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Abstract. By analyzing the issues of emergency planning zones, several serious problems have been found 
out that need to be expertly discussed. They are targeted in the OPTIZON project. Their common focal point 
is the unclear purpose of emergency planning zones. This contribution presents several possible approaches 
to find this purpose, which opens way for all concerned parties to problem solving and expert discussions.

Keywords: Major-accident hazards, emergency planning zone, protection of the public, OPTIZON project. 

1. Introduction 

One of the major-accident hazards (hereinafter referred to as “COMAH”) tools to determine the 
range of effects of a major accident and consequent protection of the public is the determination of 
the emergency planning zone (hereinafter referred to as "zone"). In the Czech Republic, the 
determination of the zone is regulated by the Decree No. 103/2006 Coll. laying down the principles 
for determination of the emergency planning zone and the extent and manner of elaborating the 
external emergency plan (hereinafter referred to as "Decree") [1]. The Decree is based on the 
principles of the IAEA-TECDOC-727 method – Manual for the Classification and Prioritization of 
Risks Due to Major Accidents in Process and Related Industries (hereinafter referred to as "method" 
and "manual", respectively) [1]. In the manual, it is pointed out that the method used is not suitable 
for making emergency plans for special situations (industrial activities in an inhabited area). 
Nonetheless, its principles and procedures are still used for such purposes in the Czech Republic.  

The expert scientific community dealing with COMAH issues in the Czech Republic, however, 
realizes that the procedure of the zone boundary delineation should be modified to reflect up-to-date 
knowledge in protection of the public and its enhancement. 

Therefore, the OPTIZON Project (Optimization of the Emergency Planning Zone Designation 
and Elaboration of Emergency Plans Based on Threatening Effects of Dangerous Chemical 
Substances at Operational Accidents with Respect to Inhabitant Protection Enhancement) was 
developed and approved for the Program of Security Research of the Czech Republic 2010 – 2015 
(BV II/2-VS). One of the main project's objectives is to define clearly the purpose of the zone 
because at present it is not quite apparent. 

From the general view, this step may seem insignificant or trivial, but the reverse is true. It 
represents one of the most important stages in seeking the approach to the zone designation as it 
gives guidance to find the required goal. The purpose of the zone not only describes and defines the 
issue and its context, but also refers to subsequent steps. 

This study shows possible approaches how to determine the purpose of the emergency zone. 
An analysis of the related method emphasizing the drawbacks of the current approach used in 
Decree is published as well. 
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2. Analysis of Basic Manifestations and Effects of Hazardous Phenomena 
According to the Decree 

The determination of the zone laid down in the Czech Decree No. 103/2006 Coll. [2] seems to 
be little focused on the consequences. If applied, the consequences of a major accident can be 
underestimated or overestimated, based on recent practice,  the most controversial issue is doubling 
the distance of the affected zone boundary determined by using the IAEA-TECDOC-727 method 
without taking into consideration the characteristics of the hazardous phenomena or their potential.  

Furthermore, one must be aware of the fact that the method is based on only three basic 
scenarios specified by the shape of the affected area. These shapes (scenarios) are: 

�  a circle for fire and explosion, 
�  a circular shape shifted in a certain direction from the source of release for vapor cloud 

explosion or subsequent fire, 
�  an elongated ellipse typical for dispersion of gases, area of which is up to about 1/10 of the 

area of the circle with radius equal to the maximum reach of the effect. For the purpose of 
designating the emergency planning zone, the entire original circle must be taken into 
account because the wind direction at the moment of accident occurrence cannot be 
predetermined. 

All accident scenarios mentioned in the manual refer to these shapes. Therefore, it is obvious 
that the methodology does not take into account other hazardous phenomena, such as jet fire or 
boil-over. 

The employed limit values for particular events are also debatable. For fires, the method only 
takes into account the area where 100 % fatality rate is assumed; 0 % fatality rate is assumed 
outside the area. For explosions, the limit value of 1 bar was chosen; 100 % fatality rate is assumed 
within the area where the overpressure value is greater; 0 % fatality rate is assumed outside the area. 
For toxics, the key indicator is the acute toxicity value LC50 for 30 minutes. The application of 
limit values is understandable for relative comparison of risks due to potential accidents, but their 
use in emergency planning is extremely inappropriate. [3] 

The ranges of effects of hazardous phenomena read from the table based on the method's 
principles are multiplied by two in the Decree. This factor can be perceived as some kind of a 
protection area or a precaution. However, multiplying by two for all types of dangerous substances 
(toxic, flammable, explosive) is completely illogical. From the mathematical point of view, such a 
factor can be admitted for flammable and explosive substances, but not for toxic substances. In case 
of a toxic release, the propagation is not linear but follows the Gauss distribution. 

Unlike the manual, the Decree allows to evaluate aboveground pipelines in industrial plants. In 
this case, the authors of the Decree adopted the principles indicated in the method omitting to 
mention that the evaluation can only be applied to aboveground pipelines outside the operator's 
premises. [3] 

Gas mixtures stored in medium or low pressure installations (e.g., gases containing carbon 
monoxide - in the Moravian-Silesian Region: coal gas, converter gas, blast furnace gas and mixed 
gas) cannot be objectively evaluated by using the procedure laid down in the Decree. [3]  

Therefore, it should be noted that the overall distribution of severity of effects depending on the 
distance cannot be split up into several definite thresholds. The severity of effects almost never 
reduces in a linear manner; the distribution of effects is very complex and specific. These issues 
will be dealt with in following phases of the OPTIZON project. 

3. Approaches to Determine the Purpose of the Zone 

If we focus on external emergency planning, making documents containing maximum relevant 
information for preparation of and planning precautionary measures outside the establishment or 
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installation is obvious to be the main purpose. In simple terms, the external emergency plan 
provides information to implement measures for protecting the public (e.g., warning and improvised 
sheltering). Other purposes should include the assessment and clarification of the extent of 
information on the potential danger communicated to the public and of the territory where the 
information will be provided. If the area of interest includes one of the external emergency plan 
users, the Integrated Rescue System (IRS), then the purpose of the external emergency plan should 
also be to provide the maximum amount of information for the intervening IRS services so that the 
rescue service commander could make effective on-site decisions. Based on the above 
consideration, it is evident that the purpose of the emergency zone should be subordinated to these 
aims.  

If the above-mentioned approach to the external emergency planning is considered a premise, 
then before defining the purpose of the zone we must answer two questions: 'for whom do we do it?' 
and 'for what does the zone serve?' The answer for 'what the zone serves for' should be based on the 
very purpose of the zone.  

The answer to the former question is that the zone provides information for local authorities 
(municipalities with extended competence, regions) and IRS services. The relevance of such 
information cannot be decidedly determined.  

As regards the latter question, it can be viewed from multiple perspectives. For example, the 
zone may serve primarily to increase the efficiency of the protection of the target system (i.e., 
humans, environment and property) or to designate a specific area where particular emergency 
procedures are set up. If who or what is to be protected is not clear, then the purpose of the zone 
may be irrelevant.  

 Answers to some questions usually bring more questions. For example, if a target system is 
chosen, new questions emerge as to the extent of prioritization or consideration of the target 
subsystems.  

Obviously, it is necessary to open the issue to public discussion. Without open communication 
among parties interested in the issue, such as the Ministry of Environment of the Czech Republic, 
the Fire Rescue Service, emergency planning experts, scientists, and the desired objective - the 
application of new knowledge into practice - cannot be achieved. 

However, before opening the discussion on this topic it is necessary to advert to possible 
approaches to the purpose of the emergency planning zone based on the experience of experts and 
on a comparative analysis of national approaches regarding emergency planning zones among EU 
Member States implementing the joint legal basis - Council Directive 96/82/EC (Seveso II) - and 
approaches to the issue applied in the United States, Canada and Australia.  

Based on the above, the following approaches to define the purpose of the zone have been 
identified: 

� General approach: The zone(s), more clearly circumscribed area/territory defining the 
maximum reach of planned measures set out in the external emergency plan. The zone itself 
has no informative value; it is only used to display the territory on which to concentrate. 

� Precautionary approach: Zone(s) defining the areal extent of measures to carry out before a 
major accident occurs. This zone is only used to get prepared for a major accident; it is not 
used anymore when an accident occurs. 

� Repressive approach: Predetermined and predefined zone(s) defining the areal bounds of 
planned measures in case of a major accident. This zone designates a set of predefined 
measures that are put into effect when an accident occurs. It is represented by predefined 
evacuation zones, shelters, etc.  

� Operative approach: Zone(s) serving as a basis for emergency response coordination. This 
zone is only informative and supports decision making during the emergency response. It 
should be designed in a manner that it can be adapted to new information and changes as 
they arise when an accident occurs. 
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These approaches represent ways of thinking about the purpose of the zone. Of course, the 
general purpose of the zone can be determined as a combination of these approaches.  Which 
approach or their combination will be the most suitable cannot be determined at this point. 

The zone can take on different forms. The individual forms of the zone then factor in various 
parameters and perspectives on how to deal with designation and expediency of the zone. The 
following questions need to be answered: 

� What will be the basis of the calculation of the zone? The magnitude of the phenomenon, the 
extent of effects on human health or some formal procedure?  

� Shall we only concentrate on the worst-case scenario (everything will explode) or the worst 
plausible scenario (for example, the largest storage tank) or the most probable scenario? Or 
shall we choose a combination of different scenarios? 

� In general, shall we use a probabilistic or deterministic approach? 
� In evaluation of the scenarios, shall we include verified protective precautionary measures? If 

so, which of them shall we consider unfailing? 
� How will the geometry and topology (spatial arrangement and interconnection) of the 

installations be considered? Will domino effects be taken into account or not? 
� To what extent will the ambient influences (terrain, buildings, weather conditions, etc.) be 

taken into consideration? 
� Will preparedness for a certain type of accident be considered? 
� What consequences for the target system shall we take into account? Which of them are our 

priority and which can be neglected? Shall we consider only fatal consequences for humans 
or also irreversible health effects or even discomfort (feeling sick)? 

� Will the types of hazardous phenomena influence the delineation of the zone? 
� Etc. 
The above questions will help us find an answer to whether only one zone or two zones or one 

zone that will include more subzones should be established. 
The possible zone classification can be as follows: 
� Warning/informative zone that could be used for informing public. Within this zone, local 

authorities should provide adequate information to the public. Subsequent conscious 
behavior of the public would be assumed here.  

�  Emergency zone that could be perceived as an action zone and be used by the public and the 
IRS. It could also serve to identify actual danger and to trigger the algorithm of planned 
measures. It would be a zone directed at consequences (such as irreversible health effects), 
not at probabilistic approach (represented by, for example, the fatality rate). Within this 
zone, the implications for the public, the IRS services, and local authorities would be clearly 
defined. At the theoretical level, it would mean that: 

o For the public, it would mean an obligation to seek shelter or to leave the zone 
immediately (upon notification from the IRS). 

o The IRS services would be provided with clear information that could be helpful 
during the emergency response, such as information on the location of the expected 
propagation with consequences for humans, buildings or the environment.  

o Local authorities would know the extent of consequences and effects to deploy IRS 
services effectively (how many of them and where they are needed).  

Inalterability or possible flexibility of the zone is another issue to be dealt with. According to 
the current concept, the zone is only established in the planning phase before an accident occurs. A 
concept of a flexible zone established upon the occurrence of an accident is under discussion too. 
Malder [4], for example, points out the generally received opinion that there is neither time nor need 
to assess the extent of the danger in a crisis situation. This opinion cannot be agreed with as a major 
accident can occur under various circumstances: 
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�  An event that will result in further negative effects (loss of process control, gas release, 
dispersion of flammable substances, etc.) occurred, but these negative effects have not 
developed yet. Although the initiation of the event occurred, no accident has happened yet 
(the entire event has not passed) - uncompleted phase, e.g., VCE. In this case, it is possible 
and often realistic to determine the area of interest with the required accuracy and with 
inclusion of current data (weather conditions, amount of substance in the installation). 

�  An accident happened with the worst possible scenario, e.g., explosion of condensed 
explosives. Of course, the danger cannot be assessed in this case. 

�  An accident happened with some negative effects, but other events that are supposed to be 
even more serious may occur. An accident happened but not the worst scenario. Boil-over 
may serve as an example. In this case, there is some amount of time to assess the current 
danger. 

Among the services included in the IRS, the Fire Rescue Service has the key role in protecting 
the public when an industrial accident occurs. Therefore, the external emergency plan should 
contain information useful for rescue and cleanup operations, especially: 

�  information on potential dangers; 
�  design and plan of who will carry out given activities; more precisely, which IRS services 

will be involved in specific tasks (the more specific the better); 
�  information on in which parts of the zone the operations should be carried out (with regard 

to current data). That is, it should provide information about where the danger manifests 
itself.  

Generally, the requirements on the information value of the emergency planning zone(s) can be 
summed up into three points: 

WHEN? How long will it take for the negative effects to manifest themselves? 
WHERE? At what distance and up to what distance will the negative effects of a major 

accident manifest themselves. 
WHAT? Identification of these effects, i.e whether harms to health (individual effects) or harm 

to a fraction of the affected public is involved. 
The information on the number of people (or portion of any target system) to be affected can 

also be very useful (estimation of fatalities and injuries). 

4. Conclusion 

As emerged from the analysis of the current approach to the determination of emergency 
planning zones, there is a clear need to reassess the process of the zone determination and the very 
purpose of emergency planning zones. One of the OPTIZON project objectives is to open debate on 
the topic. So far, several possible views and approaches have been outlined and discussed. The key 
problem is to define the purpose of the zone because it remains somewhat unclear at present. We 
have suggested possible ways to redefine the purpose of the zone. However, adopting any of them 
(or their combination) is determined by a broader discussion with the stakeholders. Different 
approaches as to the form of the zone are also examined in the project. Based on the up-to-date 
scientific data on effects from major accidents and based on the needs of the IRS services and local 
authorities, the questions regarding the determination of the zone should be answered. Emphasis is 
placed on the information value of the resulting concept. For the zone designation, it is necessary to 
know what the zone means as such, what happens at the zone's boundaries, and how the zone can be 
practically used for the purposes of planning measures, precautionary information to the public, 
early-stage interventions, etc. 

These activities, as simple as they may seem, are a long distance run. Simple solutions that 
eventually may turn out to be inconvenient, difficult to apply, or little informative should be 
avoided. It is important to realize that emergency planning is not just an obligation to be met, an 
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emergency plan is not just a document to be buried in a cabinet, and the emergency planning zone is 
not a useless line we have calculated and plotted on a map. Emergency planning must be perceived 
as a responsible preparation for events that may occur in real life. We must prepare for these events 
in order to be able to minimize and mitigate to the maximum extent practicable the negative effects 
of accidents sparing no effort, time, competences or resources. Planning is not laying down 
unknown abstract activities. It is a real preparation for real activities. The external emergency 
planning and the emergency planning zone are fundamental tools in these preparations.  
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1. Introduction 

It is important to assess the risk properly and objectively. To assess the risk means, in 
particular, to identify the hazard source, that falls within the risk analysis process. Followed by the 
risk evaluation, already knowing the risk, it is possible to compare the risk level with pre-
determined criteria. It is necessary to deal the proposed changes in railway system, because it can 
cause unpredicted behavior of system.  

2. Current knowledge - Common Safety Method 
The currently used risk assessment method is Common Safety Method (CSM), which focuses 

solely on the railways. It was established by a decision of the EU, in April 2004, the Railway Safety 
Directive 2004/49/EC. CSM is intended primarily to support harmonization of railway safety [2].  
The method CSM is applied only in the case of a change in the railway system. Change is 
considered to be significant only in case it has an impact on safety or meets the specific criteria. 
CSM involves following steps (see Fig.1): (i) the risk assessment process, which includes activities 
such as system definition, risk analysis and risk evaluation, (ii) demonstration of the compliance 
with the specified requirements of the identified security system, (iii) management of all of the 
identified risks and hazards [3]. Fig. 1 represents a simplified CSM scheme, it is important to assess 
the significance of changes (in circle), before the CSM implementation takes place. 
 
 
 
 
  

 
 
  
 
 
Fig.1. Simplified CSM scheme 

Preliminary system 
definition 

Significant change? 
YES 

Demonstration of compliance with the safety requirements 

Hazard management 

Risk assessment 

Risk analysis 

Risk evaluation 

15



 

3. The implementation of change in the railway system 

Each implemented change presents a certain risk, which could result in substantial negative 
consequences. Therefore, it is appropriate to use risk assessment of the changes to the CSM method. 
The first step of CSM has to determine the significance of the changes. Changes in the railway 
system may have one of the following characters: 

� technical, 

� operational, 

� and organizational [1]. 
 The proposed changes can be e.g. change in the working time of the drivers, change in speed, 

the introduction of a new vehicle type, the change in the situation when the guide will not be in the 
train, and many others. 

The change is considered to be significant if it meets the criteria (see Fig. 2) where the 
proposed change has an impact on safety of railway system.  

 The assessment criterion of the significance of the change is taking into account all recent 
safety-related modifications to the system under assessment and which were not judged as 
significant, additionality. Next criterion is the consequence of failure, credible worst-case scenario 
in the event of failure of the system under assessment, taking into account the existence of safety 
barriers outside the system. Novelty concerns both innovations in the railway sector, and 
innovations concerning only the organization implementing the change. Another criterion is the 
complexity of the proposed changes. Novelty and complexity can be thought of the uncertainty of 
outcome – the likelihood that the proposed change, once implemented, will or will not behave as 
predicted.  

 
 
  

 

 

 

 

Fig.2. The criteria of significance of the proposed changes [4] 

 
Clearly, the more novel and the more complex a change is the higher the likelihood that it may 

behave in an unpredicted, and possibly undesirable, way. Therefore, the more novel and the more 
complex a change is, the more significant it is likely to be. And the uncertainty of outcome is 
judged by reference to novelty and complexity. 

The inability to revert to the system before the change is criterion of reversibility. Criterion of 
the monitoring means the inability to monitor the implemented change throughout the system life-
cycle and take the appropriate interventions.  
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4. Logical scheme of significance of the proposed changes  

All the above mentioned criteria of the significance of the proposed changes can be 
transformed to the logical scheme presented in Fig. 3. Using this scheme, it can decide whether the 
proposed change is considered significant or non-significant.   

The flow chart on the left of Fig. 3 presents proposed application of the criteria.  The change 
has to impact on safety. This will be assessed an expert opinion. If the proposed change does not 
affect the safety, the change is implemented without applying the CSM method. In this case the 
proposed change does not represent a risk to the railway system. If the proposed change has an 
impact on safety, the change assessment is required. And the proposed change is evaluated by 
uncertainties, which could be caused by its innovativeness and complexity. An assessment of the 
consequences of failures of the changes – the worst case scenario – follows next. 

 
 

 
 
 
 

 

 

 

 

 

 

Fig.3. Flowcharts illustrating proposed application of the criteria [1] 

Risk is usually understood to be likelihood x consequence, and similarly uncertainty of outcome 
x consequence of failure can be thought of as a factor measuring the potential scale of a change with 
respect to safety. 

 
 

 
 
 
 
 
 
 
 

 
Fig.4. Combining uncertainty of outcome and consequence of failure 
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It is possible to develop a simple matrix (see Fig.4), for the purpose of assisting the process of 
judging the proposed change is ‘significant’ (high uncertainty, high consequence) or ‘non-
significant’ (low uncertainty, low consequence) or where the additional criteria (ability to monitor 
and reversibility) need to be applied to make a final decision.   
      Monitoring and reversibility are criteria that should be considered in cases where the decision 
whether the change is significant or non significant cannot be made on based on the uncertainty of 
outcome x consequence of failure test. It is presented on the right side of the Fig.3. If the change is 
non-significant, then CSM method is not applied. And the change will be checked by management 
system for safety SMS (Safety Management System). A safety management system ensures system 
safety solutions for all activities of the company associated with the railway operations.  

