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Summary 
Fire safety is of significant importance to our society. Each year, people die or become injured because 
of fires in their houses. In order to investigate this further, the most important fire safety risk factors 
regarding residential housing were determined by an extensive literature review. The risk factors were 
divided into human characteristics, fire characteristics and building characteristics. It shows that 
elderly people aged 65 years and older have an increased risk of injury or death in the event of a fire. 
The reason for this is mainly due to decreased mobility or cognitive disabilities. Furthermore, most 
elderly live alone and due to governmental policies, an increasing number of elderly people are 
expected to live alone in the future. This further increases the risk of dying in a residential fire. Elderly 
people are less likely to notice fire and smoke since they have a reduced ability to smell, see, hear or 
feel. Moreover, they are less capable to flee independently in case of a fire, due to reduced mobility. 
The fire characteristics indicated that smoking was the main cause of ignition. Fires that occurred at 
night and fires that spread beyond the room of origin increased the risk of injury or death. The building 
characteristics were analysed, as well as the Dutch Building Code. There appears to be no distinction 
between regular residential housing and residential housing for elderly people in the Dutch building 
regulations. This is remarkable, since elderly people are less likely to escape independently, without 
the help of others. They will probably not comply to the minimum requirement of escaping the building 
within 15 minutes after the discovery of the fire, according to the Dutch Building Code.  
 
An analysis of three major fire incidents in The Netherlands was conducted. The literature about this 
was reviewed concerning the human characteristics, fire characteristics and building characteristics of 
fatal residential fires. An analysis of a fire that occurred in the apartment complex ‘Notenhout’ in 
Nijmegen at the 20th of February 2015 displayed the vulnerability of elderly people living in regular 
residential housing. Many occupants needed assistance of the fire department in order to escape their 
homes. The importance of (smoke-)compartmentation came forward, since smoke inhibited occupants 
from leaving their homes in all three use cases. Of equal importance are fire suppression systems that 
reduce the spread of the fire, which could be of great help for those who can’t escape the building 
individually, even though they are warned in time by a smoke alarm. Furthermore, the fire resistance 
of walls and the availability of emergency exits was brought to attention.  
 
Afterwards, the results from the literature review and the use case analysis was used to determine 
which fire safety aspects could be queried in IFC files. IFC files can be seen as the open standard for 
the exchange of building information in the AEC industry, including geometry and object information. 
Therefore, an IFC building model was the starting point for the fire safety checker, to ensure its 
usability. The fire safety checker was developed by me upon the BIMSPARQL program created by 
Zhang, Beetz and de Vries 2018. It is difficult to query IFC files directly, due to the data format. In order 
to enable the possibility to query them, IFC files were converted into RDF files, consisting of triples 
which include building information. These triples were used to create SELECT query’s enabling the 
search for fire safety aspect such as compartmentation, fire resistance, fire exits, fire suppression 
systems, surface spread of flames and the availability of smoke detectors within digital building 
models. Using the fire safety checker does not require programming knowledge by the user. This way, 
the fire safety checker enables users to get a quick overview of these fire safety aspects in digital 
building models. 
 
 
 
 

  



Thesis| L.J.P. Gerritsen | Page | 4 

Preface 
In the first year of my bachelor Bouwkunde at the Technical University of Eindhoven I first heard of 
Building Information Modelling. Back then, I already knew it was a challenge to innovate the AEC 
industry. The possibilities 3D modelling offers, could help the AEC overcome this challenge. I found 
that 3D representations of buildings gave a much better overview. When it was time to find an 
interesting topic regarding my final graduation project, I knew I wanted a BIM related topic. At that 
time, Beetz was the BIM specialist at the Technical University of Eindhoven, encouraging students to 
choose this direction, because it offers many possibilities to truly contribute to the renewal of the AEC 
industry.  
 
After an extensive literature review, I found out that building information models could be used for 
the locating of object information. This intrigued me, and formed the foundation of this thesis. I choose 
to focus on fire safety aspects for residential housing because I knew many elderly were living in regular 
residential housing. My 90 year old grandma lives in such an residential apartment and I believe it is 
more difficult for her to escape than for a younger person. The building regulations do not take this 
decreased mobility of elderly into account. Building regulations are equal for all residential houses, 
while elderly are less self-reliant. By focusing on this target group, I hope to contribute to a safer living 
environment for elderly.  
 
With this research, I conclude the 2 year Master programme at the Technical University of Eindhoven, 
in which I have learned a lot about the ins and outs of BIM, Java programming and the Semantic Web. 
First, I would like to express my profound gratitude to my teachers Theo Arentze, Bauke de Vries, Jakob 
Beetz, Chi Zhang, Gert Regterschot and Ruud van Herpen for sharing their enthusiasm, and 
encouraging me to reach the best of my abilities. Programming was new for me, which took a 
significant effort to understand the foundation of it. Chi Zhang continued to support and help me, even 
though he no longer lived in The Netherlands. Furthermore, I am grateful for my girlfriend, my parents, 
for their great suggestions, input and commenting on the concept version of this research.  
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1. Introduction 
 

1.1. Introduction to Building Information Modeling 
BIM (Building Information Modeling) technology is becoming more and more popular in the AEC 
industry. In contrast to traditional CAD (Computer Aided Design), BIM is capable of storing both 
geometric and rich schematic information, which supports lifecycle data sharing. The open and neutral 
file format for BIM is called Industry Foundation Classes (IFC). By following this standard, different 
software applications are able to communicate with each other. For this reason, the IFC file format will 
be the starting point for the fire-safety checker. IFC is developed by BuildingSMART International and 
is a much used format for the exchange of building models (BuildingSMART, 2015). Research has shown 
that the IFC data standard creates a stable and usable collaboration environment. Furthermore, IFC 
meets the need of the industry better than a 
closed data model server, when used in a 
process of Reference Models (Berlo et al, 2012). 
 
Instead of working in a closed data model, based 
on one commercial software supplier, the IFC 
standard can be imported and exported by many 
programs. Reference Models based on IFC 
standards are used to compare building models 
with each other. Therefore, IFC models are used 
for communication and integration. 
 
When people first hear of BIM, they usually think 
BIM is one central Building Information Model. 
Even literature (Eastman et al. 2011) indicates 
that the concept of working in one central open 
source Building Information Model is becoming 
increasingly popular. However, practice shows 
that instead of working with one central BIM 
model, working with several discipline models is the most efficient (Hendrinks, 2015). This is called the 
‘Reference Model Concept’, which is presented in figure 1. On the right side of figure 1, every party 
creates their own discipline model conform project standards. From these discipline models each party 
extracts their own drawings. In the middle, discipline models are delivered at a set time and are saved 
in a DMS (Document Management System) or a BIM server. On the left, an aggregated or ‘Federated 
Model’ is created by combining each discipline model. Normally, the federated model is used for 
building code checking, since it is the most complete model. Throughout this thesis, BIM will be 
described as an activity (building information modeling), rather than an object (as in building 
information model).  
 

1.2. Introduction to fatal fire safety incidents and elderly 
Even today, fire safety accidents lead to casualties. Dwelling fires are the leading cause of fire deaths 
(Department of Communities and Local Government, 2012). It appears that the most commonly 
reported risk factor of occupants associated with fire deaths is age. For example, in the US, those aged 
over 65 or over, 75 and over and 85 and over were found to have 2 times, 2,8 times and 3,7 times more 
risk of becoming a fire fatality compared to the gereral population (National Fire Protection Agency-
Fire Analysis and Research Division, 2010). In the Netherlands, the amount of elderly will increase in 
total, and percentage wise (CBS Statline, 2017). Furthermore, elderly are more likely to live alone due 
to governmental policies and the expense of the health care sector. This underlines the importance of 
fire safety in relation to elderly. 

Figure 1: Reference Model Concept (Berlo et al, 2012) 
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1.3. Motivation 
BIM can be used for many different use cases in order to improve the entire building process. Since a 
BIM model is a digital model, the model can be used to perform different checks. In the early design 
process, clients can be given an idea of how their building will look like. Clash detection is a another 
great development, which goes hand in hand with building information modelling. Clashes can be 
made visible and solved by combining different models, for example, the architecture and the 
construction model. The researcher has experienced the importance of improving the general 
construction process by integrating commercial and open source software.  
 
Many different goals can be achieved using a building information model, such as coordination, cost 
quantification and monitoring. This thesis focuses on the analysing part, fire safety, to be precise. Fire 
safety has always been of great importance. Fire safety engineering can help to reduce casualties from 
fire. Incorporating fire safety measures in the build environment is important to help reduce these 
casualties. Nowadays the checking of fire safety aspects is time consuming and is mostly done by hand. 
The tool developed in this thesis will help to accelerate and improve the accuracy of the checking of 
fire safety aspects. Thereby, contributing to the overall fire safety of buildings.  
 
Elderly are the most vulnerable group regarding fire related incidents (Instituut Fysieke Veiligheid, 
2016). Every year more than half of casualties due to fires are 65 years and older. Elderly have a 2.7 
times higher chance to become a victim of a fatal residential fire, compared to the average Dutch 
population. Simultaneously, the amount of elderly in The Netherlands will increase significantly. 
Furthermore, due to governmental policies, they are more likely to live independently in residential 
housing. Unfortunately, the decreased self-reliance of elderly in residential housing is not yet taken 
into account in building regulations which increases the risk of fire incidents for elderly.  
 

1.4. Problem definition 
Building code checking is a tedious process which consumes considerable amounts of time. The 
designer, as well as the bodies enforcing building regulations find this a major task. Since the checking 
of building codes is done manually, it is prone to errors. Additionally, results often lead to ambiguity, 
inconsistency in assessments and delays in the overall construction process (Malsane, Matthews, 
Lockley, Love & Greenwood, 2014). 
 
The transformation from 2D Computer Aided Design drawings towards more semantically rich Building 
Information Models (BIMS) craved the path to overcome the manual checking of building designs. A 
solution to this problem can be found in the automated checking of building codes. Additionally, The 
need for automation of checking, where well-defined rules can be applied automatically with minimum 
user intervention, is increasing (Nawari, 2012). 
 
Regarding the current developments in automated code checking, there are only a few parties who 
provide custom software applications such as Solibri Model Checker (costing € 7.100,- a year 
(ManAndMachine, 2017)) and Tekla BIMsight. These offer a user friendly GUI, but rules cannot be 
exchanged among these applications. Moreover, these commercial software applications are relatively 
expensive. Regarding the validation of IFC models, Zhang, Beetz and Weise (2014) point out that 
requirements and rule sets are implemented with proprietary methods, hard-wired in full-fledged 
high-level programming. Thus, they cannot easily be accessed and reused by IFC experts and domain 
end users. So far, there are only a few initiatives who make use of automated code checking regarding 
fire safety. This thesis aims to contribute to the automated code checking developments, focussing on 
fire safety aspects. 
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1.5. Research gap 
As many researchers have pointed out, exchange problems occur when working with IFC files. These 
problems originate from the closed nature of applied conventional data modelling approaches 
(Pauwels, Zhang & Lee, 2017). BIM data models, such as IFC, are aimed for the creation and exchange 
of data, but not for query and analysis tasks. For example, geometric relations and material properties 
are hard to retrieve from an IFC file. Furthermore, the IFC schema is not suitable to combine data from 
different data sources. The IFC schema is defined in the EXPRESS modelling language, where it’s 
instances are modelled in the IFC STEP File format. According to Pauwels et al (2017), the IFC schema 
in EXPRESS has 3 shortcomings regarding interoperability:  
 

1. Binding: each BIM authoring tool has a different way of binding and saving the IFC data model. 
This results in unintended geometric transformations and semantic errors, leading to 
incomplete IFC models. 

2. Adaptability: since various software vendors and industry domains go through tremendous 
amounts of work to agree upon a standard, it is difficult to implement the latest state-of-the-
art technology and new construction techniques. 

3. Extensibility: the IFC schema is not easily extensible for people who are not accustomed with 
the EXPRESS language. 

 
Pauwels et al (2017) states that Semantic web applications have several benefits over the traditional 
IFC file format. Semantic web applications, such as SPARQL, can be used to create a tool which can 
support the automated checking of fire safety aspects. In order to facilitate knowledge modeling and 
rule checking, Semantic Web technologies have been applied by several researchers in the AEC 
industry. However, a systematic way to query data from building models using Semantic Web 
technologies is still missing. Zhang, Beetz and de Vries (2018) tend to fill this gap by providing a 
systematic way to query BIM models in the AEC industry. In accordance with their developments, the 
model of this thesis is based on the semantic web architecture. Moreover, this thesis enables the user 
to search for relevant fire safety aspects within the model. The tool can be seen as an support tool for 
those involved with fire safety aspects.  
 

1.6. Research questions 
The goal of this thesis is to identify the most important risk factors related to fatal residential fires. 
Furthermore, a fire safety checker will be provided which can aid those involved with checking building 
information models to identify these risks. The main research question is as follows:  
 
‘What are the most important risk factors leading to fatal residential fires and how can these be queried 
in digital building models?’  
 
Sub questions 
In order to answer the main question, several sub questions need to be answered first. The sub 
questions focus on fire safety regulations, as well as technical aspects of the research. 
 

1) ‘What is the general consensus of fire safety in The Netherlands?’ 
 
The history and development of fire safety in The Netherlands will be described by answering sub 
question 1. What is the goal of the Dutch Building Code related to fire safety and how came this to be? 
 

2) ‘in which types of buildings do fatal fire safety accidents take place? 
 
An extensive literature review will be done in order to determine in which buildings fatal fire accidents 
take place. Several articles will be discussed and compared, and together with the most recent data 
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regarding fatal fire safety accidents in The Netherlands from the ‘instituut fysieke veiligheid’ a 
conclusion will be drawn.  
 

3) ‘To what extend and how does the aging society influence the amount of victims related to fire 
safety in residential housing?’ 

 
Based on a literature review this question can be answered. The Institute of Physical Safety has 
investigated this subject extensively. What risk factors are typical for this group and does the Dutch 
Building Code offer sufficient assurance to prevent accidents?  
 

4) ‘Which building regulations regarding fire safety are currently in effect?’ 
 
To answer the fourth sub question, the Dutch Building Code 2012 will be described as well as the 
International Fire Codes regarding fire safety. Afterwards, both fire safety regulations will be 
compared. 
 

5) ‘What is the current status of the checking of building codes?’ 
 
Sub questions five focusses on the current literature and initiatives regarding code checking and 
querying building regulations.  
 

6) ‘How can the checking of fire safety related aspects can be supported by easily accessible 
software?’ 

 
In order to answer this sub question, a fire safety checker will be made based on the linked open 
building data principle. The implementation of this tool will be discussed in paragraph 4.4. 
 

1.7. Relevance 
Practical relevance 
First of all, a fire safety checker for Dutch residential houses concerning fire safety could result in faster 
and more accurate checking of fire safety aspects. This is favourable for the designer, as well as for 
those enforced with regulating building codes. The designer could check his design, to confirm the 
design is in line with certain fire safety aspects such as the fire resistance rating, before handing it in 
to the municipality. The municipality could save time by quickly finding relevant fire safety aspects, to 
check whether the project aligns with building regulations, instead of inspecting the project manually. 
The checker can be expanded with other aspects of the AEC industry. One could think of technical 
building regulations in terms of health or environmental performance. The fire safety checker has a 
social relevance as well. The tool simplifies the checking of important fire safety aspects. This helps to 
increase the fire safety of residential housing now and in the future. Based on contact with Ruud van 
Herpen, the practical relevance was further explored.  
 
