
Interdisciplinary Bachelor’s Degree in Engineering – FSE        i                2010/2011 
  

House on Fire 
 

“Survive or Perish” 
 

 

 

 
 

 

 

 

 

 

Author:  J.P.A. Linssen, B.Eng. 
 

1st Graduate Supervisor:  R.A.P. van Herpen, M. Eng., FiFireE 
 
 

Interdisciplinary Bachelor’s Degree in Engineering – Part time  
Hanzehogeschool [Hanze College] of Groningen 

 
 

Mechanical Engineering – Fire Safety Engineering 
1 October 2011 

(Version for publication) 
 

 

  



House on Fire:  “Survive or Perish” 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



House on Fire:  “Survive or Perish” 

 

Interdisciplinary Bachelor’s Degree in Engineering – FSE        iii                2010/2011 
 

House on Fire 
“Survive or Perish” 

 
Research study on increasing survival time in residential fires  

 
 

 
 

Test fire in a modern living room, flash-over reached after 3 minutes 30 seconds 
[Kerber, 2010, p. 67] 

     

    Principal: 
    Nederlands Instituut Fysieke Veiligheid (NIFV) 
    [Dutch Institute for Physical Safety] 
    Fire Prevention Department 
    R.R. Hagen, B. Eng, MPA 
 

 

Graduation Thesis   FSE 2010/2011          Supervisors: 
Student                      J.P.A. Linssen,            B. Eng. R.A.P van Herpen FifireE        1st supervisor         
Student number      000340145                 B. Eng. F.de Boer                                  2nd supervisor   
E-mail address          jpa_linssen@wanadoo.nl 
        

  

 
Zwolle, 1 October 2011 
 
  
 

                                                
 

mailto:jpa_linssen@wanadoo.nl


House on Fire:  “Survive or Perish” 

 

Interdisciplinary Bachelor’s Degree in Engineering – FSE        iv               2010/2011 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For private publication  
Zwolle, 1 October 2011 
 
© 2011, Jan Linssen, student for the Interdisciplinary Bachelor’s Degree in 
Engineering, Fire Safety Engineering.  
 
No part of this report may be reproduced or published without the prior written 
consent of the author. 
 



House on Fire:  “Survive or Perish” 

 

Interdisciplinary Bachelor’s Degree in Engineering – FSE        v               2010/2011 
 

 

Foreword 
 

This thesis is the concluding component of the programme for the Interdisciplinary 
Bachelor’s Degree in Engineering – Fire Safety Engineering of the Hanzehogeschool 
[Hanze College], Groningen. 
 
A wide range of subjects from different fields was covered during this degree 
programme.  The full gamut of knowledge to which I was exposed provided me with 
many new insights and as many tools that I can use to broach and solve problems in 
the field of fire safety. 
 
Fire Safety Engineering is primarily geared to large, complex and multifunctional 
projects for which fire safety cannot be determined sufficiently if at all with the help 
of the existing building code.  It usually entails solutions that do not correspond to 
building rules but which have been shown to provide fire safety of equivalent scope.  
I am personally intrigued by the fact that a great deal of time, energy and money is 
spent in the Netherlands on the fire safety of non-residential buildings, whereas 
most fatalities and injuries by far occur in residential buildings.  I was therefore very 
pleased that I could conduct research, under the auspices of the Fire Prevention 
Department of the Dutch Institute for Physical Safety into the causes and 
development of fatal residential fires and more specifically into the “survival time” in 
case of residential fires. 
 
The results of the research have convinced me that it is possible to reduce the 
number of dead and wounded in residential fires.  A number of measures to that end 
have tuned out to be effective and feasible.  It is up to the principal and the various 
other stakeholders to see that the measures can be implemented. 
 
Throughout my entire graduation period, I benefited greatly from the advice and 
support provided by René Hagen, lecturer in fire prevention, and Ruud van Herpen, 
professor, and I wish to thank them most cordially. 
 
The presentation and defence of the thesis have led to additions and elucidations on 
certain points.  This version, which is intended for publication, replaces the version 
submitted for the degree. 
 
More important than what you know, is what you do with that knowledge. 
 
Zwolle, 1 October 2011. 
 
Jan Linssen 
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Abstract* 
 

Summary  
 
Of the total number of fatalities in fires in the period 2001 to 2008 in the Netherlands, 
approximately 85% of the victims died as a result of a fire in a home or residential 
building. That is why the Nederlands Instituut Fysieke Veiligheid (NIFV) has started a 
research in recent years into fatal residential fires. The information available up to now, 
is too limited to draw firm conclusions. However, furniture and mattresses are 
apparently often involved in these fatal fires. These type of Fires seem to have a very 
rapid fire development, thus leading to a limited period of time to take effective actions, 
in order to be able to survive the fire. In other words, the question is:  
On the basis of the problem as stated, the aim of the study is:  
 
 
 
 
On the basis of the problem as stated, the aim of the study is:  
 
 
 
 
 
 
The research data of the NIFV show that half of all the victims were found in the room 
where the fire had started. The "survival time" has been insufficient in these cases. A 
second remarkable fact is, that, for the elderly people (65 +) the chance to die in a 
residential fire is three times higher than that for people younger than 65 years.  
Further investigation of experiments with residential fires in America have shown, that 
contemporary furniture and mattresses result in a very fast growing fire. Flash-over took 
place in a testfire with contemporary furniture within three and a half minutes, while 
the same test with furniture produced around 1975, flash-over took place after 
seventeen minutes. A room fitted with furniture from the fifties even took thirty 
minutes to reach flash-over.  
The experiments confirm the findings obtained in the Dutch research program, that the 
survival time in fires with furniture or mattresses (in a number of cases) is too short to 
survive the fire, especially when there are people in de building with reduced mobility, 
such as can be expected from elderly people.  
The "survival time" is determined by:  

 the extent to which heat and harmful substances are produced by the fire, and  

 the extent to which a person can withstand the effects of that fire.  
 

Fire experiments provide valid information about the rise of temperature and about the 
concentration of irritant and toxic substances that result from a fire. Information about 
the extent to which heat and gases effect the human body in a way that a person is no 
longer able to 

                                                 
*
 Translator’s note:  An English version of this section is already available and entitled “Summary” – 

which actually should be “Abstract.”  

What is the "survival time" in which residents can still flee from a dwelling and what 
measures are technically and economically possible and feasible, to reduce the number 
of victims and severely injured occupants in residential fires? 
 

The aim of this research is to define the measures to increase “survival time” in order to 
reduce deaths and injuries at residential fires.  
Secondly, the goal is to determine how Fire Safety Engineering can be used as a tool to 
determine what the “survival time” is. 
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act effectively and subsequently will die from the fire, is available. There is an 
international standard, issued in 2010 by the International Organisation for 

Standardization (ISO), that provides the means to calculate whether people get 
incapacitated or even die, based upon a particular fire gradient.  
The experiments have shown that incapacitation can be reached within a few minutes 
after the fire started. Measures that prolong the survival time provide an greater 
survivability, leading to a lesser number of fatalities and badly injured inhabitants of 
domestic buildings.  
The possible measures have been assessed by ease of implementation, effectiveness in 
prolonging the survival time, economically affordability and finally on the acceptability 
by the residents. A number of measures have emerged from the analysis, that meet the 
prescribed criteria. These are considered applicable in the Netherlands. Some examples 
are:  

 introduction of fire safe furniture, mattresses, upholstery and fire-safe sigarets,  

  further promotion of fire alarms in homes in the rooms with the greatest risk 
and teh improvement of the awareness of people about the correct use of the 
detectors,  

 application of home sprinklers systems, and  

 use of escape hoods, in particular for disabled people.  
 

In about half of the fatal fires, furniture or mattress is known to have had a profound 
influence. Measures to do something about it are well known. For the other half of the 
fires a clear picture of the main factors that make fatal fires possible, is not yet available. 
Therefore, it is recommended that the increasing number of fire investigation teams in 
the different regions, will start to consequently research all fatal and non-fatal 
residential fires. Information from those investigations should be made available for 
anybody so that a better understanding of the causes of fatal home fires will arise and 
appropriate action can then be taken.  
To get the proposed measures implemented it is recommended that, with the assistance 
of experts, a marketing strategy for the introduction of fire safety projects should be 
developed. Informing stakeholders about the conclusions and recommendations in this 
report, is necessary to enable them to contribute to the improvement of the survival 
time and thereby reducing the number of fatalities and serious injuries in domestic fires 
in the Netherlands.  
In this research study, information became available that in residential fires, where 
windows and outside doors are closed, the fires will not have enough oxygen for a 
constant growth. Experiments by Underwriters Laboratories (USA) have shown that such 
a fire can produce life threatening circumstances within 100 to 200 seconds after the fire 
brigade enters the house. The reason therefore is, that the extra oxygen supplied by the 
opening of doors and/or windows can lead to a renewed and rapid development of the 
fire. Further research into this result is needed to make sure that the firemen are well 
aware of these risks and act appropriately. 
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1. Introduction 

 
Compared with other countries, chances of losing one’s life in a fire are small in the 
Netherlands.  Nevertheless, fires with fatality attract a great deal of media attention and 
people who witness a fatal fire in their vicinity are unsettled.  Society loses less sleep over 
the number of traffic fatalities than over one or two fire fatalities, as can be gauged from the 
coverage in newspapers and other news media. 
 
Interestingly enough, statistics show that the number of fatalities in homes and residential 
buildings remains practically constant, but the number of fatalities from fires in other 
buildings has decreased in recent years.  Although most fatalities in the Netherlands occur in 
a residential environment, the legislation sets practically no requirements for fire safety in 
homes and residential buildings or on the contents of people’s homes in general.  
 
People over 65 run the highest risk of dying in a residential fire.  The population in the 
Netherlands is growing constantly older and the policy is geared to having elderly people 
(who are in need of help) continue to live in their own home for as long as possible.  The 
vulnerable group in society will thus increase in the future.  This in itself is reason enough to 
investigate the causes and the development of “fatal residential fires” in the Netherlands.  
The research study is more specifically geared to the “survival time” in residential fires. 
 
 
 
 
 
 
Read guide  
The introduction is followed by the research design in Chapter 2, where the problem 
statement and the aim of the study are broached.  Chapter 3 contains the result of the 
exploratory research.  The findings in the chapter are based on reports from the NIFV and a 
report from New Zealand. 
Chapter 4 deals with the results of large-scale experiments with residential fires.  They 
confirm the picture obtained from the preceding exploratory research.  Chapter 4 makes it 
clear that contemporary furnishings play a crucial role in fatal residential fires.  Knowledge 
on the development of a fire alone does not suffice to determine the survival time in case of 
fire.  Chapter 5 describes the health effects of a fire on the human body. An international 
standard is moreover presented that can be used to calculate the time in which the effects 
of a fire hinder people or make it impossible for them to take effective action. 
Chapter 6 analyses the measures that can help increase the survival time, while Chapter 7 
analyses the workability, effectiveness, economic feasibility and acceptability thereof for the 
residents.  Finally, Chapter 8 contains the conclusions that can be drawn and the 
recommendations that can be made on the basis of the research study.  

 

 

 

 

 

 

  

 

 

The survival time comprises the period during which the occupants are still capable of 
taking action to survive the fire. 
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2. Research design 
 

2.1. Premise 
 
The results of research studies into fatal residential fires conducted by the Dutch 
Institute for Physical Safety (NIFV) in 2003, 2008 and 2009 led the fire prevention 
lecturer, Mr RR. Hagen, B. Eng. MPA to suppose that residential fires can have fatal 
consequences as a result of a rapid fire growth.  The fire prevention department is 
introduced in greater detail in Annex 1. 
 
Fire tests conducted in America in 2004 have shown that flash-over occurs after 
about three minutes in a room with contemporary furnishings and carpeting [Kerber, 
2010].  In comparative tests in 1975, the flash-over occurred only after 17 minutes 
[Bukowski, 2007]. The survival time has consequently been reduced considerably 
from previous decades.  The aim of the research is to define measures to increase 
survival time. 
 
Fire Safety Engineering can be deployed to (help) achieve that goal by relying, e.g. on 
a risk approach, an analysis of case histories, relevant fire scenarios and the fire 
growth.  In addition, knowledge on human behaviour in fire and the release of 
smoke that is harmful to human health can provide insight in the decisive factors 
that lead to fatal residential fires.  The foregoing consideration led the Fire 
Prevention Department to have a graduate research study conducted into the 
survival time in residential fires, with the help of Fire Safety Engineering. 
 
2.2. Problem statement 
 
The fire behaviour of the contents, furnishing and interior of dwellings constitutes 
the core of the study, because the fire behaviour of the materials present can have a 
very decisive influence on the survival time that residents have in case of fire.  The 
first question that arises is how long does it take for the consequences of a fire to 
become so serious that the persons presents can no longer escape or be saved by 
others.  The Required Safe Egress Time (RSET) and Available Safe Egress Time (ASET) 
are known concepts for a safe egress in case of fire.  For the purposes of this study, 
the criterion used for safety is not safe egress time, but rather the concept of 
survival time, because this expresses better what the ultimate aim of the measures 
should be.  Safe egress time may also entail that someone has been exposed to toxic 
fumes to such an extent during that time, that he dies nonetheless. 
 