If the change is significant, proposed change will be considered by CSM. The risk of the 
proposed changes will be assessed by risk analysis and risk evaluation resulting from the 
implementation of the change, followed by management of identified hazards after demonstration 
of compliance with safety requirements. And after implementing the method CSM, the safety 
management system can be realized.  

 

5. Conclusion 

Proposed of organizational, technical or operational changes could cause unexpected behavior 
of the railway system. It is important to consider the proposed change before its implementation. 
CSM method is designed to assess the risks resulting from changes in the railway system. Before 
applying the CSM method, it is necessary to consider the significance of the changes, because CSM 
method is applicable only in case there is a significant change. Change is significant if it has an 
impact on the safety of the railway system, and if it meets the criteria of novelty, complexity, 
consequence of failure and additionality. If it is not possible to decide according to the above-
mentioned criteria whether the change is significant, it is necessary to consider the criteria for 
monitoring and reversibility. Because if it is not possible to adequately monitor the effects of a 
change so as to be able to take appropriate interventions. And if it is impossible to reverse the 
effects of a change, it is likely that the change should be considered significant.  The CSM method 
assesses a significant change is assessed in terms of the risk. It includes risk analysis and risk 
evaluation arising from the proposed changes. The output of the CSM method is demonstration of 
compliance with safety requirements. The last step of CSM is hazard management caused by 
proposed change. Thus it reduces the risk of possible unexpected behavior of the railway system 
transformed to negative consequences. 
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1. Introduction 

The crisis communication is the way how to answer the essential questions: How to identify the 
crisis and how to avoid them? How to prepare optimaly? How to deal effectively during crisis? In 
what ways could crisis give us a lesson?  

Planning of the reaction on crisis event should be straightforward. It should start with the 
decision of management about preparation of crisis communication plan which should include all 
three phases of crisis communication. These phases are specific of its duration and mostly by the 
character and intensity of crisis communication. The main emphasis should be placed on crisis 
communications with the public, because it lives most affected by the crisis, and often unable to 
cope with its effects. 

2. Phases of crisis communication  

The crisis is an event consequences of which immediately endanger the existence of the subject 
which plunges in the middle of the happening. No subject wishes for the crisis to happen to itself. 
However almost none of the crisis comes like a bolt from the blue. One should count with the crisis, 
foresee them and prepare for them. One part of this preparation is also the readiness to take the 
crisis communication (the source).  

The disasters, miseries, extra happenings or damages happen not only unexpectedly but many 
times by coincidences which are very difficult to predict 

Each crisis consists of some specific stages (phases). We recognize three basic [4]:   
• phases of crisis symptoms, 
• phase during crisis – the chronic stage of crisis,  
• phase after crisis – the stage of solving crisis. 

 
Each crisis is special and specific in its way, it has variable process, duration of individual 

crisis, manifestations, intensity etc. After explanation of all main factors adequate actions are 
created for elimination and reduction of risks. 

The crisis and the length of individual phases could be influenced by correctly chosen crisis 
communication and the reaction on the occured crisis situation. It follows that the crisis could also 
be to some extent directed by this communication. 
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The phases of crisis communication are closely related to the individual crisis phases. Effective 
crisis communication should be planned in advance and also managed effectively. Within the 
individual crisis phases the crisis communication also has its stages which are devided as follows: 

• actions before crisis, 
• actions during crisis,  
• actions after crisis [2]. 

In the case of the crisis outbreak it is necessary to have the individual actions prepared in the 
crisis communication in the crisis plan so it secures the fastest reaction on the started crisis 
situation. 

3. The focus of crisis communication in the individual phases  

Early information release to the public should be the main way to cut down the uncertainty, it 
should also lead to the depression of panic and it should secure effective behaviour of people during 
crisis. The crisis communication should not be underestimated because if it is ungovernablenessed it 
could mean bigger hazard than the crisis itself. The crisis communiation can be devided into three 
reciprocally connected, gradual phases.  

3.1 Communication before crisis (the phase of preparation)  

The content is normally running, ocassional, carrying information about the condition of crisis 
preparation, prevention, material preparation etc. Sufficiently experienced communication team 
should be set up during this phase which has the goal of the formulation of communication strategy, 
selection of suitable communication tools and its carrying through the practice.It is also important 
to give notice to the preparation of individual groups of population and the managers in companies. 
Currently the emphasis is mostly put on the preparation and  conduction of crisis communication 
plan [3]. 

In the communication before crisis it is emphasised to acknowledge the public what risks which 
threaten them are present at surroundings and what are the realized retaliations. The phase of 
preparation is focused on the creation of communication environment in which the information 
about the possible risks and required retaliations is known. 

3.2 Communication during crisis (the phase of reaction)  

In this phase the interest of public about the condition of situtation, its solving and possible 
consequences on the wider environment is growing. If no fast and activ communication happens it 
could deepen the crises even more. Communication bariers and communication holes could occur 
during this in which the informative and stimulative functions of communication could disappear. 
This brings uncontrollable and skewed information and creates panic and crowd psychosis [3]. 

The crisis communication is mostly focused on collecting, evaluating and transmission of 
information in this phase and also communication of managing authorities with the rescue elements 
and population on the public awareness and cooperation with media.  

 
It normally consists of the following: 

• symptoms analyses and present crisis development (what happened, when and where it 
happened, how the crisis events developed, what was said and who said it), 

• stating, formulation and defining information which must be announced, setting final 
groups in the individual communication circuits and setting corresponding 
communication strategy,  

• constant monitoring and documentation of the crisis process and continuous information 
of communication partners [1]. 
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In the case of crisis situation the crisis communication has irreplaceable place in the crisis 
management. It is necessary to inform all competent people and mainly update and refine the 
information on time. 

3.3 Communication in after – crisis period (the phase of innovation) 

The goal of the crisis communication during this period is to act in a way so that more new or 
potential crisis would be avoided. The main goal becomes so that the crisis would not leave lasting 
effects and would be handled [1].  

The main focus of crisis communication during after – crisis period must be focused on 
assuring the public and all concerned that the crisis is under control. This brings reassurance of the 
whole situation. The information gets term and organisational message character. 

 
Figure 1 shows crisis cycle versus the interest of public and media about information in the 

individual crisis phases. 
 
High    
 
 
 
 

     Public  
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Fig. 1 The life cycle of crisis versus public interest 
           (Source: Antušák, 2009) 

The picture shows that the interest about crisis grows with the crisis expansion. As the crisis 
period is the breakthrough period when „everything counts“, wrongly planned or no system of crisis 
communication could be the crucial element of process of managing the crisis. Many cases are 
known out of practice when not well handeled crisis communication ment not handeling the whole 
crisis. 

4. The difference of the crisis communication intensity 

Individual stages of solving crisis differ from each other in many aspects and because of this 
the intensity of crisis communication differs. This intensity should be at its highest during the start 
up of crisis [5]. 

But it is necessary to mention that this chart does not deal with the intesity of crisis 
communication before the crisis. I think that this phase should be emphasised even more. Before the 
crisis conception of solving possible crisis should be handeled.  

During the phase of crisis occurance the crisis communication should persuade public that the 
system is able to handle the crisis and solutions are prepared. In my opinion the intensity of crisis 
communication should be highest during the crisis formation when the interest in information is the 
highest. This information should calm the situation. The other phase is focused on communication 
with media, interest groups and other interested. In this stage the information about the process of 
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handling crisis and if the situation got better or worse is released. It is necessary to take into account 
what information could get published. In the last stage when the crisis is over it is necessary to 
reinforce the communication mainly with the media which are the main tool of giving information 
to public. They mostly inform what measures were taken during the crisis and mainly if the crisis 
got handeled [5]. 

 
i 
 
                                                                                        i - intensity of crisis communication   
                                                                                        t - time        
 
 
 
 
 
 
 
 

                Crisis     Crisis solving  Conception     Conception   t 
      formation   conception     realisation      success 
                         processing 
 

Fig. 2 Intensity of crisis communication during crisis identification 
             (By: Zuzák R., Königová M., Krízové řízení podniku 2, 2009) 

5. Conclusion 

Handling the crisis is difficult and time consuming. The crisis communication is extremely 
important which is one of the essential tools of crisis solving and it has an influence on how the 
crisis should be handeled. The emphasis should be put on the period before crisis formation when 
the situation is the most serious from the awareness point of view and that is the time when the 
crisis communication should have the highest intensity. Mishandeled crisis communication could 
have negative consequences on the whole situation development and acting of the interested people 
and surroundings. 
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1. Introduction 

The issue of critical infrastructure and its protection is currently very topical. In the European 
Union countries perform labeling, protection of critical infrastructure and create legal norms 
relating to critical infrastructure, based on documents of the European Commission. There are 
number of critical infrastructures, the disruption or destruction of which would affect the 
functioning of a state, but also other countries. 

The transportation system framework is highly complex, composed as it is of a wide array of 
infrastructures such as terminal facilities, travel ways, transportation fleets, and information 
systems. Transportation had become one of the critical infrastructure sectors in most of world’s 
countries. According to high importance of transportation it is consider as one of the most important 
sector in critical infrastructure as at the international level as well as national. 

2. A look at transportation as a part of critical infrastructure 

Transportation is a physical distribution systems critical to supporting the national security and 
economic well-being of this nation, including the national airspace systems, airlines, and aircraft, 
and airports; roads and highways, trucking and personal vehicles; ports and waterways and the 
vessels operating thereon; mass transit, both rail and bus; pipelines, including natural gas, 
petroleum, and other hazardous materials; freight and long haul passenger rail; and delivery services 
[2]. Transportation is also a key economic sector. It facilitates the movement of people, food, water, 
medicines, fuel, and other commodities. Commodities. 

Critical transport infrastructure is a part of transport infrastructure which has important function 
for every nation. Disruption of that infrastructure could influence many other systems in negative 
way. That is the reason for understanding, identification and analyzing critical transport 
infrastructure. [1] 

Critical transport infrastructure concept meaning is defined differently in various sources. In 
the broadest sense, transport infrastructure consists of physical assets, human sources and functional 
components. The critical transport infrastructure could have the same concept, but its components 
are much more important than other components of transport infrastructure (fig. 1). 

Transportation infrastructure concept meaning is defined differently in various sources. In the 
broadest sense, transport infrastructure consists of physical assets, human sources and functional 
components (fig. 1). 
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Fig. 1 Components of critical transport infrastructure (Source: author) 

By analogy to the above-mentioned part there is also used a division into:  
� land transport infrastructure (road and rail),  
� air transport infrastructure,  
� water transport infrastructure,  
� special transport infrastructure (nonconventional transport means) [4]. 
Transportation is a key component of nation’s critical infrastructures. It has to be assessed upon 

specific position, characteristics, importance and tasks of the whole transport sector. 

3. Specific characteristics of transportation as a critical infrastructure sector 

Critical transport infrastructure is a sector that comprises all modes of transportation (e.g. 
aviation, maritime, rail, roads, pipeline, etc.). Each state define own modes of this sector. For 
example, in Slovak republic we have defined four modes – road, rail, water transport and aviation 
[7]. It is a vast, open, interdependent networked system. Ensuring its security is the mission charged 
to all sector partners, including government and private industry stakeholders. 

Specific position of transportation infrastructure results from requirement for transport. 
Transport should be open and accessible (high degree of users access), extensive and ubiquitous 
(vast amounts of physical infrastructure and assets; most of infrastructure is unguarded and 
unattended; over the network are distributed millions of vehicles and containers), effective and 
adaptable. [4, 5] 

To describe main characteristics of transportation infrastructure I use framework, namely 
dimensions to explore its challenges and significances. I focus on the interrelated factors and system 
conditions that collectively define the four dimensions – significance, attributes, parameters of 
transportation infrastructure and specifics for risk assessment of transportation infrastructure. 

1. Significance of critical transportation infrastructure: 
� high importance of transportation for nation economy, security and functionality (fig. 2), 

 
Fig. 2 Examples of importance of transport (Source: author) 

� implication for security strategies. 
2. Attributes of critical transportation infrastructure: 
� is an extensive network, which consists of line structures and point features, 
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� consists of numerous and divers of owners operators, users and overseers, 
� intertwined with society and the global economy, 
� faces a dynamic landscape of potential natural disasters, accidents, and terrorist attacks [6], 
� dependencies – internal, information and dependency on other infrastructure - dependency 

ratio affects reliability,   
� significant interdependencies with many of the other critical infrastructure sectors – especially 

Energy and Communications sectors, 
� its interoperability with other sectors is important for nation´s functionality,  
� failures in the transportation infrastructure can affect the movement of goods, potable water, 

waste water, energy, communications, and other resources along roads, railways, airways, 
waterways, transmission lines, and communication towers [5], 

� high complexity of this sector (physical, organizational, rate changes, etc.) - the sector is 
composed of hundreds or thousands of assets, links, and nodes spread across its modes, 

� has many critical spots that include the elements, objects and nets, assets are widely 
distributed geographically, 

� differences between sub-sectors of sector “transport”, and requires a unique approach to 
determine the components in every sub-sector. 

3. Specifics for risk assessment of critical transportation infrastructure: 
� has many critical spots – many types of failure, different response behavior in sub-sectors,  
� many risks which can affect function of transportation sector (fig. 3), 

 
Fig. 3 List of main risks which influence transport infrastructure (Source: by 1, 3) 

� can be influenced by failure (common cause, cascading, escalating) in other sectors of critical 
infrastructure, 

� failure could affect human life, economy, environment and property, 
� probability of default is difficult to determine – it is different for each object of critical 

infrastructure. It follows from great vastness of transportation (network which covers whole 
country/region), diversity (sub-sectors are difficult to compare). 

4. Parameters of critical transportation infrastructure: 
� performance (intensity, throughput, resilience, sensitivity etc.), 
� resilience (redundancy, robustness, rapidity, resources), 
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� vulnerability (externalities, technical and human fail, management system, terroristic target, etc.), 
� interdependencies (rate of dependency, type, etc.), 
� criticality (severity of the impact, time effects, etc.) [2]. 

According to many risks which can impact main functions of transport is very important to 
assess elements of critical transport infrastructure. This process should contain from following 
steps: 

� identification of critical transport infrastructure elements (basic selection, analysis, 
categorization and selection), 

� risk assessment which influence elements of critical transport infrastructure, 
� evaluations of elements (their criticality, vulnerability, performance and interdependencies), 
� risk management [3, 5]. 

4. Conclusion 

Transport is a very important sector of critical infrastructure in all countries. Its features and 
functions are essential for the functioning of other sectors. The issue of the assessment and 
protection is very complex and difficult. It should accept its specific and be based on assessment of 
risks that could jeopardize its functioning. 

The main purpose of all nations is to identify objects of critical transport infrastructure, identify 
and assess risks which could influence those objects and prepare effective measures to protect them. 
First of all it is important to understand significance of transportation and to respect specific 
characteristics of critical transportation infrastructure. Some of them are defined in this paper. 

The next steps of my study will be review and selection of appropriate methods for assessing 
critical infrastructure. Also I would like to pay attention to interdependences in critical 
infrastructures. 
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Abstract. The conference paper deals with the characteristics of the process of heterogeneous (non-
homogeneous) combustion of wood materials. Thermal degradation of wood is in progress way of flammable 
combustion and smolder. Traces of combustion represent measurable and visible consequences  
of combustion effects, they are specific to each chemical reaction and fire-technical subject matter and  
the properties of materials involved in the process of combustion. Traces of combustion reflect the effects  
of thermal exposures of various intensity and time. Traces of combustion indicate the movement and rate of 
fire. Correct identification and determination of traces of combustion has important implications for forensic 
and judicial work, most importantly for the detection and investigation of the causes of accidents and fires. 

Keywords: heterogeneous combustion, thermal degradation of wood, traces of combustion, forensic process. 

1. Introduction 

Combustion was one of the first chemical action that mankind discover at the beginning of its 
existence. Fire is unpredictable phenomenon that is very difficult to manage and control. 
Understanding the nature of physical and chemical processes be in synergy way with the process of 
combustion, allowing to firecontrol and successfully also eliminated. Wood is flammable material, 
even in principle combustive only the upper layers and gases forming over the surface of the wood. 
Study in terms of fire-technical characteristics of the wood is relatively difficult. In the field of 
forensic process is important and significant for proper detection and determination of traces  
of combustion, indicating the ignition and development of the process of combustion. 

2. Process of combustion and heterogeneous combustion 

Combustion - chemical and physical exothermic reaction and oxidation-reduction action, 
during which releases mainly heat and light. For the behavior of the process of combustion and fire 
ignition is needed the fire triangle (Fig. 1), which is composed of three components that represent 
the necessary conditions for burning: presence of flammable material (wood), oxidizing agent 
(usually atmospheric oxygen) and source of ignition (energy). Under normal conditions there is no 
combustion reaction, if it is not present suitable source of minimum activation energy, which in 
practice means the external ignition or spontaneous combustion [1]. Recent view associated with 
forensic process contemplated that the process of combustion is in addition to the three factors and 
required the uninhibited chemical chain reaction - the fire quadrilateral (Fig. 1).  

 
Combustion is generally distinguish: 
• homogeneous combustion (flaming) - the action of elevated temperatures or other ignition 

sources for flammable material leads to the release of flammable gases which burn above 
the surface of the material and spread with the visible flame (e.g. gasoline), 

• heterogeneous combustion (smoldering) - the action of combustion reaction be in directly 
way on the surface of the combustible material, which in principle can not produce 
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flammable gases, because these materials do not burn spread with flame, they only smoulder 
(e.g. wood, charcoal, coke). 

 
Fig. 1. The fire quadrilateral and fire triangle (illustrative picture) [author] 

Wood is very interesting material because, as one of a small group of materials is able to burn 
homogeneous and heterogeneous combustion. Initial combustion is essentially homogeneous, wood 
starts to produce gases which formed to disrupt the chemical composition in the thermal 
decomposition of and involved in the burning process, there is burst or ignite the flammable gas, 
followed by flame propagation, self flameless combustion like smoldering and the final stage of 
thermal decomposition (the process of combustion) inclines to heterogeneous combustion.  

3. Thermal degradation of wood materials 

Thermal degradation - this term involving thermal decomposition of the material by the 
action of excessive and long-term heat loading. The determining factor is the increased temperature. 
In this action also operate the other factors, for example time, atmospheric pressure, the amount of 
water contain, moisture, density and structure of the wood. The temperature above 100 °C we can 
considered as a increased temperature because of its influence on the modification of the wood and 
wood-based materials characteristics. Chemical, physical and mechanical characteristics is modify 
and change in different ways. These forms of change are determined and depending on the 
temperature, heat source, method of heat transfer, time of heat, the wood surface dimensions, 
characteristics and composition of wood. Wood structure directly affects on the process of 
combustion. This effect is associated with the measurement of capillary aperture (macro and micro) 
that affect the transport of oxygen (oxidizing agent) in to the wood, as well as transport of 
substances (products of combustion) out of the wood [2]. 

