compartment fires to assist in evaluating fire department operations, data sets are 
becoming more widely available that are more consistent with what practicing 
engineers can utilize. 
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IV. WORK PLAN

The overall findings from this project are that a comprehensive and “living” data set 
needs to be established for practicing engineers to reference and utilize in their hazard 
assessments.  In order to accomplish this, a three-fold work plan approach has been 
identified.  This approach can be summarized as follows: First, address the compilation 
of existing and known data (Section IV.1); second, establish the framework and 
methodology for an up-dated database to evolve (Section IV.2 and IV.3); and third, 
conduct outreach to implement the database to (a) coordinate inputs that will keep it 
relevant and credible, and (b) provide value-added outputs for the community. (i.e., 
Section IV.4) 

4.1  Compilation of all of the data sets available 

This will be extremely time consuming and arduous process.  As identified in this report, 
potential sources include: 

a. Information in Standards and Code Appendices
b. Handbooks and Guidelines
c. SFPE Committee and other Industry Committees
d. Private Laboratories and entities
e. University and Government Research Facilities

A programming team would be needed in this phase to establish a data acquisition and 
storage system, as well as graphical user interface to display the database requests. 

4.2  Call-for-Information 

In addition to already published data, it is expected that numerous private facilities, firms, 
entities, and individuals have data that may be available to share.  Sources may include 
research dissertations not already identified or proprietary reports which can be shared.   

An industry-wide campaign can be launched to call for this information, where 
respondents can provide the data in an easily contributed format.  Vetting will need to 
occur with this data, cross-tracking to eliminate entries which are redundant from those 
found in Item #1, above and also to confirm the credibility of the source.  Assessing the 
credibility of the source may require developing a set of guidelines for assessing the 
credibility of sources.  A starting position could be Nationally Recognized Test 
Laboratories (though such is generally limited to laboratories in the U.S.), or those with 
certifications.  It is not the intent that this is the only time-step where respondents can 
submit information; rather, it is to provide a strong initial push of data collection.  After 
that, it would be the intent that continually data collection, and submission from 
individuals, can be performed (see Section IV.3, below).   
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The final specific data points to be collected should be evaluated and confirmed through a 
survey performed with our peers.  For example, some engineers may have found it more 
difficult to locate one data point than others, or need a specific value more so than a peer 
for their specific work-type.  In general, expected data points may include, but not be 
limited to, the following: 

1. Type of experimental setup
a. Bench scale/cone
b. LIFT
c. Room/Multi-Room
d. Full-scale structure/compartment

2. Type of ignition source used in the experiment collecting the data
3. Type of fuel first ignited, and secondary fuels
4. In reference to Item #2, the following minimal parameters are of importance:

a. Material composition (chemical; C, H, O2, N2)
b. Soot yield
c. CO yield
d. HCN yield
e. Heat of Combustion (chemical)
f. Release per unit mass oxygen

5. Location of fire in the room, compartment, or other
6. Fire properties of the fuel package(s)

a. Physical footprint
b. Growth rate
c. Peak HRR

7. Other experimental considerations/general test information
a. Environmental conditions (temperature, humidity, etc)
b. Fuel-limited or sprinkler/fire suppression utilized
c. Ventilation conditions (free-burning, ventilation controlled)

8. Occupancy type that the data can be used for

4.3  Continually Updating the Database 

A method needs to be established to facilitate uploads of new data into the appropriate 
location within the database.  The staffing team can also monitor the release of codes, 
standards, testing and reach out with a request form to the releasing agency to include this 
data into the database. 
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4.4  Marketing the Database 

The goal of this database will be that it is a one-stop-shop for experimental data and 
information that would be useful in performance-based design analyses. 

Branding and recognition of this database will be significant in the success of the project. 

Goal is for practicing engineers and the fire protection community to recognize that this 
is the tool to immediately go to, as all the information you need for a hazard analysis, as 
it equates to quantifying a design fire scenario, is in this location. 

A key component of any marketing strategy would be that this database will provide a  
significant reduction in research time by practicing engineers, saving time (and costs) and 
allowing more effort on the actual analysis.  Implementation of the marketing campaign 
would most likely be of such a large task that an outside consulting firm may be required, 
supplementing or replacing SFPE staff. 

To establish the four (4) steps of this workplan above, a substantial staffing team will be 
required. In particular, Task 1, Data Compilation, will require numerous individuals to 
aggressively and cohesively comb through existing data sets and extract the pertinent data 
points for this database.  In the background, a programming team will be needed to 
establish an easy to use graphical user interface and methodology of storing and 
displaying the data.  Staffing will also be required to continually monitor requests for 
both new data input as well as responding to questions or notifications of error in 
currently provided data.  Finally, a strong marketing plan will be needed to push this 
database out to the fire protection community.  It is not the intent of this document to 
represent that SFPE staff and/or members are the sole providers of this effort; in some 
cases, specifically programming and marketing, outside consultants and professional 
services may be required. 