Scientific relevance 
Automated rule checking could provide significant value to the AEC industry from both regulatory and 
industry perspective (Solihin & Eastman 2015). Currently, automated rule checking serves as a decision 
support system. In the future, automated rule checking should be fully automated so that experts can 
focus purely on more important matters such as design, safety and environmental impact. Solihin and 
Eastman (2015) state that significant benefits arise when rule checking software is organised according 
to the type of checking software required, rather than by application area. Since the Semantic Web 
architecture is used, a contribution will be made to Linked Data in the AEC field. Furthermore, the 
insights in fire safety engineering could benefit this field. 
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Figure 2: research design 

1.8. Research Design 
This research consists of 3 major components, based on the research questions posted in paragraph 
1.6. After the introduction, an extensive literature review will be conducted focusing on fire safety in 
the Netherlands, an international comparison regarding fatal residential fires, the Dutch building code 
2012 and the International fire code. Thereby, sub questions one to four can be answered. Afterwards, 
the results from the literature review will be compared with three major fires that took place in The 
Netherlands over the last three years. By comparing the literature review with the three use-cases, the 
most critical fire safety risk factors will be identified, which will form the basis for the fire safety risk 
checker. The checker will be able to query digital building models and highlight several risk factors. 
These steps are visualised in figure 2 below: the research design.  
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2. Literature review 
The literature review is divided into three topics. Firstly, fire safety in The Netherlands will be 
discussed, followed by an international comparison of fatal fire safety incidents. Afterwards, an 
analysis of the Dutch Building Code and the International Building Code is conducted. This way, the 
most important fire safety risk factors for residential fires can be derived. 
 

2.1. Fire safety in The Netherlands 
During the eighties, fire safety requirements were based on several different laws. The most important 
laws were the: ‘Woningwet’, ‘Brandweerwet’ and ‘Hinderwet (wet Milieubeheer)’ and 
‘Arbeidsomstandighedenwet’. Due to different insights and viewpoints from these laws, the fire safety 
goals were not met. Therefore, the Dutch government created an integral framework to overcome the 
challenge of multiple laws regarding fire safety during the Nineties. The frameworks were called 
‘brandveiligheidsconcepten’ (fire safety concepts). For each building function, a fire safety concept was 
developed (Hagen & Witloks, 2013).  
 
A fire safety concept goes further than the technical specifications of a building. It concerns fire safety 
provisions and measurements, which are classified into areas of interest such as planning, 
construction, installation and the organisation of the fire department. Fire safety concepts have two 
functions: first, they are used by the government as a foundations for fire safety requirements. 
Secondly, they provide insight to those involved in fire safety, such as municipalities, designers and 
users. 
 
In 2005, commissioned by the Ministry of Internal affairs, the fire safety concepts were renewed. Due 
to the loss of eleven lives in the fire in the detention centre in Schiphol-Oost, the fire safety concepts 
regarding detention functions was re-evaluated first. The renewed fire safety concept contributed 
largely to fire safety of detention centres in The Netherlands. After the renewal of the fire safety 
concept for detention centres, a start was made regarding the update of the fire safety concept for 
health care buildings. 
 
During the process of updating the fire safety concept of health care buildings, it became clear that 
the old fire safety concepts clashed with the new vision on fire safety from the Rijksoverheid. 
Therefore, the ‘Actieprogramma Brandveiligheid’ was launched (BZK, 2009). A new vision regarding 
fire safety was established in this program. The foundations of this new vision were: risk approach, 
self-responsibility, target group approach and the quantification of goals. Instead of a prescriptive 
approach, an approach based on specific risks was introduced. consequently, fire safety engineering 
was improving. Solid knowledge of the assumptions of fire became even more important. 
 

2.1.1. Fire safety concepts 
The current fire safety concepts are based on the use functions of buildings. For example, the concepts 
that apply to a care centre differ from residential housing, since the people living in care centres need 
more time to evacuate. Therefore, the escaping route in care centres can have a maximum length of 
22.5 meters. In residential buildings this maximum length is 30 meters (Bouwbesluit, 2012). This thesis 
will focus on the use function residential housing and its corresponding fire concept. In the future, the 
code checker for residential housing can serve as a basis for code checking of other fire safety concepts.  
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2.1.2. Residential housing 
Residential housing is divided into two categories; individual housing and multifamily housing. The next 
distinction is based on the type of housing: regular housing and housing with a special destination 
(Hagen & Witloks, 2013), see figure 3.  
 
 
  
 
 
 
 
 
 
 
 
 
 
 

Figure 3: types of residential housing (Hagen & Witloks, 2013) 

Regular housing means the occupants are self-reliant. The occupants living in housing with a special 
destination are less or not self-reliant. It is important to note that in tenders, people usually strive for 
the category ‘regular housing’, instead of housing with a special destination, since this is financially 
more attractive. The fire safety requirements are less strict for regular housing, making it more 
appealing. Below there are several forms of residential housing, called risk groups, which do not 
comply with regular housing mark, based on fire safety requirements:  
 

 Housing in which people are not completely able to put themselves in safety (e.g. residential 
housing for elderly). 

 Residences (e.g. boarding schools).  

 Housing mainly focused on room rental or pension purposes.  
 

2.1.3. Aging society 
In 2017, The Netherlands has 17 million inhabitants of which approximately 3.2 million people are aged 
65 years or older. This equals 18.5% of the total Dutch population (CBS Statline, 2017). Over the next 
25 years, this amount will increase with 53% while the total amount of the population will only increase 
with 4% (CBS Statline, 2017; Instituut Fysieke Veiligheid, 2016), see figure 4 and 5.  
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Figure 4: Amount of people aged 65 years and older (CBS, 2017) 

 
Furthermore, there is a double aging development: the overall life expectancy increases, and a large 
group of people, the so-called ‘baby boom generation’ reaches retirement. This development leads to 
more people who are less self-reliant. In order to reduce the costs involved in the care sector, the 
Dutch Government promotes independent living of elderly (Rijksoverheid, 2017). As a consequence of 
this policy, and due to the increased vitality of elderly, people keep living independently in residential 
housing. This results in even more people who are less self-reliant living in one of the ‘risk groups’ 
mentioned in paragraph 2.1.2. 
 

 

Figure 5: Percentage of people aged 65 or over, compared to the total Dutch  

population (CBS, 2017) 

 

2.1.4. Elderly and fire safety 
As can be seen in the paragraph above, the amount of independent living elderly will increase and due 
to governmental policies, more elderly will live independent in 2030. Elderly have a higher risk for a 
fire related accident. This paragraph will discuss why elderly have this risk. A fire risk is defined as the 
probability of dying or injury due to fire.  
 
The physical limitations of elderly result in a significant higher fire risk. Elderly related limitations 
generally appear at the age of 75. According to the literature, the decreasing function of their senses 
is the main cause, such as decreased sight or hearing (U.S. Fire Administration, 2011). The decrease of 
smell also contributes to this increased risk, because elderly are less likely to smell the beginning of a 
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fire. Furthermore, the decreased response time elderly plays an important role. Decreased mobility in 
combination with a decreased response time makes it difficult for elderly to escape from fires. Hearth 
and long diseases result in a higher fire risk, because these diseases lead to decreased physical 
performance. Frailty is mentioned as an important factor too.  
 
Each year, the institute of physical safety publishes the report: ‘fatal residential fires’. This report 
analyses the fatal residential fires leading to the death of a person that was not caused by intent. 
Looking at the living situation, 69% of the lethal victims lived on their own. The largest group consisted 
of people aged 61 years and older (51%). Furthermore, more than half of the victims were less or not 
self-reliant. This data supports the vulnerability to fire of elderly. 
 
Furthermore, there is a higher risk of dying in a fire for people who are home alone, since the likelihood 
that a fire will be detected in time to survive is reduced. It is harder to escape if you are alone. Elderly 
are more often home alone than people living with others. Therefore, they have an indirectly elevated 
risk.  
 

2.2. Fatal fire safety incidents  
To get a better understanding of risk factors resulting in fatal fire incidents, the literature on this topic 
needs to be reviewed. This is done by summarizing eight articles which focus on fatal fire incidents and 
the associated risk factors. Afterwards, the articles will be compared with each other to identify the 
building related risks, human related risks and the fire related risks.  
 

2.2.1. Risk factors associated with unintentional house fire incidents, injuries and deaths in high-
income countries: a systematic review 

This study was chosen because it provides a great overview of fire safety related risk factors, including 
building characteristics. Furthermore, it focuses on residential housing fires. It is a systematic review 
which identifies these risk factors. 
 
In 2017, Turner, S. L., Johnson R. D., Weightman, A. L., Rodgers, S. E., Arthur, G., Bailey, R. and Lyons, 
R. A.  identified the distinguishing risk factors associated with unintentional residential fire incidents, 
in order to inform the design and targeting of house fire prevention initiatives. The study design 
consisted of a systematic review which combined fire related and risk factors search terms to identify 
potentially relevant articles. In total, 11 studies met the criteria and this led to 35 potential risk factors. 
The risk factors were divided into four main categories: resident characteristics, resident behaviours, 
property characteristics and fire related circumstances.  
 
There are several studies which investigated the relation between property related characteristics and 
fire safety related incidents (Turner et al, 2017). It appears that single family properties are less likely 
to experience house fire incidents than multi-family properties, such as apartments, mobile homes or 
duplexes. Social housing properties were also observed to have a higher risk to a fire related incident. 
Furthermore, older buildings and buildings in poor condition contributed to this risk. Next to that, 
properties with a high number of stories and a high person to room ratio, appeared to increase the 
risk of fatalities. Another study showed that properties with less than three fire exits were associated 
with a greater risk of fatal fires. Looking at several fire related circumstances, the following causes 
increased the risk of a fire related accident: fires in the living room, bedroom, fires where the individual 
was alone or asleep. More important, fires in which no potential rescuer was present let to a greater 
risk of fire related injury or death. So highly vulnerable individuals, such as elderly with decreased 
mobility, have a high risk of a fire related injury or death.  
 
Regarding resident characteristics, the following aspects were taken into account: age, gender, 
disability, mental health, physical illness, household composition and duration of occupancy (Turner 
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et al, 2017). Of those aspects, age was the most common investigated factor. It appears that older 
residents aged 65 years and older are at increased risk of injury or death in an event of a fire. 
Furthermore, households with higher numbers of residents under the age of five, 15 years or 18 years 
have a greater risk as well. Concerning gender, properties with a high number of male residents were 
reported to have an increased risk of cigarette initiated fires. Vulnerable households, which comprised 
residents over 64 years, with physical or cognitive disabilities or impaired with alcohol or drugs are at 
greater risk of fatal fires, in particular those without smoke alarms (Marshall, Runyan and Bangdiwala, 
1998). 
 
Conclusion 
Households with residents aged 65 years and older, male, disabled, living in apartments and mobile 
homes have an increased risk of a fire related incident or death based on the findings of 11 studies 
regarding risk factors associated with unintentional house fire incidents (Turner et al, 2017).  
 

2.2.2. The state of the residential fire fatality problem in Sweden: 2 Epidemiology, risk factors, and 
event typologies 

This study was chosen because the foundation relies on registered data that combines information of 
fatal fires with data from the Swedish Cause of Death-register (Jonsson, Bonander, Nilson and Huss, 
2017). This way, real conclusions based on a data analysis can be done. Certain property characteristics 
such as the type of housing are included as well.  
 
The study uses data from a compiled database covering all fatal fires in Sweden covering the period 
between 1999 and 2007 (Jonsson et al, 2017). Only records of fatal fires were extracted. In here, a fatal 
fire incident is defined as a victim who died as a direct effect of a fire where death occurred within 30 
days after the incident. Variables that were included were: gender, age at death and primary injury 
diagnosis. The data analysis started by calculating the mortality rates for different age- and sex-specific 
groups. The number of deaths was compared to the total number of persons from that group. 
Afterwards, stratum-specific shares were calculated and presented with 95% confidence intervals. 
Subsequent, fatal fire incidence rates were calculated. The incidence rates were calculated by dividing 
the number of fires for each risk factor by the number of rescue service-attended fires. Afterwards, a 
multiple correspondence analysis (MCA) in order to profile certain clusters with similar characteristics. 
 
The results indicate that between 1999 and 2007, 893 fatalities in 830 fatal residential fires occurred 
in Sweden (Jonsson et al, 2017). Most casualties consist of men (60%), and is increased with age. In all 
age groups, male casualties occurred more often than female casualties. Considering the age factor, it 
appears that burns, leading to death, were more common amongst people aged 60 years and older. 
There was no difference between multi-family housing and single family housing. Per fire, nursing 
homes for elderly were considerably at a greater risk, with 24 fatal fires per 1000 fires. The cause of 
the fire was smoking, in most cases. Fires that started in the living room or on clothes someone was 
wearing, the risk of death was considerably greater. Lastly, six clusters were identified with overlapping 
characteristics. The first cluster consists of death caused by burns after the ignition of clothing or paper 
materials. Victims were mostly elderly living in an apartment or nursing home. The second cluster was 
characterized by death after smoking-related furniture caught fire. Alcohol was often involved here. 
The third cluster consists of fires originating from various electrical fires. These victims died from toxic 
effects rather than directly from fires. Furthermore, victims were either young (less than five years) or 
old (80 years or older). The fourth, fifth and sixth cluster were characterised by kitchen fires, fires 
occurring at weekday nights and deliberately set fires.  
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Conclusion 
Based on the data analysis, it appears that elderly living in nursing home have the highest risk of fatal 
fire. Smoking is the cause of the fire in cluster one and two. Based on the results from cluster three, 
people with decreased mobility are often victims of electrical fires due to the inhaling of smoke.  
 

2.2.3. Comparative investigation of ‘survival’ and fatality factors in accidental residential fires 
The study by Xiong, Bruck and Ball (2015) compares factors associated with accidental residential fires 
where people died versus fires where all people survived the fire. The analysis is based on 177 fatalities 
and 183 survivors, who were interviewed. This study could contribute to the fire safety field, by 
identifying building characteristics that reduce the risk of a fire incident.  
 
Xiong et al (2015) state that there is little statistically significant evidence that support claims wherein 
smoking-related materials cause the most fatal fires. Two databases were used in this study. The first 
database is the Victoria University Fire Fatality Coronial Database (Coronial database) and the second 
is the Victoria University Residential Fire Survivor Database (Survivors database). The parameters from 
these databases were developed to correspond as closely as possible. After a selection process, 177 
single fatalities from the Coroners database were used for this study. Information from 183 survivors 
from the Survivors database was used. The variables from the databases were classified and the main 
statistical method was the binary logistic regression. 
 
The results present several notable differences between fatal fires and survived fires (Xiong et al, 
2015). For smoking-related materials, cigarettes were the leading ignition factor of fatal fires. The 
elderly had the greatest chance of dying in residential fires, compared to their younger adult 
counterparts. Regarding people being asleep or awake, the odds of surviving an accidental residential 
fire when a person was awake was more than 10 times higher, compared to someone who was asleep. 
There was a clear distinction between people who experienced a physical illness compared to those 
who had not. People who suffered from a physical illness had a greater chance of dying. When taking 
the type of property into account, when comparing survivors versus fatalities, people who lived in an 
apartment were at higher risk of dying in accidental residential fires than those who lived in a one or 
two family drawing. Furthermore, the presence of a smoke alarm increased the chance of survival. One 
critical note, fires with major injuries were excluded in this project.  
 
Conclusion 
Looking at the results, there are several aspects which lead to an increased risk of death in a residential 
fire. Cigarettes were the leading ignition factor of fatal fires. Here as well, the results indicate that 
people who suffer from a physical illness have a greater chance of dying. On the other hand, the 
presence of a smoke alarm increased the chance of survival. 
 

2.2.4. Fatal Fires in Residential Buildings (2014-2016) 
Every two years a topical fire report is published by the United States Fire Administration (National 
Fire Data Center, 2018). The data on which this report is based on the U.S. Fire administration’s 
National Fire Incident Reporting System. Since this report focuses solely on residential fires, it could be 
of great importance for this thesis. The report addresses the characteristics of fatal fires and includes 
aspects such as fire spread, ignition, human factors related to ignition and alerting/suppression 
systems. 
 
Time of fatal fires 
Most fatal fires occurred late at night or in the early morning (National Fire Data Center, 2018). The 
eight-hour peak period (23:00 until 07:00) accounted for 48% of the total amount of residential fires. 
Several reasons for this are: most people are sleeping and less vigilant in the middle of the night. 
Individuals may die asleep if there are no smoke alarms present. Small smouldering fires may go 
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unnoticed when people retire for the night. Furthermore, There were far more incidents of residential 
fires in cooler months.  
 
Causes of fatal residential fires 
In 53% of the fatal incidents, enough information was added to the fire report so that the cause of the 
fire could be determined (National Fire Data Center, 2018). Smoking-related fires were one of the 
highest causes with 14% out of all fatal residential fires. The report mentions that ‘smoking’ is not as 
prominent as it once was in earlier reports, but is still one of the leading causes of fatal residential fires 
in the United States. Fires resulting in two or more deaths were often caused by ‘other unintentional 
or careless actions’ followed by ‘electrical malfunctions’. 
 