Survival time is determined by the development of the fire and in concrete terms by 
the heat and the combustion gases produced by the fire.  Furthermore, people can 
withstand heat and combustion gases to a limited degree only.  When this limit is 
exceeded, people are physically and/or mentally hindered from taking action by the 
consequences of the fire. The survival time ends when a fire produces so much heat 
and harmful combustion gases, that the persons present can no longer take any 
effective action.  
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To be able to determine the survival time we need to know not only the indicative 
fire growth, but also how long the body can resist exposure to heat and smoke.  
When the survival time in a fire is exceeded, there are bound to be victims.  
Measures that increase the survival time reduce and even prevent the risk of victims.  
This in turn leads to the following problem statement. 
 

 
 

 
 

 
 
2.3.  Aim 
In a considerable portion of fatal residential fires, people die because the survival 
time is sufficient. The aim of this study is to increase the survival time.  
 

 

 

 

 

 

The conclusions and recommendations from the research study have enabled the 
department and other stakeholders to make a contribution to reducing the number 
of fatalities in residential fires 

 

2.4. Research questions 
 

The following research questions can be deduced from the problem statement for 
the purposes of the research study: 
 

 At what point in time does a residential fire produce so much heat and 
combustion gases that a person can no longer take effective action? 

 To what extent can a person withstand heat and harmful combustion gases? 

 Which measures can increase the survival time in a residential fire? 

 Are the investigated measures technically feasible? 

 Are the investigated measures effective? 

 Are the investigated measures acceptable and economically feasible? 

 Who has influence on the ignition and development of residential fires: who 
can   and wants to do something about it? 

 How can people be made more aware of the dangers of residential fires? 
 
 
 
 
 
 

What is the survival time with residents still able to flee from a house and what 
measures are technically and economically possible and feasible, the number of 
victims and injured in house fires to reduce? 
 
 
 
 
 
 

The aim of this research study is to define measures to increase survival time in order 
to reduce deaths and injuries in residential fires. Secondly, the aim is to determine how 
Fire Safety Engineering can be used as a tool to determine what the survival time is. 
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3. Exploratory research into fatal residential fires 
 
This chapter deals with the data from the various research studies and reports on 
residential fires that have occurred.  The situation in the Netherlands is analysed first 
on the basis of data from NIFV research on fatal residential fires in 2003, 2008 and 
2009, and then research data from New Zealand are presented. 
 
 
3.1. Analysis of NIFV research into fatal residential fires 
 
The Dutch Institute for Physical Safety (NIFV) conducted research in 2003, 2008 and 
2009 into the causes, circumstances and development of fatal residential fires. The 
results are contained in two reports [Kobes and Groenewegen, 2009 and 2010] 
relating to one calendar year each.  In May 2010, a third report [Kobes and 
Groenewegen] was published in which the data from the previous reports were 
compared.  The analysis that follows is based on the latter report. 
Because the number of fatal residential fires investigated in 2003, 2008 and 2009 is 
relatively small, the NIFV has not been able to draw any conclusions yet as to trends 
concerning decisive factors for the ignition and development of fatal residential fires.  
Certain factors can nonetheless be indicated on the basis of the report, which attract 
attention to say the least.  Taking the statistical validity of the reported data into 
account, those factors cannot be considered conclusive. 
The data on fire cause mentioned in the report, the ignition object and the room 
where fatal residential fires occurred are presented below.  Furthermore, the 
location of the victims and their age are given.  Finally, factors deemed decisive by 
the fire fighters who put out the fire are cited. 
 
Fire causes: 
Annex 2, Table 1 provides an overview of fire causes that were ascertained in the 
fires investigated. 
The most prominent cause of fatal residential fires is smoking.  Another factor, which 
occurred more frequently in 2008 and 2009, is short circuiting.  Furthermore, the 
percentage of fires of unknown cause is relatively high (29%).  Further research 
should lower this percentage and thereby provide a better insight into the causes of 
fatal residential fires. 
 
Object of ignition 
Annex 2, Table 2 describes the object of ignition of the fire, i.e. the object that first 
caught fire. 
 
Furniture, bedding and electrical appliances seem to play a prominent role in fatal 
residential fires. Unfortunately, the object of ignition is unknown in 39% of the fires 
in this table too.  On the other hand, the high number of fires in which the object of 
ignition was found to be furniture or mattresses is striking.  The constituent material  
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(plastic) of upholstered furniture, mattresses and electrical appliances plays a 
decisive role in the ignition of the fire and the speed with which the object burnt. 
 
Room in which the fire ignited 
Once the cause of the fire and the object of ignition are known, the next step is to 
consider the room in which the fire started.  This is important because the room in 
which the fire started together with the room in which the residents were at that 
moment, are of great significance in noticing and detecting the fire, so that 
appropriate measures can then be taken. 
Annex 2, Table 3 shows than half (55%) of fatal residential fires started in the living 
room, in the bedroom, or in a living/bedroom in a home for the elderly.  The 
unknown percentage in this case is “only” 17.  Nearly one out of nine fatal residential 
fires starts in the kitchen. 
 
Location of the victims 
 
The largest part of the victims (65%) is found in the living room, the bedroom or the 
living/bedroom. Another 12% of the victims are found in the kitchen. The location of 
10% of the victims could not be ascertained in the research study conducted by the 
NIFV. 
The table below shows how often a victim is found in the room where the fire 
started. 
 
Victim found in the room of ignition 

 

 

 

 

 

Yes 
No 
Unknown 
 

Table 1:  Fires where the victim was found in the room of ignition [6, page 24] 
 

Table 1 shows that more than half of the victims are found in the room where the 
fire started.  This entails that the survival time was not sufficient for the victims, who 
may have been persons who were already present in the room when the fire started, 
or persons who went into the room after the fire was detected. 
 
Decisive factors for perishing 
The questionnaires for the research study sent by the NIFV to the fire brigades that 
had to fight fatal residential fires were used to take stock of the important factors (in 
the opinion of the commanders who were present at the fire sites) that lead to the 
death of the victims.  Annex 2, Table 5 shows the factors deemed to be the most 
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important.  The table is subdivided into fatal fire, where the victims were asleep and 
where the victims were awake.  A rapid fire growth, limited mobility, smoke and heat 
and a late discovery of the fire are the most decisive factors for the chance of 
fatalities, according to the respondents. 
 
The data in the table must be considered with some reservation because this was 
the personal opinion of the commanders who were present at the fire.  The data 
must therefore be considered to be subjective.  Nevertheless, the high scores 
attained by the aforementioned factors are striking. 
 
Age of the victims 
In addition to how the fire started and what its consequences were, it is also worth 
noting that older people tend to be the victims in fatal residential fires.  The table 
below shows the fatalities by age. 
 

 

 
Table 2:  Age of victims in fatal residential fires [Kobes and Groenwegen, 2010, p. 21] 
 

When the number of fatalities is seen against the total number of people of a certain 
age group in the Netherlands, a totally different picture is obtained than when 
referring to the number of fatalities only.  Combining the number of fatalities with 
the scope of the age group concerned provides an insight into the chance of 
perishing at a certain age. 
 

Age group   % of total          Number       Number of        Number of 

   number of        within the     fatalities in       fatalities per 
   residents             age group      2003+ 2008+     million   

   (million)       (million)       2009           residents per year 

0 – 20  24    3.96    24  2.02  
21 – 45  34    5.61    38  2.25  
45 – 65  27.3    4.50    15  1.11  
65 and older 14.7    2.43    38  5.21  
Total 100 16.5 115  

 
Table2:  Number of fatalities in relation to the age distribution of the Dutch 

population in 2008. 
Note: The NIFV was unable to determine the age of 11 victims in 2003.  
They have not been included in this table. 
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As no separate statistics could be found for the age categories 0-10 and 10-20 on the 
website of the Central Bureau for Statistics (CBS), these groups are combined in 
Table 2.  The CBS data used pertain to 2008 [www.cbs.nl, August 2011]. 
On the basis of a total of 115 fatalities from Table 2, plus 11 fatalities whose age is 
unknown, 2.55 persons per million inhabitants perish on average per year in the 
Netherlands. 
Based on the 115 fatalities whose age was known, young adults (aged 21-45) have 
almost the same chance of dying as the youngest age category (aged 0-20).  The 
number corresponds more or less with the total average just mentioned.  Compared 
with the group aged 45-65, the chance to die of the group aged 21-45 was twice as 
high, however.  When the age groups of 21-45 and 45-65 (adults of working age) are 
combined, the number of fatalities in this combined group is 1.75 people per million 
of their age peers per year on average.  When this latter number is compared with 
the number of fatalities among older people (65+) from Table 2, the chance to die 
for the latter group is three times as high as that of all adults of working age. 
 
Ageing, the increasing number of people over 65 in the Netherlands and the fact that 
older people tend to live longer in their own homes rather than moving to a nursing 
home, mean a larger population in the group of older people, but also an increasing 
number of non self-sufficient people living in standard dwellings.  This is bound to 
have repercussions on the number of fatalities in residential fires.  According to the 
above-cited data, the risk of older people dying is three times higher than that of 
people who belong to another age group.  It can be assumed that because of an 
increase in the number of older people who need help that continue to live in a 
standard dwelling, the number of fatalities among people aged 65 and over will 
continue to increase more than would be expected on the basis of the number of old 
people alone. 
 

Other factors 
The research study into fatal residential fires in 2009 [Kobes and Groenewegen, 
2010, page 6] concluded that there is a strong connection between a fire started by 
smoking and the presence of objects containing foam rubber (upholstered furniture 
and mattresses).  Most fires of unknown cause start in seating furniture or beds – in 
5 out of 22 unintentional fires, in fact. In 2009, there were 34 (intentional and 
unintentional) fatal residential fires in all.  
 
Eight out of the 22 unintentional fires started in beds and furniture.  All these fires 
were not ablaze when the fire brigade arrived, but heavy smoke development was 
reported.  This suggests that the fires were ventilation-controlled.  In seven of these 
eight fires, the fire was limited to a chair, a sofa or a bed when the fire brigade 
arrived.  The NIFV has noted that a small fire in objects containing rubber foam can 
already have fatal consequences.  
 

In four out of the 22 unintentional residential fires in 2009, there were fire detectors 
present [Kobes and Groenwegen, 2010, page 8].  In three cases, the victims were 

older than 75; the fourth victim was a young adult who died as a result of the fire 
two hours after coming home after an evening out.  Reduced mobility results in a 
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reduced possibility of escaping on one’s own, and the use of narcotics, such as drugs 
and alcohol diminish the ability to heed an alarm or a smoke detector system. 
 
Provisional conclusions about fatal residential fires in the Netherlands 
The rapid development of the fire and the limited mobility of the victim have a great 
influence on the chance of victims dying from a fire, whether they are awake or 
sleeping.  Victims are often in the room where the fire started.  People over 65 years 
of age have three times more of a chance of dying in a residential fire than people 
who belong to another age group. The properties of furniture and the upholstery 
seem to be an important factor in fires developing at such a rate that survival is no 
longer possible.  Smoking is an important cause of fatal residential fires.  In some 
cases, the victims did not survive the fire in spite of a fire detector in working order. 
 
The establishment and deployment of fire investigation teams in different regions of 
the Netherlands are bound to lead to better data in future and the “unknown cause” 
percentage is bound to decrease.  More reliable data on the cause and development 
of (residential) fires are expected to be available in future.  Furthermore, the NIFV 
has initiated a research study into residential fires without fatalities.  Information 
from that research study can enhance the insight into the causes of residential fires 
in general and in the development of those fires in particular, and may help to 
identify differences from fires with fatalities.  
 

3.2. Fatal residential fires in New Zealand 
New Zealand had a population density of 14.71 inhabitants per square kilometre and 
a total of 3,819,762 inhabitants in 2000.  The Netherlands has a population density 
of 388.9 inhabitants per square kilometre.  A higher population density increases the 
chance of the fire being detected by third parties, such as neighbours and passers-
by.  The large majority of New Zealand’s population is of European origin.  It is a 
modern, Western country with a standard of living comparable to that of Europe 
[www.indexmundi.com, August 2011].  A direct comparison of fire statistics with 
those of the Netherlands cannot be made, because fire safety depends on a large 
number of parameters.  Data about (fatal residential) fires in New Zealand can 
however, be put side by side with those of the Netherlands so as to be able to 
establish any differences or similarities. 
A report on fatal residential fires in New Zealand was published in 2001 [Wong, C., 
2001].  This report puts special emphasis on the role of upholstered furniture in that 
type of fires, and provides the findings from a research study into residential fires in 
the period from 1994 to 1999. 
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Patient's fatal house fires 
The investigation covered a period of five years. The data are not presented in any 
calendar year, but funds for one fiscal year that differs from the calendar. In the five 
years of that the study covers, the following numbers of fires and deaths are 
identified: 

  

Fatal residential fires 

 
Year  

 
1995/96  

 
1996/97  

 
1997/98  

 
1998/99  

 
1999/00  

 
Total  

 
Average  

Number of 
residential fires  

    21     25     24     20     15  105     21  

Number 
of 
fatalities  

    24     33     28     23     19  127     25  

Fatal residential fires in which furniture was involved  
Number of 
residential 
fires  

   7     11     7     7     4  36     7  

Number of 
fatalities  

   8     17     8     7     5  45     9  

 

Table 3, Statistics on fatal residential fires in New Zealand [8, pages 8 and 52] 
 
Table 3 includes all fatal residential fires in the designated period.  Nearly 61% of the 
fatal fires started in the living room or in the bedroom; 17% started in the kitchen.  
The table also shows the number of fatal residential fires in which furniture or 
mattresses played a role. When the data are combined, it turns out that furniture 
played a role in 36 out of 105 fatal residential fires, or in 34% of the fires, and there 
were victims in 45 out of 127 of these fires.  The percentages of the number of fatal 
fires and the number of fatalities are nearly the same.  Fires in New Zealand where 
furniture was involved do not seem to be more fatal than fires where furniture was 
not involved. The research study by Wong then focuses on fires where furniture and 
beds played a role.  The data which follow pertain exclusively to fires where furniture 
was involved.  The data from the research study in New Zealand are given first per 
component, and are then compared with the Dutch figures. 
 
