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THE FORMULATION OF THE SCIENTIFIC PROBLEM

1. Modern fire protection used today does not fully cover the entire life cycle of a building by
taking into account the effects that fire prevention — firefighting — fire investigation have on
each other. We do not systematically deal with Life Cycle Assessment (LCA), as a result of
which heterogeneous fire protection is fragmented both in space and time, forming white spots

in the field of fire safety.

The fire protection concept created during the design phase of a building does not consistently
follow the dynamically changing circumstances neither over time, nor in terms of the human,
the fire, or the basic factor of the building, which can lead to an unstable equilibrium of fire

protection. We do not create a comprehensive lifecycle concept in the case of the given building.

In addition to the above-mentioned temporal differentiation, the actors of fire protection also
appear in a strongly dispersed manner and in varied composition, which does not always cover
the necessary fire protection needs in the current life cycle phase. Due to spatial and temporal
differentiation, one or more values of the building — human — fire triangle, which is a
fundamental factor of fire protection, can also be pushed to the extreme, which may result in a

fire.

2. Nowadays, in addition to traditional fire protection design, we increasingly use so-called
engineering methods, but these are mostly computer-aided, software-assisted designs, which
typically do not handle, and in many cases, hinder the development and long-term sustainability
of complex fire protection. Based on my professional experience and on my research, a
significant part of today's engineering methods does not form part of a comprehensive fire
protection concept that provides complex solutions, does not necessarily make a way for design
decisions, does not reflect a use-oriented approach, but prepares the implementation of technical

solutions more favorable than the requirements of NFPC.

3. Fire protection planning, authority and administrative procedures of fire protection are
carried out in virtual space. Administration is typically carried out electronically, which takes
place in the form of an e-administration within the digital state. However, the procedures consist
of static elements, and although they use the advances of technology, they do not use the
potential in them. In addition to authority and administrative procedures, they do not add value
to firefighting, and do give feedback about findings or information of the field of fire

investigation.



The actors of fire protection only know static results, which in extreme cases can be as many
as many actors are involved in a process. Opportunities coded in electronic systems are not
exploited neither by the members of the civil society, nor by members of the professional
society. No smart buildings are created in a complex way from a fire protection point of view,
which would be a higher level of fire safety, even though the capability is integrated in
applications. PDF, PDF/A file formats are not suitable for tracking dynamic changes; in the
long run they need to be subjected to thematic modification in many cases, which, in my

experience, does not take place in most of the times.

Based on the author's many years of experience, neither the professional nor the civilian fire
protection actors have the required degree and number of required fire engineering competences

in terms of quality.

RESEARCH OBJECTIVES

1. The author analyzes the role of fire protection actors in fire protection, and their role in the
legislative procedure. Analyzes critical locations and times that can be identified throughout
the complete lifecycle of heterogeneous fire protection. Examines the ways in which a
building's full life-cycle fire protection concept can be set up by analyzing the fire protection
life-cycle of buildings. Furthermore, examines the equilibrium states of the fire protection
situation of buildings, looking for correlations based on extreme values in order to achieve the

set-up of a stable equilibrium state.

2. Examines the engineering and design methods that can be used with the help of computer-
aided design in accordance with current legislation. Analyzes the adaptation of aggregated
computer-aided design options and applicable software to the fire protection area. By building
a virtual building with building information modeling, examines the balance of the building's
fire protection situation by testing simulations based on innovative engineering methods.
Compares the PDF/A version design created with the CAD software, with the BIM based IFC
file extension design. Performs a real measurement experiment during an evacuation drill.
Makes calculations for the planned virtual model on the basis of the relevant Fire Protection
Technical Guidelines, in accordance with the requirements of the NFPC. Using a qualitative
method (questionnaire), performs a deep analysis of the quality of the above quantitative results
to verify the appropriateness of innovative engineering methods by comparing the measured,

computed and computer simulated results.



3. Examines the order of the Hungarian fire protection authority and administrative procedures,
the relevant systems of e-administration. Analyzes the potential of innovative fire protection
systems of intelligent buildings created by innovative engineering methods, and how to develop
a fire safety net. By defining the structure of a fire safety net, examines its integration into smart
buildings and, in an extended way, its integration into smart cities. By analyzing authority and
administrative fire protection procedures and putting them into smart systems, analyzes the
developmental potential of fire protection aspects of the e-administration within the digital

state.

RESEARCH HYPOTHESES

1. Assumes that by developing a comprehensive fire protection concept covering the entire life
cycle of a building, an equilibrium of the fire protection status of buildings can be established
by taking the basic building-man-fire parameters into consideration. According to his
hypothesis, by analyzing the spatial and temporal effects heterogeneous fire protection actors
have on each other throughout the whole life cycle, a complex fire protection can be developed

with the application of modern electronic systems.