Fire spread 
More than 79 percent of residential fatal fires extended beyond the room where the fire originated 
from (National Fire Data Center, 2018). These fires often occurred in the middle of the night when 
occupants were more likely to be asleep. One can conclude that compartmentation could play an 
important role in containing the fire. 12,1% of the fires spread beyond the building of origin. Bedrooms 
were the most common rooms where the fire started, followed by the living room. The kitchen took 
16,3% of the total.  
 
Type of property 
One- and two-family dwellings accounted for 80,2% of the fatal residential fires followed by 
multifamily dwellings with 15.4% (National Fire Data Center, 2018). Since one- and two-family 
dwellings are more common than multifamily dwellings, this number is to be expected. Even then, 
15,4% is still a high percentage.  
 
Human factors contributing to ignition 
Leading human factors which contributed to fatal residential fires were ‘asleep’, ‘impaired by alcohol 
or drugs’, physical disabilities’ and ‘age’ with 43%, 25%, 18% and 13% respectively (National Fire Data 
Center, 2018). Smoking was, by far, the leading cause of the residential fire.  
 
Alerting/Suppression systems 
Smoke alarms appeared to be present in 36 percent of the residential fatal fires (National Fire Data 
Center, 2018). It appeared that smoke alarms were present in 43 percent of ‘survived’ residential fires. 
The lack of an early warning due to the sound of a smoke alarm is a considerable factor in residential 
fires. 
 
Conclusion 
Once again, Smoke alarms and smoke was one of the leading causes in fatal residential fires. An early 
warning is of great importance. 
 

2.2.5. Analysis of fatal fires in Norway in the 2005-2014 period 
For this study, information regarding fire statistics has been analysed about who died and why they 
died in Norway between 2005 and 2014 (Sesseng, Storesund and Steen-Hansen, 2017). Risk factors 
and causes are identified, and how fires can be prevented. Although this study focuses on fatal fires in 
general, conclusions regarding risk factors for residential housing can be drawn. Therefore, this study 
will be analysed as well. 
 
The data material consisted of DSB’s fire statistics, Police investigation reports, the fire victim’s medical 
records, and the Cause of Death Registry from the Norwegian Institute for Public Health (Sesseng et al, 
2017). A database was created combining different data from these data sources. Statistical tests were 
conducted to examine differences in the population. Methods that were used were the Mann-Whitney 
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U-test, Fisher exact-test, chi-square test and a regression analysis. A limit of p < 0,05 was used, 
regarding the significance level. Lastly, a Multiple Correspondence Analysis was carried out so that it 
could be analysed whether various characteristics of victims occurred simultaneously. A critical note 
explains the Police reports varied when it came to richness in detail, which could impact the results of 
this study.  
 
In total, 517 fatal fires with 571 fatalities were registered during the 2005-2014 period (Sesseng et al, 
2017). Access to Police reports was granted for 68% of these fires. Looking at the distribution of fatal 
fires per month, it shows that the majority of the fires occurred during the winter season. Regarding 
the time of the day, most fatal fires took place during the night. More important, 85% of all fatal fires 
took place in residential buildings. There appeared to be no difference between the distribution for 
fatal fires and settlement pattern, which means that the risk of dying from a fire is the same for a single 
family home as it is for multifamily homes. This finding contradicts with other studies regarding fatal 
fires. Most fatal fires originated from the sitting room with 37%, followed by the kitchen and bedroom, 
with 19% and 13%, respectively. When taking risk factors into account, it appears that half of all 
fatalities aged 65 years and older had reduced mobility. One third of the same age group was impaired 
with cognitive abilities. This indicates that elderly are more exposed to perish in a fatal fire than 
younger persons. The results show that a noticeable increase for people aged 70 years and older and 
80 years and older. People aged 80 years and older had a 9.3 times higher chance to die from a fires 
compared to people between the age 20 to 30 years. Therefore, high ages correlates with an increased 
probability of perishing in a fire. The study discusses that with the anticipated population growth and 
distribution of elderly in mind, preventive measures toward this group are required.  
 
Conclusion 
Most of the findings in this study correspond with the literature. Age plays an important role in fatal 
fires, mainly due to a decrease in mobility, cognitive abilities and mental illness. On the other hand, 
this study did not found a significant difference between single family houses and multifamily houses, 
which contradicts other literature. This could be due to the distribution of housing in Norway. Smoking 
played a role in 34% of all fatal fires which were caused by open fires. This needs to be taken into 
account, although this cannot be prevented by the fire safety checker. 
 

2.2.6. How could the fire fatalities have been prevented? An analysis of 144 cases during 2011–
2014 in Sweden 

This study by Runefors, Johansson and Hees (2016) investigated 144 unintentional fatal residential 
fires that took place in Sweden between 2011 and 2014. They state that the number of fire deaths has 
been decreasing during the last 50 years, but this decrease seems to slow down over time. It has likely 
reached a level where increased efforts are needed to further decrease the fatalities by fires. In 
Sweden, as well as the Netherlands, the use of home care compared to institutional care is expanding. 
Since elderly generally have a reduced mobility compared to their younger counterpart, it is important 
to analyse how the fire safety of those individuals can be improved. By a systematic meta-analysis of 
many in-depth fire investigations of lethal residential fires this study hopes to determine how fatalities 
could be prevented in the future. The outcome could be of value to this thesis, since certain 
measures/recommendations could be added to the fire safety checker.  
 
For the analysis, this study uses the event/MTO analysis (Runefors et al, 2016). This analysis originates 
from the Human Performance Enhancement System. It analyses the chain of events that leads to 
fatalities and barriers that could have stopped the chain of events. The resulting standardized chain of 
events consists of the following five steps (in order): Heat, Ignition of first object, fire growth, 
evacuation initiated and evacuation complete. The method tries to identify barriers that could prevent 
the progression from step 1 to 2, and step 2 to 3. The barriers from the other steps focus on emergency 
rescue services is not included in this study. The data for this study originates from reports from fire 
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departments/and or police reports is completed with autopsy reports from the Swedish Civil 
Contingencies Agency after fatal fires. In total, 144 cases were analysed. Here, a lethal fire means that 
a person dies within 30 days after the fire took place. Many of the barriers are based on the fire 
development rather than the cause of the fire. Since the study is coding qualitative data which could 
result in subjective judgements, a random sample of five cases was given to an independent researcher 
who coded them based on the final set of identified barriers. This resulted in a high overlap; only 3% 
of the 115 coded instances resulted in a different barrier. 
 
The results are split among barriers that could have prevented the fire progression (Runefors et al, 
2016). These are barriers that prevented unwanted heat generation, ignition of the first object, further 
fire growth, initiation of evacuation and the completion of evacuation. The first barrier focuses on 
unwanted heat generation. a malfunction of the electrical system was the cause of death in 14% of the 
cases. The author states that this risk is likely to decrease in the future, primarily due to ground fault 
interrupters and the trend that consumer products are becoming more energy efficient, resulting in 
less heat generation. The second barrier focuses on the prevention of the ignition of the first object 
that caught fire. Upholstered furniture catching flame is a high fire safety risk. In this research, 
cigarettes are the most common cause for ignition for upholstered furniture with 72%. The third 
barrier focuses on the prevention of further fire growth. Here, thermally activated suppression systems 
such as fire sprinklers have the greatest effect to reduce the risk of fire spread. Fire suppression 
systems have the greatest potential of all fire barriers. Dying in the object of first ignition is common 
for many of the high risk groups, and therefore thermally activated systems are not as effective for 
these groups. Detector-activated suppression systems in bedroom and living room could potentially 
have saved 88% of these high risk groups. Different options for suppression media exist, such as a 
water mist system. Water mist systems minimize the damage. There were few cases where fire 
compartmentation could have prevented fatalities. This statement shows that the majority of the fatal 
fires happens in the compartment where the fire started.  
 
The author concludes his study with a number of different strategies that could be pursued to reduce 
the number of fatal residential fires (Runefors et al, 2016). The first recommendation is to split to 
population into two groups. One group who is vulnerable (elderly, disabled for example) and the other 
group consist of general people. The first group would benefit the most from detector-activated 
suppression systems or ignition protection of clothes and bedclothes. People who receive home care 
could be the primary target group, since they get regular visits by municipal workers. For the general 
public, there should be a continued focus on promoting smoke alarms. Smoke alarm that work without 
batteries have proven to be more effective than those who use batteries.  
 
Conclusion 
This study underlines the importance of fire sprinklers, detector-activated suppression systems and 
smoke alarms regarding residential fire safety. In Sweden, many fatalities could be prevented if one of 
these systems was implemented. The distinction between vulnerable people and general public should 
indeed be made, so that the optimal method can be applied to these specific groups. It is likely that 
these fire prevention systems could be taken into account in the fire safety checker. 
 

2.2.7. An Investigation into the Circumstances Surrounding Elderly Dwelling Fire Fatalities and the 
Barriers to Implementing Fire Safety Strategies among this Group 

This paper tries to identify the circumstances related to elderly dwelling fire fatalities based on coronial 
reports from Ireland (Harpur, Boyce and Mcconnell, 2014). Since this study focuses primarily on elderly 
fatalities, is could be of value of this thesis.  
 
Residential fires are the main cause of fire deaths. The risk of being involved in a fatal residential fire 
is linked to several occupant characteristics, of which age is one of the most commonly reported risk 
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factors (Harpur et al, 2014). This study states that with the impending rapid growth of the proportion 
of elderly people in society, particularly with the baby-boomer generation reaches a retirement age, 
this target group requires more attention. The goal is to gain an understanding of why elderly 
householders became involved in a fatal residential fire. This information will contribute to the 
identification of the elderly who are most at risk. 
 
The data presented in this paper is based on coronial reports during the period 1999 to 2009 from 
Northern Ireland (Harpur et al, 2014). The data was extracted, coded and added to a SPSS database 
and was devided into four categories: fire incident information, information about the fatalities (age, 
sex, lifestyle), escaped occupants (actions taken) and lastly witnesses involved. This paper uses a mixed 
methods approach, since the quantitative data was not sufficient in several cases, mostly because the 
source material wasn’t designed for the purpose of research. In this research, elderly people are 
defined as persons who must have been at least at the age of 60 years and must have come to their 
death due to an accidental residential dwelling.  
 
The results are divided into 4 categories: demographic data, incident data, fatality condition and 
attitudes towards fire safety in elderly households (Harpur et al, 2014). Looking at the demographic 
data, it is clear to see that the elderly group have the highest relative risk, and thus, the highest chance 
of dying in an accidental residential fire. Human characteristics indicate that 80,0% lived alone, and 
that 73,8% was a smoker and that 63,6%, supporting the claim that smoking, drinking and living alone 
increases the risk of dying in an accidental residential fire. The incident data from this research is in 
line with the Literature. Most fatal fires take place during 00:00 and 06:00 hours, of which the room of 
fire origin is the living room or the bedroom. The Source of ignition are Smokers materials for the 
largest part with 53,2 %. The first item ignited were usually home furnishings or clothing that person 
was wearing. The authors sketch a common scenario that could lead to a fatality: the fire originates 
from the living room, lit by smokers’ materials with home furnishings being the first item that ignites. 
The third category, fatality condition, checks the presence of alcohol/drugs in their systems, their 
involvement and their subsequent behaviour relating to the fire. The data indicates that half of all 
elderly fatalities, tested positive for blood alcohol levels. Furthermore, 67,2% did not manage to escape 
the dwelling and 37,0% of the elderly remained in the room of fire origin. Lastly, the author expresses 
his attitude towards fire safety in elderly households. First he points out that age related decline in 
health was one of the largest influences on the degree of risk elderly experienced. Alzheimer’s disease 
is an example of a common health condition which increases the risk of dying in a residential fire. 
Additionally, a decline in physical health frequently resulted in elderly being housebound or even bed-
bound. To conclude, fire safety for elderly could benefit from additional focus on the dangers of 
clothing ignition, the dangerous practice of placing items to close to a heat source and to reinforce the 
message to install and maintain smoke alarm.  
 
Conclusion 
The findings from this study are in line with the literature. It is clear that several human characteristics 
play a large role in fire safety for elderly. Elderly who live alone, smoke and drink seem to have the 
highest risk of dying in an accidental residential fire. The decline in physical mobility, led to a 
percentage of 37 consisting of elderly who were not able to move away from the room of ignition. 
Installing and maintaining smoke alarms could warn elderly in time. 
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2.2.8. Conclusion 
Based on the literature review, the most important fire safety risk factors are displayed in table 1. The 
risks are divided into building related risks, fire related risks and human related risks. The number in 
the source column corresponds with the articles that were reviewed in paragraph 2.2 table 1 explains 
were the statements can be found. For example, the fire related risk were smoking was the cause of 
ignition can be traced back to almost every article. The complete reference list in APA style can be 
found in chapter six. 
 

Building related risks  Source* 

Multi-family properties are more likely to experience house fire incidents, compared to 
single family properties 

1, 3 

Properties with less than three fire exits have a greater risk of fatal fires  1 

Nursing homes for elderly are considerably at a greater risk 2 

Smoke alarms are present, but do not go off/warn the occupants in time 6, 7 

Residents were not able to escape their house in time 1 

 
Fire related risks  Source* 

Fires originating from the living room or bedroom let to an increased risk 1 

Smoking was the cause of ignition for most residential fires 1, 2, 3, 4, 6, 
7 

Fires started on the clothes someone was wearing increased the risk of fatalities 2 

Most fatal fires occurred from 23:00 to 07:00 hours in the winter months 4, 5 

Most fatal residential fires spread beyond the room of origin 4 

Older buildings and buildings in poor condition have an increased risk of fatalities 1 

 
Human related risks Source* 

Elderly people aged 65 years and older have a high relative risk in being caught in a fatal 
residential fire. The relative risk increases with age. 

1, 2, 3, 5, 6, 
7 

Smoking greatly increase the risk of fatal residential fires 1, 2, 4, 5 

Vulnerable households (people impaired with cognitive or physical disabilities) are at greater 
risk of fatal fires. 

1, 2 

Male residents have a higher risk than female residents 2, 3 

Living alone greatly increases the risk of dying in a fatal fire 7 

 
Possible barriers Source* 

The presence of detector systems (e.g. smoke alarm) increases the chance of survival 1, 3, 4, 6 

A linked sprinkler system increases the chance of survival  4 

Improved electrical systems which consume less power and produce less heat 6 

Thermal activated suppression systems greatly reduce the spread of fire 6 

Fire suppression systems have the greatest potential to reduce the amount of fatal fires 6 

Table 1: results of the literature review. The number in the ‘Source’ column corresponds with the reviewed articles:  

*1. Risk factors associated with unintentional house fire incidents, injuries and deaths in high-income countries: a systematic 
review (Turner et al, 2017).  

*2. The state of the residential fire fatality problem in Sweden: 2 Epidemiology, risk factors, and event typologies (Jonsson et 
al, 2017). 

*3. Comparative investigation of ‘survival’ and fatality factors in accidental residential fires. (Xiong et al, 2015). 

*4. Fatal Fires in Residential Buildings 2014-2016 (National Fire Data Center, 2018). 

*5. Analysis of fatal fires in Norway in the 2005-2014 period (Sesseng et al, 2017). 

*6. How could the fire fatalities have been prevented? An analysis of 144 cases during 2011–2014 in Sweden (Runefors et al, 
2016). 

*7. An Investigation into the Circumstances Surrounding Elderly Dwelling Fire Fatalities and the Barriers to Implementing Fire 
Safety Strategies among this Group (Harpur et al, 2014). 



Thesis| L.J.P. Gerritsen | Page | 24 

2.3. Dutch Building Code 2012 
The Dutch Building Code is the most dominant document relating to fire safety for the build 
environment. The scientific foundation of the Dutch Building Code is limited. The rules in this 
document aim at the prevention of injury and the spread of fire . The main assumptions from the Dutch 
Building Code are: 

- Within 15 minutes after the start of the fire, the fire needs to be discovered and the persons 
endangered by the fire and the fire department need to be alarmed.  