3.1. Macroscopic changes of wood under influence of high temperatures heat stress 

In the thermal degradation of wood formed macroscopic changes that can be observed and seen 
in the early stages of the process of combustion. Very high temperature in proportion to the 
exposure time to make the wood surface cracks, which are gradually increasing, wood starts to 
crack, thus increasing the accessible surface of the flame and combustion occurs more intense. The 
side effect of thermal degradation is a change in the color of the wood. The original light wood 
color gradually darkens to for blacks - a layer of charred wood (Fig. 2). The intensity of darkening 
depends on the nature of the heat source, the temperature level and time of exposure to high 
temperatures. We can say that the color change takes place in proportion to the combustion process 
and the final phase of this process in organic materials usually represents charred layer, which is a 
good absorbent thermal radiation but poor heat conductor. Therefore, in practice, tends to talk about 
the nature of the wood autoretardants character [2, 3]. 
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Fig. 2. Changes in wood colour due to thermal degradation [4] 

In observation of macroscopic changes in the advancing stages of thermal degradation at high 
temperatures for a long time the only observable char layer formation. Char layer is not 
homogeneous. Is formed around the surface of the wood, especially on the exposed side, which 
helps to determine the position of the heat source. The cross section charred wood (Fig. 3) we can 
see a cross-section layers [2].  

 
Fig. 3. Cross section of charred wood [5] 

After removal of the char layer can visually identify the depth of thermal degradation. 
Thickness of the char layer is an individual, depends mainly on the technical characteristics of fire-
wood and the nature of the burning process. Under the char layer is basically completely intact 
wood. Changes in the color and shade of wood to a thickness of 1 mm from the char layer suggests 
some degradation (Fig. 4). After analyzing wood samples the 14th layer, 14 mm away from the 
surface of char layer demonstrates the integrity of the wood. Also was maintained wood structure, 
its chemical composition, physical and mechanical properties [6]. 

 
Fig. 4. Coloured changes of wood and its estimated thermal degradation [6] 

3.2. Microscopic changes of wood under influence of high temperatures heat stress 

The process of combustion, especially the first stage ignition, and then the course of thermal 
degradation of wood affect the actual cellular elements that represent changes in the microscopic 
structure of wood. These changes are documented and confirmed by the study of the electron 
microscope (Fig. 5), in which the experiment is applied to the spruce elevated temperatures by 
using thermal infrared emitters with power 750 W. The experiment confirmed the changes in 
anatomical structure of wood caused by high temperatures. In Figure 5 we can see the anatomical 
structure of annual ring spruce against thermal degradation and in Figure 5b after thermal 
degradation. After the thermal degradation of wood material mainly see microscopic changes in the 
cell wall thinning, close-up of this statement is shown in Figure 5c [7]. 
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         a)       b)                                  c) 

Fig. 5. Electron microscope studies: changes in the structure of wood [7]  

From the perspective of forensic process is the most important final stage of thermal 
degradation of wood that gives rise charred layer autoretardants effects of thermal decomposition of 
wood. After thermal degradation, which simulates real fire conditions, the wood material we can 
identify certain specific areas with different characteristics laminated wood. Burning wood is a 
thermal decomposition ties his constituents and change its properties, to produce combustion 
products that are right for the analysis can be recorded as signs of fire. This material is able to 
maintain their properties and parameters without breaking, and this fact can greatly help 
investigators causes of fires in identifying traces of fire.  

4. Conclusion 

The field of forensic science is interdisciplinary, diverse and rapidly expanding, in terms of 
public interest and importance for the management of justice. Investigation into the causes of fires 
is a specialized profession of forensic science that deals with the investigation of causes of fires [8]. 
Wood is a combustible material and will burn when has the appropriate conditions (heat and air). 
As the conference paper mentioned, changes of wood exposed to high temperatures can provide a 
layer of charred insulation slows further degradation of wood. Understanding the basic principles of 
a development of combustion can help the investigators of accidents and fires causes. Option that 
can help reduce the burning of wood, as well as in determining and identifying traces of fire, is the 
application of flame retardants and their proper use in practice.  
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1. Introduction 

Buildings or structures subjected to bomb attack by terrorist organization or offenders are 
considered as one of critical infrastructure elements. There is creating a model / system for 
evaluation of the effectiveness of security measures to protect typed objects in terms of used 
security elements, breakthrough resistance, technical capabilities and effectiveness in detecting and 
slowing the movement of offenders or potential intruder to overcome them in relation of the active 
intervention time in our Faculty of Special Engineering [7]. This is type of extreme loading is not 
commonly considerate. Required input data for such model is the resistance of blast loaded 
structures. 

2. Blast loading and blast effects on structures 

2.1. Blast pressure wave 

The detonation generates hot gases which expands forcing out the volume it occupies. As 
a consequence, a layer of compressed air called a blast wave forms in front of this gas volume 
containing most of the energy released by the explosion. The effect of the blast wave depends 
mainly on the sort of detonation a stand off distance. The blast wave rapidly increases to a value of 
pressure above the ambient atmospheric pressure (positive phase). After a short time, the pressure 
may drop below the ambient pressure. This phase is called a negative phase. During it a partial 
vacuum is generated and air is sucked in. This is also accompanied by high suction winds that carry 
the debris for long distance away from the explosion source [3]. The positive phase has a shorter 
duration and higher intensity than the negative duration. As the stand-off distance increases, the 
duration of the positive phase blast wave increases resulting in lower amplitude, longer duration 
shock impulse. The stand-off distance is defined as a distance between the blast source and the 
target (structures). A typical reflected pressure time – history is shown in Fig.1 [1].  
 

 

 

 

 

 

 

 

Fig.1. Real pressure time – history [1] 

Time [ms] 

Pressure [kPa] 

31



 

  

Using this real time history of the blast wave is very complicated. The negative phase has 
longer duration and lower intensity (it has relatively low amplitude) than the positive phase. The 
latter phase is commonly neglected in design of structures. This is either because of the difficulty 
associated with measuring or computing the characteristics of the negative phase, or because most 
researchers consider it relatively unimportant compared to the positive phase. 

 In the past some researchers suggested certain relationships to represent the pressure time-
history P(t) of the ideal blast wave, generally emphasizing only the positive phase. The simplest 
form assumes a linear decay (see Fig. 2) given as 
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Fig. 2: Linear decay time profile 
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 t is the time after the pressure wave arrival 
Ps is the peak pressure 
P0 is the ambient pressure 
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More complex is form assumes a exponential decay (see Fig. 3) given as 
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Fig. 3: Exponential decay time profile 
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where 
 t is the time after the pressure wave arrival 
Ps is the peak pressure 
P0 is the ambient pressure 
β is the decay parameter coefficient 
td is the duration time. 
A somewhat more complex model has been 
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a, b, c are constants obtained from experimental 
data 

If we consider the negative phase (see Fig. 4) pressure the form would be expressed as 
follows [2]  
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where 
 t is the time after the pressure wave arrival 
Ps is the peak pressure 
P0 is the ambient pressure 
β is the decay parameter coefficient 
td is the duration time 
td¯ is the duration time in negative phase. 
 

Fig. 4: Time profile considering negative phase 
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2.2. Effect of blast wave 

The effect of blast wave on structures depends on stand-off distance, sort of explosion and 
bomb size. The difference between detonation of nuclear bomb and over ground bomb is. In a 
nuclear explosion the structure is firstly loaded by reflection overpressure from above. After the 
drop of blast wave on the earth surface, all structures are immersed in the layer of press air and are 
loaded of all-sided pressure in the same time. 

Loading of building by over ground explosion has a different character. Firstly the side facing 
to the epicentre is loaded of overpressure reflection. Then the overpressure continues to the lateral 
sides, the roof and the back side. After the blast wave attack on the front side wrapping occurs. 
Overpressure drops rapidly down as it shown Fig. 5 [4], where Prm is overpressure and Pr(t) is 
reflection overpresure.  

Prm Prm

 
a) Distribution process of nuclear detonation 

Prm Pr(t) Pr(t)

 
b) Distribution process of over ground detection 

Fig. 5: Influence of blast wave on buildings 

 

After specifying the load on structure it is necessary to do the analysis of structural response. 
The main role is to do a dynamic analysis of structural response on blast load. The analysis of 
dynamic response of blast-loaded structures is very complex. Dynamic analysis can be solved using 
analytical or numerical methods. On of the fundamental method is methodology of SDOF system. 
To simplify the analysis the structure is idealized as a single degree of freedom (SDOF) system. 
The real structure can be replaced by an equivalent system of one concentrated mass and one spring 
representing the resistance of the structure against deformation. Dynamic analysis can be solved by 
direct integration of motion equation, using charts or numerical SDOF software. 

Commercial software can be used for analysis of more complex structural model. The 
numerical method to the simulation of the blast problem is typically based upon a finite element, 
finite difference and finite volume method utilizing explicit time integration (for example 
AUTODYN, ANSYS and SCIA ENGINEER). 
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3.  Background of  Codes and Standards 

The standard Eurocode 1 (EN 1991-1-7) is valid for countries of European Union. In the 
system of Eurocodes the blast load is considered as accidental actions. EN 1991-1-7 provides rules 
for safeguarding buildings and other civil engineering works against accidental actions. In this 
context specific rules are given for accidental actions caused by impact and internal explosions but 
does not specifically deal with accidental actions caused by external explosions, warfare and 
terrorist activities, or the residual stability of buildings or other civil engineering works damaged by 
seismic action or fire etc. 

We don’t have any national codes or standards which deal with this problem of blast design 
structures. Existing military standard STANAG 4440, deals about the security stand off distances 
only.  

For United States of America are valid Unified facilities criteria UFC 3-340-02 Structures to 
Resist the Effects of Accidental Explosions. This UFC 3-340-02 presents methods of design for 
protective construction used in facilities for development, testing, production, storage, maintenance, 
modification, inspection, demilitarization, and disposal of explosive materials. In so doing, it 
establishes design procedures and construction techniques whereby propagation of explosion (from 
one structure or part of a structure to another) or mass detonation can be prevented and personnel 
and valuable equipment can be protected. 

4. Conclusion 

The main goal of this paper was a description of action, behaviour and resistance of blast load 
structures. Such problem is very extensive and complex. This paper brings only based information 
about the solved problem and serves as a background for next research. We are preparing an 
experimental test of steel beams to blast loading. A method for an analytic determination is 
described in the next paper with the name “Analysis of Blast Loaded Steel Beam as a SDOF 
System”.    
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Abstract. The article presents the results of determination of temperature field and heat flux density on the 
site of firefighter intervention in the flash container. Measurements were carried out in a firefighting trainer 
of Fire and Rescue Service of the Czech Republic at Zbiroh. The articles described briefly the design, used 
measurement method and experiment results. Measured values of temperature field and heat flux density are 
given. In conclusion, recommendations for further measurement aimed at acquiring other findings on the 
firefighter's load in the course of training are presented. 
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1. Introduction 

Interventions of firefighters in enclosures belong to the most difficult and hazardous 
interventions. During them, firefighters are exposed to extreme conditions characterised especially 
by high temperature, high heat flux density, presence of dangerous substances in the air and reduced 
orientation ability caused by a content of solid particles in smoke. This all makes the rescue of 
people and the suppression of fires mush more difficult. For the rapid and safe suppression of fires 
not only in enclosures, it is necessary to prepare firefighters systematically. 

A suitable way is practical training in the conditions that simulate real conditions of a fire [5]. 
To simulate an enclosure fire, so-called flashover containers (henceforth referred to as FOC) are 
used. In them, firefighters can be safely exposed to the conditions that are close to the conditions of 
real enclosure fires and phenomena associated with them.  

The aim of conducted experiments was to obtain values of selected physical quantities 
characterising the environment inside the FOC of the firefighting trainer at Zbiroh. The ascertained 
values will be used as a basis for the design of training methods in the FOC respecting the safety of 
intervening firefighters. 

2. Description of the Firefighting Trainer at Zbiroh 

A view of the container in the course of firefighter confined space training is there in Fig. 1. 
The FOC, in which the measurement was done, consists of two transport ISO 1AA type containers 
standing next to each other, without the wall separating them. The interior dimensions (WxLxH) of 
FOC constructed like that are 4700 x 11985 x 2280 mm. Technical parameters are taken from [7]. 
The space is primarily intended for training in effective firefighting using the three-dimensional 
(3D) (also termed offensive) water-fog techniques. To create flames for the simulation of enclosure 
fire conditions, a main propane burner with maximum output of 2.211 MW [2] is installed. The fuel 
for the firefighting trainer is propane having a calorific value of 93.57 MJ.m-3. 

Based on previous experience acquired in full-scale fire experiments, a layout of sensors of 
temperature and heat flux density was proposed.  
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Fig. 1 Phase of flashover container training 

The experiment was divided into two tests according to the set operating output of the burner, 
i.e. 30 and 90 percent of its maximum output. The selected values corresponded to the minimum 
and maximum outputs used in previous training in the FOC.  

Each test consisted of 4 cycles and the main burner was activated 5 times in each of them. The 
time of main burner activation was always 3 s, time between activations was 12 s. Within this 
interval, a firefighting intervention is executed in the course of training itself. The time between 
cycles was 10 s. In training, participants change during this time. Before the beginning of 
measurement itself, one test cycle at output equal to 30 percent of maximum output of the burner 
took place. 

3. Vertical Distribution of Temperatures in the Container 

For the measurement of temperature in the space, heat-unshielded thermocouples were used. 
The utilization of them was similar to that in full-scale fire tests [1]. Because in the case of heat-
unshielded thermocouples, heat transfer by radiation between the flame and the thermocouple and 
especially at high temperatures also between the thermocouple and cold walls takes place, the 
temperature measured by the thermocouple may differ from the temperature of combustion products 
even by several ten of degrees Celsius [4, 6]. For the purpose of measurement done, the temperature 
including also the radiation component is suitable and corresponds to the conditions to which 
firefighters and also objects inside the container will be exposed.  

For sensing the temperatures in the space, NiCr/Ni jacketed thermocouples (K type) were 
used. They were placed in the vicinity of intervening firefighters and connected to a data logger 
ALMEMO 5690-2M. 

In the graph in Fig. 2, the curves of temperature in the container in the vicinity of position of 
the firefighter using a branch at 90 per cent output of the burner can be seen. Curve "BURNER" 
shows only two states of the burner, the value 0 means Off and value 100 means On. The overall 
description of temperature field in the FOC, including the measured values was published by 
Bernatíková et al. [3]. 
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Fig. 2 Temperatures in the container – firefighters A, 90 %, third test – detail 

4. Heat Flux Density in the Container  

For the measurement of heat flux density, radiometers SCHMIDT-BOELTER SBG01 placed 
in the vicinity of the site of intervening firefighters near the position “instructor” were used. The 
density of heat flux coming from different directions was sensed. In the graph in Fig. 3, heat flux 
density curves at 90 percent output of the burner can be seen. Curve "BURNER" shows only two 
states of the burner, the value 0 means Off and value 100 means On. 
 

 
Fig. 3 Heat flux density – firefighters A, 90 %, third test - detail 

Medians of values of heat flux density from individual radiometers oriented in various 
directions in the plane of the container longitudinal axis and from the radiometer oriented left when 
viewed from the entrance gate of the container are shown in the following graph in Fig. 4. 
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Fig. 4 Medians of values of heat flux density in the container at 30 and 90 percent outputs 

5. Conclusion 

The pulsed mode of operation of the burner leads to considerable fluctuations in measured 
values of temperature and heat flux density. For this reason, medians as a measure of central 
tendency without the effect of extreme values were used for the construction of resulting graph. 
From the front direction in the horizontal plane (0°), what can be seen is a marked increase in heat 
flux density at 30 percent and 90 percent outputs of the burner. From the half-space in front of the 
radiometer inclined at an angle of 45°, above the radiometers (90°), from the left and from behind 
(180°), an increase in heat flux density between 30 and 90 percent outputs can be seen as well.  

The distribution of the temperature field illustrated in the graph in Fig. 2 shows clearly the 
cooling of low-placed thermocouples due to the external air sucked through the open entrance gate 
as a result of natural exchange of gases in the FOC. 

The measured values of temperature field and heat flux density are basic input data needed for 
designing safe training procedures for firefighters in the FOC. In the next phase, it will be necessary 
to focus in more detail on direct effects of high temperature and heat flux density on firefighters. 
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1. Introduction  

 The current period is characterized by a dynamic and turbulent environment of the community. 
New conditions are requiring specific approaches, methods, tools and recommendations to risk 
management. Risk analysis and prevention of crisis phenomena, as well as preparation for their 
managing, are also an integral part of management processes in public administration. 
Unfortunately, representatives of the local government and mayors of municipalities don't have 
enough knowledge to use most of the complicate methods of risk assessment. However, there are 
situations when they need to estimate risks in the governed area. Simply, based on the statistical 
data or expert estimates, risk can be defined by damage caused by identified risks and by 
probability of its occurrence. Therefore, from many approaches to the risk estimation, authors of an 
article decided to review applicability of modification Winterling's crisis matrix in the conditions of 
small municipalities. 

2. Characteristic of Winterling's crisis matrix 

Winterling's crisis matrix belongs to a group of quantitative analytical methods used in process 
of a risk assessment in crisis management. Through this assessment method we can analyse risks in 
a dynamic environment. Crisis matrix was brought into practice by Klaus Wintering. Using this 
crisis matrix allows you to categorize risks according of two parameters: 
•  Probability of the risk rising in the time (how real and probable is that the risk will begin rising 

through low, medium and high level). 
•  Importance of the risk's consequences for society (would be expressed by negative 

consequences, threatening and devastating level of consequences). 
 
By the alignment of these parameters (probability and consequences) in a matrix with a scale 

from lowest to highest value we can get Winterling's crisis matrix, which is shown in first figure. 
We can use crisis matrix for determination of crisis strategy or regulation of measures and 
procedures for the reduction or elimination crisis, by peer review of the strategy matrix. 
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It follows that can be occurred four basic combinations of the risk's probability and its 
consequences, in the constructed matrix: 
•  High probability of hazard's occurrence with devastating effects, 
• High probability of hazard's occurrence with threatening and negative effects, 
•  Medium to low of hazard's probability with devastating consequences, 
•  Medium to low of hazard's probability with threatening and negative consequences. 
 

 
Fig.1.  Winterling's crisis matrix  

 
Through the shadowing of the boxes in the matrix, it can be graphically expressed the value of 

the importance of the risks. Sources of the risks assessed by high value (upper right box) are 
considered as a very serious (unacceptable) and requiring immediate deployment of crisis 
management resources for reducing the risks. Sources with low valuation (lower left corner) are 
considered as an acceptable and do not require any resources. These risks are requiring monitoring, 
for instance that their importance could rise over time (resources could move to the right and upper 
boxes in the matrix). Resources located in the grey fields could be partly reduced by available 
resources, in order to the costs spent for the reduction should be affordable. 

3. Modification of Winterling's crisis matrix for usin g at risk assessment  
 in a small municipalities  

Modified Winterling's crisis matrix (with the parameters of possibility and consequences) can 
be applied in a simple example. At the level of local government (a small village), Mayor usually 
does not have the necessary personnel apparatus for area of crisis management, but he needs to 
know the risks and potential threats, which sources are located in the village. Attention of the 
example will be focused on the assessment of natural hazards which allows providing an overview 
for local government representatives on potential natural hazards that are identified in the territory. 
Process of risk assessment in the municipality consists of the following steps: 
1. Definition of area which will be analysed. 
2. Identification of potential threats in a defined area. 
3. Defining the specific risks in a given area. 
4. Risk assessment. 
5. Taking relevant measures to eliminate or reduce risks. 
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6. Regular monitoring of identified risks. 
7. Information, respectively consultation of process to higher government authorities. 
 