The following provides a rough schedule and staffing needs moving forward: 

1. Compilation of all existing data
a. It is expected that three (3) to five (5) people would be required to

complete this task.
b. Expected completion could be one (1) to two (2) years, depending on

available and time commitment of that staff.
c. A programming team is needed to develop the data acquisition process

and storage, as well as post-processing display in a graphical user interface
(web-based).

2. Call-for-Information Requests
a. This task can begin concurrently with Task 1.
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b. A strong urge to the fire protection community can be utilized to leverage
this and getting the word out.

c. At most, one (1) staff member will be required to oversee this process and
ensure adequate visibility is occurring.

d. Intake of the data and vetting will be part of the Task #3 group.
3. Continually updating the database

a. A team of approximately two (2) people, not included ongoing
programming support, would most likely be needed to provide continued
oversight of data acquisition.

b. These personnel may be obtained from a task group or subcommittee
under an SFPE Standing Committee be charged with this work: quarterly
or other continuous review of newly submitted data for inclusion in the
database.

c. They will be tasked with vetting the incoming data as well as ensuring it is
entered correctly

d. Responding to trouble requests from participants submitting or reviewing
data.

4. Marketing
a. A group or group(s) need to be involved to continue marketing this

database.  It is expected that the SFPE would lead this campaign with
support from an outside marketing firm as necessary.

b. Individual connections can quickly spread word of this database. Social
media will be a powerful tool as part of this campaign.

c. A special interest group or other task group/subcommittee to champion
this effort could also prove beneficial in the continually encouragement for
online submissions and use of this tool.

d. Goal is for this database to be considered the resource to go to for
information on design fire characteristics, rather than individual and wide-
spread texts.

The overall intent of this project would be to have an easy to access and easy to use 
search engine that is populated with a significant amount of prudent data to be utilized by 
practicing engineers in computational modeling efforts.  The goal would be for the 
platform to be web-based, and have a user-friendly graphical user interface (GUI).  From 
this GUI, one could search for data applicability to their project through utilizing various 
sources. 

To date, there are a couple of resources that begin to represent the intent of this project, 
however significant improvements would be needed.  One resource is the NIST Fire 
Colorimetry Database (FCD).  This recently released web-based platform provides data 
on “projects”.  The projects are provided in a list format on the main page, and a search 
bar is also available for keywords.  Once a desired data set is found, an overview page 
provides the experiment name, plot of heat release rate, ignition photo, date/time, 
specimen, fuel type, test duration, total heat released, and peak HRR.  Further clicking 
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that data set, additional information is provided such as a video of the test with live HRR 
curve, summary of results, summary of test parameters, graphs, observed effects, and 
supplemental information.  The data populated on this platform is only tests conducted at 
NIST.  An example screenshot of the main search screen and initial search findings of a 
data set are provided below: 



26 

A second currently available data source is the Burning Item Database developed and 
maintained by the University of Maryland Department of Fire Protection Engineering.  The 
Burning Item Database is a collection of fire test data for commonly used household/office 
furniture (i.e. chairs, sofas, mattresses, bookcases, etc.).  The original data was collected 
during furniture calorimeter tests and the BID database is constructed from a review of 
different sources presenting test results, including books, articles published in technical 
journals, and technical websites on the internet.  This resource includes information on the 
material makeup of the object, the material properties relevant to ignition, the heat release 
rate history, the mass loss rate history (if available), the initial and final mass (if available) 
and a description of, or link to the source of the original data.  Search features is similar to 
that of NIST, in which you select a general fire source first, and then can select specific 
experiments from there; a search bar is not provided. 

Example screenshots of the UMD FireBID database are provided below: 

It is the intent of the preparers of this document and Work Plan that the new tool to be 
developed under the direction of SFPE would provide an increase in user-friendliness, 
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robustness, and available data for test series.  It is understood that every data point will 
not be available for all experimental data sets (past and future), however identifying 
needed information will be more easily performed.  At this time, complete development 
of this took has not been created, but the following provides a wire-frame of the main 
search engine/GUI itself: 
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V. SUMMARY

This report has provided an overview of the literature on fire properties and 
methodologies to identify a DFS.  The research identified numerous sources of data of 
properties that are needed to describe a DF.  While some of the sources have a high level 
of visibility (such as those in the SFPE Handbook of Fire Protection Engineering or 
codes and standards documents provided by organizations internationally, some sources 
are not as visible such as theses and research reports.  The investment in a living database 
would appreciably assist in helping to raise the visibility of all resources.   

There are several methodologies available to develop DFS descriptions.  One prominent 
method includes the use of fire incident statistics.  Statistics have been used as a basis to 
identify the overall DFS, as indicated in the SFPE draft standard [2021] and values for 
fire load densities (see NFPA 557 [2020] and the Eurocodes [2009]).  

A set of gaps were identified related to the probabilistic aspects of a DFS. Any 
probabilistic data will need to be periodically updated and expanded to include a broader 
range of buildings.  Insight is also needed on when a particular fractile should be utilized, 
whether for reasons of a safety factor to an indication about why a particular building of a 
particular occupancy group wouldn’t be similar to the building with characteristics in line 
with mean values.  An important consideration with these approaches is that the 
credibility of any DFS description using fire incident statistics depends on having a 
credible source of the statistics, including those who initiate the data entry. 