- Within 15 minutes after the fire alarm, the persons endangered by the fire need to be able to 
flee without help from the fire department.  

- Within 15 minutes after the fire alarm, the fire department needs to arrive at the location of 
the fire. 

- Within 60 minutes after the start of the fire, the fire department needs to be able to control 
the fire. Controlling the fire means that the fire is no longer spreading. 

 
The Dutch Building Code is not focused on the spread of smoke, while in several recent incidents 
people died from smoke inhalation (Instituut Fysieke Veiligheid, 2015). The Building Code 2012 is built 
upon 5 aspects: safety, health, usability, sustainability and the environment. These 5 aspects form the 
five main chapters. Each regulation consists of a functional requirement and a performance 
requirement. An example of a functional requirement could be: ‘each floor should have 1 toilet’. An 
example of a performance requirement could be: ‘for every 100m² there is at least 1 toilet’. Each 
chapter consists of several departments. Each department is built in the same way. The first lit 
indicates the functional requirement. The second lit connects the functional requirement to use 
functions, followed by the performance requirements. Since residential housing will be the target 
group for this thesis, only the building regulations which effect residential housing will be taken into 
account.  
 

2.4. Environmental law ‘omgevingswet’ 
In 2021, the new environmental law ‘omgevingswet’ will be implemented (Rijksoverheid, 2018). The 
law replaces several laws, including the current Dutch Building Code. The law integrates multiple laws 
regarding building regulations, infrastructure, water systems and soil in order to create one law for a 
safe and healthy physical environment. The law has four intended improvements;  
 

1) One integrated law which provides a clear overview for civilians. 
2) A central approach: regulations are assessed in relation to each other. 
3) More customisation: besides the national standard regulations, local authorities can customise 

the regulations so that they fit local circumstances. 
4) Licensing happens faster and better (you only need one licence).  

 
The new law, its regulations, and the environmental plan will be digitalised and publicly accessible 
(Rijksoverheid, 2018). Further, there is an obligation of all parties to keep the information (regulations, 
plans etc.) up to date. The digitalization of the AEC industry will contribute to this new obligation, as it 
makes it easier to update information and make information accessible to the authorities and civilians. 
Testing for fire safety with the model that is presented in this thesis, will especially help local 
authorities to assess the safety of new (and old) buildings. This will also contribute to an approach that 
is more customized to the local situation (see point 3 above). For example, when an apartment 
complex will be built, the authorities can check whether it is suitable for elderly people that are less 
self-reliant. Digital building models can also be used for assessing the safety of existing buildings, when 
new plans for the built environment are developed. For example, whether it is justifiable to build a 
new petrol station close to a building with elderly people.  
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Table 2 below, explains that the capability of a person to bring themselves in safety, are taken into 
account in the new environmental plan. This allows for more customisation of regulations, in one place 
a petrol station might be safe, in another place it might be more dangerous.  
 
Artikel 5.2 Besluit kwaliteit leefomgeving, eerste lid:  
 
In een omgevingsplan wordt voor risico’s van branden, rampen en crises als bedoeld in artikel 10, 
onder a en b, van de Wet veiligheidsregio’s, rekening gehouden met het belang van:  
 

a. Het voorkomen, beperken en bestrijden daarvan,  
b. De mogelijkheden voor personen om zich daarbij in veiligheid te brengen, en  
c. De geneeskundige hulpverlening aan personen daarbij. 

 
 
 
Moreover, the new law requires local authorities to assess the environmental plan on the possibilities 
of people to bring themselves to safety (GGD GHOR Nederland, 2018). The fire safety checker can 
provide an overview of each digitalised building. This contributes to the assessment of safety and the 
possibilities of (elderly) people to bring themselves in safety. For example, whether it is possible to flee 
via an emergency stair-case or an (fire safe) elevator.  
 

2.5. International Building Code 
The International Code Council developed the International Building Code (IBC), which is been adopted 
as the code standard throughout most of the United States (International Code Council, 2017). Health 
and safety concerns for buildings based upon prescriptive and performance related requirements are 
addressed in the IBC. Protecting public health and safety are the main intentions of the IBC. Not all 
chapters of the IBC are relevant for this research. For example, chapter 7 to 9 of the IBC encompass 
fire resistance and protection requirements for buildings. Chapter 7 concerns fire and smoke 
protections features and governs materials, systems and assemblies used for structural fire resistance. 
Chapter 8 governs the use of interior finishes, trim and decorative materials. Chapter 9 focusses on 
fire protection systems, such as a sprinkler system. Since chapters 7 to 9 relate to fire safety protection, 
these chapters will be discussed in this paragraph. 
 

2.6. International Fire Code 
Fire code regulations prevent hazardous fire situations in the build environment. They differ in each 
country, although the basics overlap. A building permit is given, only when a building (model) is in line 
with the local fire regulation code.  
 

2.6.1. Chapter 3: Use and occupancy classification 
Before we can discuss the fire and smoke protection features from chapter 7, it’s necessary to give an 
overview of the classification of buildings, structures and parts, which is explained in chapter 3. The 
different types of construction will be mentioned here. Assembly group A houses are defined in group 
A-1 to A-5. These include buildings for the gathering of persons. Business group B includes buildings 
for office, professional of serves-type transactions and accounts. Educational group E stands for 
buildings used for educational purposes. Factory group F includes buildings for assembling 
disassembling fabricating, manufacturing or processing operations. High-hazard group H includes 
buildings that constitute a physical or health hazard. Institutional group I includes buildings where 
occupants are not capable of self-preservation without physical assistance, such as nursing homes and 
hospitals. Mercantile group M includes buildings for the sale of merchandise and involves stocks of 
goods or wares. Residential group R includes buildings that are not institutional buildings, and are not 
regulated by the International Residential Code (IRC). The IRC is a separate code and was created to 

Table 2: Article 5.2 in the new environmental law 
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serve as a complete code regulating the construction of single-family houses, two-family houses and 
buildings consisting of three or more townhouse units. All buildings within the IRC are limited to three 
stories above grade plane. Section R302 focusses on fire-resistance construction of these residential 
houses. Storage group S includes buildings for storage. Lastly, miscellaneous group M includes 
buildings that do not fit in the other groups mentioned before.  
 

2.6.2. Chapter 6: Types of construction 
Firstly, section 601 (table 3) displays a table regarding fire-resistance rating requirements for building 
elements in hours. There are different building types in this table. Types I and II are non-combustible 
materials. Type III construction is that type of construction where exterior walls are of non-combustible 
materials and the interior building elements are of any material permitted in the code. Type IV 
construction features non-combustible exterior walls and interior building elements made of solid 
wood without concealed spaces. Leading to a more diverse environment for fire resistance. 
 
Furthermore, section 602 displays a table regarding the fire-resistance rating for exterior walls based 
on fire separation distance.  

 

Table 3: Fire-resistance rating requirements for building elements (hours) (International Code Council, 2017). 

- Type I and II: Construction in which building elements are of non-combustible materials. 
- Type III: Construction in which exterior walls are of non-combustible materials and the interior 

building elements are of any permitted material. 
- Type IV: Construction made of heavy timber. Exterior walls are made of non-combustible 

materials and the interior building elements are of solid or laminated wood without concealed 
spaces. This conveys the most recent challenges.  

 

2.6.3. Chapter 7: Fire and Smoke protection features 
This chapter governs the materials, systems and assemblies used for structural fire resistance and fire-
resistance-rated construction separation of adjacent spaces to safeguard against the spread of fire and 
smoke within a building and the spread of fire to or from buildings. Before we can discuss the fire and 
smoke protection features from chapter 7, it’s necessary to give an overview of the classification of 
buildings, structures and parts, which is explained in chapter 3. Groups A-1 to A-5 are individual groups 
for assembly-type buildings. Other groups include B (business), E (educational), F (factory), H (high 
hazard), I (institutional), M (Mercantile), R (residential), S (storage) and U (utility). Defining the use of 
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buildings is very important because it effects the level of overall fire resistance provided by the type of 
construction used for the building. The occupancy classification also depends on the type of 
construction and influences several fire resistance measurements. 
 
Section 703: Fire-resistance ratings and fire tests 
Materials used in the building model must conform to the material standards from the American 
Society for Testing and Materials (ASTM). The ASTM is an American sanitation organisation.  
 
Section 704: Fire-resistance rating of structural members 
The fire-resistance ratings of the construction of the building must conform to the fire-resistance 
ratings mentioned in table 601 (below). The fire-resistance rating should not be less than what can be 
found in this table. For example, sometimes it’s required to apply fire resistant materials to columns, 
in order to extend their fire resistance rating. The fire resistance rating of buildings needs to be taken 
into account. This results in more diverse results. 
 
Section 705: Exterior Walls 
This chapter discusses the fire-safety requirements regarding exterior walls. The minimum distance of 
projection must align to table 4 below. Buildings on the same lot are not required to comply with this 
section for projections between the buildings. Furthermore, exterior walls shall be fire-resistant 
according to tables 601 and 602, which are displayed in section 704. 
 

 

Table 4: Minimum distance of projection (International Code Council, 2017). 

 
Section 706: Fire walls 
Every building which is separated by one or more fire walls, needs to comply with the fire-resistance 
ratings in this section, see table 5. When a wall is located between adjacent buildings, they need to be 
considered as a fire wall. Fire walls shall be designed to allow collapse of the structure (on either side) 
without collapse of the wall under fire conditions. Regarding the materials, they shall be made out of 
non-combustible materials. Their fire-resistance rating shall be no less than the ratings in table 706.4 
below. Openings in a fire wall are allowed, but shall not exceed 15 m2. An exception for this regulations 
is when both buildings are equipped with an automatic sprinkler system. 
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Table 5: Fire wall fire-resistance ratings (International Code Council, 2017). 

 
Section 707: Fire Barriers 
A fire barrier is a wall assembly of materials designed to restrict the spread of fire in which continuity 
is maintained, see table 6. The fire-resistance rating requirements for fire barrier assemblies or 
horizontal assemblies is displayed in table 707.3.10 below. Equals to fire walls, fire barrier openings 
shall not exceed 15 m2. The occupancy groups are defined in chapter 3 of the International Building 
Code. Basically, A stands for assembly, B for Business, E for educational, F for factories, H for high 
hazard groups, I for institutional, M for mercantile, R for residential, S for storage and U stands for 
utility and miscellaneous.  

 

Table 6: Fire-resistance rating requirements for fire barrier assemblies 
or horizontal assemblies between fire areas (International Code  
Council, 2017). 

 
Section 708: Fire partitions 
A fire partition is a vertical assembly of materials designed to restrict the spread of fire in which 
openings are protected. First off, fire partitions shall have a fire-resistance rating of not less than 1 
hour. Exceptions to this regulation are corridor walls, dwelling and sleeping unit separations in 
buildings. These types of separations shall have a fire-resistance rating of no less than half an hour. 
 
Section 709: Smoke barriers 
A smoke barrier is a continuous membrane, such as a wall, floor or ceiling that is designed and 
constructed to restrict the movement of smoke. A 1-hour fire-resistance rating is required for smoke 
barriers. In order to form an effective membrane, smoke barriers shall be made continuous from the 
foundation of the floor to the underside of the floor or roof above, including continuity through 
concealed spaces, such as a suspended ceiling.  
 
Section 710: Smoke partitions 
Unlike fire partitions, fire walls and smoke barriers, smoke partitions are not required to have a fire 
resistance rating. 
 
Section 711: Floor and roof assemblies 
Horizontal assemblies must be made of materials permitted by the building type construction. The fire-
resistance rating is based on the type of horizontal floor assembly. When separating fire areas, their 
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fire-resistance rating is based on section 707: Fire barriers. When a horizontal assembly serves as a 
dwelling or sleeping unit separations, their fire-resistance rating must be no less than 1 hour. When 
the assembly is separating smoke compartments, the assembly shall comply with section 709.  
 
Section 712: Vertical openings 
When a vertical opening consists of a shaft, they need to comply with section 713: Shaft enclosures. 
When a building is equipped with an automatic sprinkler system, vertical openings for escalators are 
allowed. This encompasses the fire-resistance requirements leading. 
 
Section 713: Shaft enclosures 
The provisions of this section are required to protect openings through floor and ceiling assemblies. 
Shaft enclosures shall be constructed as fire barriers in accordance to section 707: Fire barriers. The 
fire resistance rating of shaft enclosures shall be no less than 2 hours, when the shaft connects more 
than 4 building stories. When the shaft connects less than 4 building stories, the fire resistance rating 
shall be no less than 1 hour.  
 
Section 714: Penetrations 
Penetrations into fire walls, fire barriers, smoke barriers and fire partitions must have an approved 
fire-resistance-rated assembly. Through penetrations shall be protected by an approved penetration 
firestop system. 
 
Section 715: Fire-resistant joint systems 
This section covers joints between fire-resistance-rated walls, floors and roofs. Joint systems must 
resist the passage of fire for a time period no less than the required fire-resistance rating of the wall, 
floor or roof in which the system is installed. This is a code which should be checkable by the fire code 
checker. It might be worth it to investigate the possibilities for the code checker regarding this aspect. 
 
Section 716: Opening protectives 
Opening protectives shall comply with the provisions of this section. Fire resisted glazing must 
comply with table 7. 

  

Table7: Marking fire-rated glazing assemblies (International Code Council, 2017). 

Section 717: Ducts and air transfer openings 
Ducts transitioning horizontally between shafts do not require a shaft enclosure, provided that the 
ducts are provided with dampers. The installed dampers are required to be tested. The fire damper 
rating can be found in table 8. 
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Table 8: Fire damper rating (International Code Council, 2017). 

 

2.6.4. Chapter 10: Means of Egress 
This chapter governs the design, construction and arrangement of means of egress. The minimum 
requirement is that it is unlawful to reduce the number of exits to less than required by this code.  
Means of egress shall have a ceiling height of not less than 2286 mm. Protruding objects are permitted 
on circulation paths where a minimum headroom of 2032 mm is provided over any walking surface. 
Not more than 50% of the ceiling of a means of egress shall be covered by a protruding object. 
 

2.7. Conclusion 
The literature review indicates that elderly living in residential apartments have the highest risk of fire 
related injuries and deaths. Looking at the demographic prognoses, this group will grow significantly. 
In 2040, more than 4.5 million people will be 65 years and older in The Netherlands. Due to the so-
called aging society, fire safety for this group will become more important. This chapter has shown 
that the Dutch Building Code and the International fire code are both ‘prescriptive’ regulations, with 
little scientific foundation. A risk based approach based on fire safety related elements can be of great 
help to prevent injuries.  
 