Tab.1. Assessment of natural hazards in a municipality  

 
The scale for evaluating the measure of risk can be adjusted by evaluator to suit his needs. This 

means that, however relative frequency is defined in the interval <0, 1>. The scale of evaluating 
risks in Winterling's crisis matrix can be defined by absolute frequency in three stages 1, 5 and 10 
(for easier counting). Same scale of values the probability and importance of risks can be adapted 
and extended according to specific needs analysis. For each assessment of identified risk is 
evaluating process done separately. 

 

 
Fig.2. Demonstration of Winterling's crisis matrix applied to the natural risks in a municipality   

 
 
 
The modified Winterling's risk matrix in the village follows that the greatest risk in the village 

is flood in the Centre of the village. Risks of landslides and flooding would be less severe and the 
lowest importance has been evaluated for calamities on the Forest Road. This conclusion provides 
the Mayor information about which risks in the municipalities have to be reduced immediately and 
which would be continuously monitored enough. 

P. č. Locality Risk Security measure 
Value of risk 

Note 
D P R 

1 
Under the 
Grove 

Landslide Slope strengthening piles 10 5 50 
Reduction 
measure 

2 Forest Road Windstorm Heavy machinery ensuring 1 1 1 
Prevention  
measure 

3 
Water 
reservoir 

Landslide Geological probing 10 5 50 
Monitoring 
measure 

4 Centre Spate flood 
Reinforcement of the banks, 
flood protection measures 

10 10 100 
Reduction 
measure 

5 Acres Fields Flood Flood protection embankment 5 5 25 
Reduction 
measure 
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4. Conclusion 

Winterling's crisis matrix, which can be used in risk analysis, is very clear and simple. Its 
disadvantage is just using only two indicators, because in turbulent environment assessor need to 
take into account more factors, for example time, etc. This lack of Winterling's crisis matrix could 
be removed by the following extension of Winterling's crisis matrix as you can find at tab.2. 
 

 
 

Fig.3. Matrix method for risk assessment  

 
 
This extension of matrix method is based on assessment of various parameters such as the rate of 
injury, length of exposure, the opportunity to avoid the risk and probability of danger. 
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The risks can be found in all areas of social life. In the case of local small municipalities 
(small village) can be characterised by a wide range of risks that are specific to the objectives of the 
institution, but also the focused on the character of the environment in which they operate. Risk 
analysis is the process of risk identification and assessment of risks to individuals or group of 
people, around the world. Based on the identification of risks, analysis estimates the size of the risk. 
It should be noted, that risk management increases competence in decision-making, transparency 
and reduces the probability of negative consequences. As input data, Mayor of municipality can use 
relevant outputs of risk analysis of the territorial district, to respect the relevance of the results got 
as an output from modified Winterling's crisis matrix. 
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Abstract. At first this paper describes the net present value method in general. It introduces basis of this 
method through by its definitions, some forms of its calculation, then its strong and weak points and finally 
possibilities to eliminate its weaknesses. Other part of this paper mainly focuses on proposal of the potential 
application of the net present value method in economic evaluation of security investments. The aim of this 
article is to find more complex way of economic effectiveness evaluation of investments in the protection of 
property. And one of the possible solutions is the application of the net present value method, which is 
considered to be one of key and more complex methods used to evaluate economic effectiveness of 
investments. 
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1. Introduction 

The fundamental of economic effectiveness evaluating of an investment is the way of 
comparison incurred inputs (outlay) and expected outputs (profits), what is given by a chosen 
method of economic effectiveness investment evaluation. One of the best criteria of economic 
evaluation of investments (investment projects) is considered the net present value method, which is 
generally characterized and then its possible implementation in economic evaluation of security 
investments (investments in protection of property)  is shown in this paper. 

2. Theoretical aspects of the net present value method 

The net present value method (abbreviation NPV) is based on the principle that the each 
investment in any asset creates wealth if discounted value of the future cash inflows (receipts) 
exceeds cash outflows (expenditures). It belongs among methods based on cash flows resulting 
from a given investment (investment project). 

At first here are some definitions of the NPV, for example the NPV is: 
� mutual comparison of investment's cash outflows and cash inflows, whereby  all flows are 

adjusted in present value (by a given discount rate), 
� the difference between a project's value and its cost [1], 
� the difference between present value of benefits and present value of investment expenditures 

[2], 
� present value of cash flows minus initial investment and it is found by subtracting the 

required initial investment from the present value of the project cash flows [3], 
� a measure of how much richer you will become by undertaking the investment [4]. 

NPV depends only on the investment's cash flows and the opportunity cost of capital. On the 
one hand there are expended cash outflows (initial costs) and on the other hand there are expected 
cash inflows (receipts and returns) resulting from a given investment. All future cash flows are 
discounted by the opportunity cost of capital to cash flow present value. The opportunity 
(alternative) cost of capital is also called average cost of capital, discount rate or rate of return, 
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which investor requires as minimal marginal basic compensation for consumption removal and risk 
(given up by investing in a project). There are a few ways to determine it or calculate it. For 
example the average costs of capital are determined as a weighted arithmetic average of costs of 
foreign and proper equity, where the weights are portions of debt and equity on the total capital of 
the company [2]. Another form is that discount rate is determined as rate of return that could be 
earned on the comparable investment alternatives. In practice is usually used the differentiated 
discount rate with the respect to risk of project - the higher the risk - the higher the discount rate [2]. 

The NPV method uses for calculation of the net present value of an investment (its cash flows) 
some forms. If NPV is defined as a difference between discounted cash inflows CFt by discount rate 
i at period t and initial cash outflows (initial costs) I0. All flows are resulting from a given 
investment (investment project) during investment's life (also called useful life) - n - expressed in 
years, the equation for the NPV (1) is as follows [5]: 
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If NPV is positive - NPV is higher than 0, investment is profitable and it increases enterprise's 
market value - so it is accepted. Investment with the highest NPV is the best solution. If we are 
choosing between two projects we prefer the project with higher net present value. On the contrary 
if NPV is negative - NPV is lower than 0, investment is unacceptable and it is rejected. If NPV 
equals 0, investment is indifferent - it  neither increase nor decrease enterprise's market value [5], 
[6]. 

If the projects were mutually exclusive, the one with higher NPV should be accepted and the 
other rejected. Mutually exclusive investments mean that if one project is taken on, the other must 
be rejected. On the other hand there are independent projects, which are those whose cash flows are 
independent of one another. So when two independent investment projects have a positive NPV, 
then both may be accepted [7]. 

The NPV method has also some advantages and disadvantages and some of the most important 
strong and weak points are mentioned in Tab.1. 

 

Strong points of NPV Weak points of NPV 
It does not ignore any periods in the project life nor 
any cash flows 

It requires that we have an estimate of the 
organization's cost of capital 

It takes into account the time-value of money  - is 
based on consideration of the time value of money 

It depends on forecasts, estimates of future cash 
flows that become increasingly less reliable and 
more nebulous the further into the future they are 
expected to occur 

It is consistent with the basic valuation model of 
modern finance 

It will give distorted comparison between projects 
of unequal size and/or unequal economic lives. 

It favors early cash flows over late ones  

Tab. 1. Strong and weak points of the NPV [8]. 

Because of some disabilities of the NPV it is convenient to use other methods for confirmation 
of acceptance or non-acceptance of  a given investment solution, eventually for its negation. 
Supporting (additive) method of NPV can be for example Profitability Index, which is often used in 
economic evaluation investment projects of unequal size (in this case NPV gives distorted results). 

Profitability Index (abbreviation PI), also called Present value index or Cost-benefit ratio, is the 
present value of future net cash flows over the initial cash outlay [9]. It may be also defined as the 
ratio of present value of predicted cash inflows to initial investment (capital expenditures). The 
equation for the PI (3) is as follows: 
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Here CFt represents the expected future cash inflows, and I0 represents the initial cost. The PI 
shows relative profitability of any project (investment), or the present value per dollar of initial cost. 
A project is acceptable if its PI is greater than 1,0, and the higher the PI, the higher the project's 
ranking [7]. 

3. Application of the net present value method in economic evaluation of 
security investments 

Security investments is a general term for all investments in protection of persons and property. 
These investments may be considered to be all cash outlay which are expended on implementation 
of protective (safety) actions. The primary goal of these investments is to create a secure 
surroundings (in company, town, etc.) and in this way to protect a given property. At company level 
security investments can be for example: intruder alarm systems, close circuit television, access 
controls, barriers, etc. So security investments can be understood to be a support of achieving 
primary objective - maximization of company's (enterprise's) market value by realization of its 
production in the market. 

It is very difficult to evaluate economic effectiveness of security investments. And till now it 
has not been solved a problem of economic effectiveness evaluation of security investments in more 
complex way. The one of the possible solutions of this problem is the application of the NPV in 
economic evaluation of security investments. The basic problem of an application of the NPV is 
estimation of cash inflows of security investment proposals, because this kind of investments 
neither participate in production (transformation) process of a company nor generate direct/indirect 
receipts (cash inflows). So it is very necessary to find and create way to express and quantify their 
positive contribution (mainly secure surroundings in a company) in cash.  

The estimation of expected future cash inflows (cash revenues) resulting from the investment 
(investment project) is the most difficult task of investment decision making. This fact holds for 
security investments multiply. Therefore it is necessary to identify thoroughly all possible benefits 
of security investments, then these profits by a convenient way (this represents another complicated 
and very hard task) to convert into cash inflows (receipts). Perhaps this will also require expert 
estimations. Consequently it will be possible to compare these cash inflows with cash outflows of 
the security investments and finally to evaluate their economic effectiveness by the NPV method 
application. 

4. Conclusion 

During decision making process on security investments is necessary to choose the best 
solution in terms of not only the ability to efficiently protect the property, but also the ability to be 
economically effective (profitable). So it is also required to evaluate economic effectiveness of 
these security investments proposals.  

One of the possible solutions is the application of the net present value method in economic 
evaluation of security investments. This method enables to evaluate economic effectiveness of 
investments in a more complex and sophisticated way. But this requires (except estimation of 
discount rate) estimation of future cash flows resulting from the investment, what is the most 
difficult task of investment decision making. So there is a serious problem in application of the 
NPV method in economic evaluation of security investments because of the difficulty to express 
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their expected cash inflows. This will require to find and to create a possible technique to quantify 
future cash inflows, for example through utilization of experts' estimations. 
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Abstract. In this article the author addresses the issue of project management. The project management 
passes from international standards to Project Risk Management and it shortly describes possible the 
methods of managing project risks. The author also demonstrates for possibilities for implementation of 
software tools into design process. It also focuses on selected software tools in project risk management 
process and specific support of program designer. This article is intended mainly for the needs of project 
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1. Introduction 

Anyone who has worked as a designer knows that in the initial phase of the project should not 
be certain that the objectives will be achieved according to plan, whether planned resources will be 
sufficient to submit a project on time. You asking: "How do I plan a project, though I'm not sure 
if will abide this plan?" The answer is: "Even a bad plan is better than none." The project plan is 
a dynamic document that is continuously changing until final version when the project is 
completed. Project risks are a source of project failure. Their real impact may occur in the future. 
Project Risk Management process is an important chapter in the theory of project management. 
Important role in the risk management process are the methods by which we assess the project risks 
and we treat them. Risk management can be conducted by using right software tools which designer 
would plan as part of the software design tools. 

2. Project Management 

Project management is defined as a set of activities related to one or more projects. These 
activities must be organize and coordinate during all process of project/projects [2]. Project 
management we also can define as a specific methodology for project planning and realization [3]. 
The literature introduces a design process variously. Simply said, the design process consists of two 
main phases such as planning (what we want) and realization (what we are already reaching).  

2.1. International standards  

There are several methodical foundations of project management (Figure 1) based on a wide 
variety of institutions. International Standard ISO 10006 Quality Management Manual for 
the projects, Project Management Body of Knowledge (PMBOK) by the Project Management 
Institution, (PMI), International Competence Baseline (ICB) from the Prince2 and IPMA for 
the OGC. Novelty of project management is standard BS ISO 21500 - Guidelines for the project 
management issued by the end of 2012, which can be used for any type of organization, including 
public, private or municipal organizations, and for each type of project, regardless of complexity, 
size and duration of projects. Czech translation the Directive project management under the name 
ISO 21500 should be available in August 2013 [4].  
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Fig. 1. Possibilities of implementation of international standards of project management [author] 

2.2. Project Risk Management  

Interesting view of management success of the project is perception of the project failure  
as risk. If we perceive failure as a risk, thus an opportunity that it becomes something that will 
affect the organization's objectives, then this risk can be managed. The risk management is  
the process of systematic application of procedures and practices dealing with risk, in order manage 
this risk. In assessing the risk level - project failure (R) can be based on the expression of  
the relationship:  

 
R = P x I 

(1) 
where: 

• P expresses the probability of the risk, 
• I expresses the impact of this risk. 

Total risk level R can be expressed the highest level achieved among risks (Ri): 

R = maxRi 

(2) 
The methods we use to assess project risks can be divided into two basic groups as qualitative 
methods and quantitative methods. There are several methods, but for the purposes of this article  
we show selected methods in Table 1 Using these methods, then we can decide how we treat project 
risk. 

 
RISK ASSESSMENT 

QUALITATIVE METHODS QUANTITATIVE METHODS 
Brainstorming Risk Analysis of 

the probability 
and the impact 

[R = P x I] 

Risk Register Decision Tree 

DELPHI 
Failure Mode and 
Effect Analysis 

Decision Matrix 
Monte Carlo Method 

Interview Control list Vulnerability Analysis 
RISK TREATMENT 

Avoiding Reduction Transfer Retention Insurance 

Tab. 1. Table of selected methods for assessing and treating of project risk [author] 

The quantitative evaluation is usually based on expression of the probability or frequency  
of negative phenomena and the numerical / financial of its effect (R = P x I). The qualitative 
evaluation is used more often and is usually based on statements of assurance. Perhaps  
the combination of these methods would guarantee thorough carried analysis of project risks [8].  
 

ISO 
10006Prince2

?implementation PMI

IPMAISO 21500 
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Correctly selected method of quantification and analysis of project risks provides designers  
in particular [2]: 

 
• identify acceptable and unacceptable risks, 
• verbal and numerical evaluation of project risks, 
• simulation of risk in a dynamic environment. 

 
According to the process of risk management [7] is a systematic application of policies, 

procedures and practices for the management tasks that determine the context, identifying, 
analyzing, assessing risk, the risk involved, monitored and reported him. 

Detailed procedures how to assess risk can be found in the technical literature [7, 8].  
For the purposes of this article will be sufficient to understand the designer association between  
the probality of the risk - and the size of the impacts/consequences of failure. An important step of 
the project manager, will be created risk register with associated values of the level of risk. Such  
a register of risks (Table 2), can serve each member of working - the project team. The project 
manager can aware with the registry risk management, project contractor or investor of the need  
to reduce risk using specific measures. 

 

Risk 
Ri 

Probability 
Pi [1;2;3;4;5] 

Impact  
Ii [1;2;3;4;5] 

Level 
[Pi x Ci] 

Late date of delivery Middle (3) Middle (3) Middle (9) 

Changing the tax burden Too small (1) Major (5) Small (5) 

... ... ... ... 

Tab. 2. Table of selected methods for assessing and treating of project risk [author] 

2.3. Software support of project management 

A high rate of success of the project can provide software support for the design. It is important 
to note that the implementation of project management software support plays the role of assistance 
and not a manager or executor of the project. 

One of the main benefits of the implementation of the program support of project management 
is to achieve a certain level of the optimization and process automation. Precondition for the 
effective use of modern technology is controlled with user level project team members. Personal 
computer as a tool that contributes to the objectification and speed of processing of relevant 
information is a necessary part of the project manager or project team [2]. 

We should not forget the fact that we need to consider appropriate software product already  
in the planning stage in early stages of the project. It should not happen that the implementation  
of the project over budget, to the extent that they will not the resources to complete it. 

Knowing how to choose right software tool can help us the following scheme, which provides 
an overview of requirements of the following aspects: 

 
• terms of the number of users (individual, small team, company), 
• terms of support the main processes in project management according to PMI standards, 
• all other respects of software products (e.g. purchase price, system requirements, 

software support, etc.). 
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2.4. Software support of simulation and risk assessment 

The main tool for the optimization and risk management of the project is simulation [9]. Risk 
Simulation allows you to test influence of various decisions on the simulation model. It offers 
opportunity in advance to "play" behavior of the system after implementation of measures to look 
ahead to the future and eliminate potential problems. The basic principle is to create a simulation 
model which describes only the properties that we require to simulate. After validation  
and verification of the model we implement a set of simulation experiments. The results of these 
experiments are applied to real system to improve their characteristics and to avoid the risk. 

The software tools that deal with risk assessment in project management include, for example 
RMPlanner, Hazard Review, Risk Radar, Forecast Project Management, AgRisk, Mars, Risk 
Monitor, Risk Advisory, Labtech, CERT, Scientech, SET, RBCA, BOSS, DNV Risk and so on. 

Seasoned designer has a clear idea about where the designing requires steps assistance.  
The distribution of projects in groups, defining the common characteristics of the projects in these 
groups. Exactly these common features create space for specific program support an example of this 
security project to protect property in commercial building. The implementation documentation  
to visualize proposed security system with security features signs. If a security designer visualize 
(in drawings) security system periodically, the need to automate the visualization of safety features. 
It is possible to create a marks of safety features to library in order not create their work in each 
project. If there is no specific library security features, he is forced to enter requirement to create,  
or this is programmed library itself. In the particular example of the technical drawing in a CAD 
software tool to create a library that is available only to the need to design security systems.  

3. Conclusion 

Project management process is closely linked to the risk management process. Assessment and 
subsequent treatment with project risks reduce the rate of project failure. In Slovakia in 2011 and 
2012 to 40% did not complete the project on schedule and budget (not completed all 4%) [1]. 
Selected project risk management methods and software support would be used of reducing the 
representation of failed projects. Learning designers should include a chapter on the management of 
project risks, and a chapter on the possibilities of using software tools. 
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1. Introduction 

Each day, products defined as dangerous goods, are shipped from one point to another. These 
shipments are far too numerous to accurately record but number in the multi-millions each year. 
With this amount of movement, there is great potential for endangering human life and damaging 
our environment through mishaps in the course of transportation. It is essential for manufacturers, 
shippers, carriers, terminals, users and governments to continually work towards minimizing the 
risk of mishaps in the transportation of dangerous goods and the harm done by mishaps that do 
occur.  

1.1 What is a Dangerous Good? 

Many products pose some danger while being transported, but dangerous goods are generally 
products that are inherently dangerous whether or not they are in transport. Special precautions are 
called for to ensure their safe transportation. The term “dangerous goods” is defined as means a 
product, substance or organism included by its nature or by the regulations in any of the classes.  

1.2 Legal Standards On Transport Of Dangerous Goods 

One of the basic prerequisites for the safe transport of dangerous goods is to establish the 
conditions and their embedding in the laws of each state. Issues for the safe transport of dangerous 
goods are a given major attention. To this end, governments have developed statutes and regulations 
that apply to all stages of dangerous goods movement and inspection and enforcement programs to 
achieve compliance with the legislation. 

The European Agreement concerning the International Carriage of Dangerous Goods by Road, 
commonly known as ADR (from the French abbreviation Accord européen relatif au transport 
international des marchandises Dangereuses par Route),was done at Geneva on 30 September 1957 
under the auspices of the United Nations Economic Commission for Europe, and it entered into 
force on 29 January 1968. The Agreement itself was amended by the Protocol amending article 
14 (3) done at New York on 21 August 1975, which entered into force on 19 April 1985. 
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The Agreement itself is short and simple. The key article is the second, which say that apart 
from some excessively dangerous goods, other dangerous goods may be carried internationally in 
road vehicles subject to compliance with: [4] 

• the conditions laid down in Annex A for the goods in question, in particular as regards their 
packaging and labeling; and 

• conditions laid down in Annex B, in particular as regards the construction, equipment and 
operation of the vehicle carrying the goods in question. 