Object of ignition 
The object of ignition was an armchair in 56% of the fires, a bed in 24% of the cases, 
and in 24% of the cases both a bed and a chair caught fire. 
The figures cannot be properly compared with those of the Netherlands, because 
the “unknown cause” percentage (39%) there is very high. 
 
Location of the victims  
At the time that the fires started, 47% of the victims were in the room where the fire 
started, and 49% of them were in another room. 
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In the Netherlands, for nearly every victim found in the living room, the fire started 
there as well.  For victims found in the bedroom, the fire started in that room in 
about 65% of the cases. 
 
Degree of alertness 
62% of the fires started when the victim was asleep, and in 33% of the cases the 
victims were awake. 
The figures for the Netherlands are almost identical. 
 
Presence of fire alarm systems 
In 78% of the fires, the dwellings were not equipped with a fire alarm system; in 7% 
such alarms were present but did not work.  It is striking that in 11% of the fatalities, 
a fire alarm did work.  For persons who were present in the room where the fire 
started, escaping was already no longer possible at that moment.  Survivors from 
those fires were in all cases in another part of the dwelling. 
The alarm density in dwellings in the Netherlands is comparable to that in New 
Zealand.  The share of functioning fire alarm systems corresponds reasonably as 
well. 
 

Cause of death 
In addition to data from fire brigade reports, the research study includes data from 
the pathological examination of the victims.  Smoke poisoning, mainly as a result of 
carbon monoxide, was the cause of death in 58% of the victims.  17% of the victims 
succumbed to burns, and 20% died from a combination of heat and smoke. 
No systematic pathological examination data are available in the Netherlands. 
 
Comparison of key figures from the Netherlands and New Zealand 
The fire statistics for New Zealand show that 219 people died in 105,892 fires in five 
years, for an average of 44 fatalities in 21,178 fires per year [Wong, 2001, p. 20].  The 
average fatality rate over the five-year period is 11.5 people per million inhabitants 
per year. 
Out of the total of 219 victims, 127 died in residential fires.  This corresponds to 58% 
of all deaths in fires.  The average chance to die in a residential fire amounts to 6.5 
per million inhabitants per year.  There is a considerably higher chance to die in New 
Zealand than in the Netherlands, therefore (6.5 compared to 2.55 people per million 
of inhabitants per year in residential fires). 
In New Zealand, 58% of all fatalities occured in fires in dwellings or residential 
buildings (average: 25 per year).  In the Netherlands, that figure is 85% (average: 48 
per year).  In relative terms, there are fewer deaths from residential fires in New 
Zealand than in the Netherlands.  Further research into this aspect falls outside the 
scope of this study. 
As is the case in the Netherlands, there are no regulations in New Zealand 
concerning the flammability of upholstered furniture and mattresses.  The materials 
used in the furniture industry are comparable to those in the Netherlands 
(polyurethane foam and polyester upholstery).  Data from the research study into 
fatal residential fires in New Zealand may, with some reservation, set side by side 
with the Dutch data for comparison purposes. 
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Provisional conclusions about fatal residential fires in New Zealand 
As is the case in the Netherlands, residents often lose their life when they are in the 
room in which the fire started.  The victims are generally found in that room.  As in 
the Netherlands, furniture is also seen as an important factor for surviving or 
perishing in New Zealand. The research study in New Zealand confirms that the 
survival time is not sufficient to come out of the fire alive, especially when furniture 
or mattresses have caught fire. 
 

3.3. Fatal residential fires in the United Kingdom 
Legislation concerning the fire behaviour of upholstered furniture, mattresses and 
upholstery was introduced in the United Kingdom in 1988/89 as a result of a 
research study into fatal residential fires in the United Kingdom in the 1980s, in 
which the role of upholstered furniture and mattresses is particularly stressed.  The 
“Furniture and Furnishings (Fire) (Safety) Regulations 1988” have ensured that only 
products that are not easily flammable can be sold as of that time.  The 
requirements in the United Kingdom are stricter than in other countries where such 
regulations exist. 
The outlined development in the United Kingdom confirms the picture obtained 
from the reports from the Netherlands and New Zealand, that ignitability and 
flammability of upholstered furniture and furnishings are responsible for a 
substantial part of the number of the annual fatalities from residential fires.  
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4. Experiments with residential fires 
 
It is striking that a substantial number of fatal residential fires at home and abroad 
started in or with furniture and mattresses.  Furthermore, the location of the victims 
indicates that the survival time was too short.  The research studies provide no 
information as to the time in which the victims could no longer take effective action 
and died as a result.  Various fire tests have been carried out in recent years, 
especially in America and Sweden, in which the development of residential fires was 
examined.  The research results show that the speed with which a fire can develop in 
a dwelling has increased substantially in the last decades.  Upholstered furniture and 
mattresses were set on fire in experiments.  Modern furniture was upholstered with 
polyurethane foam, as is the case in the Dutch furniture industry.  The results of the 
fire experiments conducted by Underwriters Laboratories  [Kerber, 2010] and by the 
National Institute of Standards and Technology (NIST) [Bukowski, 2007] are 
described below. 
 
 
4.1. Fire tests by the National Institute of Standards and Technology 
 
The NIST conducted research on home smoke alarms in 2004 [Bukowski, 2007].  A 
series of fire tests was carried out in that connection.  Such tests had also been 
carried out by the NIST in 1975.  A comparison of the test results from 1975 with 
those of 2004 revealed remarkable differences.  The speed with which the test fires 
developed was considerably higher and the toxicity of the smoke gases generated by 
the fire was far more serious. 
 
The following tables from the NIST report show the differences clearly.  The survival 
(tenability) time in the table is the time it takes for a person to become unable to 
take action and escape on his own.  The detection (alarm) time is the time it takes 
for the smoke alarms to go off in the experiments. 
 
 
 1975 2004 

Detection (alarm) 
times 

Flaming 146 ± 93 47 ± 35 

 Smouldering 1931 ± 1103 2042 ± 876 
Survival 
(tenability) times 

Flaming 1036 ± 374 177 ± 69 

 Smouldering 4419 ± 1790 2148 ± 1023 

 
Table 4:  Comparison of alarm times and times to untenable conditions for 1975 and 
current studies [Bukowski, 2007, p. 248] 
 
Table 4 shows the time it takes for the alarm to go off and the measured tenability 
times.  The difference is rather small in the case of smouldering, but the tenability 
time in case of flaming is only three minutes instead of seventeen minutes.  The 
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tolerances indicated for the measuring values were caused by the spread in the 
measuring values of the different tests. 
 

The criteria used to assess the tenability time in the table in 1975 do not correspond 
fully with those used in 2004.  The ISO standard [ISO TS-13571, 2007] was used in the 
recent study.  The limit values in 1975 are set close to the current values so that the 
time data can be compared. 
 

The next table gives an impression of the rate at which the fire grows. 
 

     Time to 65°C near burn room ceiling(s) 

 1975 2004 
Flaming 969 ± 527 131 ± 40 
Smouldering 4893 ± 2236 4332 ± 1893 
 

Table 5:  Comparison of the fire growth rates in the 1975 and current studies 
 

The times indicate the moment at which a temperature of 65° was attained at the 
ceiling.  The rapid growth of residential fires where furniture and mattresses have 
caught fire is shown by the NIST through the fire tests. 
 

4.2. Fire tests by Underwriters Laboratories 
Underwriters Laboratories published the results of a research study into residential 
fires in December 2010 [Keber, 2010].  The research report provides insight into the 
fire growth in residential constructions with contemporary furnishings and in 
residential constructions with furnishings from the 1950s.  It also discusses how a 
fire can develop in a dwelling with one floor and in one with two floors.  Different 
scenarios were tested where the location of the fire and the degree to which the 
dwelling was ventilated through open doors and windows were examined.  The 
research studies focussed on the emergence of life-threatening conditions for those 
present and for the fire brigade.  The latter aspect falls beyond the scope of this 
thesis. 
 
 Comparative and older contemporary furniture, 1st experiment 
Kerber started with a comparison of how fire develops in legacy and contemporary 
interiors.  The modern furnishings were purchased new; the older furnishing was 
purchased from second-hand shops.  The test room was 3.65 x 3.65 metres, and 2.44 
in height.    A fuel controlled fire was started by an opening on the front side (2.44 x 
2.14 metres) for the fire tests, so that sufficient oxygen was available.  The photos 
below give an idea of the furniture in the two test rooms.  The photos that follow 
afterwards give a picture of the great difference in the rate at which the fire grew in 
the two testrooms: 
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Legacy room with furnishings            Room with modern furnishings 
from the 1950s  

                 
Figure 1.  Test with legacy and contemporary residential furniture  
 

The legacy room had a hardwood floor, walls and a ceiling with cement slabs and 
furniture from the 1950s.  It consisted of a sofa with cotton fabric and filling, two 
wooden side tables, a wooden coffee table and a wooden unit for TV.  To the right of 
the sofa was a cotton blanket and pillows. There was a lamp with polyester cap on 
the side tables.  The TV was a 27” tube TV.  Cotton curtains hung from a metal 
curtain rod on the rear wall.  Paintings with a wooden frame hung on the sidewalls.  
There were a few books on the table and a TV remote control unit.  There was also 
an artificial plant on the coffee table. There was a wooden box with wooden toys on 
the right in front. 
The contemporary room had walls and a ceiling made of gypsum slabs and floor 
covering.  The sofa was upholstered with polyester fibre with a polyurethane foam 
filling.  To the right, on the sofa, was a polyester blanket and pillows.  There was also 
a coffee table, a side table, a unit for TV and a bookcase.  All these were made of 
wood.  There was a lamp with polyester cap on the side table, and a few 
newspapers, a remote control unit and an artificial plant on the coffee table.  The TV 
was a 37” flat-screen TV.  There was a plastic tray with plastic toys on the right in the 
back.  Polyester curtains hung from a metal curtain rod on the rear wall, and 
paintings with a wooden frame hung on the sidewalls.  The fire test was started at 
the same time in the adjacent test rooms by placing a burning candle on the right 
side of the sofa. 
The fire growth during the test in the two interiors is illustrated in the photos below.   
There are more photos in Annex 2.  The photos below clearly show that the fire in 
the contemporary room reached flash-over very soon and that the fire in the room 
with furniture from the 1950s reached that stage after nearly 30 minutes.  The 
available survival (tenability) time has been reduced drastically in a few decades. 
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Interior with furnishings                                                   Interior with contemporary 
furnishings  from the 1950s  

                                               

                                                                        
               

Fire perimeter after 29 minutes 30 seconds           Fire perimeter after 3 minutes 30 seconds 

Figure 2:  Fire growth in legacy and modern residential furnished rooms [Kerber, 
2010, pp. 67 + 68] 
 
In the room with the old-fashioned furnishings, the fire developed slowly in the first 
minute.  The blanket and the pillows caught fire from the candle flame.  After five 
minutes, the right armrest caught fire and the curtains began to burn.  After 10 
minutes, about a third of the sofa was on fire.  Between the 10th and 20th minute, the 
photos are very dark, because the smoke from the modern room screened off the 
lighting in the test hall (see Annex 2).  The fire nonetheless spread along the sofa and 
a hot layer of smoke developed.  Flash-over occurred after 29 minutes and 30 
seconds.  A maximum temperature of 1200°C was measured in the room. The fire in 
the room with the modern furnishings grew slowly in the first minute as the blanket 
and pillows caught fire.  After two minutes, the backrest of the sofa caught fire.  A 
layer of black smoke formed in the top 90 cm of the room.  After three minutes, half 
of the sofa was on fire, the carpeting started to burn and the layer of smoke became 
thicker, and hot smoke came out from the top one third of the opening. Flash-over 
occurred in the room after 3 minutes 30 seconds.  A maximum temperature of 1300° 
C was measured in the room.  The measured temperature curve of both test fires is 
shown in graph form in Annex 3. 
 
Comparison test of contemporary and legacy furnishings, 2nd experiment 
In the 2nd experiment, a test was again conducted with a modern interior and an 
older interior. 
 