Furthermore, the fire safety risk factors were categorised in building related risks, fire related risks and 
human related risks for residential housing. The building related risks show that multi-family properties 
are more likely to experience house fire incidents, compared to single family properties and that 
properties with less than three fire exits have a greater risk of fatal fires. Next to that, nursing homes 
for elderly are considerably at a greater risk compared to regular residential housing. It appears that 
although smoke alarms are present, they do not always warn the occupants in time. Regarding fire 
related risks, smoking was the cause of ignition for the majority of cases found in the literature. Fires 
that started on the clothes someone was wearing increased the risk of fatalities. Most fires occurred 
at night between 23:00 to 07:00 hours. The human related risks pointed out that elderly people aged 
65 years and older have a high relative risk in being caught in a fatal residential fire and that the relative 
risk increases with age. Additionally, smoking greatly increases the risk of a fatal residential fire. Male 
residents and people impaired with cognitive or physical disabilities are at greater risk of fatal fires as 
well. Possible barriers that could warn occupants on time / prevent the spread of flame are highly 
effective: the presence of a detector system (e.g. smoke alarm) increases the chance of survival and a 
linked sprinkler system limits the spread of the fire. Especially for elderly people, this could be of great 
value, so that neighbours or other occupants have time to help them in their escape.  
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3. Use case analysis: fatal residential fire safety incidents in The Netherlands 
Over the last 5 years, several fatal fire safety incidents occurred in The Netherlands. This chapter will 
analyse three major fires incidents. The incidents will be reviewed as follows: first a short summary 
will be given about the incident. Secondly, each incident will be analysed according to the building 
characteristics, environment characteristics, fire characteristics and human characteristics. Thirdly, 
possible fire barriers for each fire will be discussed. In the end, a review will be shared with the most 
important aspects of each fire. The results will be compared with the conclusion from the literature 
study from paragraph 2.2.8. The three major fire incidents are: 
 

1) ‘Brand Rode Kruislaan in Diemen at the 19th of July 2017’ 
2) ‘Brand O.C. Huismanstraat in Nijmegen at the 20th of February 2015’ 
3) ‘Brand Gruttostraat in Hellevoetsluis at the 20th of May 2016’ 

 

3.1. Brand Rode Kruislaan in Diemen at the 19th of July 2017 
One of the five residential apartments located at the Rode Kruislaan in Diemen, The Netherlands, was 
part of a large fire in the night of 19th of July, 2017 (Dikkenberg, Hagen, Karemaker and Tonnaer, 2017). 
The apartment complex had room for 180 students (see figure 6), with each student having their own 
doorbell. In total, there were 5 victims, of which one has passed due to the fire. It appeared that the 
fire was lit on purpose by one of the students living in 
the apartment complex. The fire was set in an 
apartment on the ground floor at 03:39 hours. Due to 
the blast of the explosion, the door connecting the 
hallway to the central stairway was blown open. That 
way, smoke entered the central stairway, which made 
fleeing through the central stairway difficult. Initially, 
many students tried to flee via the central stairway, 
instead of using the external emergency stairway. The 
fire department was alarmed at 03:40 and arrived the 
site at 03:46. The officer in charge, and the head officer 
in charge visited the site in the upcoming hours. At 
04:22, the ‘brand meester’ signal is given, which means 
the fire is under control. All apartments to the 7th floor 
were checked, to make sure all students had been 
evacuated. The fire departments left the site after this 
had been done. At 07:46 the fire department was 
alarmed again, regarding a reanimation of a male 
student on the 12th floor from the same apartment 
complex earlier that morning. The student was found 
dead. The fire department finds a female student at the 
11th floor and she was safely escorted outside. 
 
 

3.1.1. Building characteristics 
The building itself counts 15 stories. The first floor consists of two apartments, storage facilities, a 
technical room and an office (Dikkenberg et al, 2017). Floor 1 until 15 have the same layout and consist 
of 2 hallways, see figure 7 for the floor layout. For each hallway, there are 7 apartments and 1 shared 
kitchen. The storage and the laundry room are shared with the entire floor. The layout can be seen in 
figure 7 and 8: 
 

Figure 6: the apartment complex in Diemen 
(Dikkenberg et al, 2017) 



Thesis| L.J.P. Gerritsen | Page | 32 

 

Figure 7: floor layout of floor 1 to 15 of the apartment complex in Diemen (Dikkenberg et al, 2017) 

 

 

Figure 8: floor layout of the ground floor of the apartment complex in Diemen (Dikkenberg et al, 2017) 
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The apartment complex met all building requirements according to the Dutch Building Code 
(Dikkenberg et al, 2017). There was no evacuation plan, even though the fire department of 
Amsterdam recommended to make one. The fire safety system was evaluated after the fire took place. 
The main supporting structure was made of concrete and the internal walls are made of brickwork. 
Each apartment was executed as a 30 minutes fire compartment. This entails that each apartment is 
protected horizontally and vertically against fire and heat. Practice shows that the minimal 30 minutes 
of protection against smoke is often not met, especially in the case of cooled down smoke. Since each 
apartment is their own fire compartment, there was no fire-resistant separation between the main 
stairway, the laundry room and the storage room. The external emergency stairway allowed this, 
which is in line with the Dutch Building Code. Because each apartment was their own sub fire 
compartment, it is not mandatory to apply smoke protectors in each individual apartment. 
 
The apartment complex has two stairways (Dikkenberg et al, 2017). One stairway is the main stairway 
people use on a day to day basis, the other stairway is the emergency stairway. The emergency 
stairway can be reached via the hall on each floor, or via the balcony of one of the apartments. The 
doors to the main hall can only be opened with an electronic key, a tag. If someone would leave the 
hallway and enter the main stairway, it was only possible to return to the floor if you used the tag. This 
systems wasn’t designed to open the door to the hallway in case of emergency. That way, several 
students were trapped in the main stairway and could not return to the hallway to escape via the 
emergency stairway. To conclude, the apartment complex applies to the Dutch Building Code, however 
it does not guarantee a safe emergency exit due to the tag system. There is no sprinkler system 
installed and there are no linked smoke protectors within the apartments.  
 

3.1.2. Environment characteristics 
The apartment complex is one of the five apartment complexes at the Rode Kruislaan. The distance 
between the buildings is sufficient to prevent any fire spread among these complexes. Furthermore, 
the building is located within the 8 minutes response time for the fire department (Dikkenberg et al, 
2017). The main entrance is easy to reach. 
 

3.1.3. Fire characteristics 
The fire was started on purpose in one of the apartments on the ground floor. A significant shockwave 
originating from the apartment let to the destruction of the hallway door, which separated the 
apartments from the main stairway. Figure 9 displays the fire origen. 

 

Figure 9: fire origin in the apartment complex in Diemen (Dikkenberg et al, 2017) 
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Due to the shockwave, the door to the central stairway remained open, thereby inhibiting the use of 
the fire separation compartments. With the fire compartmentation no longer working, a vast amount 
of smoke spread across the main stairway, all the way up to the 15th floor within five minutes after the 
start of the fire. All smoke detectors went off within seven minutes after the start of the fire. Based on 
a visual inspection of the fire department, it was clear that the smoke had a high intensity. Fortunately, 
there was no smoke in the emergency stairway, so people could flee via the emergency stairway. 
 

3.1.4. Human characteristics 
According to the landlord, 143 of approximately 180 apartments were occupied at the time of the fire 
(Dikkenberg et al, 2017). Most apartments were occupied by one person. All occupants were young 
adults and did not experienced any decreased mobility issues. The social cohesion was difficult to judge 
since it varied among the different floors. Each apartment had their own doorbell, which did not 
contribute to the social cohesion. It is questionable if ‘hallway mates’ saw themselves as roommates.  
 
A remarkable fact was that most occupants initially tried to flee via the central stairway, which was 
filled with smoke, instead of the emergency stairway. This is in line with (Kobes, 2010), who states that 
people try to flee via a familiar way. Regarding the smoke alarms, it appeared that several occupants 
did not hear the smoke alarm. The 5 victims all tried to flee via the main stairway. 
 

3.1.5. Conclusion 
The fact that people died in this fire is mainly due to arson. The intense fire and the shockwave that 
followed opened the door to the main entrance, which was quickly filled with smoke. The tag system 
prevented occupants from returning to their floor (and their escape via the external emergency 
stairway). The linked smoke alarm warned most occupants of the fire. If smoke alarms would be linked 
into the apartments, more occupants would notice the emergency. 
 

3.2. Brand O.C. Huismanstraat in Nijmegen at the 20th of February 2015 
At 05:27, the fire department in Nijmegen is alarmed 
about a fire at the O.C. Huismanstraat at the café called 
Ugala III (Dangermond, Dikkenberg, Frentz, Hagen, Kobes  
Kramer, Stoks, Tonnaer, Weges, Werff, Witte and Zeijl, 
2015). An apartment complex for elderly people, named 
‘De Notenhout‘, is located above the café. When the fire 
department arrives at the site at 05:34, lots of smoke has 
already entered the apartment complex. In total, there 
were 15 victims, of which four passed away later that 
week. The fire started in the fuse box in the cafeteria, but 
the cause of the fire is unknown, since the evidence has 
been burned due to the fire. The fire will be discussed 
based on the building characteristics, environment 
characteristics, fire characteristics and human 
characteristics. The damage of the fire to the building can 
be seen in figure 10. 
 

3.2.1. Building characteristics 
The café was built in 1967, together with the apartment complex. The café is part of the mall, called 
‘De Notenhout’ as well (Dangermond et al, 2015). The cafeteria vented the greasy air via the drain 
pipe, partly running through the block of flats. The air is released on the roof on the apartment 
complex. The apartment complex has ten two-bedroom apartments and 61 three-bedroom 
apartments, spread across five floors, see figure 11 and 12. Only the entrance is situated at the ground 
floor.  

Figure 10: front façade after the fire in ‘Notenhout’ 
(Dangermond et al, 2015) 
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Figure 12: Lay out of the apartment complex 'Notenhout'. (Dangermond et al, 2015) 

 

Figure 11: Lay out of the apartment complex ‘Notenhout' (Dangermond et al, 2015) 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
There are three fire separation barriers in the apartment complex (Dangermond et al, 2015). The first 
fire separation barrier is located next to the main entrance and the other two barriers are located at 
the emergency stairways at the far side on each side of the complex. It’s important to note that 
stairway number 8 (see figure 11) does not reach ground level. Only the two stairways with number 7 
reach ground level.  
 
Several fire compartments are in place: between each apartment (60 minutes) between the 
apartments and the hallway (30 minutes), between the hallway and the stairway (30 minutes) and 
around all pipes and vents (30 minutes). There was no linked smoke detection system available in the 
apartment complex. Only one individual smoke detector was found among all apartments. 
Furthermore, there was no sprinkler system available.  
 

3.2.2. Environment characteristics 
The apartment complex is located above a mall. In order to prevent the spread of fire to the nearby 
supermarket, the fire men need to keep the façade wet. A river is located on the short side of the 

1. apartment complex 

2. cafeteria 

3. passage underneath 

4. short side of the flat 

5. long side of the flat 

6. juncture of the two sides 

7. stairway 

8. stairway floor 1 to 5 

9. elevator 

10. shaft 

11. air drain pipe 

12. supermarket 
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apartment complex (see number 4), limiting the accessibility of fire trucks and cranes. There are no 
other environment characteristics of influence.   
 

3.2.3. Fire characteristics 
As mentioned before, the fire started in the cafeteria below the apartment complex (Dangermond et 
al, 2015). Soon after, the entire air vent caught fire together with the sandwich panels protecting the 
air vent. The air vent is supposed to vent the greasy air, which could explain fire intensity. 
 
This fire is known for the huge amount of smoke, which made several emergency exits inaccessible. 
The police officers arriving at the site experienced this first hand, they could not enter via the main 
stairway. The smoke barrier doors located in the hallway did not make an airtight seal. Smoke passed 
through the opening above the doors. The apartments were vented mechanically via under pressure, 
so smoke was sucked back in by the apartments and hallways via ventilation grilles. In order to get rid 
of the smoke, a few firemen opened a window in the hallway. Since the opening of these windows only 
increase the density of the smoke, the windows were closed soon after. Not being able to flee via the 
main stairway made it difficult to evacuate all people. Because there were many elderly people living 
in the apartment complex, the fire department choose to focus on the evacuation, rather than 
extinguishing the fire. Therefore, the fire could continue to grow until the second fire truck arrived. At 
10:22 the signal ‘brand meester’ was given. 
 

3.2.4. Human characteristics  
At the time of the fire, the apartment complex counted 98 elderly people (Dangermond et al, 2015). 
The minimum age was 55 years, since the landlord used an age criteria. Some occupants were aged 80 
years or older. A significant amount of the elderly people experienced decreased physical mobility and 
were not self-reliant. They could not bring themselves to safety, without help from others. 
Furthermore, the occupants did not notice the start of the fire, even though they live above the 
cafeteria, were the fire originated from. Thus, the occupants had decreased perceptive abilities as well. 
Only a few occupants used the emergency stairways on the sides of the apartment. The majority of 
the occupants were not capable to flee on their own and needed help from the fire department to 
escape the building. The fire department assisted 52 occupants in their evacuation. 
 

3.2.5. Conclusion 
The intensity of the smoke, combined with the decreased mobility of the occupants made it difficult 
for the fire department to evacuate the building. Since there were no smoke alarms, it took a while 
before the fire was noticed. The fact that one stairway did not reach the ground floor, is remarkable. 
Occupants were trapped on the first floor, since the main stairway was filled with smoke. The absence 
of smoke alarms and sprinkler installation further increased the intensity of the fire. It was clear that 
many occupants were not self-reliant.  
 
Based on this fire, three lessons can be drawn. On paper, each apartment was marked as a fire 
compartment, but that did not prevent smoke from coming into the apartment. The first lesson points 
out that a fire barrier is not automatically a smoke barrier. This aspect deserves more attention in the 
future. The second lesson that can be drawn based in this fire, is that many people were not capable 
of fleeing through a hallway of 30 meters filled with smoke. This is in line with the Dutch Building code. 
The third lesson is that the request for aid was too much for the fire department, since most occupants 
were not self-reliant. Regarding housing mainly for elderly people, this should be taken into account. 
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3.3. Brand Gruttostraat in Hellevoetsluis at the 20th of May 2016 
In early morning hours on Friday the 20th of May 2016 at 01:37 hours, the fire department in 
Hellevoetsluis is warned regarding a residential fire at the Gruttostraat (Werkhoven, 2016). The fire 
takes place in a single family dwelling. On arrival, it appears that the fire is too large extinguish and 
that the occupants must have passed, if they are still inside. Therefore, the focus lies on the evacuation 
of nearby houses and preventing the spread of fire. A couple, both at the age of 84, passed away.  
 

3.3.1. Building characteristics 
The residential dwelling at the Gruttostraat is a single family dwelling, as can be seen in figure 13 
(Werkhoven, 2016). It is a house on the corner of a row of houses and was built in 1965. The living 
room, kitchen, hallway and stairway were covered with wood. Furthermore, there was an electrical 
stair elevator installed. The entire house was marked as one fire compartment, which complied to the 
Dutch Building Code by preventing the spread of fire with at least 20 minutes. There were two smoke 
alarms installed, who went off on a regular basis, according to the Neighbours. The only exit consists 
of the stairway down, which was blocked with smoke soon after the discovery of the fire. Furthermore, 
the house was filled with dated furniture, which is highly flammable. There were no environmental 
characteristics that influenced the fire. 

 

Figure 13: Residential dwelling before the fire took place (Werkhoven, 2016) 

3.3.2. Fire characteristics 
Due to the large degree of devastation, it was difficult to determine the cause of the fire (Werkhoven, 
2016). The police considers the possibility that the fire was lid on purpose. At the time of the alarming 
of the fire department, the fire is already spreading through the front door. By the time of arrival the 
fire has spread to the first and second floor. The rapid fire growth is attributed to the large amount of 
flammable furniture. Instead of a fire within the building, the entire building was afire, including the 
construction of the building. Therefore, the fire department focused on the prevention of the spread 
of fire, limiting the spread of smoke and the prevention of environmental damage.  
 

3.3.3. Human characteristics 
The occupants living the residential dwelling were both aged 84 (Werkhoven, 2016). According to 
neighbours and family, they were self-reliant. By the time the occupants noticed the fire, they could 
not flee via the only exit: the stairway. It is uncertain whether the fire smoke alarms worked at the 
time of the fire. 
 

3.3.4. Conclusion 
The stairs is often the only way out in case of a fire emergency in single family dwelling. By the time 
the occupants discovered the fire, this was already too late. The Dutch Building Code does not 
prescribe the use of incombustible furniture, which had a great impact on this particular fire.  
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3.4. Conclusion 
Here, the three use cases will be compared with each other in terms of building characteristics, fire 
characteristics and human characteristics. Table 9 summarizes the outcome of the use case 
comparison. Afterwards, these results will be compared with the results from the extensive literature 
review, so that a selection of fire safety aspects can be incorporated in the fire safety checker in 
chapter 4. 
 
It appears that smoke alarms did not warn all occupants in time and that there was no evacuation plan 
available in all of the use cases. Furthermore, smoke played a large role in each of the fires, making it 
difficult for the occupants to escape. In Hellevoetsluis, the decreased mobility of the occupants led to 
an extensive intervention of the fire department. More overlapping characteristics are shown in table 
9 below. 
 

Building characteristics  Diemen Notenhout Hellevoetsluis 

Compartmentation did not prevent the spread of smoke x x  

Used linked smoke alarms x   

Smoke alarms did not warn every occupant x x x 

Installation of a sprinkler system    

There was no evacuation plan available x x x 

Flammable furniture further increased the intensity of the fire   x 

 
Fire characteristics  Diemen Notenhout Hellevoetsluis 

Smoke played a large role in each of the fires. x x x 

Due to an ample supply of fresh air, the fires could spread rapidly    

Main stairway was filled with smoke x x  

The fire was lit on purpose x  ? 