Annexes A and B have been regularly amended and updated since the entry into force of ADR. 
The last amendments entered into force on 1 January 2013. 

At present contracting parties of ADR are following states:  
Albania, Andorra, Austria, Azerbaijan, Belarus, Belgium, Bosnia and Herzegovina, Bulgaria, 
Croatia, Cyprus, Czech republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, 
Iceland, Ireland, Italy, Kazakhstan, Latvia, Liechtenstein, Lithuania, Luxembourg, Malta, 
Montenegro, Morocco, Netherlands, Norway, Poland, Portugal, the republic of Moldova, Romania, 
Russian Federation, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Tajikistan, the former 
Yugoslav republic of Macedonia, Tunisia, Turkey, Ukraine, United Kingdom.  

1.3 Handling Dangerous Goods 

The term "handling" is defined as meaning the loading, unloading, packing or unpacking of 
dangerous goods in a means of containment or transport for the purposes of, in the course of or 
following transportation and includes storing them in the course of transportation. 

Perhaps the most important aspect of handling is the packing of dangerous goods into a means 
of containment. It is generally believed that if the packaging is suitable the risk of a serious incident 
occurring is greatly reduced. To this end, representative committees from industry, government, 
environmental groups, and others develop standardized designs and methods of manufacturing 
packaging or means of containment for particular types of dangerous goods. A general requirement 
in the regulations stipulates that when no standard packaging is prescribed, the dangerous goods 
must be packaged in a way that ensures no discharge, emission or escape of the dangerous goods 
that could result in danger to life, health, property or the environment. Consignment inspections at 
distribution points for manufacturers, carriers, or purchasers focus on the type of packaging used in 
the shipment of dangerous goods. 

1.4 Identification of Dangerous Goods and Communication of Hazards 

The regulations prescribe labels and placards for each classification of dangerous goods as well 
as information to be in documents that must accompany the consignment of dangerous goods. The 
prescribed markings and documentation are intended to convey the nature of the danger to handlers 
and accident responders. Transport units that are used to ship dangerous goods must be placarded in 
accordance with the regulations. Prescribed documents must accompany the consignment and be 
readily accessible. Placards are a clear indication that a transport unit contains dangerous goods that 
otherwise might not be identified as such immediately. When an accident involving a transport unit 
occurs, these placards alert responders to the presence of dangerous goods and the necessary 
precautions to avoid injury and damage can be taken. In the proper circumstances, responders may 
examine the contents of the transport unit to locate the particular consignment of dangerous goods 
and/or examine the documentation accompanying the consignments to obtain more precise 
information about the dangerous goods being transported. 
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2. Some aspects of safety in the road transport of dangerous goods  

Transportation of dangerous goods is an important part in logistics system. Because of the 
characteristics of highrisk, the risk management of transport of dangerous goods are put more 
attention at home and abroad. The analysis on transportation risk of dangerous goods is at macro 
level, the study on risk is not investigated in nature.  
 

Transport of dangerous goods is a considerable risk of accidents (leakage, destruction, etc...). 
The greatest risk for the transportation of dangerous goods is their escape, which can be described 
as uncontrollable spread into the environment. Cause the release of dangerous goods can be an 
accident, failure of the vehicle or shipping container. 
 
The main factors affecting the safety transport of dangerous goods may include: 
� Total density transport 
� The range and frequency of shipments of hazardous substances 
� Properties of the substances carried 
� Technical condition of roads 
� The quality of the crews of means of transport 
� Weather and climatic conditions. [1] 

Safe transportation of hazardous substances is a very complex process. The object of the process 
is carried thing to be transferred so that the risk of incident was minimized. Process safety transport 
of dangerous goods reflects a condition where the level of risk of an incident is at an acceptable 
level. A risk associated with the transport of hazardous substances is necessary in time to anticipate, 
identify, and in particular to ensure prevention of potential negative effects. 

With the development of the company is also developing transport and within the transport of 
hazardous substances. A growing number of shipments of hazardous substances entail an increased 
risk of incident. The safety of the transport of dangerous substances affect the fact that such 
transport cannot be excluded from society, being in very close to a large number of persons who in 
any way participate in the transport of dangerous substances. Road and rail transit strokes often run 
through populated areas - towns and villages. Establishment of an incident involving the transport 
of hazardous substances may endanger the life and health of humans and other elements of the 
environment. 

Transport safety and quality affects a large number of factors, according to a source that can be 
divided into three basic factors [1]: 

1. HUMAN - HUMAN FACTOR - the most important factor affecting the safety of the 
transport of dangerous goods is the human factor, his activity most commonly affects the 
occurrence of an emergency. Based on the analysis of various incidents, it can be concluded 
that the main cause of the emergency events is human error. 

2. MEANS OF TRANSPORT - is another factor that significantly affects the safety of the 
transport of dangerous goods by design and operational characteristics. 

3. ENVIRONMENT- the other factors that can be collectively called an environment can be 
classified a number of factors that affect the safety of transport and are independent of 
human behavior. Environment we can define as the sum of organizational, technical, social, 
psychological and other conditions affecting the people and means of transport (eg transport 
facilities, transport equipment, weather situation, season ...) [1]. 
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3. Conclusion 
 

Transport of dangerous goods needs to be regulated in order to prevent, as far as possible, 
accidents to persons or property and damage to the environment, the means of transport employed 
or to other goods. However, with different regulations in every country and for different modes of 
transport, international trade in chemicals and dangerous products would be seriously impeded, if 
not made impossible and unsafe. Moreover, dangerous goods are also subject to other kinds of 
regulations, e.g. work safety regulations, consumer protection regulations, storage regulations, 
environment protection regulations. 
 

While regulation of an industry or activity is sometimes regarded as an obstacle to commerce, 
The European Agreement concerning the International Carriage of Dangerous Goods by Road is 
supported by those involved in the industry as well as the general public. They recognize that the 
primary purpose of regulation is to ensure the safety of everyone affected by the movement of 
dangerous goods and the preservation of our environment. The potentially dire consequence of 
uncontrolled movement of the many hazardous products created by our society certainly 
underscores the need for effective regulation and enforcement. 
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1. Introduction 

Wooden floors as well as pillars are standard equipment of many interiors. Low weight with 
high strength, good workability and bonding options allow the use of wood in construction. Using a 
modern laboratory and computer equipment and improving chemical analyzes lead also to new 
knowledge about fire-wood properties such as flammability [Fig.1]. The findings also help first 
responders in practice to better define the source of ignition and choose the right style of fire 
defence. In addition, individual characteristics (especially the flammability of wood) affect 
considerably the overall progress and extent of fire.[1,2,3].  
.  

 

Fig.1 Burned construction of building with visible wooden parts building [1] 

2. Burning as a combustion process 

 Fire is a complex physical-chemical phenomena, which is based on processes of 
combustion, heat transfer and gas exchange. It is a uncontrolled burning of substances and materials 
that cause harm. All substances react to change of inner energy, but not all of them are able to react 
with oxygen, directly. Flammable substances may behave differently. Some come into reaction with 
oxygen directly, others only after previous thermal decomposition. Wood, as well as other 
materials, burn directly reacting with oxygen [Fig.2]. First, changes are related to the heat 

57



 

  

accumulated supplied by external sources, or the changes occur through the chemical, thermo-, 
photo-, or bio-oxidation way.[2] 

 Detailed explanation of detailed micro-and macro processes of energy change and of mass 
change has to be done in order to describe the nature of burning. Mathematical interpretation of 
these processes and changes in the properties of the material during combustion is not easy - even 
when burning homogeneous materials. In relation to wood, which is heterogeneous, anisotropic, and 
contains water in three forms of constraints, this interpretation will be considerably complicated.[3]  

Thermo - degradation processes as well as the process of initiating combustion of wood is 
affected by many factors. The geometry, respectively the dimensions of the tested body is 
considered as a very important factor. Therefore usually mass loss and char layer thickness is 
chosen as a variable during the tests. 

 

Fig.1 Combustion of wood [13] 

3. Risk of ignition 

The risk of ignition is notorious for wood is a common material used in many spheres of human 
life. You can find it in construction [Fig. 3], in furniture, in the kitchen and as a solid fuel, and in 
the garden, of course. We are in contact with wood, daily no matter we realize it or not. There is 
many contacts of man and the wood in various form. The question is how could it be dangerous. 
What is the probability of fire, of ignition in daily contact. 

  

Fig.2 Combustion Special timber construction [14] 
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The risk of wood ignition can be expressed in many ways. There are plenty of qualitative or 
quantitative approaches. There is a number of methods dealing with risk assessment.  Generally, the 
risk assessment should be provide with quantitative or qualitative results. The result depends on the 
method used and on the inputs of the system. Main methods should be used for identification and 
risk analysis. 

4. Emission release 

Human body is under daily attack of combustion emission from different plants and power 
facilities. Solid fuels consist of combustible matter, ash content and water content. Combustible 
matter in fuel consists of active and passive substances. Heat is released due to oxidation of active 
substances (carbon, hydrogen, or sulphate). Passive substances (oxygen, nitrogen) do not provide 
heat within reactions but they are bound to organic matter. Sum of contingents of above elements 
(carbon, hydrogen, sulphate, nitrogen and oxygen) is the portion of combustible matter in the fuel. 
Every combustible matter is subdivided into volatile and non-volatile component, whereby their 
proportion is determined in the absence of oxygen by so-called coking test at 850°C. Non-volatile 
combustible matter after sample coking represents solid residue (solid carbon) and ash matter. 

 The main emissions released during the fire: 
•  particulate matter (PM), 

• carbon monoxide (CO),  
• nitrogen (NOx)  
• organic substances - total organic carbon (TOC) 

Volatile matter has a significant impact on the production of flame and combustion of fossil 
fuels. The geologically older the material is, the less volatile portion it has. 

5.  Consequences 

The consequences of the fire risk are well known. However, quite wide range of consequences 
may occur during the wood combustion. Following should be mentioned [12]Consequences 
evaluation together with determination of probability and frequency are an important step in 
quantifying risk. The consequences of failure and risk events can be divided into three basic 
categories 

• Effects on humans – the undesired consequence of accidents on the population in the 
immediate accident surroundings, can be divided into acute and chronic, into deaths 
and injuries (burns, respiratory problems, etc.), 

• Effects on the surrounding environment – accident effects on the environment and 
ecosystem, 

• Social – economic consequences – economic losses of operations owners and damages 
to buildings caused by an accident are brought together (loss of production, raw 
materials, equipment, damage to buildings, etc.). 

There are several effects of risk event consequences on human body that are the subject of research. 
These are mainly: 

• Toxic effects caused by the inhalation and exposure to the toxic substances (direct and 
indirect exposure), 

• Effects of carcinogens causing cancer and tumours after exposure, 
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• Effects of thermal radiation (burns) caused throughout the burning of various 
flammable substances, 

• Effects of detonating wave caused by the explosion of flammable or explosive 
substances or sealed pressure vessels, mechanical parts (flying slags) thrown out in the 
explosion.  

Very dangerous is a slow effect of daily releasing of emission through the boiler (chimney). It's 
unpleasant affecting of human health on daily basis. 

6. Conclusion 

The burning of timbers as well as another wood runs through the combustion process - 
indirectly. The chemical process of releasing emissions as particulate matter, carbon monoxide, 
nitrogen, organic substances - total organic carbon. These emissions have potentially very negative 
impact to the human health and higher concentration can lead to degenerative or fatal consequences.  

References 

[1] MAKOVICKÁ OSVALDOVÁ, L, OSVALD, A., KA ČÍKOVA,D. :Coniferous wood reaction on fire in forest 
condition. In: American international journal of contemporary research. - ISSN 2162-139X. - Vol. 2, No. 7 (July 
2012), s. 37-46. 

[2]  BALOG, K. - KOZÁROVÁ, A.: Vplyv tepelného namáhania na poţiarno-technické vlastnosti dreva a materiálov 
na báze dreva. In.: Zborník prác požiarno-technického a expertízneho ústavu MVSR, Bratislava 1989, s. 34-36 

[3] HORSKÝ, D. – OSVALD, A.: Metódy stanovenia poţiarno-technických vlastností dreva a drevných materiálov. 
DDP, ES TU Zvolen, 1985, s. 169 

[4] MAKOVICKÁ OSVALDOVÁ, L, OSVALD, A ., MAKOVICKY, P.:  Testing of chosen Personal Protective 
Equipment (PPE) as per standard STN EN ISO 15025:2003. In: Advances in physical ergonomics and safety. - 
Boca Raton: CRC Press, Taylor & Francis Group, [2012]. - ISBN 978-1-4398-7038-9. - S. 488-495. 

[5]  ORÉMUSOVÁ, E., MAKOVICKÁ OSVALDOVÁ, L, OSVALD, A., Cross calorific value of leaves, bark, and 
branches of selected deciduous trees. In: Transactions of the VŠB - Technical University of Ostrava : safety 
engineering series = Sborník vědeckých prací VŠB - Technické univerzity Ostrava : řada bezpečnostní inženýrství. 
- ISSN 1801-1764. - Vol. 7, no. 1 (2012), s. 32-36. 

[6]  OSVALD, A.: Požiarna bezpečnosť v drevospracujúcom priemysle.Technická univerzita Zvolen,1995.ISBN 80-
22804495  

[7]  KABÁT, E.: Šírenie tepla, SVŠT, Bratislava. 1988. 

[8]  BABRAUSKAS, V.: Ignition of Wood: A Review of the State of the Art, pp. 71-88 in Interflam 2001, Interscience 
Communications Ltd., London (2001). [on-line][2013-03-30] http://www.doctorfire.com/wood_ign.pdf 

[9]  MÜLLEROVÁ, Jana, HLOCH, Sergej, VALÍČEK, Jan. Reducing Emissions from the Incineration of Biomass in 
the Boiler. Chemické listy. 2010,  104(9), 876-879. ISSN 0009-2770.  

[10] RADVANSKÁ, Agáta, ERGIĆ, Todor, IVANDIĆ, Željko, HLOCH, Sergej, VALÍČEK, Jan, MÜLLEROVÁ, J.. 
Technical possibilities of noise reduction in material cutting by abrasive waterjet. Strojarstvo. 2009, 51(4), 347-354. 
ISSN 0562-1887.  

[11] VALÍ ČEK, J., MÜLLEROVÁ, J., KUBĚNA, V., KOŠTIAL, P., HARNIČÁROVÁ, M., MIKULÍK, M. Emission 
distribution and regulation of local heat source.  In: Diffusion in Solids and Liquids VII: 7th International 
Conference on Diffusion in Solids and Liquids: 27-29 June, 2011 Algarve - Portugal. Trans Tech Publications 
Switzerland, 2012, 330-334. ISSN 1012-0386. 

[12] MÜLLEROVÁ, J, MIKULÍK, M.: Technology and safety of biomass combustion, LAC Lambert Academic 
Publishing, Saarbrücken, 2012. ISBN 978-3-8443-8055-2 

[13] Burning timber http://graphicleftovers.com/graphic/burning-timber/ 

[14] Dezeen magazine http://www.dezeen.com/2007/05/01/arne-quinze-at-burning-man/

 

60



 
 TRANSCOM 2013,  24-26 June 2013 
 University of Žilina, Žilina, Slovak Republic 
 

  

Wooden Materials in the Construction and their Fire Resistance  
*Roman Michalovič 

*University of Zilina, Faculty of Special Engineering, Department of Fire Engineering, 1.maja 32, 010 08 
Žilina, Slovak Republic, romanmichalovic22@gmail.com 

Abstract. The paper deals with the ignition of wooden flooring and construction wood in sense of the 
possibility of their ignition and of burning. These materials are in daily use but there is still lack of tests of 
how this material behave in different conditions in various environment, indoor or outdoor. 

Keywords: wood, floor, construction, fire, ignition, glowing. 

1. Introduction 

Technical properties of wood allow its frequent use in building construction. Its negative 
characteristics include, but are low biological resistance and high flammability. Since the fire, 
which grows into a fire, quickly destroying the structure must effectively protect the wood. In 
keeping with the basic principles of structural, physical and chemical protection of wood fires can 
be prevented or partially restrict progress.[1,2,3].  
.  

 

Fig.1 Burned wooden parts of building [1] 

2. Timber floors and wooden pillars 

Wooden floors as well as pillars are standard equipment of many interiors. Wooden floors can be divided 
into several categories. According to: 

• type of material 
• thickness 

• combination with other material 
• roughness of surface 

• moisture content 
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There are various types of materials and their combination used nowadays for flooring used usually 
in the three layers (Fig.2). Very common is combination of wood and plastic, laminate etc. Mostly 
used types of indoor flooring [5,6]: 

• cork flooring 
• bamboo 
• carpets 
• floor tiles 
• laminates 
• linoleum 
• rubber flooring 
• solid wood 
• vinyl  
• engineered wooden floors 
• etc. 

•  
Fig.2 Engineered floor construction [5] 

These combination brings many possibilities how the ignition of the surface can be started and 
how the fire could be released or stopped or remain in the phase of smouldering.  

3. Fire Resistance 

There were very often the cases of ignition of the floor from radiant heating source such a 
electric heater or hot water can. Another typical resource of problem is smoking. The smoking 
cigarettes and its ash is over 200 °C, and this could e source of problem, especially when the floor is 
rough and dusty.  

3.1. Burning Of Timber 

Combustion or burning is a chemical reaction, which releases heat and light. Arises and takes 
place under certain conditions. For combustion cycle is needed presence flammable and oxidizing 
agent in the presence of ignitable ratio and ignition source. Flammable and oxidizing agent together 
form flammable file. When there are flame burning substances - Column burning, mostly, gaseous 
substances. 

The integrity of the timber says not only its colour but also special tests, which are carried out 
in such a timber (chemical analysis, determination of the percentage of basic wood building 
components and determine their quality). There had been made mechanical and physical tests which 
also confirmed that the wood has preserved the original parameters without breaking. Resistance to 
fire-wood or laminated wood beams can be increased by using flame retardants such a special 
surface paintwork [7,8,9], 
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3.2. Resources Of Ignition 

The dust on the floor causes much more troubles and it is a high potential risk factor of ignition 
and unwanted burning regardless environment where it is situated, indoors or outdoors, on the floor 
or in the construction of roof , building or apartment etc.[10] 

When the fire is initiated, the  first contact is with the large-scale materials that make up the 
casing panel, it is mostly particle board, in many cases, sheathed with plasterboard to improve fire 
resistance. The fire resistance of particleboard influenced by several factors, in particular the 
thickness and density particleboard. The production technology being used has the direct influence 
(across the board or extruded), because flat-pressed particle board is recognized for the same 
thickness and density of longer fire resistance as extrusion. On a longer fire resistance panel as a 
whole also affect particle board, which retardant treated throughout the mass. Fire resistance is 
determined both in vertical as well as horizontal structural elements - ceiling panels - are the same 
as in circuit elements of constructions. 

by flaming and glowing ignition from radiant heating 

3.3. Spontaneous Combustion 

-Spontaneous combustion is process of burning without any external source of ignition. It is 
defined as 

 a chemical (overheating) or physical (overheating, storage space) or biological processes in 
without external heat which begin in substance the processes leads to spontaneous combustion. 
Following are the typical materials tending to overheat itself: 

• Gasoline - 260 ° C,  
• hay - 70 ° C,  
• oak chips - 100 ° C,  
• brown coal - 50 ° C. 
It implies the hay or oak chips released on the floor are much more dangerous than gasoline. It 

might be true in the certain sense of spontaneous ignition. But when considering external source of 
heat, e.g. cigarettes than the gasoline will probably work very quickly. These substances liable to 
spontaneous combustion (lignite, varnishes, wet hay) are very often present in the houses and 
industrial facilities, halls and buildings of production.[11,12].  