Interior with                                                                     Interior with contemporary 
furnishings from the 1950s                                     furnishings 
 

                                 
Figure 3:  Test of interiors with contemporary and older furnishings [Kerber, 2010, pp. 
71 + 72] 
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The test room was enlarged to 5.50 x 4.00 x 2.44 metres.  The (variable) fire load 
present in both test rooms amounted to 11.2 kg of white wood / m². 
The fire development is comparable to that in experiment 1 with the smaller room.  
The flash-over in the room with the modern furnishings occurred after 30 minutes 
and 20 seconds, i.e. somewhat faster than in experiment 1.  No flash-over occurred 
in the (larger) room with the furnishings from the 1950s; the fire developed 
relatively slowly.  The reason was that there was never sufficient material 
concurrently on fire to generate a (hot) layer of smoke with which objects at a 
distance from the burning sofa could catch fire. 
 

 Interior with furnishings                                                Interior with contemporary 
 from the 1950                                                                  furnishings 

                       
Fire development after 25 minutes…Fire development after 3 minutes 30 sec. 
Figure 4:  Fire growth in interiors with contemporary and with older furnishings  
[Kerber, 2010, pp. 71 + 72] 
 

There are no graphs of the temperature curve for experiment 2 in the report 
[Kerber, 2010] but in view of the pictures, the temperature curve will have been 
comparable. 
 
Heat Release Rate experiment: 
Before conducting fire tests with complete dwellings, Steve Kerber conducted a test 
to determine the heat release rate (HRR) needed to ensure that a ventilation limited 
fire would occur in experiments with dwellings.  The experiment showed that the 
planned fire load for the final fire tests was sufficient for a ventilation controlled fire 
to occur in the test dwellings.  The reason is that there was a limited quantity of 
openings from the fire room to other rooms in the dwelling tests.  The openings 
allow oxygen to flow for the combustion.  
The reason for conducting tests with ventilation controlled fires was that the 
research was geared to investigating the dangers for the safety of the fire-fighting 
personnel, if they ventilate in a ventilation controlled fire.  Ventilation for that 
matter already occurs when the fire brigade enters the dwelling.  The HRR 
experiment was carried out with the test room where experiment 2 was also 
conducted.  The interior of the room consisted of standard contemporary 
furnishings.  The measurements yielded the following results: 
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Figure 5:  Heat Release Rate experiment, power curve 
 

The curve shows that a peak heat release rate of 11.5 MW occurs after about six 
minutes.  The temperature curve is given in the next figure. 

  
Figure 6:  Heat Release Rate experiment, temperature curve [Kerber, 2010, p. 81] 
 
The highest temperature during the HRR test amounts to about 1100°C, and is 
reached about eight minutes after ignition. 
 
Large-scale residential fires 
After the afore-described introductory experiments, a total of 15 fire tests were 
conducted in a dwelling with one floor and a dwelling with two floors.  The fire was 
situated in different rooms and the doors of other rooms of the dwelling were left 
open to a varying degree.  Doors and windows in the facades were closed during the 
first eight minutes of the test.  A ventilation controlled fire occurred in all cases. 
 

The survival time during the test fire was determined in each of the experiments.  
The table below applies to the dwelling with one floor.  The ascertained survival time 
is given in seconds.  Two factors are considered to be decisive for the available 
survival time, namely temperature, and oxygen and carbon monoxide concentration.  
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The experiments showed that temperature provides the decisive load.  The values 
are decisive for the living room at a height of about 0.30 metre for a person lying 
down and for bedroom 2 at a height of about 1.50 metre for standing persons.  The 
persons present are unable to take effective action, i.e. flee, after five minutes.  
Kerber bases his assessment on fixed limit values of 150°C for the temperature, 12% 
for the oxygen concentration and a carbon monoxide concentration of 0.5% for 5 
minutes. 
           Survival time (temp.)      Survival time (% O2)         Survival time (% CO) 

Experiment Living  
Room 

Bedroom Living 
Room  

Bedroom Living 
Room 

Bedroom 

 

1  308  296  nb  350  nb  380  
3  570  357  640  610  nb  nb  
5  296  286  380  340  380  380  
7  292  270  700  310  380  380  
9  320  302  680  350  400  380  
12  294  278  400  340  650  350  
14  274  252  700  320  650  650  

 

Table 6:  Actual survival time (sec.) in a dwelling with one floor [Kerber, 2010, p. 264] 
 
The following table applies to a dwelling with two floors. 
 
           Survival time (temp.)  Survival time (% O2)     Survival time (% CO) 

Experiment Living  
Room 

Bedroom Living 
Room  

Bedroom Living 
Room 

Bedroom 

 

2  252  402  nb  850  nb  820  
4  282  432  nb  1000  nb  nb  
6  252  402  nb  nb  nb  nb  
8  784  364  900  820  900  850  
10  1444  424  nb  1400  nb  nb  
11  424  364  nb  850  nb  nb  
13  514  484  nb  740  nb  nb  
15  754  514  nb  nb  nb  nb  

 

 

Table 7:  Actual survival time (sec.) in a dwelling with two floors [Kerber, 2010, p. 
268]. 
 
In the test fires, the dwelling was ventilated after eight minutes, and the fire was 
extinguished after that.  The tests showed that the fire could develop again within 
100 to 200 seconds to a degree that was dangerous even for the fire fighters 
deployed.  This element is not relevant for this research study, but can be of interest 
to the fire-extinguishing service of the fire brigade in the Netherlands. 
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4.3. Comparison of heat release rate test and standardized physical fire model  
 
The heat release rate curve measured in experiment 3 by Steve Kerber of 
Underwriters Laboratories was presented in the previous paragraph.  That heat 
release rate was then used in the large-scale experiments in a dwelling with one 
floor and in a dwelling with two floors to conduct further research. 
Simulation and calculation programmes are used very regularly in Fire Safety 
Engineering to predict the consequences of a fire in a room or in a building.  In 
addition to the building characteristics, a certain fire release rate is imposed.  The 
NEN-EN 1991 Eurocode 1 and the relevant national annex from 2007 have been used 
regularly in recent years.  These documents indicate the variable fire load that has to 
be used for calculations for different building functions.  It also indicates the time 
constant and reference heat release rate density (heat release rate per unit area) 
that must be used in the calculation.  For dwellings the input is: 
 
A fire load of 780 MJ/m² 
A time constant of 300 seconds (medium development rate) 
A heat release rate density of 250 kW/m². 
 
Ozone [Design Fire Tool Ozone V2.2.6, University of Liège, 2002] was used for a 
calculation in a room equal to the room of experiment 3 in Steve Kerber’s tests.  The 
results of that calculation are given in the graph below. 

 
Figure 7:  Heat release rate for a residential fire according to the physical fire model 
[NEN-EN 1991, Eurocode 1, 2002 + national annex, 2007]. 
 
The red line indicates the imposed heat release rate and the green line the heat 
release rate that occurred in the room.  The green line shows a steeper rise than the 
red line after a little over 10 minutes.  This indicates that flash-over occurred in the 
room at that moment.  A maximum heat release rate of about 5.5 MW was reached 
in the calculation after about 11 minutes.  The heat release rate assumed for 
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dwellings in the physical fire model does not correspond with the heat release rate 
measured.  When these values are used for the calculation, the fire safety of the 
dwelling is overestimated.  It is best therefore to rely on other values. 
 
When the heat release rate is calculated with the following input, the resulting heat 
is given in Figure 8: 

Fire load:  280 MJ/m² 
Time constant: 150 seconds (fast development rate) 
Heat release rate density:  500 kW/m². 

The fire load is lowered to be brought into line with the fire load present during the 
test.  This results in a shorter duration of the fire. 
 

 
 

Figure 8:  Heat Rate Release for a residential fire comparable to the measured heat 
release rate (see Figure 5 on page 21). 
 
The next figure depicts the different heat release rate curves in one graph.  This 
clearly shows that using NEN-EN 1991 data for the calculation gives an optimistic 
picture of the consequences of the fire.  The calculation of the adjusted values for 
the time constant and the heat release rate density fit precisely with the measured 
fire curve. 
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Figure 9:  Composite graph of heat release rates 
 
The results of the calculation carried out with Ozone are given in Annex 6 and 7. 
 
Conclusion about fire growth in residential fires 
When there is sufficient oxygen supply, flash-over occurs in interiors with modern 
furnishings after 3 minutes and 30 seconds, or after 3 minutes and 20 seconds, 
depending on the size of the fire room.  In a room with furnishings from the 1950s, 
flash-over occurs after 29 minutes 30 seconds in the small room.  However, no flash-
over occurs in the larger room with the same furnishings.  The very fast fire growth 
in the test with the modern furnishings means that those present have very little 
time to survive the fire. 
It moreover became clear that the bases used to calculate residential fires in the 
Netherlands are not correct, and that results obtained in experiments can be 
converted into input data for calculations and simulations. 
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5. Survival time in case of fire? 
 

Chapter 3 gave information on fatal residential fires that occurred in New Zealand 
and in the Netherlands.  Chapter 4 describes fire experiments that confirm the 
picture on the development of fatal residential fires outlined in Chapter 3.  This 
chapter will examine the extent to which a human being can bear the heat and 
harmful combustion gases.  The answer to this question will, together with the 
ignition and growth of a fire, determine the survival time in such a fire. 
The research has yielded two important sources of knowledge with information on 
the consequences of fire for people.  The first provides a great deal of background 
information on toxicology and the second contains a computational model that can 
be used to compute the survival time in a given fire situation. 

 

5.1. Health effects of fire 
In the Handbook of the Society of Fire Protection Engineers (Chapter 2.6), D. Purser 
(2003) provides an extensive description of the research methods for determining 
the degree of toxicity of different combustion products.  He also delves into the 
possibilities of establishing, by means of small- and large-scale fire tests, which life-
threatening components can be released in case of fire.  Furthermore, he describes a 
method for calculating the risks for the emergence of life-threatening circumstances.  
The formulas presented correspond with those in the standard published by the 
International Organisation for Standardisation in 2007 (see next paragraph).  Purser 
provides a great deal of background information in that section of the 
aforementioned handbook on the knowledge and insights on which the ISO standard 
is based. This information is important in the assessment of human safety in a 
building or in parts of a building that catches fire.  The information provided by David 
Purser can prove a better Fire Safety Engineering tool for determining an equivalent 
fire safety than the limit values from the comments on Article 2.168 of the 
Construction Decree 2003 (radiation, temperature and sight distance) generally 
applied to assess whether people can escape safely from a room or whether they 
can remain there for a certain time.  
 

5.2. ISO TS-13571 
 

The health effects of a fire can be calculated with the help of computational models 
in an international standard [ISO, 2007].  The concentrations of life-threatening 
components during the fire must be known in order to be able to calculate such 
effects.  These concentrations are available from smoke analyses carried out during 
laboratory tests or large-scale fire tests.  Said results are for instance also used in fire 
scenarios where the fire model CFast [NIST, 2008] can be used to calculate the 
growth of a fire with furniture or mattresses in a dwelling.  The dwelling can be 
defined in accordance with its layout, measurements, ventilation characteristics, etc. 
In addition to the need to know the type and concentrations of the combustion 
products, the limit values for the substances considered must also be known in order 
to be able to calculate the survival time.  There are different values for that purpose, 
e.g. in order to predict whether someone will die or will not die yet, but will become  
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unable to take action and thus will no longer be able to escape. The standard 
considers various harmful influences of fire: 
 

 Asphyxiating gases, especially carbon monoxide and hydrogen cyanide 

 Irritating gases, such as hydrochloric acid, hydrogen bromide, hydrogen 
fluoride, nitrogen dioxide and formaldehyde  

 Internal and external burns as a result of radiation heat and convection heat 

 Disorientation as a result of sight obstruction by the smoke. 
 
 
Various influences as described above can occur at the same time.  Sufficient 
scientific underpinning information is not available however to be able to predict the 
different influences in respect of or in connection with each other.  For this reason, 
each effect is considered separately in the standard for the different physiological 
effects on the human body, and a separate calculation is carried out for each 
possible effect to determine whether the limit value is exceeded.  The focus is on the 
limit values that predict whether someone is no longer capable of escaping from the 
dangerous environment of the fire. 
The standard has formulas which can be used independently from the combustion 
products.  Furthermore, the limits of the most relevant combustion products are 
given so that a calculation can be made.  In the calculations, the concentration 
present or the received dose is divided by the limit value.  If the result amounts to 
one or more, the limit value is exceeded. 
The reliability of the results of the calculation of what is known as the Fractional 
Effective Dose (FED) for asphyxiating gases, such as carbon monoxide and hydrogen 
cyanide, amounts to ± 35%.  In the case of irritating gases, the received dose is not 
the decisive element; the concentration present determines whether people can still 
escape effectively, is known as the Fractional Effective Concentration (FEC). The 
margin of error of this calculation is ± 50%.  The margin of error in the calculation is 
attributed to the fact that no tests can be carried out with people in order to 
determine the limit values.  The limit values used are derived from tests with 
animals, which are then transposed to the expected effects on people. 
An FED of 1.0 (CO and HCN) and an FEC of 1.00 (irritating gases) are considered 
appropriate to be able to escape safely.  At this value, the received dose or 
concentration to which people are exposed is equal to the limit value.  In a non-
selective group of people, some will be more sensitive to the consequences and 
others less sensitive.  Statistically, for a value of 1.0 for the FED and the FEC, 50% of 
the occupants are more sensitive to the consequences, and 50% are less sensitive.  
The more sensitive category will already be unable to escape at a lower value, while 
the less sensitive category will still be able to escape, even at a higher load.  If a 
lower limit value of 0.3 is retained for the FED and the FEC, then only 11.4% of the 
population is more sensitive to the consequences than theoretically expected. 
The point at which this group can no longer flee safely occurs earlier. At a limit value of 
0.3, a large part of the people who are more sensitive to health effects -- such as 
children, the elderly, asthma patients and the like -- are still capable of escaping.  
Statistically, this value is still too high for 11.4% of the group; they will thus no longer 



House on Fire:  “Survive or Perish” 

 

Interdisciplinary Bachelor’s Degree in Engineering – FSE      28             2010/2011 
 

be able to escape on their own.  In addition, people who are not self-sufficient, will 
not be able to survive the fire without timely help from others. 
 