 
Human characteristics Diemen Notenhout Hellevoetsluis 

Decreased mobility of occupants greatly reduced the self-reliance  x x 

Occupants needed assistance of the fire department in order to 
leave the building 

 x  

Unaware of the emergency stairway x x  

Table 9: use case analysis displaying the building, fire and human characteristics. 

 

3.4.1. Comparison between the literature review and the use case analyses 
 
When comparing the risks from the literature review from paragraph 2.2 to the results from the use 
cases in paragraph 3.4, overlap between the two can be found. First, decreased mobility was one of 
the human related risk factors from the literature review. This corresponds with the enormous 
required effort to evacuate the elderly occupants from the ‘Notenhout’. This resulted in the death of 
five occupants. So vulnerable households (people impaired with cognitive or physical disabilities) are 
at greater risk of fatal fires. The couple living in the Gruttostraat in Hellevoetsluis could not escape the 
fire either, although family stated that they were not physically impaired. Regarding the fire related 
characteristics, the literature states that older buildings increase the risk of fatalities. The buildings in 
the use casa analysis were built in 1970, 1967 and 1965. The apartment complexes were kept up to 
date, see the renovation of the apartment complex in Diemen where an external emergency stairway 
was added. The flammable furniture played a large role in the intense fire in Hellevoetsluis.  
 
The literature (Harpur et al, 2014), showed that thermal activated suppression systems greatly reduce 
the spread of fire and that detector systems increase the chance of survival. The apartment complex 
in Diemen had a linked smoke detector system that worked. The smoke detector system contributed 
to large extend to the evacuation of the occupants, although many occupants were not aware of the 
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external emergency stairway. Still, some occupant in Diemen did not hear the smoke alarm going off. 
When smoke alarms would be added to the apartments themselves, more occupants would notice the 
smoke alarm. In all use cases, better compartmentation including a smoke barrier could greatly 
improve the survivability. The high density of smoke made escaping through the central stairway/hall 
difficult for Diemen and Notenhout. A recommendation is to apply fire suppression systems in 
residential apartments for elderly people, since it requires more time for them to escape the building.  
 
Based on these results, fire safety aspects that should be included in the fire safety checker are smoke 
detector systems, fire suppression systems, smoke barriers, (smoke)compartmentation and fire exits, 
since these played a large role in the literature review and as well in the use case analyses.  
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4. Fire safety checker 
Now that the literature review and the use case analyses is completed, the most important fire safety 
risk factors regarding fatal residential fires are determined (see paragraph 3.4 and 2.2.8). This chapter 
will describe how fire risk checker is build. First, an introduction regarding linked building data will be 
given, followed by an explanation of the semantic web. The goal of the fire risk checker is to identify 
build in fire safety related risk factors based on the IFC file format, using open source an easily 
accessible software. With his program, Zhang et al (2018) laid the foundation for the fire risk checker. 
To fully understand why his work was selected to build the checker, paragraph 4.1 will give an 
introduction to Linked Building Data, followed by a description of the limitations of IFC files and 
commercial rule checkers. Then, BIMSPARQL (Zhang et al, 2018) will be introduced. The 
implementation of the fire safety checker is described in paragraph 4.5 followed by the conclusion in 
paragraph 4.6. 
 

4.1. Introduction to Linked Building Data 
The Linked Building Data group consists of experts in the area of building information modeling (BIM) 
and Web of Data technologies to define existing and future use cases and requirements for linked data 
based applications across the life cycle of buildings (W3C, 2015). The interest that led to the founding 
of the Linked Building Data group arose from the expected benefits such as the ability to link building 
information models to and from external data sources, to enable decentralised publication of models 
and to support interoperation through cross-model linking (Törmä et al, 2014). 
 
Buildings are becoming gradually more data intensive. Furthermore, the data is distributed over 
several databases and stored in different places. For example, a building in the construction phase 
often has a construction model, requirement model, architectural model, building plans etcetera. By 
using technologies of the Web of Data, opportunities for data sharing and management could arise. 
One of the greatest advantages of the Semantic Web, is the ability to perform sophisticated search 
queries using SPARQL (Törmä et al, 2014).  
 

4.1.1. Semantic web 
The semantic web is an extension of the web through standards of the Wold Wide Web Consortium 
(W3C, 2015). These standards promote common data formats and exchange protocols on the web, 
most fundamentally the Resource Description Framework (RDF). The W3C Consortium describes the 
Semantic web as: ‘a common framework that allows data to be shared and reused across applications, 
enterprise and community boundaries. In addition to the ‘Web of documents’, W3C is helping to build 
a technology stack to support a ‘Web of data’. The ultimate goal of the Web of data is to enable 
computers to do more useful work and to develop systems that can support trusted interactions over 
the network.  
 
Linked data 
The Semantic Web consists of data. For example, dates, titles, locations, properties are data one can 
store in the semantic web. The Resource Description Framework provides the foundation for 
publishing and linking data. In order for the semantic web to succeed, it is important to have a large 
amount of data available in a standard format. Furthermore, relationships among data needs to be 
made. The collection of interrelated datasets on the web is called Linked Data. The common format 
mentioned earlier is RDF. 
 
Vocabularies and Ontologies 
Another word for vocabularies is ontologies. There is no clear division between what is referred to as 
‘vocabularies’ and ‘ontologies’. Ontology is used for more complex and formal description of terms, 
whereas vocabulary is used in less formal occasions. Vocabularies help data integration when 
ambiguities may exist on the terms used in the different data sets. The type of vocabulary depends on 
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the requirements of the system. The W3C offers several techniques to describe and define forms of 
vocabularies in a standard form. One could think of RDF and RDF Schemas, Simple Knowledge 
Organization System (SKOS), Web Ontology Language (OWL), and the Rule Interchange Format (RIF).  
 
Query 
In the context of the Semantic Web, query means technologies and protocols that can 
programmatically retrieve information from the Web of Data. In order to retrieve this information from 
the Semantic Web, a specific RDF related query language is required. The SPARQL query language 
provides the opportunity to search through RDF data marked as triples. SPARQL queries are based on 
triple patterns. Therefore, complex data can be retrieved using the SPARQL query language. 
  
RDF 
The Resource Description Framework is a framework for expressing information about resources (RDF 
1.1 Primer, 2014). RDF provides information that can be processed by applications, rather than only 
be displayed to people. The goal is to make information available for applications the information was 
not originally intended for. RDF form the foundation of other Semantic Web languages such as RDFS 
(RDF Schema language) and OWL (Web Ontology Language). It will be most difficult to enhance the 
RDFS Schema with OWL. 
 
RDF lets you make statements about resources. A statement always has the same structure consisting 
of: <subject> <predicate> <object>. The subject and the object are the two related resources and the 
predicate represents the nature of their relationship. Since a RDF statement entails three elements, 
they are called triples. This layout makes is possible to merge databases. When databases are merged, 
it needs to be decided when a node is equal to a node in another graph. In RDF, this issue is resolved 
by using IRIs. IRI stands for International Resource Identifier and are used to identify resources such as 
documents, people, physical objects and abstract concepts.   
 
RDFS 
RDF provides a way to make statements about resources. The data model does not make any 
assumptions about what IRI stands for. RDF is typically used in combination with vocabularies or other 
conventions that provide semantic information about these resources. The RDFS (RDF Schema 
language) supports the definition of vocabularies. In order to make data more connected and 
consistently integrated, the ability to add relationships is required. To connect low level data with high 
level data, inferencing is necessary. ‘rdfs:subClassOf’ is an example of an RDF Schema construct. 
Hereby, subclasses can be defined. For example, a window is part of a room. RDF Schema uses classes, 
types and ranges. Classes are used to specify categories that can be used to classify resources.  
 
Writing RDF graphs 
There are several ways for writing RDF Graphs. The most simple form is to write the subject, predicate 
and the object in a row, each displayed with the full URI. Full URI take up much space, since they are 
quite extensive (e.g. http://www.w3.org/TR/2014/REC-rdf-schema-20140225/). Therefore, URIs are 
expressed with qnames. Qnames is an abbreviation schema for URIs. Now the full URI is split in a 
namespace and a identifier, separated by a colon. There are currently four ways for writing down the 
same RDF content. Some formats are more human friendly than others. 
 
N-triples 
The simplest form of writing down RDF triples is called N-triples. It refers to resources using their fully 
unabbreviated URIs. The URIs are separated via brackets <>. Since these triples are printed out in one 
line of text, this is not a convenient way to represent RDF graphs for human reading.  
 
 
 

http://www.w3.org/TR/2014/REC-rdf-schema-20140225/
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Turtle 
A more suitable way of representing RDF graphs is by using Turtle. Turtle uses several syntactic 
shortcuts, providing better readability compared to N-triples. Turtle is logically equivalent to the N-
triples syntax. A turtle document starts with a list of shorthands which provide abbreviations for writing 
down IRI’s. later on, these abbreviations are used as a shorthand for writing IRI’s. Thereby, the RDF file 
becomes easier to read.  
 

4.1.2. SPARQL 
RDF provides a way to represent distributed data. By using triples, a named connection between two 
things is established. But this representation of data is useless without the ability to access this data. 
Therefore, the query language SPARQL was developed. This is a query language which is closely related 
to RDF itself. The syntax of SPARQL is similar to the graph structure representation of Turtle. A brief 
description of the basic queries is given below. 
 
SELECT queries 
The SELECT query is the most basic form of a SPARQL query (Allemang & Hendler, 2011). The query 
begins with the word SELECT followed by a list of question words. Afterwards, the keyword WHERE 
indicates the selection pattern of the query. The selection patterns is displayed with triples, the thing 
that is unknown is marked with a question mark. An example:  
 
SELECT  ?movie 
WHERE { :BruceWillis :playedIn ?movie . 
 ?movie rdf:type :Movie } 

Figure 14: example of a SELECT query 

This query results in a list of movies where the actor Bruce Willis played in. It is important to mention 
that queries are best ordered heuristic: start with the most specific triple for specifying the query. By 
using SELECT queries, information listed in building information models can be queried as well. See the 
example below: 
 
SELECT ?door 
WHERE { ?door :rdftype :IFC_Door . 
 :IFC_Door :rdftype :IFC_Fire_Exit } 

Figure 15: example of a IFC SELECT query 

CONSTRUCT queries 
Using the CONSTRUCT query, your answer can take the form of an new created RDF graph (Allemang 
et al, 2011). Herein, the WHERE clause is exactly the same as in the SELECT query. Instead of the SELECT 
clause, the CONSTRUCT keyword is followed by a RDF triple. The RDF triple includes the question mark 
words of items you wish to know. With CONSTRUCT queries it is possible to create new queries.  
 

4.2. Rule checking systems in the AEC industry 
Automatic rule checking is becoming more and more important in the build environment. It has been 
identified as potentially providing significant value to the AEC industry from both regulatory and 
industry perspectives (Solihin et al, 2015). Regarding construction-specific applications, researchers 
have looked into regulation compliance checking as well. The most commonly known application of 
automated regulation compliance checking, is the ePlanCheck system in Singapore. Only 70 to 80% of 
the regulatory knowledge can be explicitly formalized. Issue: conversion from a natural language 
regulation text to a formal representation.  
 
There is theoretically an infinite number of rules that can be defined, and therefore it is critical to 
structure the rules to make the task of rule checking manageable. Over the years, BIM tools and the 
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opportunities they offer have become more complex. Relying on just visual inspection is no longer 
viable to ensure BIM models are of good quality and conform to the projects requirements. With the 
successful implementation of basic rule checking, experts are able to focus on higher ends of the value 
chain which are difficult to define and automate. Currently, automated rule checking systems serve as 
a decision support system where user input is required. The final aim of rule checking systems should 
be a fully automatic system that lets experts focus aspects that are more important, such as 
environmental impact, sustainability and safety. Solihin and Eastman (2015) have categorised the 
following rule checking categories:  
 

- Well-formedness of a building model based on a set of standards or prior agreed set of 
conditions for the IFC. 

- Building regulatory code checking. Determines whether the model aligns with building codes 
or regulations. 

- Specific client requirements such as hospitals or other public affairs. 
- Contractor and constructability requirements. This involves temporary pre-construction 

requirements.  
- Warrantee approvals. This is a post-construction requirement check to see if the warrantee or 

cost of maintain is affected during construction. 
- BIM data completeness for handover to the facilities management. At the end of each contract 

phase the BIM model will be checked for completeness. 
 
Furthermore, Solihin and Eastman (2015) classified the rules according the complexity of the rules 
processing. They have distinguished four different kinds of classes:  
 
Class 1: Rules that check explicit attributes and entity references that exist inside the BIM dataset. 
Class 2: Rules that are based on simple or small set of derived data. 
Class 3: Rules that require extensions to the data structure which encapsulate higher levels of building 
data often involving geometry operations. 
Class 4: Rules that focus on building compliance rather than rule checking.  
 
Presently, there are several applications attempting to query and analyse IFC data. Examples are Solibri 
model checker and Jotne EDModelChecker. These programs differ in capacity, flexibility, reporting and 
how results are visualised. The most common checking systems will be discussed below. Unfortunately, 
the semantics of query functions in these proprietary systems are not transparent and the usage of 
them is limited by provided interfaced for users.  
 
BimQL, developed by Mazairac and Beetz (2013), was the first implemented and open source domain 
specific query language for querying IFC data. The tool isn’t further developed. Furthermore, there are 
a few domain specific query languages, such as The Building Environment Rule and Analysis (BERA) 
Language. BERA is a domain-specific language dedicated to evaluate building circulation and spatial 
programs (Mazairac et al, 2013).  
 
Solibri model checker (SMC) 
SMC is a JAVA-based platform application that reads an IFC model and maps it to an internal structure 
facilitating access and processing. It offers the user a variety of features such as clash detection, 
deficiency detection, the matching of elements, managing design versions and Bim data mining. SMC 
imports IFC, compressed IFC and DWG formats and is compatible with ArchiCAD, Revit and other major 
commercial software. Rules can be parametrically varied through table set control parameters 
(Nawari, 2012). New rules can be added using the SMC Java programming interface. However, the API 
interface is not publically available, restricting the rules to be checked to those supplied by Solibri 
(Eastman, Lee, Jeong, 2009). 
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Jotne EDModelChecker (EDM) 
Jotne EDModelChecker supports the open development of rule checking using the EXPRESS language. 
This is convenient, since IFC is written in EXPRESS as well. Furthermore, EDM uses EXPRESS-X to 
develop new model views, which is the foundation for extensive queries and reports (EDM, 2009).  
 
Tekla BIMsight 
Tekla BIMsight is developed by Tekla, a company that provides software for customers in construction, 
infrastructure and energy industries. Tekla BIMsight main usage consists of one main platform for 
collaboration, combining models from different disciplines and automated clash detection. 
Furthermore, valuable information can be shared instantly during construction. 
 

4.3. Target data source 
The IFC data format is currently widely supported by the market leading BIM software vendors and is 
seen as the de facto standard for interoperability. Therefore, the fire safety checker will be based on 
the IFC file format. This leads directly to one of the main problems of the IFC file format. The data 
structure of IFC files collides with the requirements of the rule checking environment (Pauwels & 
Deursen, 2012). ‘As a typical object data model, IFC structures data mainly for the purpose of data 
creation and exchange rather than for the understanding of the knowledge domain, and information 
is usually represented using relatively complex structures.’ All these issues have brought about 
difficulties regarding data query and management on IFC instance data.’ (Zhang et al, 2018). While on 
the other hand, a large amount of information is implicitly available in an IFC file. By using Web of Data 
Technologies (Semantic Web), this problem could be solved. Semantic interoperability makes model 
data sharable and understandable across multiple design disciplines provides integration at the highest 
level (Yang & Zhang, 2006). Törmä (2013) Converted BIM models saved as IFC files into representations 
used in the domain Web of Data (Linked Data). Thereby, he enabled the possibility to query the data. 
Differences between IFC and Linked Data are displayed in table 10. 
 