4. Conclusion 

There are many factors to be considered when dealing with the floors and surfaces in context of 
fire safety. The timber can be burnt itself or through another connected material e.g. wooden chips 
or dust or another messy substances. The research and testing should be oriented to the tests of 
materials used in construction, in households, and it should be connected to the materials were 
spontaneous ignition is a real thing in sense of very low temperatures due to biologic activity of the 
substance being considered. There is no doubt, that more test are to be done, than the number of 
tests already made in laboratories with sufficient equipment. 
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Abstract. This paper deals with the utilization of computer modeling in the design of fire safety for tunnels. 
The CFD computer model Fire Dynamics Simulator (FDS) from NIST is used for modeling a fire in tunnel 
Lučivná. The fire scenario modeled is a laden-lorry fire in the middle of the tunnel. The results show that 
computer modeling is a very capable tool, which can be utilized in tunnel design. It is possible to model 
temperatures of the atmosphere and construction, tenability, and other important fire parameters. As with any 
other computer tool, one must be mindful of the model limitations and also be able to simulate a scenario 
that is representative enough and optimized for computer calculation.    

Keywords: tunnel, fire safety, computer model, fire engineering, structural safety 

1. Introduction 

Tunnel fires are very different from fires within “standard” buildings due to their very specific 
construction. This, in combination with potentially large fire loads, such as fully laden lorries, 
creates conditions for very severe fires of tens of megawatts. It is therefore necessary that every 
tunnel is designed to withstand a realistic worst-case fire and allows for safe evacuation and 
effective fire-fighting. 

Due to the complexity of the matter, and the scale of the problem, adequate design methods and 
tools must be employed. There are a number of design approaches in the countries, nonetheless, it 
should be recognized that there is no universal approach.  

In the Slovak republic, we have two documents dealing with the fire safety design of road 
tunnels. Government Regulation 344/2006 regarding the minimum safety requirements in road 
tunnels [1], and Technical Regulation 04/2006 Fire safety in road tunnels – Technical requirements 
[2]. This design guidance together with referenced standards, sets out the requirements for structural 
fire resistance, compartmentation, means of escape, smoke ventilation, etc. Computer modeling is 
referenced in the above documents as a tool for more precise analysis, where required or 
appropriate, and a tool that may be of assistance during training and contingency planning.  

1.1. Computer fire models 

It should be pointed out that computer modeling is widely used in the design of other systems 
installed in tunnels, primarily ventilation. It helps in fine-tuning the system to the conditions 
specific for the tunnel in question such as wind speed, inclination, temperature, etc. In this case an 
optimum solution is provided rather than overdesigning the system to err on the side of safety. 

There are various types of fire models, including zone, CFD and special models. The enclosed 
and tubular construction of tunnels requires a higher level of detail in order to simulate air and 
smoke flows, which is achievable only by CFD models.  
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2. Tunnel fire model  

For modeling of the tunnel fire Fire dynamics simulator was selected. It is a computational fluid 
dynamics (CFD) software developed by the National Institute of Standards and Technology (NIST) 
in the USA. Tunnel in which the fire was modeled is Lučivná tunel located on the D1 motorway 
near Štrba, Slovak republic. The fire scenario modeled was a fire of a fully laden lorry and was 
located in the middle of the tunnel. 

2.1. Fire dynamics simulator 

FDS is a computational fluid dynamics field computer model. FDS solves numerically a form of the 
Navier-Stokes equations appropriate for low-speed flow with an emphasis on smoke and heat 
transport from fires [1]. The second part of the package is Smokeview, a computer program for 
visualization of the results computed by FDS. FDS uses rectangle geometry and divides the 
computational domain into a number of cells that compose a rectangle grid. All geometry is to fit 
within these cells as they represent uniform conditions. Besides the geometry one needs to set the 
fuel properties (chemical and physical), combustion reaction properties, ventilation and ambient 
conditions etc. FDS allows user to work with logical devices, that can for set condition do specified 
action. This way it is possible to model various detectors (smoke, heat, ionization) measuring 
temperature, visibility obscuration and so on. Activation impulses from these devices then can 
trigger either some desired action (turn on the ventilation) or activate sprinklers or start discharge of 
gaseous suppressant into the protected space. Results depending on if they are point or planar can 
be represented in numerical form or visually in Smokeview for planar results. 

2.2. Modeled tunnel 

As mentioned above, the modeled tunnel is a real road tunnel in the Slovak republic. It has 
been selected as its geometry is nearly rectangular and the length of the tube is 250m. Each tube has 
a width of approx 12m and a height of approx 6m. The walls of the tunnel are constructed of 
reinforced concrete approx. 1m thick. Only one of the two tunnel tubes was modeled as they are 
identical and completely separated.  A fire in one of the tubes would therefore not affect the other 
tube. 

In order to achieve reasonable accuracy and computational times a mesh with 0,25m x 0,25m x 
0,25m was used to construct the geometry of the tunnel. This resulted in a total of 138240 cells in 
the computational domain. The boundaries of the computational domain corresponded with the 
tunnel’s walls, floor and ceiling. To the ends of the tunnel tube an “open” boundary condition was 
applied, meaning that smoke can freely escape and fresh air enter the tunnel.  

Apart from lighting and signage, there is no further equipment installed in the tunnel. It 
represents a base modeling scenario, in which the fire is the primary driving force for all flows 
within the tunnel. 

2.3. Fire scenario 

A fully-laden lorry fire was simulated. The footprint of the fire was 30m2 (10m x 3m) and its 
growth was simulated by using the t-squared “ultrafast” fire [4], which is the recommended design 
fire for tunnel scenarios [5]. The fire was set up in the following phases: 

- Growth phase   0-330sec;  0-20MW 
- Fully-developed phase  330-630sec; 20MW constant 
- Decay phase   630-900sec; 20-0MW 

Alhtough of a significant size, the above fire represents a less severe tunnel fire, which according to 
the literature [6] can achieve 100MW and more. 
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To reduce the computational time 10m sections before and after the fire location were modeled. 
This way a finer computational mesh could be used, resulting in more precise results. 

3. Results 

Point measurements were taken at the centre of the fire, and at 5m, 10m and 20m from the 
centre of the fire. At each distance a tree of thermocouples was simulated with thermocouples at the 
following elevations: 1,5m, 2m, 4,5m in the air and 6m on the ceiling surface. In addition an 
oxygen-level sensor was placed at 1.5m in each tree.  

The obtained results are shown in the following diagrams. The first set of diagrams, Fig. 1, 
shows temperature profiles at various heights, 1,5m 2m, 4,5m above ground level and ceiling 
temperatures with increasing distance, firepoint, 5m, 10m and 10m from the fire location. 

 

  
 

  

Fig. 1. Temperature profiles at various heights and distances from fire 

The above graphs indicate that, as expected, the highest temperatures are present in the area 
of the lorry. Due to the air currents  present, the temperatures show a high degree of fluctuation 
with peaks around 600°C. On the contrary, the ceiling temperature in this area, and in general, rises 
and decreases steadily with the heat release rate of the fire. This is caused by the way the heat from 
the fire plume and products is transferred into the concrete structure. The maximum temperature of 
the ceiling in this area is 300°C, at which spalling of concrete and structural damage may occur. 
 As the distance from the fire increases the lower two temperature measurement points, 1,5m 
and 2m, decreases significantly. This is also caused by the air currents which are drawn into the fire 
through the lower part of the tunnel enclosure. It is also clear that a hot layer of smoke gases is 
formed in the upper part of the tunnel and the temperature of this layer remains fairly constant, 
approx. 150-160°C, even 20m away from the fire.  

T
e

m
p

e
ra

tu
re

 (
°C

)

Time (s)

Temperatures at firepoint

T
e

m
p

e
ra

tu
re

 (
°C

)

Time (s)

Temperatures 5m away

1.5m

2m

4.5m

ceiling

T
e

m
p

e
ra

tu
re

 (
°C

)

Time (s)

Temperatures 10m away

T
e

m
p

e
ra

tu
re

 (
°C

)

Time (s)

Temperatures 20m away

1.5m

2m

4.5m

ceiling

67



 

  

  
Fig. 2. Smoke movement and oxygen concentrations during simulation 

 In addition to the temperature profiles described above, smoke movement and oxygen 
concentrations are very important from the evacuation point of view. Figure 2 shows that apart from 
the fairly compact upper smoke layer, a proportion of the smoke is drawn into the cooler bottom 
layer by the turbulent currents of air. This creates a layer of cold smoke extending approximately 
from 1m to 4m above ground level. This layer may contain toxic and irritant gases, depending on 
the type of fuel burning, and causes visibility obscuration and movement difficulties. 
 Oxygen concentrations at 1,5m above ground level remain fairly high, and apart from the 
area in the vicinity of the fire should not pose a threat. This again is caused by the incoming 
currents of fresh air drawn towards the fire. It may be therefore concluded that the oxygen levels 
should not drop below safe levels during evacuation from the tunnel. 

4. Conclusion 

The capabilities of computer fire modeling, namely Fire dynamics simulator, in tunnel design 
process have been demonstrated on a simple realistic scenario. The aim of this paper was to 
promote this particular approach and point out its benefits.  

The results show that fresh air currents, induced by temperature differences, flowing towards 
the fire causes rapid temperature decrease. It also maintains the oxygen concentrations fairly high 
1,5m above the ground. Despite this, the visualization shows that significant mixing is present 
between the hot upper layer of smoke and cold air layer. This is an output which is only achievable 
by CFD fire models. Such smoke, and potentially noxious gases, logging may impede evacuation 
and cause breathing difficulties, eye irritation and disorientation. 

  Temperature monitoring in the ceiling revealed that temperatures are above the boiling point 
of water, which may lead to spalling of concrete and structural damage.  

It has been therefore concluded that computer fire modeling provides detailed critical design 
information. This improves the overall level of safety and reduces the likelihood of major disaster 
caused by underestimation of fire severity at the design stage. 
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Abstract. Humanitarian aid represents fast and effective reaction on given crisis situation in benefit of 
people in emergency. It is realized on basis of requirements and challenges to providing of aid. Humanitarian 
aid is provided by specialized organizations, but also with other institutions to implementation of 
humanitarian aid including the agency SAMRS. Humanitarian aid has to be centrally coordinated. 
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1. Introduction 

Slovak Republic participates in providing of humanitarian aid to the countries stricken by crisis 
situation consequences. Not only humanitarian organizations participate on implementation of 
humanitarian aid, but also institutions founded on support of this realization. 

One of them is the Slovak Agency for International Development Cooperation (SAMRS). It 
participates on development and humanitarian aid. Its founder is the Ministry of Foreign and 
European Affairs of the Slovak Republic. In realization process of official development aid, but also 
in humanitarian aid of Slovak Republic, it has specific competencies and tasks. 

Humanitarian aid provided by the agency SAMRS is realized on basis of humanitarian 
activities aimed to help in country affected by crisis situation consequences and which are realized 
through the partner organizations. It can be for example the organization People in need and Slovak 
Red Cross. 

2. Agency SAMRS 

Slovak Agency for International Development Cooperation is budget organization established 
by the Ministry of Foreign and European Affairs of the Slovak Republic on the basis of law no. 
617/2007 in Collection of Law about official development assistance and about completing of law 
no. 575/2001 in Collection of Law about organization of activity of government and organization of 
central government as amended. The mission of the agency is ensuring implementation of official 
development aid of Slovak Republic. 

Between its basic tasks belong: [3] 
− fulfillment of foreign policy of Ministry of Foreign and European Affairs of the Slovak 

Republic in the area of development and humanitarian aid and sharing on its formation, 
− implementation of programs and projects of official development aid and humanitarian 

aid of Slovak Republic, 
− assessment and control of project' suggestions and preparation of groundwork for 

project commission, 
− preparation of material for enter of new projects, 
− closing of contract with implementers of projects, 
− monitoring, management, control and assessment of projects, 
− other activities. 

Agency SAMRS is divided on: 
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− department of financial and economic management, 
− department of management of development aid projects, 
− Office of the Director. 

Agency SAMRS provides official development aid of Slovak Republic by rules and principles 
which are consistent with foreign policy and economic priorities of Slovak Republic. It gives 
emphasis on transparency and effectiveness of development aid, flexibility of providing of 
development aid and heeds on efficiency and economy of spending of financial resources from state 
budget. In its activity it also accounts UN Millennium Development Goals, to which Slovak 
Republic entered. 

Humanitarian aid represents activities which are reaction on given crisis situation. It is short-
term assistance which helps people affected by crisis situation consequences to gratify their basic 
needs. It lasts to time while direct threat does not lapse; respectively people achieve some level of 
independence. 

Development aid is oriented on monitoring of long-term social and economic conditions in 
which people in less developed countries live. It is planned on the basis of intended territorial and 
sectional priorities for selected target countries. In contrast with humanitarian aid it is file of long-
term measures in wide scale of sectors and areas. 

3. Implementation of humanitarian aid by the agency SAMRS 

Humanitarian aid of Slovak Republic is provided on the basis of document Mechanism of 
humanitarian aid providing of Slovak Republic to abroad. It was approved by government of Slovak 
Republic in 2006. Process of providing and implementation of humanitarian aid is performed by 
these steps: 

− adoption of challenge for providing of assistance, 
− convocation of coordination meeting, 
− decision about providing of assistance, 
− realization of assistance, 
− final report, audit, 
− presentation of provided humanitarian aid. 

One of the implementers of humanitarian aid is Ministry of Interior of Slovak Republic which 
provides technical side of assistance. Ministry of Foreign and European Affairs of the Slovak 
Republic provides coordination and financing of humanitarian aid with exploitation of diplomatic 
missions of Slovak Republic. Central government bodies, humanitarian organizations and other 
partners are engaged to the process of humanitarian aid providing which cooperate in humanitarian 
operations. 

Humanitarian projects realized by Slovak organizations serve for long-term crisis situation 
solution. It is possible use mechanism of official development aid on the projects. Ministry of 
Foreign and European Affairs of the Slovak Republic ensures assessment and approval of projects, 
like also closing of contractual relationship with applicant about financial contribution. Implementer 
submits reports about implementation of project and after termination of project presents final 
report about fulfillment of project and ensures performance of independent audit of project. 
Challenges for submission of humanitarian aid projects, like also their management, are ensured by 
the agency SAMRS on the basis of decision of Ministry of Foreign and European Affairs of the 
Slovak Republic. 

Necessary information about realization of humanitarian aid by the agency SAMRS are drawn 
from annual reports. For example in 2010 humanitarian aid was realized by form of nine 
humanitarian activities to four countries. Total height of provided humanitarian aid achieved total 
value 145 000 Eur. 

Humanitarian aid by the agency SAMRS was provided to these four countries: 
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− Haiti, 
− Pakistan, 
− Moldova, 
− Hungary. 

Mentioned countries were stricken by natural disasters which are listed in table 1. 
 

Tab. 1. Natural disaster in affected countries, 
Source: Annual Report 2010 of the agency SAMRS. 

Country Natural disaster 
Haiti Earthquake 
Pakistan Floods 
Moldova Floods 
Hungary Ecological disaster 

Range and height of humanitarian aid depended on: 
− size of affected territory, 
− number of affected people, 
− needs of affected people. 

Figure 1 represents height of provided humanitarian aid for every country in 2010 expressed in 
EUR. 
 

 
Fig. 1. The graph of height of provided humanitarian aid in 2010 through the agency SAMRS, 
Source: Annual Report 2010 of the agency SAMRS. 

Other organizations joined to implementation of humanitarian aid made by the agency 
SAMRS, between which belong: 

− People in need, 
− Slovak Red Cross, 
− Slovak Committee for UNICEF, 
− ADRA, 
− Council of Cantemir District, 
− Special canine rescue service Slovakia, 
− International rescue system, s. r. o. 

Every from mentioned organizations had different tasks within implementation of humanitarian 
aid. In table 2 it is listed in which countries mentioned organizations interfered. 
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Tab. 2. Implementers of humanitarian aid through projects in the agency SAMRS, 
Source: Annual Report 2010 of the agency SAMRS. 

Implementer Country 
People in need Haiti, Pakistan 
Slovak Red Cross Haiti 
Slovak Committee for UNICEF Haiti 
ADRA Haiti, Pakistan 
Council of Cantemir District Moldova 
Special canine rescue service Slovakia Hungary 
International rescue system, s. r. o. Hungary 

As it follows from the given example, several implementers can participate on realization of 
assistance. It allows dividing tasks and ensuring that provided humanitarian aid was rapid and 
effective. In implementation of humanitarian aid it is need to focus to available resources and 
options not only in providing country, but also in receiving country. It is mainly its transport 
infrastructure and other technical options for facilitating the providing of humanitarian aid. 

4. Conclusion 

Humanitarian aid is provided during rescue works at removal of crisis situation consequences, 
but also after their termination. It is provided by intended implementers on the basis of 
internationally recognized fundamentals and principles. Every organization obeys with established 
procedures and activities. 

Even volume of humanitarian aid is not always high, assistance can be very effective if it is 
rapid and correctly directed to people in need. It is provided without consideration on affected 
country, type of crisis situation and its character, like also on conditions in which it is realized. 

One of the problems, which are needed to solve, is option of abuse of humanitarian aid 
resources for different armed groups. These groups make use of thus obtained resources for their 
benefit and provided assistance does not come to people who need it. 

In providing of humanitarian aid it is need to optimize decision-making process, simplify him 
in effort improve and accelerate assistance. Some factors can act on some activities which prolong 
providing of humanitarian aid for affected country. Next problem is lack of personnel and material 
whether in preparation of assistance or in its realization. Questions of volunteers' status and options 
of their engagement to providing of assistance are unresolved, too. 
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1. Introduction 

We can see the impact of instability of nearly all socio-economic systems, all around us. Recent 
processes of globalization and reframing and conceptualizing of new world order drives the 
fastening of the changes around and also within the all socioeconomic systems. Starting them at the 
human individuals level through the families, companies, states and finally to the global system of 
socio-economic, and security relations. These changes are increasing the need of states and citizens 
to manage their own security in destabilized and changing environment. 

Increasing number of decisive changes, number of complicated, combined, multifactorial 
threats and risks makes from securing of state and individual civil security more actual issue than 
ever more.  

Multifactorial essence of security in these days, led to the widening of the basic conceptual 
frame of civil security. This means that there are much more non-military areas of security 
incorporated to the model and concept of civil security. Except the military conflicts there can be 
identified arising number of non-military crises and risks (social –economic environmental impacts 
of crises to the individual or state security).           

We also can see the changes in seizing of the main goal of securing measurements in relation to 
any crisis. It can be seen in preferring of prevention to preparedness for the reaction on the crises. 