2. According to his assumption, instead of the so-called engineering methods utilized in the
field of architectural fire protection today, with new, scientifically based, complex, use-oriented
innovative engineering methods endowed with building information modeling and algorithmic
design methodology, a more advanced, safer, sustainable complex fire protection can be

created, which can be dynamically changed to meet social needs.

3. Based on his assumption, a virtual reality can be created by creating a stable fire equilibrium
situation that extends over the entire life cycle of a smart building built with innovative
engineering methods. He assumes that by using virtual reality, we can create a fire protection
net that allows actors to occupy the same space in real time. Furthermore, he assumes that by
extending the fire protection network and integrating it into the disaster management system
and smart cities, fire protection of the highest quality, the most effective design and the longest

sustainability yet can be achieved.



RESEARCH METHODS

In the development of content chapters, in line with the author's research plan, the following

specific research methods are used:

a)

b)

g)

h)

),

Prepares a summary study based on the analysis of relevant national and international
literature as well as his professional experience for the building fire protection net, and its

version which is extended to smart buildings and cities.

Evaluates and organizes domestic and international legal regulations and relevant |

literature.

Summarizes and compares the possibilities offered by engineering methods with the

procedures of Hungarian fire protection authorities and administration.

Designs and virtually creates a BIM-based experimental nursery building with CAD

software, and documents it in PDF/A and IFC file formats for comparative analysis.

Makes a measurement during a real-time evacuation drill executed with people of limited

escape capabilities to analyze the evacuation.

Executes an evacuation calculation which is defined by the NFPC and based on FPTC
requirements in order to verify the evacuation of the given experimental building, and to

perform further analysis.

Imports the model of the virtual BIM experimental building into a computer-assisted
simulation software, where he examines possible ways of use, and performs a simulation

experiment to analyze the evacuation.

Evaluates the possibilities of BIM-based design and use by comparing the NFPC and
FPTC-based, traditionally calculated on-site measured results with results of evacuations

imitated by a computer simulation.

Applies a qualitative research method to improve the quality of the results obtained by
quantitative methods. Asks the parents of preschool children through a non-representative
questionnaire method about the most likely behavioral patterns their child would show

during an evacuation or an escape.

The results of the qualitative method are modeled in another simulation in the virtual BIM

model in order to obtain the most realistic result.



k) Carries out a summary and comparative analysis based on the measured results to form a
new methodology for the developmental possibilities of fire protection development, and

to define its tools.

1) Analyzes the implementation of the fire safety net, which can be created with the
innovative engineering methods tested and developed by the methods above, on smart

buildings, as well as the directions of its possible extension to smart cities.

BRIEF DESCRIPTION OF THE STUDY CARRIED OUT BY CHAPTERS

In the first chapter of the dissertation, the author analyzed the role of fire protection actors in
fire protection and their roles in the legislative procedure. Has analyzed critical locations and
times that can be identified throughout the life cycle of heterogeneous fire protection with Life
Cycle Analysis. Analyzed through deduction the ways to create a fire protection concept for a
building's entire life cycle by analyzing the fire protection life cycle of buildings. Based on
analytical and evaluative research work, he drew the characteristics of the equilibrium state of
the fire protection of buildings, identifying a relationship between the critical states of extreme
values. Has developed a proposal for the realization of a long-term sustainable fire protection

concept that is based on life cycle analysis.

In the second chapter, he examined and summarized the possible engineering and design
methods which can be used with the help of computer-aided design, based on the current
legislation. In the framework of a CAD-based process, by design method he analyzed the
adaptation of aggregated computer-aided design options and applicable software to the fire
protection area. By creating a virtually built 3D experimental building model, made with
building information modeling, he examined the balance of the fire protection situation of the
building by testing simulations based on innovative engineering methods. In the framework of
a comparative analysis, he evaluated the PDF/A file design version of the CAD software, and
the plan version created as a BIM-based IFC file. He made a real measurement experiment
during evacuation drills. In accordance with the requirements of the NFPC, based on the
relevant FPTC, he made manual calculations for the planned virtual model. Using a qualitative
method (questionnaire), he carried out a deep analysis of the quality of the above quantitative
results in order to prove the adequacy of innovative engineering methods by comparing results
measured in practice with calculated and computer-simulated results. With a SWOT analysis

he analyzed the characteristics of the new, innovative engineering method.