 IFC Linked Data 

Identity GUID URI 

Schema EXPRESS OWL 

Data Part21 RDF 

Access  HTTP 

Queries  SPARQL 

Table 10: differences IFC format and Linked Data format 

Looking at the data source, it can be seen that the data source is different for IFC and Linked Data. A 
major advantage of the RDF data source, is that the data can be queried with SPARQL. This is the main 
reason the fire safety checker will be based on the Linked Data format. This means the IFC data model 
needs to be converted to RDF data set. Pauwels and Terkaj (2016), have created a tool that converts 
the IFC data format into RDF. This tool will be used the initial data source (IFC) into the RDF data format. 
The RDF data format is more accessible and editable, compared to the IFC data format. 
 
Vocabularies 
The target source for developing extended functions is the IFC file format. IFC is developed by 
BuildingSMART International and is a much used format for the exchange of building models 
(BuildingSMART, 2015). Collaboration is made possible thanks to the IFC file format. IFC-based building 
model information can roughly be grouped into domain semantics and geometric data. Domain 
semantics consist of object types, relationships and properties. Geometric data, which is a low-level 
technical description captured by geometry object associated with IfcProduct instances. The IfcProduct 
is an abstract representation of any object that relates to a geometric or spatial context (BuildingSmart, 
2015). For this thesis, I choose to work with blank IFC files, not edited by a company’s own vocabulary 
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and parameters, so ensure this tool can be used with most IFC models. The mapping of native software 
towards IFC, with the correct fire safety parameters, is still difficult in practice.  
 
Zhang et al (2018) his BIMSPARQL tool forms the basis on which this tool is developed. Many rules 
have already been defined in his research. Therefore, instead of creating a similar Java program, this 
tool is built upon the BIMSPARQL tool from Zhang et al (2018).   
 

4.4. Fire safety aspects 
Based on the literature study in chapter 2, the use case analysis in chapter 3 and the technical aspects 
regarding the fire safety checker, the fire safety aspects that will be checked will be described here.  
 

4.4.1. Fire resistance rating 
The first fire safety aspect that is implemented into the checker, is the ability to locate the walls which 
have a fire resistance rating embedded into their properties. For each function group (see paragraph 
2.1), a building element is required to have a minimum fire resistance rating. For example, the 
structural elements in first three stories from a six story apartment complex need to have a fire 
resistance rating of at least 60 minutes. The fire resistance rating should be higher for apartment 
complexes for elderly. Their response time is less than the response time of younger people, see 
paragraph 2.1.4. The literature supports this statement. Fire resistance rating can be found in 
Pset_CoveringCommon. The fire resistance rating is measured in minutes in intervals of 30, 60 and 90. 
Each interval has been added to the checker. Figure 16 displays the user interface, where the user can 
select to search the building model for walls with a fire rating of 30 minutes. The code can be found in 
figure 17 and 18. The complete code can be found in Appendix B. Next to the fire resistance rating, the 
resistance to smoke should be included as well, since fire barriers are not automatically a smoke barrier 
as well.  
 

 

Figure 16: the user interface (window 2) 
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  JButton query1 = new JButton("Fire Resistance Rating = 30"); 
  query1.setLocation(20, 600); 
  query1.setVisible(true); 
  query1.setBounds(50,50,200,25); 
  checker.getRootPane().add(query1); 
   
  query1.addActionListener(new ActionListener() { 
         @Override 
         public void actionPerformed(ActionEvent ae) { 
             try { 
              FireResistanceRating_30.main(new String[0]); 
             } catch (Exception e) { 
                 e.printStackTrace(); 
             } 
         } 
     }); 

Figure 17: code snipped of the user interface which launches the fire resistance rating query 

 
package nl.tue.ddss.bimsparql.example; 
 
public class FireResistanceRating_30 extends QueryFunctionTest{ 
  
 public static void main(String[] args){   
        final String Q="SELECT ?wall" 
    + "\n" + "WHERE{\n" +"?wall a ifcowl:IfcWall .\n" + 
           "?wall pset:fireResistanceRating ?rating.\n" + 
    "FILTER (?rating = 30).\n" +  

"}"; 
        executeQuery(Q); 
 } 
} 

Figure 18: the function that identifies the walls with a fire resistance rating of 30 minutes. 

 

4.4.2. Surface Spread of Flame 
The surface spread of flame indicates how the flames spread around the surface. The type of the 
property is P_SINGLEVALUE / IfcLabel, which means that the user is free to add text as an explanation. 
The surface spread of flame is built in the same way as the fire resistance example above (see Appendix 
B: Code).  
 

4.4.3. Smoke detectors 
Smoke detectors are an important threshold in fire scenario’s and risk approach. With sufficient linked 
smoke detectors, many fires can be prevented by warning the occupants in time. Therefore, smoke 
detectors will be included in the code checker. The fire safety risk checker is able to quickly identify 
the availability of smoke detectors within the building. Smoke detectors can be found using the 
property set Pset:SensorTypeSmokeSensor and Pset:sensorTypeFireSensor. PsetcoverageArea is also 
linked with the property set smoke and fire sensors, which could be helpful when checking is the some 
sensor will cover the correct area.  
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4.4.4. Non-combustible materials 
In many function groups, building materials need to be made of non-combustible materials. This rule 
check ensures there are no non-combustible materials. This material can be found in the IFC 
documentation 6.1.4.8 Pset_CoveringCommon. The range of the property is P_SINGLEVALUE / 
IfcBoolean. This means the value can only be true or false.  
 

4.4.5. Fire exit 
In order to guarantee people are able to find a way out of the building within 15 minutes without help 
of the fire department, the availability of fire exits is of great importance. This is covered by the 
property set Pset_fireExit. This property can either have the value true of false and is given to doors. 
The model highlight the doors which are marked as a fire exit. 
 

4.4.6. Fire resistance 
Fire resistance of a material is important for the spread of fire within a building. A fire is less likely to 
spread if the surrounding materials are made of fire resistant materials. The range of this variable is 
True or False, which makes it a Boolean variable.  
 

4.4.7. Compartmentation 
Fire compartmentation is quite important, especially for elderly. Since elderly have a decreased 
mobility, it is difficult to escape through conventional fire exit stairs. If possible, the fire department 
prefers to support elderly in their escape by using the elevator. It’s important that the power supply 
from the elevator is separated from the main power net. Furthermore, the elevator has to consist of 
his own fire compartment. The compartmentation query checks if wall are marked as a fire 
compartment or not.  
 

4.4.8. Availability of Sprinkler installations 
The availability of sprinkler installations contribute greatly to the fire safety of residential housing for 
elderly. An active thermal fire repression system could contribute to a large extend. As Harpur et al 
(2017) puts it:  
 
“A more suitable option for directed actions against high-risk groups is detector-activated suppression 
systems in bedroom and living room that could potentially save 88% of the people in these groups.” 
 
Since elderly are less likely to escape independently, the focus should towards reducing the spread of 
fire, so that others have sufficient time to aid elderly in their escape.  
 

4.5. Implementation 
To evaluate the use of the checker, a real world example is used to check the compartmentation of the 
building and the use of fire exits. The example IFC file has been found on the Open IFC Model 
Repository (University of Auckland, 2018). Here, all Model View Definitions (MVD) have been published 
by BuildingSmart (2015).  
 
The model itself has been modified, so that the parameters are mapped in the correct IFC Class names. 
For this example, two fire safety aspects are located and identified. The first aspect concerns 
compartmentation, see paragraph 4.3.7. The stair house has to have its own compartment, so that 
escaping routes are accessible. The second fire safety aspect that is checked, focuses on fire safety 
exits (paragraph 4.3.5). The outcome of the checker are URI’s, which display the location of the 
elements, found by the checker. The results of running both rules are shown in figure 19 and 20. 
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4.6. Conclusion 
The goal for the fire safety checker was to quickly and easily identify build in fire safety related aspects 
within IFC building models. The IFC file format is unsuitable for querying, although the IFC file format 
is the de facto standard in the exchange of building information models. To overcome this challenge, 
the fire safety checker is built upon the BIMSPARQL program created by Zhang, Beetz and de Vries in 
2018. Instead of querying IFC files directly, IFC files are converted into RDF files, enabling the possibility 
to query them. Other commercial software packages such as Solibri Model Checker and Tekla BIMsight 
also provide querying options, only these companies rely on black box programming which isn’t 
publicly available. Using the user interface the fire risk checker provides, several fire safety related 
aspects can quickly be identified within a building information model. The literature review indicated 
that smoke detector systems, fire suppression systems, smoke barriers and compartmentation greatly 
increases the chance of survival for residential housing. The fire safety checker is able to quickly 
identify and locate these aspects in an IFC building model.   

Figure 19: selection of the highlighted wall, which forms a fire compartment. 

Figure 20: an example of a highlighted door which has the Fire exit tag.  
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5. Conclusion 
 

5.1. Conclusion 
The main question in this research was: ‘What are the most important risk factors leading to fatal 
residential fires and how can these be queried?’. To investigate the first part of the main research 
question an extensive literature review has been done to identify the most important fire safety risk 
factors. These risk factors are divided in three parts: human characteristics, fire characteristics and 
building characteristics. An analysis of the human characteristics indicated that elderly people aged 65 
years and older appear to be at increased risk of injury or death in the event of a fire. This is mainly 
due to decreased mobility or cognitive disabilities. Most elderly people live alone. Due to governmental 
policies, an increasing number of elderly people are expected to live independently in the future: 
between 2010 and 2030 the number of elderly (above 65) living independently is expected to increase 
with 64%. People who live alone have a higher risk of dying in a residential housing fire. Furthermore, 
the population of The Netherlands is aging. The amount of people which are 65 years and older will 
increase with 52% over the next 25 years. Elderly have a higher risk to become victims of fire related 
incidents. Elderly are less likely to notice fire and smoke since they have a reduced ability to smell, see, 
hear or feel. Moreover, they are less capable to flee independently in case of a fire, due to reduced 
mobility. The building regulations and escape plans of care homes take these limitations into account. 
However, more and more elderly keep living independently in residential housing, where such 
regulations and precautionary measures do not (yet) apply. The analysis of the building characteristics 
shows that apartment complexes have a greater risk compared to single family dwellings. Looking at 
the building regulations in The Netherlands, it appears that they fall short regarding residential housing 
for elderly. There are no fire safety concepts for this particular risk group. There is no distinction 
between regular residential housing and residential housing for elderly, even though elderly are less 
likely to escape independently. The fire characteristics regarding fatal residential fires showed that 
smoking was main cause of ignition and that most fatal fire originated from the living room or 
bedroom. Fires that started on the clothes someone was wearing, increased the risk of fatalities. 
Additionally, most fatal fires occurred from 23:00 to 07:00 hours in the winter months. 
 
Afterwards, the results from the literature review were compared with the results from the analysis of 
three major fire incidents in The Netherlands, to determine if they have overlapping characteristics. 
The Notenhout case indicates that not all elderly people are self-reliant. They needed help from the 
fire department in order to bring themselves in safety. Vulnerable households are at greater risk of 
fatal fires. It appears that people try to escape via a familiar way, which led to casualties in Diemen 
and Nijmegen. Thermal activated suppression systems could greatly reduce the amount of fire victims. 
Furthermore, fire compartments do not automatically prevent the passage of smoke, which prevents 
the escape (Diemen, Notenhout and Hellevoetsluis). Based on the comparison between the literature 
review and the use case analysis, the risk factors and prevention measures that will be incorporated in 
the newly developed fire safety checker (described in the next paragraph) are fire resistance rating, 
availability of smoke detector systems and fire suppression systems, smoke barriers, (smoke-
)compartmentation and fire exits, since these played a large role in the literature review and as well in 
the use case analyses.  
 
In order to answer the last part of the research question: ‘how can the risk factors be queried?’, the 
fire safety checker was developed by me upon the BIMSPARQL program created by Zhang et al in 2018. 
After the conversion of IFC files towards RDF files, querying these building information models was 
possible. This is done by using open source software, in contrast to the black box programming behind 
commercial software packages. The fire safety checker is able to quickly scan a building information 
model for relevant fire safety aspects mentioned above. The fire safety checker can be developed 
further so that a ‘go / no-go’ evaluation could be incorporated. The fire safety checker is tested on 
publicly available examples, guaranteeing its usability. 
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5.2. Discussion 
 

5.2.1. Theoretical implementations 
The comparison between the literature review and the use case analysis (Diemen, Notenhout and 
Hellevoetsluis) underlines the importance of linked smoke alarms and sprinkler systems, to warn 
occupants and to prevent the spread of fire and smoke. Elderly people are more vulnerable than their 
younger counterparts and rely on the help of others in case of a fire.  
 
The creation of the fire safety checker can be seen as a practical implementation in the field of querying 
building information models. This further proves that linked data methods are suitable and applicable 
for the build environment. Secondly, the application is future proof, since it can be easily adapted with 
new aspects relating to fire safety or other construction fields. In addition, the use of building 
information modelling has increased significantly over the last few years and is likely to continue to 
grow. This leads to more IFC files which can be checked for fire safety aspects, or other aspects such 
as cost or environmental impact.  
 
Further, this thesis brings the importance of fire safety of residential housing for elderly to the 
attention. Moreover, there appears to be a thin theoretical basis for our building regulations. This 
implies that the current building regulations of residential housing (for elderly) are in need of 
refinement. Unfortunately, the creation of more (fire safety) building regulations increases red tape.  
 

5.2.2. Practical implementations 
Firstly, the fire safety checker can assess fire safety related aspects within an IFC file. With minimal 
programming knowledge this tool can be used by designers, construction companies, municipalities 
and others involved with fire safety aspects and building regulations. Instead of manually checking 
building information models or drawings to see if the object have a certain minimal fire resistance 
rating, they can use this tool to identify and highlight objects that correspond with the desired query.  
 
In 2021, the new environmental law ‘Omgevingswet’ will be implemented. The new law will be 
digitalised and publicly accessible. The digitalization of the AEC industry will contribute to this new 
obligation, as it makes it easier to update information and make information accessible to the 
authorities and civilians. Being able to quickly search for fire safety related aspects, could help local 
authorities to assess the safety of new (and old) buildings. Furthermore, the new law requires local 
authorities to assess the environmental plan on the possibilities of people to bring themselves to 
safety. The fire safety checker could contribute in this process. 
 
The reader should bear in mind that this research is based on the IFC file format and its available 
property sets. For example, the designer might have used fire resistant walls in his model. The ‘fire 
resistant’ property of this wall (object) should state that the wall is made with of fire resistant 
materials. If the designer does not fill in the objects properties correctly, the fire safety checker will 
not find fire resistant walls. The impact of the quality of the data model was something that was not 
anticipated, this underlines the importance of good model management. Every designing party who is 
involved in the construction process has to conform to the pre-defined property mapping table, to 
ensure the correct mapping of fire safety related properties. Regarding the rapid developments in the 
construction industry and information technology, we can positively look forward to the future of 
building information modelling.  
 