5.3. Calculation of survival time 
 
The survival time in a fire depends on different factors, as already indicated.  A 
survival time can be calculated for all these different factors.  The different 
calculations are set out in this paragraph. 
 
FED for asphyxiating gases 
 
At sufficient exposure, asphyxiating gases lead to loss of consciousness and 
eventually to death.  Death can occur acutely at sufficiently high doses but can also 
be a consequence in the longer term.  The formula for the exposure to asphyxiating 
gases in the ISO TS 13571 is: 
 

        
 

 

Where CO is the carbon monoxide concentration in parts per million (ppm), HCN the 

prussic acid concentration in parts per million (ppm) and t in minutes. The limit 
value for CO = 35000 ppm and for HCN = 220.  This formula can be used to 
determine the dose in relation to the limit value for each moment as of the start of 
the fire.  It is therefore possible to calculate the moment in which the limit value is 
reached or exceeded.  If a concentration of 1% CO (or 10,000 ppm) is inhaled for 
longer than one minute, an FED of 0.3 is reached.  When HCN is also enhanced, the 
limit value is reached faster. 
In addition to the aforementioned substances, carbon dioxide is also released during 
a fire.  This substance occurs upon full combustion of carbon.  The respiration 
frequency increases, whereby more air with combustion gases is inhaled, thereby 
increasing the dose of asphyxiating substances.  The ISO standard has a correction 
factor to be able to take the influence of carbon dioxide into account at 
concentrations above 2%.  The accuracy of the calculating correction is ±20%.  
Although this inaccuracy is above the accuracy of the original calculation, the 
standard is nonetheless based on the application of the correction, because the end 
result is improved. 
 
FEC for irritating gases 
 
Irritating gases affect in particular the eyes and the respiratory organs.  The higher 
the concentration of these substances, the more serious the consequences will be.  
Unlike asphyxiating gases, at issue here is the concentration and not the received 
dose. The following formula from the ISO standard can be used to calculate the 
concentration at any moment during the fire.  The concentrations to be filled in must 
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be borrowed from the smoke analyses in fire tests or from forecasts which are 
obtained with simulation programmes.  

 

 
 

The concentrations of the substance released in a fire are given above the horizontal 
line.  For the limit values below the horizontal line in the formula, the standard uses 
the following values: 
 

Substance Limit value  SFPE “escape        SFPE 50%   
  ISO TS-13571  impeded”      population  
  (ppm)   (ppm)       “incapacitated”  
                                                                                                  (ppm)     

Hydrochloric acid  1000  200  900  
Hydrogen 
bromide  

1000  200  900  

Hydrogen fluoride  500  200  900  
Sulphur dioxide  150  24  120  
Nitrogen dioxide  250  70  350  
Acroleine  30  4  20  
Formaldehyde  250  6  30  
 

Table 8: Limit values of irritating gases [ISO, 2010 + Pursser, 2003] 
 
The values in the foregoing table can be used for comparison.  The units used 
correspond to ppm (parts per million).  They are taken from the SFPE Handbook 
[Purser, 2003].  The table gives limit values at which effects for the effective escape 
can be expected for half the population, and limit values at which half the population 
becomes incapacitated, i.e. they can no longer escape. 
The limit values from the ISO standard are nearly similar to those in the right column 
of the SFPE Handbook.  In that case, the result from the formula is that half the 
population will no longer be able to escape at an FEC  = 1.0. 
 
 
FED for heat load 
In addition to the toxic and irritating substances, the heat load also has physiological 
consequences for the human body.  In addition to the convective heat transfer, the 
more the fire grows, the greater the radiation heat becomes.  If people are not too 
close to the fire at the outset, the radiation heat is subordinate.  The ISO standard 
provides formulas for determining both forms of heat transfer. 
The ISO standard provides a complex calculation for determining the consequences 
of radiation and convection.  The calculation comprises a number of steps that make 
it laborious. 
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R.W. Bukowski (2007) provides a relatively simple formula for calculating an FED 
value on the basis of the smoke layer temperature.  
 
 

 
 

Where the temperature T is in °C, and time t in minutes. 
 
The limit value for human safety is set at 0.3.  This limit value is qualified as follows 
in the publication: 
 

“values are intended to assure with high confidence that even vulnerable 
people will not be incapacitated, then killed.”  

 
The formula takes no account of the atmospheric humidity.  Humid air has a higher 
heat content than dry air and will thus have serious consequences for the body 
already at low temperatures.  At an atmospheric humidity of 10%, the respiratory 
system is not burnt before the skin.  When the air is saturated with humidity, the 
standard stipulates a limit value of 60°C. 
 
Disorientation by smoke 
As optical density becomes greater in a room, people become increasingly less 
oriented.  At a given moment during a fire, such a quantity of smoke is generated, 
that people are no longer able to find an exit.  They can no longer escape and are 
dependent on the rapid intervention by the fire brigade to survive. 
The ISO standard relies on a calculation to determine the contrast that can still be 
perceived.  A mass loss of 20 g/m³ is decisive for sufficient contrast when the fire is 
fuel controlled and 10g/m³ when the fire is ventilation controlled. 
R.W. Bukowski (2007) provides a simpler method by relying on a limit value of 0.25 
m-1 for the optical density.  The optical density in a room can be calculated with zone 
models such as CFast.  Escape will be seriously hindered as of the time that the 
indicated limit value is exceeded. 
 
Mass loss calculation 
It is not known in many cases which harmful substances are released in a fire and to 
what extent.  The ISO standard provides a formula for assessing the danger people 
face in escaping on the basis of the mass loss.  This rather rough method will not be 
used in this research study.  Sufficient data on residential fires are available from the 
fire experiments described herein to be able to conduct the calculation for that 
purpose. 
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Partial conclusion on the available survival time 
There is sufficient information in the international literature to be able to determine 
the available survival time in case of fire.  When data on the nature and 
concentration of hazardous combustion gases in a fire are known, e.g. on the basis of 
large-scale fire tests, it is then possible to calculate the moment as of which the 
occupants are no longer able to take effective action and perish as a result. 
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6. Analysis of influence factors in fatal residential fires 
 
The exploratory research study revealed that data from case histories are still not 
sufficient to be able to draw a full picture of the causes and growth of fatal 
residential fires.  What is clear, however, is that upholstered furniture and 
mattresses play an important role in fatal residential fires. 
Scientific research with test fires has shown that the survival time has been 
drastically reduced in recent decades.  Plastics and certainly plastic foams in 
furniture and mattresses account for a faster fire growth with extensive smoke 
development.  The rising life expectation is leading to an increase in the most 
vulnerable segment of the population.  This age group needs a longer survival time 
than other age categories because of a reduced, or even lacking mobility and a 
greater sensitivity to toxic substances. Measures are needed to increase the survival 
time, in order to prevent the number of fire fatalities from rising in the future, or 
better yet, to reduce them.  
 

6.1. Demographic developments 
The Central Bureau for Statistics publishes (inter alia) data on the future size of the 
Dutch population and the age composition thereof.  The following table was 
compiled from data obtained via the Internet:  
 
CBS          0 – 19 years        20 – 64 years        65 and over            Cumulative  
Population    
Forecast 

 N (min) % N (min) % N (min) % N (min) 
2010    4.08  24.2%  10.29  61.0%  2.50  14.8%  16.86  
2020    4.01  22.9%  10.62  58.7%  3.22  18.4%  17.49  
2030    4.01  22.4%  10.06  56.2%  3.85  21.5%  17.92  
2040    4.11  22.8%  9.81  54.3%  4.14  22.9%  18.06  
2050    4.09  22.7%  10.02  55.6%  3.90  21.6%  18.00  

 
Table 9:  CBS population forecast [www.cbs.nl, August 2011] 
 
There are two important factors for the number of fatalities in residential fires.  First, 
the population will continue to increase up to 2050 (by 6% to 18 million inhabitants), 
so that the number of deaths in fires will also increase.  Furthermore, it appears that 
the vulnerable group (aged 65 and over) will grow more than the rest of the 
population (by 56%).  There will be more older people proportionally, with about 
three times a higher risk to die than the rest of the population.  If the chance to die 
in 2050 is the same as that determined by NIFV research for the years 2003, 2008 
and 2009, then the number of deaths in residential fires will rise by 20% up to 2050.  
No account is taken here of the increase of the number of people with reduced or no 
mobility who continue to live in standard dwellings.  The reason is that no figures 
could be obtained on the increase of non-mobile occupants in standard dwellings. 
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6.2. Measures to increase survival time 
 
If there is no change in policy, there are bound to be more victims in residential fires 
owing to the demographic developments.  Preventive and other measures that can 
be taken to reduce the consequences of residential fires, can have an influence at 
different moments during the ignition and growth of the fire.  This paragraph 
describes such possible measures. 
 
Measures to prevent fires  
 
The most effective measures are those which can prevent fires from starting.  Fires 
however will be a threat for as long as combustible materials and ignition sources 
are present in a dwelling. The danger can be limited by reducing the energy of 
potential ignition sources.  One example of such a measure is the fireproof cigarette 
which will become required by law in the Netherlands as of 1 November 2011.  Fires  
caused by careless cigarette smokers will be reduced as a result.  Fires can be 
prevented further by reducing the flammability of the construction materials and 
furnishings.  This can be done in part by using non-flammable materials, or using 
flammable materials which have been treated with fire-retardant agents.  
Possible measures include: 

 The introduction of the fireproof cigarette 

 Reducing the flammability of interiors and furnishings.  
 
 
Measures to slow the development of fires  
Fire test conducted by the NIST [Bukowski, 2007] have shown that a modern interior 
with upholstered furnishings can reach flash-over within three and a half minutes 
when there is sufficient oxygen supply. In comparable tests in 1975, flash-over 
occurred only after about seventeen minutes.  The available survival time has thus 
been drastically reduced.  
Fire tests conducted by Underwriters Laboratories [Kerber, 2010] have shown that a 
fire started in upholstered furniture in a representative dwelling did not reach flash-
over because of lack of oxygen.  The temperature reached in the fire room and in 
other places in the dwelling was such, however, that the available survival time in 
the different tests did not amount to more than four to five minutes [Kerber, 2010, 
pp 264 - 272].  At that time, the fire was also ventilation controlled in the different 
experiments, whereby the oxygen concentration became dangerously low, because 
the fire used a lot of the available oxygen.  In these experiments, the fires were said 
to be in the flaming stage, whereby the temperature was decisive for the available 
survival time. In smouldering fires, the temperature will rise less rapidly but more 
toxic substances will be released. The quantity of those substances determines the 
available survival time in such cases.  The survival time is calculated using the 
formulas in the ISO-TS 13571 standard. A study on the environmental impact of fire-
retardant agents in furniture was conducted in Sweden in 2003 [Andersson, 2003]. A 
report on research into fatal residential fires describes in particular 10 fire 
experiments with sofas.  Ikea sofas, which are readily available on the European 
market were used for the tests, with the same model as that which can be purchased 
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in the United Kingdom.  The English sofas are fitted with fire-retardant upholstering 
and covering.  The non-fire retardant sofa could be set on fire within 20 seconds, and 
the fire then grew immediately and continuously.  The (English) fire-retardant sofas 
could not be set on fire with a lighter.  
 
Furniture is tested in the United Kingdom on the basis of the BS5852 standard.  
Upholstered furniture was tested using different ignition sources, from a match to 
the piling of strips of wood with a weight from 8.5 (crib 4) to 126 grams (crib 7) to 
assess the fire behaviour.  In the research study in Sweden, the fire-retardant sofas 
could be ignited only with a crib 7 (127 grams of wood) or with a 100 kW burner 
placed for ten minutes on one side of the sofa, and then another 5 minutes on the 
other side of the sofa.  After ignition, all the tested sofas burnt with a heat release 
rate of ca. 5 MW.  The fire-retardants cannot prevent the sofa from burning, but 
when they are used, a large ignition source is needed for a longer period of time to 
set the sofa on fire.  
 
Possible measures include:  

 Making fire-retardant furniture and upholstery compulsory  
 

 
Note:  Fire-retardant furniture is consequently more difficult to set on fire but then 
burns with the same heat release rate as non-fire retardant furniture.  
 
Measures to limit the scope of fires  
The scope of a fire can be limited by using an automatic extinguishing system such as 
a residential sprinkler system, which is activated rapidly in case of a flaming fire.  In a 
smouldering fire, on the other hand it may take longer before the sprinkler head 
gives way and the system is activated. During this period, so much smoke may have 
developed, that the available survival time is insufficient, unless the starting 
smouldering fire is early detected and the occupants are warned.  
 