In the third chapter of the dissertation, the author examined and summarized the order of the
Hungarian fire protection authority and administrative procedures and the relevant systems of
e-administration from an engineering point of view. He analyzed the potential of new,
innovative systems of smart buildings with intelligent fire protection systems. He elaborated
the way to develop the fire protection net. By defining the structure of the fire protection net,
he examined its integration into smart buildings and, in an extended way, its integration into
smart cities. By analyzing procedures of fire protection authorities and administration and
putting them into smart systems, he analyzed the possibility of developing the fire protection
aspects of e-administration within the framework of the digital state. He has developed a
proposal for the use of the fire protection net in the authority and administrative fire protection

system of disaster management.

SUMMARIZED CONCLUSIONS

1. In the field of the development of a use-oriented, heterogenous fire protection concept
that covers the entire life cycle of buildings, handles building fire-protection equilibrium

and uncovers time units critical to fire protection units:

1.1. By organizing the fire protection actors in the civil and professional spheres, the spatial and
temporal role of the actors involved in fire protection can be identified, which can be integrated

into the fire protection life cycle analysis of buildings.

1.2. With a fire protection life cycle analysis integrated into the known general life cycle
analysis of buildings the critical time intervals and critical locations of the fire protection
situation can be identified and explored by examining actors of fire protection heterogeneous

in space and time.

1.3. The author has identified and defined the methodology of life cycle analysis of a building
for fire protection purposes, with which he has complemented the broad method of building life

cycle analyses, typically used for energy purposes.

1.4. With the knowledge of critical places and time intervals, and with the introduction of the
building-man-fire parameters the equilibrium state of the fire protection situation of the given

building can be set up and predicted.

1.5. The author adapted the factors of the equilibrium state of the fire protection situation, and

by defining the building-man-fire parameters, he was able to identify the fluctuations of the



equilibrium states of the fire protection situation towards the extreme values, i.e. the values of

stable and unstable equilibrium states.

1.6. On the basis of sections 1.1-1.5. the author has proven that a comprehensive, use-oriented
fire protection concept in a steady fire protection equilibrium state can be developed, covering
the entire life cycle of buildings, for which he drew the basic methodology of its design.
(Scientific result No.1)

2. In the field of the research of the methodology of computer software aided innovative
architectural fire protection engineering design in accordance with relevant fire

protection regulations:

2.1. The author has proved that the current use of so-called engineering methods in the field of
fire protection does not handle the implementation of a comprehensive fire protection concept
in a complex way, covering the entire life cycle of buildings. In many cases, engineering
solutions are used to develop sub-tasks in a more specific way, typically more favorably than
the relevant fire protection regulations, which causes the unified fire protection concept of some

buildings to capsize.

2.2. Fire protection parameters required by the relevant fire protection legislation can be
implemented and designed in a virtual model with the practical application of 3D capable,
computer-aided, CAD-based Building Information Modeling (BIM), a designing and modeling

software.

2.3. By using validated and verified fire engineering techniques entirely as a BIM model,
evaluating and creating databases for the actual interactions of fire prevention-firefighting-fire
investigation, and implementing use-oriented design methodologies they can produce more
accurate results when designing, compared to currently used engineering techniques that are

widespread.

2.4. Specially use-oriented application of software for assisting general fire protection
engineering design, i.e. with the creation of databases based on qualitative analysis of
quantitative results by a deeper quality analysis, a fire protection and reality-like modeling of

unique architectural spaces can also be implemented with simulation processes.

2.5. Dynamically usable models with BIM-based fire protection requirements allow the use of
fire protection algorithms that allow complex algorithmic design in the fire protection planning

process.



2.6. On the basis of sections 2.1-2.5. the author has proven that with the use of dynamically
manageable BIM models which are coded with algorithmic fire protection parameters and
uniquely made with computer-assisted, validated, certified fire simulation software, a more
precise, traceable, more transparent, and thus better quality, therefore from a fire protection
point of view of a safer innovative method of engineering can be developed than the current

engineering processes. (Scientific result No.2)

3. In the field of the innovative order of domestic fire protection authority and
administrative procedures within the framework of the digital state and the relevant
systems of e-administration, as well as the fire safety of smart buildings created by
innovative engineering methods, the development of a network of fire protection in

innovative systems, and in the research of the inclusion of smart cities in the program:

3.1. Using the innovative engineering method, long-term sustainable fire safety can be achieved
for the entire life cycle of buildings, and the design information of this plan can be ported and

dynamically transformed throughout the entire usage period.

3.2. Fire protection information encoded in BIM-based dynamic models created with innovative
engineering techniques can be used to create smart buildings that are intelligent from a fire
protection point of view, and have a new higher level of fire safety than the current one with a

more comprehensive fire safety quality.

3.3. By creating a stable fire equilibrium situation complexly extended for the entire life cycle
of a building that is smart from a fire protection point of view, a virtual reality can be created.