Gaps were also identified for fuel properties related to the ignition source, first ignited 
fuel items versus secondary sources and location of a fuel package within a room.   

A work plan was proposed to provide a living database of fuel properties for DF 
descriptions.  The work plan outlined the tasks needs to initially compile the data and 
provide a searchable database.  The work plan also identified staffing needs and the need 
to engage the entire fire protection engineering and research community in contributing 
data to the database.   
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APPENDIX:  Sources of Fuel Properties 

• NFPA Code and Standards
o 72, Annex B
o 92, Annex B
o 204, Annex E

• NIST Fire Calorimetry Database - Transient Combustion Calorimetry (TCC) Project:
https://www.nist.gov/el/fcd/transient-combustion-calorimetry-tcc

• NUREG 2232/EPRI 3002015997, Heat Release Rate and Fire Characteristics of Fuels
Representative of Typical Transient Fire Events in Nuclear Power Plants

• NUREG/CR-6850, EPRI 1011989- EPRI/NRC-RES Fire PRA Methodology for
Nuclear Power Facilities, Final Report

• SFPE Handbook of Fire Protection Engineering: Mohammed M. Khan, Archibald
Tewarson, and Marcos Chaos, Combustion Characteristics of Materials and
Generation of Fire Products, Chapter 36.

• UL Reports
o Evaluation of the Thermal Conditions and Smoke Obscuration of Live Fire

Training Fuel Packages, Appendix A
 https://ulfirefightersafety.org/docs/DHS2014_Training_Fuels.pdf

o Impact of Fixed Ventilation on Fire Damage Patterns in Full-Scale Structures,
Table 3.12 and 3.13
 https://ulfirefightersafety.org/docs/Fire_Damage_Patterns_in_Full_Sca

le_Structures.pdf 
o Impact of Flashover Fire Conditions on Exposed Energized Electrical Cords

and Cables, Table 3.3
 https://ulfirefightersafety.org/docs/Exposed_Energized_Cords.pdf

• UMD Fire BID Research sources:
o NIST – “Bunk Bed Fire”
o T.J. Ohlemiller, J.R. Shields, R.A. McLane, R.G. Gann – “Flammability

Assessment Methodology for Mattresses” (2000)
a. http://www.firebid.umd.edu/docs/Ohlemiller%20-

%20Flammability%20Assessment%20Methodology%20for%20Mattresse
s.pdf

o NIST – “Center Mattress Fire”
o NIST – “Corner Mattress Fire”
o Lawson, J. Randall, W. Douglas Walton and William H. Twilley. "Fire

Performance of Furnishings as Measured in the NBS Furniture Calorimeter. 
Part I." NBSIR 93-2787. U.S. Department of Commerce. Washington, DC. 
January 1984. 

o Williamson, RB and NA Dembsey. "Advances in Assessment Methods for
Fire Safety." Fire Safety Journal. Vol 20 No. 1, pp. 15-38. (1993)

https://www.nist.gov/el/fcd/transient-combustion-calorimetry-tcc
https://ulfirefightersafety.org/docs/DHS2014_Training_Fuels.pdf
https://ulfirefightersafety.org/docs/Fire_Damage_Patterns_in_Full_Scale_Structures.pdf
https://ulfirefightersafety.org/docs/Fire_Damage_Patterns_in_Full_Scale_Structures.pdf
https://ulfirefightersafety.org/docs/Exposed_Energized_Cords.pdf
http://www.firebid.umd.edu/docs/Ohlemiller%20-%20Flammability%20Assessment%20Methodology%20for%20Mattresses.pdf
http://www.firebid.umd.edu/docs/Ohlemiller%20-%20Flammability%20Assessment%20Methodology%20for%20Mattresses.pdf
http://www.firebid.umd.edu/docs/Ohlemiller%20-%20Flammability%20Assessment%20Methodology%20for%20Mattresses.pdf
http://www.firebid.umd.edu/docs/Lawson%20-%20Fire%20Performance%20of%20Furnishings%20As%20measured%20in%20the%20NBS%20Furniture%20Calorimeter%20Part%20I.pdf
http://www.firebid.umd.edu/docs/Lawson%20-%20Fire%20Performance%20of%20Furnishings%20As%20measured%20in%20the%20NBS%20Furniture%20Calorimeter%20Part%20I.pdf
http://www.firebid.umd.edu/docs/Lawson%20-%20Fire%20Performance%20of%20Furnishings%20As%20measured%20in%20the%20NBS%20Furniture%20Calorimeter%20Part%20I.pdf
http://www.firebid.umd.edu/docs/Lawson%20-%20Fire%20Performance%20of%20Furnishings%20As%20measured%20in%20the%20NBS%20Furniture%20Calorimeter%20Part%20I.pdf
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