* Installation of an automatic (residential) sprinkler system  
 
Measures to detect fires in time and sound the alarm  
The survival time will be sufficient if the occupants are warned in an early stage and 
if the fire does not develop rapidly.  The Construction Decree 2003 makes smoke 
detectors compulsory in staircases and corridors in new dwellings. Fires however 
start almost always in the living room, the bedroom or the kitchen.  Smoke must 
therefore reach the corridor or the staircase, before a detector can sound the alarm.  
This leads to unnecessary loss of time, which must be avoided.  Smoke detectors 
must therefore be installed in the aforementioned (risk) rooms.  They must 
moreover be serviced regularly so that they are always in working order and can 
sound the alarm on time.  Research into fatal fires in the Netherlands and abroad has 
shown that the correct use of fire detectors leaves a lot to be desired.  Information 
and training for the public can lead to improvements in making sure that such 
detectors work better.  
 



House on Fire:  “Survive or Perish” 

 

Interdisciplinary Bachelor’s Degree in Engineering – FSE      35             2010/2011 
 

Possible measures include  

 The use of inter-connected smoke detectors in the living room of dwellings  

 More frequent detector maintenance intervals  

 Information on the use of fire detectors.  
  
 
Measures to facilitate escape  
People are not aware of the fact that a residential fire can grow very quickly and that 
in certain fires, the survival time can amount to just a few minutes. If the fire is 
detected early, so that there is still sufficient time to leave the building, occupants 
are reluctant to escape.  Instead, they try to extinguish the fire, collect valuables or, 
if they have gone outside, they go back in to help those who have remained behind 
or to retrieve possessions.  
 
Awareness of the dangers of fire and the availability of means for escape such as 
escape masks, escape ladders and the like can contribute to reducing the number of 
victims in residential fires. Drawing up an emergency plan and rehearsing it can 
contribute to a rapid evacuation of the premises.  
 
Possible measures include  

 Raising awareness about the dangers of residential fire 

 Promoting the use of escape masks and other escape equipment  

 Drawing up and rehearsing an emergency plan.  
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7. Measures – Effectiveness and feasibility 
 
The purpose of this research study is to devise measures that can increase the 
survival time in case of fire. Several measures were described in the previous 
chapter.  Measures will however be taken only if they are executable, effective, 
economically feasible and acceptable for the occupants.  
 
7.1 Measures that can prevent or retard fires  
As a result of European developments, the fireproof cigarette will be introduced in 
the Netherlands on 1 November 2011.  The product is already available as such on 
the market in a number of countries. Careless smoking, which causes furniture to 
catch fire, will be less of a problem with the fireproof cigarette than with 
conventional cigarettes.  It was not possible to determine, during the research study, 
how effective this measure is.  The fact that the fireproof cigarette is already on the 
market in a number of other countries indicates that the measure is economically 
feasible and acceptable for the consumer. Furthermore, acceptance is less important 
when a measure is required by law.  
(Plastic) objects which catch fire easily can be provided with fire-retardant additives, 
making them more difficult to catch fire.  The technology and know-how required to 
that end are available.  The effectiveness of fire retardants in upholstered furniture 
and mattresses has been shown in tests.  For instance, tests in Sweden [Andersson, 
2003] have established that furniture that meets the British test standard BS5852, 
could be ignited only with a crib 7 (126 grams wood) as an ignition source for the 
sofa to start burning, and also continued to burn after the crib was burnt out.  The 
sofa could not be brought to a continued fire with smaller ignition sources.  
An English study [Greenstreet Berman Ltd, 2009] shows that the requirements on 
furniture and upholstery in force in the United Kingdom for twenty years are 
effective.  In a period of 5 years (after the relevant regulation had already been in 
force for 14 years), there were 54 dead and 780 injured fewer per year.  The number 
of fires has decreased by 1065 annually.   
 

Comparison 
between 1981-85  
and 2002-07  

Residential  
fires with furniture  

Other residential fires  

Number of fires  –37%  –10%  

Number of dead  –64%  –44%  
Number of injured –26%  +75%  

 
Table 10: Effectiveness of the requirements set on furniture and upholstery in the 
United Kingdom, [Greenstreet Berman Ltd, 2009, p. VII]  
 

It was not possible to ascertain during the research study that the measure in the 
United Kingdom was not economically feasible or that consumers had not accepted 
the fireproof product.  
What is known as a Life Cycle Analysis (LCA) was conducted for fire retardants in 
Sweden [Andersson et al., 2003].  The research showed that there are no 
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environmental reasons standing in the way of a wide use of fire retardants in 
furniture and mattresses.  
The measure can be applied in the Netherlands without further ado.  
 
7.2 Measures to limit the scope of the fire  
Although residential sprinkler systems are required by law in parts of the United 
States, and recently, in Wales as well, their use in the Netherlands has scarcely got 
off the ground yet.  The technology is available, as is the knowledge about the design 
and installation of such systems. A residential sprinkler system is easier to include in 
the design of a new building.  The subsequent installation of a sprinkler system in 
existing buildings is possible only if it is installed in a visible manner. The measure 
can be applied, bearing in mind that in addition to the sprinkler system, smoke 
detectors continue to be necessary in a dwelling, because they can usually set the 
alarm faster than a sprinkler is activated.  A sprinkler is activated automatically when 
the sprinkler head has reached a certain temperature.  In a fire in the flaming stage, 
a sufficiently high temperature will be reached under the ceiling to activate the 
sprinkler.  In a smouldering fire, however, it can take longer before the required 
temperature has been attained on the sprinkler head. In the meantime, such a high 
concentration of life-threatening substances can be released as to make the survival 
time insufficiently short.  This is all the more the case when the fire is not detected 
at an early stage.  Residential sprinklers can be deemed effective in open flaming 
fires, and possibly not very effective in smouldering fires in order to secure the 
required survival time.  
Although the cost is limited compared with the construction or renovation costs of a 
building (1-2%), a residential sprinkler system is often considered as too expensive 
and thus not feasible.  Furthermore, there is the misconception that flooding is often 
caused by the inadvertent activation of the sprinkler system.  For existing dwellings, 
the system is difficult -- if at all possible -- to install without being visible, which 
creates aesthetic objections on the part of the occupant.  
Akker and Tieben (2010; page 15) observe that the social costs-benefits analysis 
(SCBA) has negative repercussions on the widespread use of residential sprinkler 
systems.  By way of reminder, various benefits are estimated in the calculation, 
whereby the negative balance turns out to be higher than correct. The conclusion in 
the SCBA is actually behind the decision in certain countries to require the 
installation of residential sprinkler systems.  The residential sprinkler system is 
deemed applicable in the Netherlands, provided the cost can be lowered and the 
resistance of occupants dissipated through information (in spite of the negative SCBA 
of SEO).  
 
7.3 Measures to detect fires in good time and to sound the alarm 
New buildings have for a number of years been required to have smoke detectors in 
the escape route inside the dwelling which are connected to the electric mains. This 
part of the Building Decree does not apply for existing buildings. The voluntary 
installation of smoke detectors has been encouraged for years in the Netherlands.  
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Smoke detectors are cheap and readily available.  They are easy to install in new and 
in existing dwellings.  The measure is therefore easily applicable.  A marginal 
comment is called for concerning the effectiveness of smoke detectors in dwellings.  
Research conducted in the Netherlands and abroad shows that insofar as detectors 
are installed in dwellings, which in 2008 was the case in 50% to 75% of the dwellings 
in the Netherlands [Akker, 2010, p. 28], only a small part of them actually works.  
The most important causes are overdue maintenance and the failure to replace 
batteries.  The research study into fatal residential fires conducted by the NIFV (see 
Chapter 3) shows that, in view of the rapid development in a number of fatal fires 
where furniture or mattresses are involved, people died even though the fire 
detectors worked. This is partly due to the fact that the victims concerned were not 
mobile.  Provided they work, smoke detectors undoubtedly contribute to increase 
the available survival time.  It is therefore important to have smoke detectors 
installed in the living rooms and not in the corridors of the dwelling, as fires nearly 
always start in the living room, the bedroom and maybe in the kitchen.  
The measure can be applied in the Netherlands  
 The right use and periodic maintenance of smoke detectors must be improved.  The 
different studies discovered that there were too few properly operating detectors.  
Information for the public through community safety projects seems to be producing 
results.  The intensification of projects to improve awareness is executable and 
feasible, as well as effective within certain limits.  Pilot projects have shown that 
information must be repeated at regular intervals in order to continue to be 
effective.  
The measure can be applied in the Netherlands  
 

7.4 Measures to facilitate escape  
The available survival time can be increased by using escape masks by which filtered 
air can be breathed for a longer period of time and the impact of life-threatening 
combustion products reduced.  The limit value for the Fractional Effective Dose (FED) 
or the Fractional Effective Concentration (FEC) is reached at a later moment, thanks 
to such equipment.  Escape masks cost a few dozen euros and are readily available.  
The measure is consequently feasible.  
An escape mask can be effective only if the occupant is warned fast and if the mask 
is within reach.  The user must also be instructed on how to use the mask. Further 
research will have to be conducted on whether the product is acceptable.  
The measure can be applied (to a limited extent) in the Netherlands.  
Escape ladders can be used in addition to the escape masks.  These ladders provide a 
second escape route when the normal route can no longer be used.  A ladder cannot 
be used to escape when it is fasing a window behind which a fire is raging.  Escape 
ladders can be purchased for less than €100 – and they are reasonably easy to find. If 
the available survival time has not yet expired, the escape ladder can provide 
additional escape possibilities and thus help prevent fatalities in a number of cases.  
The ladder can be used only by able-bodied people who are not afraid of heights. 
The effectiveness in terms of increasing the survival time is limited.  
The measure may be applicable (to a limited extent) in the Netherlands. 
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Drawing up and rehearsing an escape plan for the occupants can reduce the time it 
takes to leave the dwelling.  There are handy brochures that are easy to understand 
that people can use to prepare an escape plan for themselves, in very little time and 
at no cost, since people can do this on their own.  The precondition is for people to 
be aware of the utility of such a plan, for which projects from the Community Safety 
policy can be helpful.  
The measure can be applied in the Netherlands. 
  
7.5 Result of fire safety measures in the United Kingdom  
In 2004 the University of Surrey conducted research in the efficiency of fire 
prevention measures [Emsley, Lim, Stevens and Williams, 2005]. The research was 
based primarily on fires in the United Kingdom, but the figures from America, 
Sweden, Norway and Ireland were also studied.  In the United Kingdom, regulations 
concerning the flammability of furniture and furnishings came into force in 1988. 
Further regulations came into force in 1996 for second hand furniture and 
furnishings.  The study focused on the presence and effectiveness of smoke 
detectors and the effect of the regulations concerning furniture and furnishings.  
 
Smoke detectors:  
Up to 1988, 10% of the dwellings in the United Kingdom had smoke detectors.  Only 
10% of the fire detectors were deemed to be in working order, i.e. effective, which 
meant that only 1% of the dwellings had a detector that worked.  In 1993, 68% of the 
dwellings had a smoke detector.  The operating rate was still estimated at only 10%.  
In 1996, the percentage of dwellings with detectors had risen to 70%, and the 
operating rate to 18%.  The reason can be attributed to the numerous information 
campaigns conducted by the Home Office.  This was estimated to reduce the number 
of fires, dead and injured by 13% at most.  In 2002, 80% of the dwellings were fitted 
with a smoke detector, and 25% of these were deemed to be working.  In this case, 
the improved performance in terms of the number of fires, dead and injured was 
estimated at 20% maximum.  In 1988 the annual fatality rate from residential fires in 
the United Kingdom stood at 17 deaths per one million inhabitants. This corresponds 
to a drop of 29%.  As already indicated, 13% at most can be attributed to fire 
detectors in the dwellings.  At least 16% could be attributed to fireproof furniture 
and other furnishings.  Non-fireproof furniture started to be replaced by fireproof 
furniture in 1988, and by 1996, the situation had not reached the point where 
English dwellings had only safe furniture and furnishings. In 2004 the number of 
fatalities from fires amounted to 10 per million of inhabitants. At a maximum 
improvement of 20% as a result of smoke detectors, at least 21% of the improved 
performance in that year is attributable to the introduction of fireproof furniture.  
 
Fireproof furniture:  
The graphs in Annex 8 show that the total number of fatalities per million 
inhabitants in the United Kingdom dropped from 1965 to 2005 (Graph 1).  Graph 2 
shows which part of the victims died from smoke.  Graph 3 indicates which part of 
the victims died from the consequences of heat.  Finally, Graph 4 shows the number 
of fatalities in fires where the furniture caught fire.  
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A perusal of the graphs reveals that the consequences of fires changed substantially 
as of 1988.   
The total number of fatalities registered a clearly declining trend.  
In terms of the causes of deaths, smoke dropped drastically as a cause, while burns 
(as a cause of death) showed a constant decline that has scarcely if at all changed 
after 1988.   
The same applies to the number of people injured, albeit to a somewhat lesser 
extent.  It is not known which share of the improvement in the performance of fire 
detectors is attributed exclusively to the presence of the detectors.   
The very fast fire development in the case of non-fireproof furniture claims fatalities, 
even though a working detector was present in a number of cases (in four of the 22 
non-intentional fires in the Netherlands in 2009), as already indicated in Chapter 3.1 
on “other factors.” 
 In other words, the drop in the number of fires, fatalities and injuries cannot be 
attributed entirely to the presence of fire detectors.  Fireproof furniture will also 
have played a role, because it increases the survival time.  
When only fireproof furniture is used, without some detector, then the performance 
of the furniture will also be lower, because it is still important, even when fireproof 
furniture is used, for the occupants to be warned in good time when a fire starts.  
Smouldering fires can have fatal consequences, as they will not be easily noticed by 
occupants, especially at night.    
The combination of fire detectors and fireproof furniture is indispensable for 
reducing the number of dead and injured.  
 