2. Widening of civil security frame  

“We can state, that Security as a scientific term is used by several scientific disciplines. It is related 
to many areas of individual's life or life of society itself, too. It should be underlined, that the 
perception of selected dimensions of security, "securities" social, economic, food, military, etc., is 
based on the perception of security as a comprehensive summary of several security dimensions. 
They are synergistic positive or negative influencing each other in its relation to the requirement of 
safety and keeping the target function of security's object.  
In such a perception of security, it is not about multiple securities, but about several aspects of 
security, which affects the final level of security.  
In the Glossary of Crisis Management, security is defined as a state of social, natural, technical and 
technological system or any other system which, in specific internal and external conditions, allows 
a preformation of the established functions and their development in accordance with the interests 
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of a human and society [1]. 
Dependence between human security and economic stability is expressed in social relations.  
In the old sense of understanding security, it meant a study of threats, using and managing military 
forces. In the current security concepts, under the pressure of blending and mutual concomitant 
action of sophisticatedly structured risks, there is extension of the security agenda, because of 
possible threats arising from the disturbance of the environment, economy, health and international 
crime, which significantly affect the human (individual and social) security. 
Mesjacz provides the following basic security investigation areas: military, economy, politics, 
environment and society [2]. 
It is just the previously presented necessity of comprehensive perception of all security 
characteristics that has an effect on opening a dynamic discussion about the issue of economic 
security as an important dimension of security, which fundamentally affects the overall security 
level. We can state that more and more societal life´s characteristics are incorporated to the holistic 
seizing of security. Time to time it is very hard to diverse them from each other, because they are 
synergistic closely tied, e.g. relation between the economic and social security is really close. 
According to some authors the complex of security characteristics consist of the military, political, 
social, economic and ecological security in its horizontal diversification. The same author identifies 
possibility to diverse the security complex model also in vertical way from the citizen security, 
towards the communal and societal security [3].     
Now, based on the upper definitions it seems to be clear that in recent globalized world the frame of 
security and also the civil security is widening.  
In some sense, we can state that the poverty as a social negative phenomenon is real social risk. It 
can be the source of many individual and social crises accompanied with much more negative 
results to the stability at all societal levels.  
In the sense of the holistic approach to the civil security, it is possible to think about poverty and its 
possible negative impacts to the socio-economic stability and security of individuals and societal 
groups as about the key problem of state security. The instruments reducing poverty and securing 
the individuals or societal groups in terms of economic and societal security should be analyzed and 
optimized according to the local specific of individuals environment (regional base were they are 
living) and the national and international specifics (key factors influencing the trends in key areas of 
the individual security, economic and social security on national level or international level).  

3. Poverty as a social risk  

Based on the basic principle of crisis dynamics we can say that poverty can be thought to be 
very dangerous social risk with potential to drive a crises of small number of individuals upward to 
the whole state or more (national and international) size with many negative and possibly fatal 
impacts both to the involved individuals as well as to the directing system of state or integration 
unit of states. This can be caused mostly by the many various negative aspects of poverty to the 
civil and state security and by their potential of spreading horizontally as well as vertically across 
the operational and strategic subject and areas of the socio-economic systems. 

There exist two basic approaches to management of the poverty as serious risk endangering of 
civil and societal security. 

First is concept of seizing of poverty as an income deprivation (passive approach aimed to 
secure individuals from the income deprivation by some social transfers).  

Second is concept of poverty as a social exclusion (This approach defines the poverty as an 
existence of some barriers for individual from full self-participation on the social processes ( in 
wide meaning of that word) This approach can be seized as proactive oriented to the wide 
community capacities and possibilities to integrate excluded individual back into the full social 
participation. The key role is played in this approach by the community aspect and self-activating 
aspects. This approach thinks about the poor human as about the social, not only “economic” being.         
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It is necessary to say that for effective managing the risk of poverty both of mentioned 
approaches should be combined according the individual and societal specifics of situation, in 
which the man can be or is threatened by the risk of poverty.  

For better understanding to the risk of poverty indicator: based on Eurostat definition we can 
say following:  At risk-of-poverty are persons with an equalized disposable income below the risk-
of-poverty threshold, which is set at 60 % of the national median equalized disposable income (after 
social transfers). Material deprivation covers indicators relating to economic strain and durables. 
Severely materially deprived persons have living conditions severely constrained by a lack of 
resources, they experience at least 4 out of 9 following deprivations items: cannot afford ) to pay 
rent or utility bills, ii) keep home adequately warm, iii) face unexpected expenses, iv) eat meat, fish 
or a protein equivalent every second day, v) a week holiday away from home, vi) a car, vii) a 
washing machine, viii) a colour TV, or ix) a telephone. People living in households with very low 
work intensity are those aged 0-59 living in households where the adults (aged 18-59) work less 
than 20% of their total work potential during the past year. 

For the clarification of the following tables it is necessary to write something about the social 
transfers. In those tables there are counted only all social transfers received by the individuals in 
cash including also the old age people pensions. 

 
Tab. 1: Risk of poverty in EU and SR before and after social transfers in the years 2005 -2011 

People at risk of poverty or social exclusion 
percentage of total population 

year 2005 2006 2007 2008 2009 2010 2011 
European Union  25,6 25,2 24,4 23,6 23,1 23,6 24,2 
Slovakia 32 26,7 21,3 20,6 19,6 20,6 20,6 

People at risk of poverty after social transfers 
percentage of total population 

year 2005 2006 2007 2008 2009 2010 2011 
European Union 16,4 16,5 16,5 16,4 16,3 16,4 16,9 
Slovakia 13,3 11,6 10,6 10,9 11 12 13 

Source: [4,5] 

 

Based on the data in tab. 1 it is possible to say the large number of people in EU population which 
were threatened by the risk of poverty before and also after social transfers was declining in the 
period 2005-2009. After those years the trend was changing as a result of global financial and 
economic crisis. Importance of social transfers is documented by the fact that in the year 2011 
despite of increasing trend of the people suffering with the risk of poverty more than 24% in EU 
and 20, 6% in Slovak republic, people lived under the level of the risk of poverty. Situation of 
number of people threatened by risk of poverty after social transfers was in terms of basic trends 
similar. It is possible to identify little bit increasing but stable trend In year 2005 it was 16,4%, in 
years 2006, and 2007 trend shoved stagnation on 16, 5% then it copied of the declining trend in 
former statistical table until the year 2010. In the Slovak republic’s point of view there were some 
differences in comparison to the EU level. The researched data show that the basic trend was 
declining in years 2005-2007 and after that year the trend was changed to the increasing one. 

This can be sign of less efficiency of social transfers in Slovak republic at all. We can think about it 
in dimension of the widening of EU in 2007 and its influence to the Slovak social protection 
system. Most of all it should be seen in deeper relations to the effect of the gas and recent world 
economic crisis to the social security level in Slovak republic. It also can be seized as a sign of 
lower sustainability of Slovak social protection system. This would not be able to absorb the 
economic constrains as long as it was on EU level. Here can be identified a gap of two years.  
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4. Efficiency of social transfers to the risk of poverty reduction 

As a result of some kind of simplification we can count and analyse the efficiency of social 
transfers (as important part of passive approach to the reducing of poverty by the monetary poverty 
reducing tool) just like the difference between the number of people threatened by the risk of 
poverty before and after social income transfers. In this point of view it is possible to see following 
tables as a simple try to analyse the efficiency of social transfers in reducing of poverty in its 
narrow and income deprivation meaning. In context of upper lines the conflict with proactive social 
exclusion approach to the poverty can be discussed here. According to my opinion the phenomenon 
of poverty can not be seen and solved in some radical views and limits between glorifying of the 
capabilities of societal aspects of communities to solve all aspects of poverty in time and by the 
right way. It is possible to deny the glorifying of just only the power of money (governmental 
transfers) to secure the right and in time solution of the poverty.     

 
Tab. 2: Social transfers´ efficiency in reducing number of people threatened by risk of poverty in percentage of total 

population in EU and SR in the years 2005-2011 

Social transfers efficiency in reducing number of people threatened by risk of poverty in 
percentage of total population 

Year 2005 2006 2007 2008 2009 2010 2011 
European union 9,2 8,7 7,9 7,2 6,8 7,2 7,3 
Slovakia 18,7 15,1 10,7 9,7 8,6 8,6 7,6 
Source: based on author´s calculations  

 

Tab. 3: Delta analysis of social transfers’ efficiency in reducing number of people threatened by risk of poverty in 
percentage of total population in EU and SR in the years 2005-2011 

Delta analysis of social transfers efficiency in reducing number of people threatened by risk of 
poverty in percentage of total population  

Years 2005-2006 2006-2007 2007-2008 2008-2009 2009-2010 2010-2011 
European union -0,5 -0,8 -0,7 -0,4 0,4 0,1 
Slovakia -3,6 -4,4 -1 -1,1 0 1 
Source: based on author´s calculations  

 
Tab. 4: Social transfers’ efficiency in reducing the number of people threatened by risk of poverty as percentage of 

number by the Risk of poverty threatened people in EU and SR in the years 2005-2011 

Social transfers efficiency in reducing the number of people threatened by risk of poverty as 
percentage of number by the Risk of poverty threatened people 

Year 2005 2006 2007 2008 2009 2010 2011 
European union 35,9% 34,5 32,4 30,5 29,4 30,5 30,1 
Slovakia 58,4 56,6 50,2 47,1 43,1 41,7 36,9 
Source: based on author´s calculations  
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Tab. 5: Delta analysis of social transfers’ efficiency in reducing the number of people threatened by risk of poverty as 
percentage of number by the Risk of poverty threatened people in EU and SR in the years 2005-2011 

Delta analysis of social transfers efficiency in reducing the number of people threatened by 
risk of poverty as percentage of number by the Risk of poverty threatened people 

Years 2005-2006 2006-2007 2007-2008 2008-2009 2009-2010 2010-2011 
European union -1,4 -2,1 -1,9 -1,1 1,1 -0,4 
Slovakia -1,8 -6,4 -3,1 -4 -1,4 -4,8 
Source: based on author´s calculations  

 
Tab. 6: Real GDP per capita, year to year percentage change in EU and SR in the years 2005-2011 
Real GDP per capita 
year to year percentage change 
year 2005 2006 2007 2008 2009 2010 2011 
European Union 1.6  2,9 2.8  -0,1 -4,6 1,7 1,3 
Slovakia 6,6 8,3 10,4 5,6 5,1 4,1 0,3 
Source: [6]  
 

Efficiency of social transfers in reducing the number of people suffering by the poverty as a 
percentage of total population can be seen in table no. 2 on which I based the delta analysis of that 
statistical numbers, presented in table no. 3  

The delta analysis data and final percentage of efficiency of the social transfers on which I 
based these results can be found in tables no. 2-6. It means that delta analysis is based on year to 
year comparison and change of analyzed figures. The efficiency of social transfers was some above 
the 30% in EU and 36% in Slovak republic. There can be seen the declining of the social transfers 
efficiency both on EU level as well as in Slovak republic mainly in years 2005-2009. This process 
impacted the Slovak republic much more dramatically From the point of view there are  interesting 
years 2006-2007 with -2,1% declining of the analyzed efficiency on EU level and years 2006-2007 
with -6,4 declining one. Interesting seems to be also period 2008-2010. It is possible to see the 
change in trend and short term impact of the anti-crisis measurements.in EU and also in Slovak 
republic. The years 2010 and 2011 were again impacted by the change of the trend in the analyzed 
figures. In comparison to the change of GDP per capita in Table 6 it can be stated that changes of 
GDP did not have a direct relation to the efficiency of social transfers. That means real 
responsibility of the governments EU and SR for adopting effective allocation of transfers aimed on 
the more efficient reduction of the risk of poverty in population EU and SR. There can be stated a 
real need of activating people and communities to act against individual poverty, but there still will 
be the number of people who will not be able protect themselves against the risk of poverty because 
their objective status and opportunities solve their poverty by them.  
 

5. Conclusion 

At the end it is possible to say that presented analysis showed real difference of monetary 
power of Slovak economic compared to the EU level in solving the risk of poverty. It was also 
showed that the Slovak economic was not so successful in absorbing the shocks caused by the 
recent economic crisis in relation to the risk of poverty and to the efficiency of the social transfers. 
The gap of two year when the Slovak system of social transfers was earlier not able to keep stable 
level of social protection in comparison to the EU level showed, that it is necessary to improve 
another own strategic alternative against the automotive industry dependency to secure the 
economic stability. Second side of this fact is that there was revealed a necessity further combining 
of passive and active, individual and communal approach to the fight against a poverty as an 
important part of proactive approach to the complex state and citizen security. 
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Abstract. There is no complex model for region risk assessment in the Slovak Republic. Therefore, it is 
necessary to study models which are used abroad and try to construct a model which is suitable for the 
conditions of the Slovak Republic. We can take an example from the Czech Republic and Switzerland, 
where these models have been developed and applied. We created a complex model for risk assessment of 
regional units in the Slovak Republic, which is based on abroad´s models. We described all phases and 
gradual steps of this model, which could lead to the correct risk assessment of emergency events that may 
occur in the monitoring region. 
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1. Introduction 

Safety of regional units is influenced by a number of risks which are associated with climatic 
changes, social changes, technological progress and other phenomena. These phenomena affect the 
extant and quantity of emergency events that may arise. Emergency events are the integral part of 
the human system, so it is necessary to learn how to live with them. 

There is no available model for complex evaluation for all types of risks which endanger the 
human safety in the territory of the Slovak Republic. Risk analysis methods are currently focused 
on the individual areas of social life and do not allow a complex assessment of risks which 
endanger the safety of individual regional units. Therefore, it is necessary to study methods for risk 
assessment which are used abroad and try to create the model for the Slovak Republic. 

2. Risk Assessment Methods of regional units in the Czech republic and 
Switzerland 

Several methods (e.g. the Analysis of emergency events, the method of mapping of risks, the 
software program SFERA) has been created in the Czech Republic so far for region risk assessment. 
A big merit in creation of these methods had representatives of the Fire and Rescue Service, who 
are legally obliged to ensure emergency treatment and emergency plans and provide analysis of 
emergency events in the area. Very important role in developing the methods has the Population 
Protection Institute in Lázně Bohdaneč, which is engaged in research in the area of ensuring the 
protection of the population.  

In Switzerland there was the first model of the region risk assessment published in the 90th 
years. Model KATANOS, which has been raised in the 1992 and published in the1995, was 
prepared by the Federal Office of Civil Defence in cooperation with the company named Ernest 
Basler and Partner AG. Model KATANOS was followed by Model KATARISK in 2002.  

In the following text I will briefly explain the Methods- Analysis of emergency events and 
model KATARISK.  
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2.1. The method - Analysis of emergency events 

The Method - Analysis of emergency events was created by Fire and Rescue Service of the 
Moravian-Silesian region. The method is based on the experience of experts who, based on 
common characteristics of extraordinary incidents, set the quantitative indicators to determine the 
range of each risk of spheres of interest in region territory [2]. 

It is evaluated indicators in each event: the probability P, the prediction time Pr, term of 
duration T, population O, surfaces S, communities and buildings B, vehicles D, animal husbandry 
C, need of forces and resources for managing emergencies Z, and need of coordination of 
intervening components K. We use all these quantitative indicators and calculated the value of risk 
by this equation:  
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To calculate the resulting risk level of emergency region is used the calculation of the value of 
corrected measures of risk MRkor of all subsequent events, i.e. events that could be caused by the 
emergence of the initial event: 
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The calculation of the resulting risk level MRv: 
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where: MRv the resulting risk level, 
 MR the measure of risk, 
 P the probability of emergency event formation, 
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 The sum of corrected measures of risk [2]. 

Emergency events are divided into appropriate categories – a disaster, a major event, an 
intermediate event, a small event – which are based on calculation of the resulting risk level [2]. 

2.2. KATARISK (Disasters and crisis events in Switzerland) 

Model is established on the created main list of dangerous events that may occur in the region 
of Switzerland. The Model does not consider the dangerous military events. 

The process of risk assessment model can be divided into two parts, which are joined logical: 
the risk analysis and the risk assessment. All dangerous events that can occur in the region are 
identified in the risk analysis. Dangerous events are selected from the main list of dangerous events. 
Then it is determinate the extent of damage caused by dangerous event - by using the so-called 
indicators of damage [1]. 

We derived a cumulative curve for each dangerous event. These curves are based on values of 
the frequency (probability) and the extent of damage. The areas under the curves indicate the sum 
of long-term statistics for the expected value of damage for each damage indicator (the collective 
risk). The formula for calculation of the collective risk is defined: 
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where: A extent of damage, 
 H cumulative frequency to A, 
 j index for certain range, 
 i Indicator (n1 – n5) [1]. 
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Part of the risk assessment consists of two values: "the monetary value" and "the aversion 
factor value". The monetary value of the risk without aversion is calculated by this formula: 
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where: Rm,o.A,j risk taking into account the price costs, 
 Rjio statistically expected value of the damage in the classes of range, 
 GKi price boundary of damage indicator, 
 i damage indicator (n1 – n5), 
 j Event´s class of range (EK1 – EK5) [1]. 
The monetary value of the risk with aversion is calculated by this formula: 
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where: Rm,m,A risk taking into account the aversion of risks, 
 Rjio . GKi risk taking into account the price costs 
 φj aversion factor, 
 i damage indicator (n1 – n5), 
 j Event´s class of range (EK1 – EK5) [1]. 

2.3. Comparison of models for risk assessment 

I describe models for the region risk assessment, which are used in the Czech Republic and 
Switzerland. Each of these models represents a certain way of assessing the different types of risks 
that may occur on the considered region. We can say that the models for risk assessment use the 
same procedure which is based on the identification of dangerous events, determination of the 
events probability (number of frequencies, frequency) and estimation of negative consequences 
(damages) on vulnerable elements in the system. Subsequently, the risk level of dangerous events is 
determined. 

The method of analysis of emergency event is considers as the appropriate method for risk 
assessment of regional units. A number of vulnerable elements which occur in the measured region 
is included into the calculation of risk. It can lead to more objective calculation of the resulting risk 
of dangerous events that may occur in the region. The disadvantage can be a tedious process to 
calculation the resulting risk level and excluding the opinions of citizens who may be affected by a 
dangerous event. 

I would assess positively The Swiss method KATARISK because it takes into account the 
opinion of society, which can be affected by dangerous event. The consideration is made by the 
aversion factor to risk of dangerous event. The disadvantage of this method is that it is not general 
and it can be used only in the Switzerland region. Grading scales of probability and damage are 
determined on the conditions of the specific state. 

3. Model for Region Risk Assessment in Slovak republic 

The risk assessment is a complex process that should be carried out by experts or at least 
people who know the region under consideration. I created the model according to the analysis and 
procedure of methods mentioned above. The model for region risk assessment is described on the 
figure which shows the steps of all phases of the risk management process.  

There are described all steps in each phase which lead to the correct assessment of emergency 
events that may arise in the region. 

3.1. Description of model´s phases 

Risk assessment endangers the safety of regional units is based on the principles prescribed by 
national standards. The process of risk management is performed in the Slovak Republic according 
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to the standard STN ISO 31 000. The standard provides the draught to the assessors. The draught 
shows how to assess the risks properly. The risk management, according to the standard, consists of 
the phases and activities which interrelate on each other: 
• the preparatory phase 

� creating context, 
• the implementation phase 

� risk assessment 
– the risk identification, 
– the risk analysis, 
– the risk evaluation, 

• the operating phase 
� handling the risk. 

3.1.1. The preparatory phase 

The preparatory phase is the starting point for further activities involving the region risk 
assessment. Its compactness and quality precede the final quality of risk management process. 

Creation a main list of risk of emergency events that may occur in the Slovak Republic is the 
first step in this phase. The risks of emergency events are divided into three groups - natural risks, 
technological risks and social risks. The list should be complex and should include all types of risks 
with their short characteristics. 

Determination of aim, range and purpose of risk assessment is the second step of this phase. 
The aim and purpose of risk assessment can be: 
• the identification of risks that endanger the region, 
• creating of documents for assessing methods to risk reduction 
• the establishment of new procedures for maintaining the desired level of security, 
• providing the objective information needed in decision-making, 
• A fulfillment of legal requirements (e. g. emergency plans, plans for inhabitants´ protection). 