Regarding future research, the fire safety checker can be improved by letting the program interpret 
the results of the query. This way, the program can check building codes by itself, instead of 
highlighting certain fire safety aspects such as the fire resistance of the concrete walls in a project. 
Since the IFC file format displays geometry, geometry related functions can be added, such as escaping 
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routes which are relevant for fire safety engineering. Due to the scope of the research, the queries 
were limited to property related tests. Additionally, the tool can be used to check other aspects than 
fire safety properties. For example, acoustic properties or load bearing properties are also available in 
IFC data models. Without much additional work, these can be implemented upon this tool. Nowadays 
the IFC data file format is widely accepted by the construction industry. This means the IFC data file 
format will continue to develop and more properties will be added. These properties can be mapped 
and queried as well.  
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Window 2: 

 

Appendix B: Code 
 

Window 1: 
package nl.tue.ddss.bimsparql.example; 
 
import java.awt.EventQueue; 
import java.awt.Window; 
 
import javax.swing.JFrame; 
import javax.swing.JPanel; 
import javax.swing.border.EmptyBorder; 
 
import nl.tue.ddss.bimsparql.example.AABBTest; 
 
import javax.swing.JLabel; 
import javax.swing.ImageIcon; 
import javax.swing.JButton; 
import javax.swing.JTextPane; 
import java.awt.event.ActionListener; 
import java.awt.event.ActionEvent; 
import java.awt.Color; 
 
 
public class Introduction extends JFrame { 
 private JPanel contentPane; 
  
 public static void main(String[] args) { 
   
   EventQueue.invokeLater(new Runnable() { 
     public void run() { 
       try { 
        Introduction frame = new 
Introduction(); 
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 frame.setLocationRelativeTo(null); 
        frame.setVisible(true); 
       } catch (Exception e) { 
        e.printStackTrace(); 
       } 
     } 
   }); 
  } 
  
  /** 
  * Create the frame. 
  */ 
  public Introduction() { 
    
   setTitle("Fire Safety Checker"); 
   setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 
   setBounds(900, 400, 460, 500); 
   contentPane = new JPanel(); 
   contentPane.setBackground(Color.WHITE); 
   contentPane.setBorder(new EmptyBorder(100, 100, 100, 400)); 
   setContentPane(contentPane); 
   contentPane.setLayout(null); 
    
   JLabel lblNewLabel = new JLabel("Fire safety checker"); 
   lblNewLabel.setIcon(new 
   ImageIcon("C:\\Users\\Gerritsen\\Desktop\\test.jpg")); 
   lblNewLabel.setBounds(50, 50, 341, 215); 
   contentPane.add(lblNewLabel); 
   JLabel lblNewLabel_1 = new JLabel(""); 
    
   JButton btnStartRequirementsChecker = new JButton("Start fire 
safety check"); 
   btnStartRequirementsChecker.addActionListener(new 
ActionListener() { 
     public void actionPerformed(ActionEvent arg0) { 
       
      RunWindow nw = new RunWindow(); 
      nw.NewScreen2(); 
      dispose(); 
       
   
     } 
  }); 
   
  btnStartRequirementsChecker.setBounds(50, 350, 193, 46); 
  contentPane.add(btnStartRequirementsChecker); 
  JTextPane txtpnAutomatedVerificationOf = new JTextPane(); 
  txtpnAutomatedVerificationOf.setEditable(false); 
  txtpnAutomatedVerificationOf.setText("Automated fire safety 
checker\r\nby Lennart Gerritsen\r\n2017"); 
  txtpnAutomatedVerificationOf.setBounds(50, 290, 193, 65); 
  contentPane.add(txtpnAutomatedVerificationOf); 
  } 
} 
 
 

  



Thesis| L.J.P. Gerritsen | Page | 58 

Window 2: 
package nl.tue.ddss.bimsparql.example; 
 
import java.awt.EventQueue; 
import javax.swing.JFrame; 
import javax.swing.JOptionPane; 
import javax.swing.JCheckBox; 
import javax.swing.JTextPane; 
 
import frontend.AABBTest; 
 
import javax.swing.JButton; 
import java.awt.event.ActionListener; 
import java.awt.event.ActionEvent; 
import javax.swing.JPanel; 
import javax.swing.JTextField; 
import java.awt.Color; 
 
public class RunWindow { 
 private JFrame checker; 
 private JTextField txtComfortRequirements; 
 static String textField; 
  
  
 /** 
 * Launch the application. 
 */ 
 public static void NewScreen2() { 
   
  EventQueue.invokeLater(new Runnable() { 
   public void run() { 
     try { 
      RunWindow window = new RunWindow(); 
      window.checker.setVisible(true); 
      window.checker.setLocationRelativeTo(null); 
     } catch (Exception e) { 
      e.printStackTrace(); 
     } 
    } 
   }); 
 } 
  
 /** 
  * Create the application. 
  */ 
  
 public RunWindow() { 
  initialize(); 
 } 
  
 /** 
 * Initialize the contents of the frame. 
 */ 
  
 private void initialize() { 
  checker = new JFrame(); 
  checker.getContentPane().setBackground(Color.WHITE); 
  checker.setTitle("Fire Safety Checker"); 
  checker.setBounds(600, 300, 310, 400); 
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  checker.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 
  checker.getContentPane().setLayout(null); 
 
   
   
  JButton query1 = new JButton("Fire Resistance Rating = 30"); 
  query1.setLocation(20, 600); 
  query1.setVisible(true); 
  query1.setBounds(50,50,200,25); 
  checker.getRootPane().add(query1); 
   
  query1.addActionListener(new ActionListener() { 
         @Override 
         public void actionPerformed(ActionEvent ae) { 
             try { 
              FireResistanceRating_30.main(new String[0]); 
             } catch (Exception e) { 
                 e.printStackTrace(); 
             } 
         } 
     }); 
   
  JButton query2 = new JButton("Fire Resistance Rating = 60"); 
  query2.setLocation(20, 500); 
  query2.setVisible(true); 
  query2.setBounds(50, 80, 200 ,25); 
  checker.getRootPane().add(query2); 
   
  query2.addActionListener(new ActionListener() { 
         @Override 
         public void actionPerformed(ActionEvent ae) { 
             try { 
                 FireResistanceRating_60.main(new String[0]); 
             } catch (Exception e) { 
                 e.printStackTrace(); 
             } 
         } 
     }); 
   
  JButton query3 = new JButton("Fire Resistance Rating = 90"); 
  query3.setLocation(20, 400); 
  query3.setVisible(true); 
  query3.setBounds(50, 110, 200 ,25); 
  checker.getRootPane().add(query3); 
   
  query3.addActionListener(new ActionListener() { 
         @Override 
         public void actionPerformed(ActionEvent ae) { 
             try { 
              FireResistanceRating_90.main(new String[0]); 
             } catch (Exception e) { 
                 e.printStackTrace(); 
             } 
         } 
     }); 
   
  JButton query4 = new JButton("Surface Spread of Flame"); 
  query4.setLocation(20, 300); 
  query4.setVisible(true); 
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  query4.setBounds(50, 140, 200 ,25); 
  checker.getRootPane().add(query4); 
   
  query4.addActionListener(new ActionListener() { 
         @Override 
         public void actionPerformed(ActionEvent ae) { 
             try { 
              SurfaceSpreadOfFlame.main(new String[0]); 
             } catch (Exception e) { 
                 e.printStackTrace(); 
             } 
         } 
     }); 
   
  JButton query5 = new JButton("Smoke Detectors"); 
  query5.setLocation(20, 200); 
  query5.setVisible(true); 
  query5.setBounds(50, 170, 200 ,25); 
  checker.getRootPane().add(query5); 
   
  query5.addActionListener(new ActionListener() { 
         @Override 
         public void actionPerformed(ActionEvent ae) { 
             try { 
              SmokeDetectors.main(new String[0]); 
             } catch (Exception e) { 
                 e.printStackTrace(); 
             } 
         } 
     }); 
   
  JButton query6 = new JButton("Non-combustible materials"); 
  query6.setLocation(20, 100); 
  query6.setVisible(true); 
  query6.setBounds(50, 200, 200 ,25); 
  checker.getRootPane().add(query6); 
   
  query6.addActionListener(new ActionListener() { 
         @Override 
         public void actionPerformed(ActionEvent ae) { 
             try { 
              NonCombustibleMaterials.main(new String[0]); 
             } catch (Exception e) { 
                 e.printStackTrace(); 
             } 
         } 
     }); 
   
  JButton query7 = new JButton("Fire Exits"); 
  query7.setLocation(20, 100); 
  query7.setVisible(true); 
  query7.setBounds(50, 230, 200 ,25); 
  checker.getRootPane().add(query7); 
   
  query7.addActionListener(new ActionListener() { 
         @Override 
         public void actionPerformed(ActionEvent ae) { 
             try { 
              FireExit.main(new String[0]); 
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             } catch (Exception e) { 
                 e.printStackTrace(); 
             } 
         } 
     }); 
   
  JButton query8 = new JButton("Fire Resistance"); 
  query8.setLocation(20, 100); 
  query8.setVisible(true); 
  query8.setBounds(50, 260, 200 ,25); 
  checker.getRootPane().add(query8); 
   
  query8.addActionListener(new ActionListener() { 
         @Override 
         public void actionPerformed(ActionEvent ae) { 
             try { 
              FireResistance.main(new String[0]); 
             } catch (Exception e) { 
                 e.printStackTrace(); 
             } 
         } 
     }); 
   
  JButton query9 = new JButton("Compartmentation"); 
  query9.setLocation(20, 100); 
  query9.setVisible(true); 
  query9.setBounds(50, 290, 200 ,25); 
  checker.getRootPane().add(query9); 
   
  query9.addActionListener(new ActionListener() { 
         @Override 
         public void actionPerformed(ActionEvent ae) { 
             try { 
              Compartmentation.main(new String[0]); 
             } catch (Exception e) { 
                 e.printStackTrace(); 
             } 
         } 
     }); 
   
   
 } 
} 
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Query’s: 
 
package nl.tue.ddss.bimsparql.example; 
 
public class FireResistanceRating_30 extends QueryFunctionTest{ 
  
 public static void main(String[] args){   
        final String Q="SELECT ?wall" 
    + "\n" + "WHERE{\n" +"?wall a ifcowl:IfcWall .\n" + 
          "?wall pset:fireResistanceRating ?rating.\n" + 
    "FILTER (?rating = 30).\n" 
       + "}"; 
        executeQuery(Q); 
 } 
} 
 
package nl.tue.ddss.bimsparql.example; 
 
public class FireResistanceRating_60 extends QueryFunctionTest{ 
  
 public static void main(String[] args){   
        final String Q="SELECT ?wall ?rating" 
    + "\n" + "WHERE{\n" +"?wall a ifcowl:IfcWall .\n" + 
          "?wall pset:fireResistanceRating ?rating.\n" + 
    "FILTER (?rating = 60).\n" 
       + "}"; 
        executeQuery(Q); 
 } 
} 
 
package nl.tue.ddss.bimsparql.example; 
 
public class FireResistanceRating_90 extends QueryFunctionTest{ 
  
 public static void main(String[] args){   
        final String Q="SELECT ?wall ?rating" 
    + "\n" + "WHERE{\n" +"?wall a ifcowl:IfcWall .\n" + 
          "?wall pset:fireResistanceRating ?rating.\n" + 
    "FILTER (?rating = 90).\n" 
       + "}"; 
        executeQuery(Q); 
 } 
} 
 
package nl.tue.ddss.bimsparql.example; 
 
public class SurfaceSpreadOfFlame extends QueryFunctionTest{ 
  
 public static void main(String[] args){   
        final String Q="SELECT ?wall ?spread" 
    + "\n" + "WHERE{\n" +"?wall a ifcowl:IfcWall .\n" + 
          "?wall pset:surfaceSpreadOfFlame ?spread.\n"  
       + "}"; 
        executeQuery(Q); 
 } 
} 
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package nl.tue.ddss.bimsparql.example; 
 
public class SmokeDetectors extends QueryFunctionTest{ 
  
 public static void main(String[] args){   
        final String Q="SELECT ?Smokedetector" 
    + "\n" + "WHERE{\n" +"?Smokedetector a 
ifcowl:IfcSmokedetector .\n"  
       + "}"; 
        executeQuery(Q); 
 } 
} 
package nl.tue.ddss.bimsparql.example; 
 
public class NonCombustibleMaterials extends QueryFunctionTest{ 
  
 public static void main(String[] args){   
        final String Q="SELECT ?Combustible" 
    + "\n" + "WHERE{\n" +"?Combustible pset:isCombustible 
true .\n"  
       + "}"; 
        executeQuery(Q); 
 } 
} 
package nl.tue.ddss.bimsparql.example; 
 
public class FireExit extends QueryFunctionTest{ 
  
 public static void main(String[] args){ 
  final String Q="SELECT ?door" 
    + "\n" + "WHERE{\n" +"?door a ifcowl:IfcDoor . \n" + 
"?door pset:isExternal true.\n" 
    + "}"; 
 } 
} 
package nl.tue.ddss.bimsparql.example; 
 
public class FireResistance extends QueryFunctionTest{ 
  
 public static void main(String[] args){   
        final String Q="SELECT ?Fireresistant" 
    + "\n" + "WHERE{\n" +"?Fireresistant 
pset:isFireResistant true .\n"  
       + "}"; 
        executeQuery(Q); 
 } 
} 
package nl.tue.ddss.bimsparql.example; 
 
public class Compartmentation extends QueryFunctionTest{ 
  
 public static void main(String[] args){   
        final String Q="SELECT ?Compartment" 
    + "\n" + "WHERE{\n" +"?Compartment a ifcowl:IfcWall .\n"  
          + "?Compartment spt:isOutside false .\n" 
       + "}"; 
        executeQuery(Q); 
 } 
} 
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QueryFunctionTest (Zhang & Beetz (in paper)): 
package nl.tue.ddss.bimsparql.example; 
 
import java.io.IOException; 
import java.io.InputStream; 
import java.net.URISyntaxException; 
 
import javax.xml.parsers.ParserConfigurationException; 
 
import org.xml.sax.SAXException; 
 
import com.hp.hpl.jena.ontology.OntModel; 
import com.hp.hpl.jena.query.Query; 
import com.hp.hpl.jena.query.QueryExecution; 
import com.hp.hpl.jena.query.QueryExecutionFactory; 
import com.hp.hpl.jena.query.QueryFactory; 
import com.hp.hpl.jena.query.ResultSet; 
import com.hp.hpl.jena.query.ResultSetFormatter; 
import com.hp.hpl.jena.rdf.model.Model; 
import com.hp.hpl.jena.rdf.model.ModelFactory; 
 
import nl.tue.ddss.bimsparql.BimSPARQL; 
import nl.tue.ddss.bimsparql.BimSPARQLNS; 
import nl.tue.ddss.bimsparql.geometry.GeometryGenerator; 
import nl.tue.ddss.convert.Namespace; 
 
 
public class QueryFunctionTest { 
  
 private static final String prefixes="PREFIX ifcowl: 
<"+Namespace.IFC2X3_TC1+">\n"+"PREFIX list: <"+Namespace.LIST+">\n"+"PREFIX expr: 
<"+Namespace.EXPRESS+">\n" 
   + "PREFIX schm:<"+BimSPARQLNS.SCHM+">\n" + "PREFIX 
pset:<"+BimSPARQLNS.PSET+">\n"+ "PREFIX spt:<"+BimSPARQLNS.SPT+">\n"+"PREFIX 
pdt:<"+BimSPARQLNS.PDT+">\n"+"PREFIX qto:<"+BimSPARQLNS.QTO+">\n"+"PREFIX 
geom:<"+BimSPARQLNS.GEOM+">\n"; 
  
  
 // This is where the OntModel will be loaded 
 public static OntModel loadDefaultModel(){ 
  InputStream in = BodyGeometryTest.class.getClassLoader() 
    .getResourceAsStream("Duplex_A_20110505.ttl"); 
  Model model=ModelFactory.createDefaultModel(); 
  model.read(in,null,"TTL"); 
  InputStream ins = BodyGeometryTest.class.getClassLoader() 
    .getResourceAsStream("IFC2X3_TC1.ttl"); 
  InputStream input = BodyGeometryTest.class.getClassLoader() 
    .getResourceAsStream("Duplex_A_20110505_geometry.ttl"); 
  Model geometryModel=ModelFactory.createDefaultModel(); 
  geometryModel.read(input,null,"TTL"); 
  Model schema=ModelFactory.createDefaultModel(); 
  schema.read(ins,null,"TTL");  
   try { 
    BimSPARQL.init(model,geometryModel); 
   } catch (ClassNotFoundException | IOException | 
ParserConfigurationException | SAXException 
     | URISyntaxException e) { 
    // TODO Auto-generated catch block 
    e.printStackTrace(); 
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   } 
  OntModel ontology=ModelFactory.createOntologyModel(); 
  ontology.add(schema); 
  ontology.add(model); 
  ontology.add(geometryModel); 
  return ontology; 
 } 
  
 // this class will be extented with the Test.java class for example 
 public static void executeQuery(String query){ 
  System.out.println("Load model..."); 
  OntModel ontModel=loadDefaultModel(); 
  System.out.println("Start to query..."); 
    long start=System.currentTimeMillis(); 
  Query q = QueryFactory.create(prefixes+query); 
  QueryExecution qe = QueryExecutionFactory.create(q, ontModel); 
  ResultSet qresults = qe.execSelect(); 
  ResultSetFormatter.out(qresults); 
    long end=System.currentTimeMillis(); 
         System.out.println("Query time: "+((float)(end-start))/1000+ " s"); 
 } 
 
} 

 