Consequence of the measures:  
Since the introduction of the regulations concerning furniture, but certainly also as a 
result of the increase in the number and operability of smoke detectors, there have 
been fewer fires in the United Kingdom and a number of fires have been detected 
earlier.  
 Furthermore, Emsley, Lim, Stevens and Williams (2005) indicate that in 2002, there 
were 139 dead and 1789 injured people less than in 1988.  In the total period from 
1988 to 2002, there were 1150 dead and 13,442 injured people less, than there 
would have been if the measures had not been introduced.   
Statistical data were used to investigate the improved performance from using fire 
detectors together with fireproof furniture  (See Table 11 below): 
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Results of the 
measure  

                 Result  
               in 1994  

        Result  
        in 2002  

Result in  
1988 - 2002  

Number of residential fires                      2448           6188  44314  
Number of fatalities                        269            468  4287  
Number of fatalities in fire 
started in furniture  

         69             139  1150  

Total number of 
injured people  

                    2392           4578  39257  

Number of injured 
people in fires 
started in furniture  

                      896           1789  13442  

Total economic 
savings (in millions of 
pounds sterling)  

                      275  
                  (815)  

         494  
        (1399)  

3482  
(10082)  

 
Table 11: Result of the measures in the United Kingdom [Emsley,Lim, Stevens and 
Williams, 2005]  
 
 
The economic result is calculated with an amount of one million pounds sterling per 
fatality.  That amount is used in different departments in the United Kingdom.  The 
Department of Trade and Industry however uses an amount of £3 million per victim.  
The economic savings, based on an amount of £3 million per victim, is shown 
between brackets in the last row of Table 11.  In residential fires where furniture first 
caught fire alone, the number of fatalities in 2002 was reduced by 27% and the 
number of injured people by 34%. Even when the fire does not start in furniture, 
after a while furniture will start burning, so that sort of fire should be taken into 
account including the effect of fireproof furniture. However, concrete figures for 
such fires could not be obtained at the time of the (thesis) research. 
 
The figures indicated earlier in Chapter 7.1 (Table 1) cover a more recent period 
which is compared with a period before the regulations for furniture were 
introduced.  Those figures (a drop in fatalities by 64% and in the number of injured 
people by 26%) show an even more improved performance than the study by Emsley 
et al. (2005) had shown.  The downward trend in the number of fires, the number of 
fatalities and the number of injured people has thus continued after 2002, and will 
have probably continued to do so thereafter. In other words, there is a great 
improvement when using smoke detectors in combination with the introduction of 
fireproof furniture.  
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7.6 Introduction / implementation of the measures  
 

Measures may be executable, effective, feasible and acceptable, but someone will 
have to be the driving force to get the measures really implemented. Fire safety 
cannot sell itself just like that.  The question therefore arises how people can be 
made aware of fire safety and who are the stakeholders thereof in dwellings.  A 
number of important actors in the field of fire safety are described below, together 
with a brief excursus for the marketing of fire safety. 
 
Marketing of fire safety  
Having a good product or a good idea does not mean that it will wind up in the right 
place.  Bringing products and services on the market in a successful manner is an art 
in itself.  
For instance, how is it poswsible, that large groups of buyers in a motor show are 
seduced into buying a car in a “standard version” with gadgets such as automatic 
parking assistant, lane monitoring, alertness signal, automatic emergency stop 
features and the like, without asking themselves whether these features are really 
necessary and what the car would cost without them?  
The automobile industry is probably the sector par excellence where marketers 
seduce us to buy things that we do not need, and perhaps that we do not want 
either. The marketing profession could teach the non-commercial fire safety world 
how fire safety should be sold.  The question underlies the scope of this study, but it 
is recommended that the topic should be explored and that advice on how to 
proceed should be provided.  
 
Dutch Institute for Physical Safety (NIFV) 
The NIFV is a knowledge and education institute which is very active in fire safety in 
particular.   
By giving courses, conducting research, organising congresses and participating in 
many consultative platforms, the institute can exert influence on fire safety in the 
Netherlands.   
The NIFV has the knowledge and facilities to bring new insights into fire safety to the 
attention of various target groups. It receives regular media coverage with positions 
and recommendations on fire safety.   
The implementation of measures proposed in this report can be propounded by the 
NIFV at several levels.  
 
Policymakers and legislators  
In view of the increasing drive towards deregulation, it is no easy matter to get the 
legislative bodies in the Netherlands to introduce any of the aforementioned 
measures into legislation.  
 
Fire brigade  
The Dutch fire brigades are changing in terms of organisation and distribution of 
tasks as a result of the Safety Regions Act.  Branch organisations are calling on the 
fire brigades to play a different role on the fire safety front  (“Nederlandse 
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Vereniging voor Brandweer en Rampenbestrijding” (NVBR) [Dutch Association for 
Fire Fighting and Disaster Control] – “The fire brigade of tomorrow”).  
One main crux of the NVBR is the shift of attention from repression to prevention.  
Projects based on the British example of “Community Safety” are getting a foothold 
in a number of cities and regions, with targeted information and training on fire 
safety for citizens.  Fire fighting organisations can play an important role in 
implementing the proposed measures and in carrying out projects geared to 
information and awareness raising for citizens. 
 

Suppliers and manufacturers  
Suppliers and manufacturers of equipment mentioned in this report as a (partial) 
solution to increasing the survival time in residential fires have a commercial interest 
in getting their products to the consumer.  They do not need any special goading as 
such to implement the measures.  The interests of different suppliers may differ, and 
thus run counter to each other. This must be prevented wherever possible.  
 
Citizen  
The citizen, the occupant of a dwelling, is the prime stakeholder when it comes to 
fire safety in his home.  He is not informed however, and lacks the necessary safety 
awareness to demand an active role for himself or to assume responsibility for his 
own safety and that of his co-occupants.  If properly informed, citizens can prove to 
be important partners in improving fire safety in dwellings in the Netherlands.  
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8. Conclusions and recommendations  
 
The rapid growth of certain residential fires has been shown in the research study 
that the NIFV conducted on fatal residential fires.  That picture can be confirmed 
from large-scale experiments with fires in dwellings where furniture caught fire.  
When upholstered furniture and mattresses catch fire, the survival time available 
may be only a few minutes because of the rapid growth rate of the fire. 
A substantial number of victims in residential fires lose their life in a fire which 
started in the room where the occupant was present.  This can only be explained 
when the fire spreads so rapidly as to impair the physical capacity of the occupants 
so fast, that they have no time to leave the room and then the building. The question 
as to whether the survival time in residential fire can be increased so as to reduce 
the number of fatalities and seriously injured people, was prominent in the research 
study.  
 
8.1 Conclusions  
 
The following concrete conclusions can be drawn from the research study:  
1. The causes and certain factors for the disastrous outcome of fatal residential fires 

are still not sufficiently clear.  Further research into fatal residential fires but also 
in non-fatal residential fires is needed to obtain greater insight into the problem.  

2. Residential fires can develop very rapidly and claim fatalities, irrespective of 
whether the occupant was awake or asleep.  The chance of perishing is three 
times as high for people over 65 than for those under that age.  

3. The findings concerning fatal residential fires in the Netherlands are confirmed by 
research studies in New Zealand and the United Kingdom.  Upholstered furniture 
and furnishings are an important cause of fatalities in residential fires.  

4. Experiments with large-scale fire tests in dwellings have confirmed the picture 
obtained from research into fatal residential fires, namely that the survival time 
available amounts to no more than a few minutes in certain cases. The conclusion 
can moreover be drawn that a residential fire will almost certainly be ventilation 
controlled when the doors and windows are closed.  

5. Ventilation controlled fires constitute a particular danger for the intervention of 
the fire brigade, because circumstances can occur already within 100 to 200 
seconds that can be life-threatening for the fire fighters.  

6. Owing to the expected increase and the greying of the population, the number of 
fatalities in residential fires will rise by about 20% by 2050 if there is no policy 
change.  This increase can have greater repercussions if the policy of having 
people live longer in their own home is continued (instead of moving them to a 
care home) without taking additional measures regarding fire safety.  

7. The ISO TS-13571 provides good possibilities for calculating the available survival 
time on the basis of the consequences of a fire in terms of temperature and 
harmful combustion products released.  The calculation method is simple and 
suitable for day-to-day use by fire-safety engineers.  
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8. Furniture made with fire-retardant materials does not catch fire as easily, so the 
number of fatalities in residential fires will decrease.  The effectiveness of this 
measure has been proven beyond any doubt in the United Kingdom.  

9. Many smoke detectors in dwellings in the Netherlands and abroad apparently did 
not work in a fire.  Smoke detectors can save lives when they are installed in the 
right place (in the living room and bedrooms) and when they work.  The use and 
maintenance of smoke detectors leave a great deal to be desired.  The public 
must be made aware of the utility -- and of the importance of the right use and 
regular maintenance – of smoke detectors.  Even when they do work, smoke 
detectors do not always ensure a timely escape from the dwelling.  Their 
effectiveness can be enhanced if they are installed in the right place.  

10.The use of residential sprinkler systems reduces the chance of fatalities.  The 
costs and a negative image of sprinklers stand in the way of wider use.  Product 
development should focus on a version of residential sprinklers that can also be 
used in existing dwellings and which are aesthetically acceptable.  

11.Escape masks can increase the available survival time, because people who wear   
them do not inhale harmful substances to the same extent.  

12.Escape ladders can provide a second escape route, when the normal route is no 
longer usable.  

13.Community Safety projects can be carried out to make occupants aware of the 
dangers of fires, of measures that they themselves can take and of equipment 
that can improve fire safety in the home.   

14. There are different stakeholders that can contribute to the implementation of 
improvement measures.  These stakeholders must be mobilised to go into action.  

15.Fire safety does not sell itself.  Further research is needed to define a successful 
marketing strategy for fire safety.  

 
The available survival time in a fire can be increased by limiting the speed at which a 
fire can develop.  The available survival time can be increased by using escape 
masks.  
 
8.2 Recommendations  
Measures are needed and indeed possible to reduce the number of fatalities and 
injured people in residential fires.  This objective of the research study is highly 
dependent on the degree to which the proposed measures can be implemented. It is 
therefore important to mobilise the stakeholders to carry out or to have the 
measures carried out.  In addition to this primary recommendation, the following 
recommendations can also be made on the basis of the insights gained:  
 
A.    Although the essential about fatal residential fires is known, a great deal of 

knowledge is lacking on factors which are decisive for the ignition and growth of 
this sort of fires. The input of fire research teams in residential fires with and 
without fatal consequences should be stimulated forcefully.  Thorough research 
in a large number of fires provides the necessary insight into the problem and is 
consequently a prerequisite to the further and effective improvement of fire 
safety.  
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B.    The reasons for the success with which the automobile industry for instance 
manages to boost sales could be investigated further, in order to develop a 
successful marketing strategy for fire safety issues.  

C.    The question arises whether the fire fighting team of the fire brigade is aware 
that residential fires in “closed” dwellings are nearly always ventilation 
controlled, and thus constitute a potential danger for the fire fighters.  Further 
research into this matter and into measures that can bring the danger under 
control should be initiated.  Steve Kerber’s report can be used as a point of 
departure to that end.  

D.    A brief assessment of the situation showed that the fire safety advisers are 
scarcely if at all aware of the ISO TS-13571 standard.  The standard provides 
possibilities for quantifying the dangers of a fire to health and the ability of the 
occupants to survive a fire.  More knowledge into toxicology and of the standard 
is important for the Fire Safety Engineering profession. 
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Annex 1:  Fire Prevention Department  
 
The Fire Prevention Department is Part of the Dutch Institute for Physical Safety 
(NIFV) in Arnhem.  The department’s statutory task includes:  
“the development and maintenance of expertise by collecting and managing relevant 
data and by conducting applied scientific research.” 
  
The objective of the department is the integral development of knowledge and 
expertise in fire prevention, so that newly acquired knowledge and insights in the 
field can be applied as directly as possible in fire-fighting courses and further training 
and exercise programmes, and so that an optimal interaction between the 
professional field and the knowledge centre can be brought about.  On the basis of 
this objective, the department has defined other tasks for itself, mainly to:  

 Make a contribution to a thorough and sound vision of fire prevention 

 Carry out a research programme geared to filling knowledge gaps. 
 