With the electronic use of this virtual reality, a fire protection net can be set up.

3.4. In order to achieve an efficient, effective and long-term sustainable complex fire protection
based on an engineering approach that meets the demands of the age, a high level of
professional, university level training of fire engineers in both civil and professional fire

protection fields is required.

3.5. The sum of virtual-based information equipped, 3D displayable, smart buildings created in
the framework of the digital state, which form sensor equipped spaces, together with the 3D
rendering of open spaces creates smart cities to which the fire net can be expanded, providing
a new complex fire protection, fire prevention-firefighting-fire inspection, with the highest

quality, most effective design and longest-term maintenance known to date.

3.6. Based on sections 3.1-3.5. the author concluded that the actors in the fire protection net

with the appropriate fire protection engineering competence occupy the same space (virtual
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reality) in real time, as a result of which a new, higher-quality fire protection can be created in
the areas of design, execution, use, authority and administrative procedures, which can be

integrated into today's comprehensive disaster management system. (Scientific result No.3)
NEW SCIENTIFIC RESULTS

Based on the hypotheses and objectives of the dissertation, the author proposed the acceptance

of the following new scientific results:

1. He discovered that during the general life cycle analysis of buildings, the life cycle analysis
process of fire protection, which is based on the analysis of the triple extreme values of
building - human - fire parameters, is a useful tool for creating a comprehensive, use-oriented
fire protection concept. He has proven that the process contributes to ensuring the fire safety

status and long-term sustainability of a particular building.

2. He made a specific proposal for the use of 3D, BIM-based, innovative engineering
methods in the field of development and expansion of fire protection technical guidelines in
compliance with the requirements of existing fire protection regulations. He also proved that
the innovative engineering methods he proposed could be used successfully in algorithmic,
use-oriented fire protection design in the case of the technical support of advanced fire

protection engineering.

3. Demonstrated and deduced that the fire protection net that possesses dynamic building
information by design along with the ability to collect information, create databases, and
provide real-time information in a virtual environment, used in smart buildings and its extension
on smart cities, along with the integration of smart cities into the program, serves the high
quality, long-term sustainable design of fire protection. He has proved and demonstrated
that the process can be adapted to be used by business organizations for optimal operation of
buildings, as well as to support the authority and administrative fire protection activities of

professional disaster management bodies.

RECOMMENDATIONS OF THE DISSERTATION

The author makes the following recommendations to the legislators and the measure users, the
actors of complex fire protection for the use of the conclusions and scientific results of the

dissertation:

1. In the general life cycle analysis of buildings, the life cycle analysis method for fire

protection, based on the analysis of the extreme values of the building - human - fire triple
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parameter, provides a useful method for creating a comprehensive, use-oriented fire protection
concept which serves fire safety as the basis and the foundation for the fire protection situation

and long-term sustainability of a given building.

2. The application of 3D, BIM-based, innovative engineering methods can be utilized in the
field of development and expansion of fire protection technical regulations within the
framework of the effective fire protection regulations, and it provides a useful method in
algorithmic, use-oriented fire protection planning, primarily in the implementation of fire

protection engineering activities to meet modern needs.

3. The fire protection net that possesses dynamic building information by design along with the
ability to collect information, create databases, and provide real-time information in a virtual
environment, used in smart buildings and its extension on smart cities, along with the
integration of smart cities into the program, serves the high quality, long-term sustainable
design of fire protection both for civilian use, the operation of buildings, and for the authority

and administrative fire protection activities of professional disaster management bodies.

THE PRACTICAL APPLICABILITY OF THE RESEARCH RESULTS
The author recommends using the results of his research as follows:

1. The different parts of the dissertation can be used in the fire engineering processes and design,

they form the basis for the development of technical processes based on engineering approach.

2. The conclusions and results of the dissertation can be used in the authority and administrative

fire protection procedures of disaster management, integrated into the e-administration system.

3. Certain parts of the dissertation may be used in the preparation and revision of the fire
protection technical guidelines, which serve as a principle and as a possible method for

planning.

4. Some conclusions and results of the dissertation can be applied, primarily from the point of
view of fire protection, in the elaboration of the BIM-based design methodology, the timely

elaboration of its standardization procedure.

5. Different parts of the dissertation can be used in connection with the use of buildings,

applications of building management systems, reviews, maintenance and periodic inspections.
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6. During the implementation of the smart cities program, smart fire protection, a factor
appearing as one of the pillars of general security can use the conclusions and results of the

thesis.

7. The dissertation - after editing - is suitable for use as an educational material in the field of

higher education, BSc, MSc level fire engineer training.
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