In 2003, 2008 and 2009 the NIFV conducted research into fires in dwellings and 
residential buildings that had claimed lives.  The data in the three research studies 
are based on ANP reports which were submitted by the “Nederlands Brandweer 
Documentatie Centrum” [Dutch Fire Brigade Documentation Centre]. In 2010, the 
NIFV conducted a comparison based on the data in the reports 2003, 2008 and 2009. 
The comparison showed in particular that about 80% of the victims died in the room 
where the fire started.  It was moreover ascertained that 68% of the victims in 2008 
and 2009 died before the fire was reported. 
 Because it has been ascertained in America that a fire in a dwelling has been 
developing increasingly faster through the years, R. Hagen, B. Eng. MPA, lecturer in 
fire prevention, wanted to have more research conducted in the survival time in a 
residential fire and the factors that come into play. This thesis was based on that 
wish.  
 
Assignment  
Most fatalities and injured people from fires in the Netherlands occur in residential 
buildings, compared with which there are far fewer fatalities in buildings with other 
intended use.  Table 1 provides an overview of the period from 2001 to 2008.  The 
data were obtained by the NIFV from sources in the media.  The NIFV provides a 
marginal comment on the overview to the effect that the actual number of deaths 
will be higher, because no conclusive statistics are available.  
 

 

 

 

 

 

 

 

 

 

 



House on Fire:  “Survive or Perish” 

 

Interdisciplinary Bachelor’s Degree in Engineering – FSE      53             2010/2011 
 

 

 

 

    Total                    Residential           Non-residential 

2001  50  32  18  
2002  64  58  6  
2003  63  56  7  
2004  47  45  2  
2005  74  56  18  
2006  48  45  3  
2007  36  35  1  
2008  69  61  8  
Total  451  386  63  
Average  56  48  8  

Table 1: Number of fatalities in residential and non-residential fires, source:  NIFV  
 
 
The table shows a clear peak for non-residential buildings in the year 2001, 2005 and 
2008.  In 2001, there were 14 fatalities in the fire at the café “het Hemeltje” in 
Volendam. In 2005, 11 of the 18 fatalities occurred in the fire in the cell complex at 
Schiphol.  In 2008, three fire fighters died in a fire in the Punt.  
In the 1980s, 65% of the number of fatalities occurred in residential fires; in the 
1990s that figure was 75%; and in recent years about 90% of the fatalities in fires 
occurred in residential buildings.  Fires in residential buildings appear to have 
become more fatal.  These data stem from the Fire Prevention Department of the 
NIFV.   
The Dutch building regulation imposes virtually no requirements on dwellings and 
residential buildings.   
Legislation has for a number of years focused on the presence of smoke detectors in 
the dwelling and on the prevention of fires from spreading to adjoining homes or 
buildings.  In spite of the increase in the number of fire detectors in dwellings, the 
number of fatalities and injured people has remained pretty constant.    
Research conducted by the National Institute of Standards and Technology (NIST), 
the results of which were published in NIST Technical Note 1455-1 “Performance of 
Home Smoke Alarms” - Washington 2007 [1], shows that the maximum survival time 
in certain residential fires has been reduced from 17 minutes in 1975 to three 
minutes in 2004.  Owing to the faster fire growth, caused by modern furniture and 
furnishings, the survival time is being drastically reduced.  The chance of death is 
thereby increased substantially, certainly if the occupant is a person with reduced 
mobility or not self-sufficient.  
 
The maximum survival time in a fire is an important factor in whether the fire will 
claim fatalities and injuries.  The policy pursued in the Netherlands is to have older 
people stay in their home as long as possible, by providing appropriate help where 
necessary.  Only in extreme cases will people be moved to a rest or nursing home.   
This policy entails that the number of people with reduced mobility or people who 
are not self-sufficient in (normal) dwellings will increase – even more so because of 
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the greying of the population. Measures that can ensure that the “survival time” in a 
dwelling increases, could make an important contribution towards reducing the 
number of fatalities and injured people in residential fires.  
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Annex 2: Research data on fatal residential fires in the Netherlands 
  

The data in this annex are obtained from Kobes en Groenewegen (2010).  
 
Table 1: Fire causes: 
 
                                                                                                                                 

Fire cause          2003 2008 2009 Cumulative 

 Number % Number % Number % Number % 
Smoking  11  24%  11  25%  3  14%     25  23%  
Short circuit  -  -  7  16%  3  14%     10  9%  
Arson, excl. 
suicide/ 
murder  

6  13%  3  7%  -  -      9  8%  

Cooking  5  11%  3  7%  1  5%      9  8%  
Explosion  1  2%  2  5%  4  18%      7  6%  
Carelessness 1  2%  4  9%  1  5%      6  5%  
Candles  3  7%  1  2%  1  5%      5  5%  
Stove  1  2%  1  2%  2  9%      4  4%  
Child playing 
with fire  

-  -  2  5%  -  -      2  2%  

Other  2  4%  -  -  -  -      2  2%  
Unknown  15  33%  10  23%  7  32%     32  29%  
Total                  45     44                                      22                                   11111 

 
Table 1:  Causes of fatal residential fires [Kobes and Groenwegen, 2010, pp. 10 + 18] 
 
 

Table 2: Ignition object 
 
                                                                                                                                                  

                               
Ignition 
object   

2003 2008 2009 Cumulative 

Number % Number % Number % Number % 

Upholstere
d furniture  

6  13%  8  18%  3  14%  17  15%  

Electrical 
appliance  

-  -  9  20%  3  14%  12  11%  

Bed / 
Mattress  

5  11%  3  7%  3  14%  11  10%  

Fire-
accelerating  
substances 

-  -  1  2%  4  18%  5  5%  

Extension 
cord  

-  -  2  5%  2  9%  4  4%  

Stove  -  -  2  5%  2  9%  4  4%  
Clothing  2  45%  1  2%  1  5%  4  4%  
Other  6  13%  4  9%  1  5%  11  10%  
Unknown  26  58%  14  32%  3  14%  43  39%  
Total                  45                                  44                                       22                                            111 111 

 

Table 2:  Ignition object of fatal residential fires [Kobes and Groenwegen, 2010, p. 18] 
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Table 3:  Room of ignition  
 
                                                                                                                                

  
Room of 
Ignition                    

2003 2008 2009 Cumulative 

Number % Number % Number % Number % 
Living room  11  24%  16  36%  9  41%  36  32%  
Bedroom  12  27%  8  18%  4  18%  24  22%  
Bed sitter in 
care home  

2  4%  -  -  2  9%  4  4%  

Bed sitter in 
caravan/ 
chalet  

-  -  2  5%  -  -  2  2%  

Bed sitter in 
residential 
building  

-  -  -  -  1  5%  1  1%  

Kitchen  7  16%  3  7%  2  9%  12  11%  
Hall/corridor  1  2%  1  2%  -  -  2  2%  
Cellar (box)  -  -  2  5%  -  -  2  2%  
Attic  1  2%  1  2%  -  -  2  2%  
Shed/garage  2  4%  3  7%  1  5%  6  5%  
Other  -  -  1  2%  -  -  1  1%  
Unknown  9  20%  7  16%  3  14%  19  17%  
Total                45      44                                      22                                             111  1 

 
 

Table 3:  Room of ignition in fatal residential fires [Kobes and Groenwegen, 2010, p. 
20] 
 
 
 

Table 4:  Room where victims were found 
 
 
 

Room 
where 
Victims 
found             

2003 2008 2009    Cumulative 

Number                    % Number                    % Number                    %  Number                    % 

Bedroom  19  37%  16  33%  13  52%  48  38%  
Living room  12  23%  13  27%  2  8%  27  21%  
Bed sitter  3  6%  3  6%  2  8%  8  6%  
Kitchen  7  13%  4  8%  4  16%  15  12%  
Bathroom  1  2%  -  -  -  -  1  1%  
Attic  -  -  1  2%  -  -  1  1%  
Hall  -  -  2  4%  1  4%  3  2%  
Shed / 
cellar/ 
garage  

1  2%  3  6%  1  4%  5  4%  

Other  1  2%  4  8%  -  -  5  4%  
Unknown  8  15%  3  6%  2  8%  13  10%  
Total                 52                     49   25                                            126  

 
 

Table 4:  Room where victims were found [Kobes and Groenwegen, 2010, p. 24] 
 
 

 

Table 5:  Decisive fatality factors  
 
Questionnaires completed by fire fighters who were present at the fire were used to 
provide an overview of the factor they indicated as the cause of death.  The 
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following table comprises two parts:  one for the situation where the victims were 
awake, and the other when they were asleep when the fire started.  
                       

Fatality factor 
(several answers are possible) 

Number of times cited 

2008 2009 Cumulative 

Sleeping victims 32 18 50 

Rapid fire development 7 8 15 

Limited or no mobility 10 3 13 

Late detection 1 9 10 

Smoke and heat 1 6 7 

Alcohol consumption 5 1 6 

Asphyxiation (or high CO-content) 4  4 

Language barrier 2  2 

Blocked escape route  2 2 

Attempted rescue  1 1 

Unknown 6 1 1 

Awake victims 17 7 24 

No or limited mobility 9 4 13 

Rapid fire development 3 3 6 

Escape route blocked by fire 3  3 

High fire load 2  2 

Flammable clothing 1 1 2 

Smoke and heat  2 2 

Unknown  3  3 
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Annex 3:  Temperature development in UL fire tests 
 
 
The following temperature curves were measured in Experiment 1 
 
 
Furnishings from the 1950s 
 

 

 
 

 
Contemporary furnishings  
 

 

 
 

Graphs 1 + 2:  Temperature curve in experiment 1 [Kerber, 2010, p. 69] 
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Annex 4:  UL Experiment 1 
 
 
The photos below depict the test set up, the furnishings and the growth of the fire 
during the experiment [Kerber, 2010, pp. 65 –68] 
 

 

Furnishings from the 1950s         Contemporary furnishings 
 

                              
 

 

                                     
 

Test rooms 
 
The fire test was started concurrently in test rooms located next to each other by a 
burning candle placed on the right side of the sofa.  The fire growth in the test of 
both interiors is illustrated with the photos below.  It is important that the time that 
the photo was taken is indicated in each photo.  The different points in time during 
the test are indicated next to the photos. 
 
  Furnishings from the 1950s                          Contemporary furnishings 
 

 
 

Fire perimeter 1 minute after concurrent ignition in both test room. 
 



House on Fire:  “Survive or Perish” 

 

Interdisciplinary Bachelor’s Degree in Engineering – FSE      63             2010/2011 
 

 

 

 
 

Fire perimeter after 5 minutes        Fire perimeter after 2 minutes 
 

 
 
Fire perimeter after 10 minutes   Fire perimeter after 3 minutes 
 

 
 
Fire perimeter after 15 minutes   Fire perimeter after 4 minutes 
 
 

Fire perimeter after 29 minutes                          Fire perimeter after 4 minutes and 30                     
                                                                             seconds 
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Annex 5:  UL Experiment 2 
 
The photos below depict the interior of the two (larger) test rooms which were used 
in the second experiment  [Kerber, 2010, pp. 71-74] 
 
 Furnishings from the 1950s             Contemporary furnishings 

 
 

Frontal view of test setup 
 

 
 

Furnishings against the rear wall 
 

 
Furnishings against the left wall 
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Furnishings against the right wall 
 

Experiment 2 investigated the extent to which the size of the test room has an 
influence on the development of the fire. 
The fire growth in the test of the two interiors is illustrated with the photos below.  It 
is important that the time that the photo was taken is indicated in each photo.  The 
different points in time during the test are indicated next to the photos. 
 
 
Furnishings from the 1950s   Contemporary furnishings 
 

 
Fire development after 1 minute in both test rooms 

 

 

 
 Fire development after 5 minutes  Fire development after 2 minutes 
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  Fire development after 10 minutes       Fire development after 3 minutes 
 

 
Fire development after 15 minutes      Fire development after 3 minutes 30 sec. 
 
 

 
 

Fire development after 25 minutes. 
The fire does not reach the flash-over stage. 
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Annex 6: Heat release rate on the basis of a physical fire model 
 

 

 
  



House on Fire:  “Survive or Perish” 

 

Interdisciplinary Bachelor’s Degree in Engineering – FSE      69             2010/2011 
 

 
 

 

 

 

 



House on Fire:  “Survive or Perish” 

 

Interdisciplinary Bachelor’s Degree in Engineering – FSE      70             2010/2011 
 

 
 

 

 

 

 



House on Fire:  “Survive or Perish” 

 

Interdisciplinary Bachelor’s Degree in Engineering – FSE      71             2010/2011 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



House on Fire:  “Survive or Perish” 

 

Interdisciplinary Bachelor’s Degree in Engineering – FSE      72             2010/2011 
 

Annex 7: Adjusted heat release rate 
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Annex 8: Research data – University of Surrey 2005 
 
The graphs below are taken from a report of the University of Surrey [Emsley, Lim, 
Stevens and Williams, 2005] 
 

 
 

Graph 1:  With the total number of deaths 
 

 

 

 
 

Graph 2:  Number of deaths caused by smoke  
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Graph 3:  Number of deaths caused by burns. 
 

 

 
 
Graph 4:  Number of deaths caused by burning furniture 
 
An assessment of the graphs reveals that the consequences of fire changed 
substantially as of 1988.  The total number of deaths registers a clearly downward 
trend.  As to the causes of death, smoke dropped sharply in all fatal residential fires, 
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while burns show a continuous drop that has scarcely if at all changed after 1988 by 

comparison with the development in the years before then.  The same applies to the 
number of people injured, albeit to a somewhat lesser extent. 
 