The range (the depth) of risk assessment comes from the goal and the purpose. 
The last step in the first phase is a description of the region. Irrelevant facts that have no effect 

on the risk assessment are neglected in description. 

3.1.2. The implementation phase 

The implementation phase follows the preparatory phase. The assessor is an important factor 
during this stage. The assessor should know the assessed area thoroughly. He should know its 
internal and external environment and he should make the major decisions concerning the analysis. 

The first step in the second phase is to create a list of the risks of emergency events that may 
occur on the considered region. The list is created by choosing a risk from a main list of risk events, 
which was created in the preparatory phase. Identified risks of emergency events are divided 
according to the nature of the event. 

It is defined the probability of risk occurrences for each risk of emergency event and its 
consequences are quantified by indicators of threat. Risk level for each value of risk event is 
determined and based on these variables and emergency events are ordered according to the degree 
of risk. 

In this step, the assessment can be completed and measures can be established for reduction of 
risk levels. 

If we want to clarify the value of risk of emergency event, we can determine the coefficient of 
public attitudes to emergency events (found out by the questionnaire form) and define value of risk 
in this events (i.e. events caused by affection of the initial event). The resulting risk of emergency 
event is determined from the degree of risk event, the coefficient of public attitude and the sum of 
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risk level of subsequent events. We classify the events according to the degree of risk, so called 
resulting risk level. 

3.1.3. The operating phase 

The operating phase of risk management process is focused on identifying the methods for risk 
reduction. Methods for risk reduction facilitate implementation measures which reduce the threat 
level. Risk reduction process is diverse and it depends on the nature of incidents and the factors of 
the specific risk that affect it.  

After risk reduction it is needed to acquaint the concerned persons with residual risks. The final 
phase is the risk monitoring. 
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Fig.1. The draught of the complex model for risk assessment of emergency events in Slovak Republic (Source: Author) 

4. Conclusion 

The scientific-technical work is focused on the "Complex model for the risk assessment 
endangers the safety of Slovak Republic regions." Creating complex models for risk assessment is 
complicated, but nowadays it is necessary to assess all risks that could corrupt our safety. 

 I took as a starting material the Method - Analysis of emergency events and KATARISK to 
processing a complex model for risk assessment. I have created a complex model for the risk 
assessment by combining of these methods and adding some elements which are applicable in the 
conditions of the Slovak Republic. 

Model should become an effective tool for the risk assessment and should help to reduce them. 
Finally, it is important to realize that we can reduce the level of risk that leads to the crisis 

situation. It is also important to perform Region risk assessments regularly, which has an essential 
role in preventing, preparing and responding to the emergency events. Prevention of risks is always 
cheaper than its suppression. This approach imputes a great importance to a human dignity. 
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Abstract. Besides typical forces operating on the real estate market, market value of protected historic 
buildings is influenced by a number of factors related to their specific status of national cultural heritage 
monuments. This article aims to describe the most significant factors with negative as well as positive impact 
on this type of property, focusing on functional and technical obsolescence, maintenance and operating costs, 
attraction and uniqueness, and options of financial support. When appropriate funding is unavailable, 
conservation goals of the state are often in direct opposition to market trends, and the negative effects of the 
protected status prevail. However, most of value to society present in conservation of cultural heritage 
monuments is not reflected in the market value of such real estate. 
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1. Introduction 

The real estate market in Slovakia is relatively well diversified in regard to the age of the 
existing building stock and includes a notable number of protected historic buildings. When 
estimating market value of such buildings, appraisers often face issues springing from the 
discrepancy between the conservation demands and the fact that historic buildings are subject to 
real estate market forces. Some factors specific to historic buildings can have a negative impact on 
their market value mostly depending on their status in the conservation hierarchy. 

The preservation of historic buildings in Slovakia is governed by the Act on the Protection of 
Monuments and Historic Sites from 2002 (Monuments Act) that divides immovable property into 
several categories for the purposes of conservation. The strictest preservation rules apply to 
buildings declared as the National Cultural Heritage Monuments. A municipality may decide to 
establish and professionally maintain documentation of local features of cultural and historical 
interest listing them as Landmarks where the requirements of conservation are not so demanding. 
Furthermore, whole urban quarters can be preserved either as Historic Reserves or historic zones. 

According to the Monuments Board of the Slovak Republic majority of the cultural heritage in 
real estate is in private ownership (55 %) and the rest is owned by local governments (26 %) and 
state (9 %) [5]. The Monuments Act obliges the owners to secure basic protection of the cultural 
heritage monument at their own expense and use the cultural heritage monument in accordance with 
its cultural heritage value. The basic protection shall mean the set of activities and measures taken 
to prevent danger, damage, destruction or theft of the cultural heritage monument, to maintain good 
conditions, including the good condition of the surroundings of the cultural heritage monument and 
a method of use and exhibition appropriate to its cultural heritage value and technical condition [4]. 
Since most of the listed cultural heritage monuments in Slovakia are privately owned, the 
preservation and conversation of these buildings depends on the economic and financial situation of 
the owners. In cases where a listed building has a viable use and generates profit, maintenance and 
protection of historic values are usually satisfactory. However, if a listed building is not profitable 
due to technical or functional obsolescence, the owners tend to neglect the maintenance rendering a 
high possibility of risk that a property will deteriorate losing its protected cultural values. 
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Besides the common forces present in the real estate market, specific factors are in play when 
assessing the market value of protected historic buildings, either listed or not. Negative factors 
include various restrictions regarding the use of a listed monument, rules applying to technical 
restoration, maintenance and repair costs, etc. However, the status of a listed building can have its 
benefits, including the possibility of financial support from state, tax relieves in some countries or 
positive public perception springing from the demand for certain physical characteristics including 
location and design. 

2. Factors decreasing market value of historic buildings 

Although historic buildings protected by the Monuments Act form only a small part of the real 
estate market in Slovakia, the investments needed to maintain their value are significant for both 
public and private sectors [1]. There are a number of limitations linked to the status of cultural 
heritage monument that prohibit a possible increase in their market value with various impact 
levels. 

2.1. Functional obsolescence 

Probably the most important and usually incurable element present in protected historic 
buildings is restrictions regarding their principal use. Functional obsolescence is more likely to be 
incurable than physical deterioration [1] and leaves certain properties without any profitable use as 
the current one is uneconomical and any change is prohibited due to the status of a listed 
monument. This is most acute in single purpose buildings like hospitals, schools, etc., with very 
specific floor plan layouts where in preservation of their current use modern technologies would be 
required but cannot be implemented. For a market value to be correctly assessed a building is 
supposed to have a clear market use, so appraising a protected historic building without this 
fundamental feature may prove problematic. 

Another aspect prohibiting a possible increase in the market value of any historic building is a 
low flexibility of space. This is primarily due to the use of traditional materials in construction that 
take up more space and allow only for minor changes in floor plan layouts. This, combined with the 
minimum intervention requirements set by the Monuments Act present in listed monuments, results 
in possible tenants leaning to modern buildings for rental purposes when given a choice where a 
much higher flexibility of space is offered and limitations linked to preservation do not apply.  

Moreover historic buildings are unable to provide the latest services required by clients 
especially in the retail and office industry. Whereas most, if not all, modern shopping facilities and 
office spaces are equipped with highly efficient air-conditioning, historic buildings often struggle 
with implementation of such devices due to either high construction costs or overall inadequacy of 
such solutions. In office buildings structured cabling is usually a must and its installation into 
historic property can often render itself quite challenging. All of these aspects make some historic 
buildings less attractive to tenants resulting in lower rental prices compared to modern alternatives 
with a direct negative impact on their market value. 

2.2. Technical state 

Although the Monuments Act requires owners to take measures to prevent damage and 
destruction to cultural heritage monuments and failure to comply is considered a misdemeanor that 
can be fined by Regional Monuments Board ne of up to EUR 200 000, many historic buildings 
continue to exist without appropriate maintenance. This typically happens where owners are not 
able to secure financial support from state or other organizations being short of their own resources 
or simply decide investment to restore a historic building is not economically justifiable. This can 
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lead to such an extent of physical deterioration that prevents any future restoration and results in the 
loss of protected historical values. 

Sometimes a discrepancy in treatment of private and public owners in regard to the legally 
required protection of listed building emerges. There are cases where a publicly owned cultural 
monument was badly neglected and the public owner’s - state, local government or municipality – 
lack of activity was similarly overlooked. However from the moment the ownership changed from 
public to private, the new owner was diligently urged to comply with the law and threatened with 
fines although the primary cause of the physical deterioration was previously non-existent 
maintenance by the public owner. This is perceived quite negatively by private owners of listed 
monuments and demotivates them to use their own funds for restoration. 

When a building approaches the end of its useful economic life owners usually decide to 
demolish and redevelop the site. However with listed monuments this is not an option resulting in 
conflicts between conservation and the real estate market. Market value of some historic buildings, 
whose technical state is very poor and the restoration costs consistent with conservation 
requirements are too high, is lesser than the residual value of the site after a possible demolition of 
the actual building. 

2.3. Maintenance and operating costs 

Many historic buildings are in economic use generating profits for their owners. However 
compared to their modern counterparts their market value is negatively influenced by higher 
maintenance and repair costs to preserve their protected physical characteristics. Usually when a 
refurbishment is needed in a listed monument, the authorities will require building’s protected 
features to be preserved or if non-existent or damaged beyond the point of repair, exact copies will 
be ordered. In historic buildings with numerous decorative features like ornamental facades, plaster 
stuccos, exterior and interior mouldings, etc. the repair costs are considerably high. Materials used 
in historic buildings are often approaching the end of their life cycles, so a more extensive 
renovation needs to be carried out in to order to sustain operational status. 

Furthermore, traditional constructions used in historic buildings usually lead to high thermal 
retention quality because of mass, they generally rank low on thermal insulation and draught 
exclusion [2]. If the owners decide to improve thermal insulation of a historic building using 
external thermal insulation composite systems (ETICS) they then face increased costs linked with 
façade detailing. Although other means of building thermal performance enhancement exist like for 
example special surface coatings, their price is usually much higher compared to more frequently 
used ETICS. Similar situation occurs with windows and doors where the modern insulation glass 
implementation is restricted, leaving the historic buildings with higher operating costs.  

3. Factors with positive influence on market value 

Although there are many factors with a relatively negative influence on the market value of 
historic buildings, some aspects specific to them actually can contribute to their market 
performance. Apart from having mostly unique location and past making them attractive to general 
public, owners of listed buildings can benefit from financial support from state or other 
organizations. 

3.1. Attraction and uniqueness 

Historic buildings represent significant cultural values with a very positive public perception. If 
a monument is in a good technical condition it is appreciated due to its craftsmanship, human scale 
and sympathetic materials [1]. Besides physical appearances, the location of historic buildings is 
usually in the town centers or in close vicinity constituting a very positive effect on market value. In 
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places where the history is the selling article, monuments are bound to perform better on real estate 
market due to their added marketing value. However this is possible only in locations where tourism 
linked to the historic attractions generates profits on such levels that surpass the maintenance and 
operating costs of the property. 

3.2. Financial support 

Owners of listed national monuments have the option to apply for a financial support from state 
and various non-governmental organizations. The basic governmental program administered by the 
Ministry of Culture of the Slovak Republic is called “Let us renovate our house” and although the 
assistance is not legally claimable, many listed buildings were restored thanks to this grant scheme. 
Other options of financial support include financial support from Norwegian Funds and Swiss 
grants, financial grants from municipality, state aid for entrepreneurs excluding natural persons, or 
low interest loans from State’s Fund for Housing Development [3].  

In many countries, tax relieves applying to historic property exist motivating owners to restore, 
repair and maintain their property in a good technical condition. However, in Slovakia this proven 
successful approach is not allowed according to current legislation. 

The benefit of financial support in market value is apparent is cases where investors actively 
search for historic buildings in bad technical shape with a possibility of economically profitable use 
and a high possibility of being awarded a grant. These types of historic properties are a combination 
of previously mentioned positive characteristics such as attraction, uniqueness and are usually 
situated at premium locations in big cities. 

4. Conclusion 

Although historical buildings are considered valuable to the cultural heritage of Slovakia, a gap 
exists between the real estate market and conservation. Factors with a negative influence on their 
market value, most notably the high maintenance and operating costs, lead to negligence resulting 
in various levels of physical deterioration. This happens similarly to privately or publicly owned 
historic property where appropriate funding is unavailable. When not in active economic use, some 
historic buildings are more valuable to the market when demolished what is in direct opposition to 
the conservation efforts of the society. Also a set of factors with a possible positive influence on the 
market value of monuments can be in operation, such as physical uniqueness and financial support 
options. However, their effect on the market value needs to be stronger than their negative 
counterparts’; otherwise they can be considered irrelevant.  

Most of the social value present in conserving cultural heritage monuments is not reflected in 
the market value of such real estate. When assessing historic buildings social value should be taken 
into account and is dependent on the expertise of the valuer. A strictly individual approach should 
be undertaken when appraising historic buildings considering their possible economic uses, 
redevelopment, rental capabilities, technical state and financing options based on detailed 
knowledge of wide real estate market. 
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Abstract. Every year there are a few of explosions in the industry all around the world. The consequences of 
such events might reach enormous scale. That is why it is crucial to focus on the determination of explosion 
indices of dusts, gaseous and hybrid mixtures. In the article an innovative device, modified 20 liter sphere, 
was briefly described, as well as threats connected with industrial explosions.. 
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1. Introduction 

Labour is an inseparable part of human life. It has been always connected with the probability 
of the occurrence of  an accident at work as well. Statistics of Central Institute for Labour 
Protection – National Research Institute reveal the decrease of major and fatal accidents at work 
during last couple of decades. It is the result of the improvement of working conditions, but also of 
increased awareness of risks connected with labour, regarding both employers and employees. 

As European countries were becoming a Member States of European Union, they were obliged 
to enforce many legal acts, to adjust local legislation. That includes Directive 1999/92/EC of the 
European Parliament and of the Council of 16 December 1999 on minimum requirements for 
improving the safety and health protection of workers potentially at risk from explosive 
atmospheres (ATEX USER) and Directive 94/9/EC on equipment and protective systems intended 
for use in potentially explosive atmospheres (ATEX). For most Member States it resulted in new, or 
at least modified, approach to managing risk connected with potentially explosive atmospheres in 
the work places. The main aim of this paper is to briefly describe problems referred to industries, 
where mixtures of flammable dusts with air may occur.  

2. Explosive hazards connected with flammable dusts 

As opposed to flammable gases, vapours and mists, explosive hazards connected with 
flammable dusts are much more difficult to manage. It is related to diverse nature of physical 
principles of dust explosions. The most problematic issues were listed below: 

• Determination of dust concentration in the air. 
• The importance of regular house-keeping at facilities that accumulate combustible 

dusts. 
• Minor significance of LEL (Lower Explosive Limit) of dust in air, no significance of 

UEL (Upper Explosive Limit) – when the dust is suspended in the air, forming a dust 
cloud, its concentration might be entirely different in other points of the cloud.  

• Domino Effect Occurrence probability – accumulated dust might be raised ahead of the 
combustion zone by the shock wave, ignited by the flame, causing the propagation of 
the explosion. 

• Controlling of potential ignition sources is more complex than in case of managing 
gas/vapour/mist explosion hazards. 
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While managing explosion hazards connected with flammable dusts in particular enterprise, it 
is crucial to experimentally determine explosive indices of particular dusts occurring in the 
company, since even minor admixtures of other dusts (combustible or not), as well as moisture 
content and particles diameter distribution, might significantly deteriorate explosive indices. While 
managing explosion hazards connected with gases, vapours and mists, explosive indices, as for 
instance Explosive Limits, are clearly determined and widely available. There is also data available 
concerning some most characteristic dusts, though it is strongly advised to determine explosive 
indices of particular dust, if any admixtures are expected. 

Nowadays, as European Union decided to apply admixtures of biomass as an alternative source 
of energy in coal power plants, the problem of determination of explosive indices related to dust 
explosion became more recent. Following supplies of biomass might have significantly diverse 
indices. There were a couple of minor and major dust explosions in Poland in last years, connected 
with described problem, e. g. in Turow Power Plant or Dolna Odra Power Plant.  

3. Explosion indices of dusts 

The most important explosive indices of flammable dusts are listed below: 
1) Maximum explosion pressure pmax – determined under laboratory conditions, under 

atmospheric pressure or higher, adjusted to particular dust cloud occurrence conditions.  
2) Maximum rate of explosion pressure rise of dust cloud (dp/dt)max and constant Kst – this 

parameter is used for qualification of particular dust to ST class. Kst is calculated as the 
equivalent pressure in 1 m3 sphere from the cube law: 

 

 3

max
max V

dt

dp
KSt 







=   (1) 

3) Minimum Ignition Energy (MIE) – minimum amount of energy required to ignite flammable 
dust cloud under particular laboratory conditions. 

4) Ignition temperature of a cloud of dust TCL – the lowest temperature of a surface that will 
cause the ignition of dust cloud. 

5) Ignition temperature of a 5 mm layer of dust T5mm – the lowest temperature of a surface that 
will cause the ignition of dust accumulated at that surface.  

6) Lower Explosive Limit (LEL) – the lowest concentration of a flammable dust in air that 
after contact with effective ignition source will result with the propagation of combustion in 
every direction within dust cloud. 

7) Lower Oxygen Concentration (LOC) – the highest concentration of oxygen in dust cloud 
that will not result with an explosion. 

4. 20 liter sphere for determination of explosive indices of dusts 

European Standards [2] describe 1 m3 vessel as a primary device, that should be used in 
purpose to determine explosive indices of flammable dust clouds. However, it is allowed to use 
20 liter sphere as a equivalent device. The Standard describes in its appendix a methodology of 
comparing experimental data obtained in 20 liter sphere apparatus with 1 m3 vessel. There were 
also many comparative experiments conducted in the laboratories all around the world, for 
instance [1], that confirmed 20 liter sphere apparatus to be reliable.  

20 liter sphere apparatus is much cheaper and offers more practical approach to experiments. 
This is the reason why about 100 laboratories all around the world use this device instead of 1 
m3 vessel.  
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One of such devices is being used in the Main School of Fire Service in Warsaw. Moreover, 
it is the modified version of a device, being a result of research conducted by a consortium 
within a scientific project. The device was awarded the XX Exchange Inventions at the World 
Exhibitions of Inventions in 2012 in Taipei (Taiwan). The main advantages of the device, 
comparing to previous versions, are listed below: 

• The purchase costs are significantly lower (up to 50%) 
• Comprehensive and new approach to experiments, what leads to the increase of 

experiments’ safety, its effectiveness, and the reduction of costs (up to 50%) 
• Methodology resulting in 2 – 3 faster (more effective) experiments. 
• “Dust Explosion Plotter” software implemented to visualize and elaborate 

experimental data. 
The device might be used to determine following indices of flammable dust clouds: 

1) Lower Explosive Limit (LEL) 
2) Maximum explosion pressure pmax 
3) Maximum rate of explosion pressure rise of dust cloud (dp/dt)max, KStmax 
4) Determination of ST class of a particular dust 
5) Lower Oxygen Concentration (LOC) 

Figure 1. shows the example of pmax characteristics of a dust cloud, determined with the use of 
20 liter sphere apparatus.  

 

 
Fig. 1. Example of pmax characteristics of a dust cloud 

5. Conclusions 

1) Determination of explosive indices of flammable dusts is vital. Only such experiments will 
give a clear and full image of real risk connected with explosive hazards in particular 
enterprise.  

2) It is crucial to carry out an experiments on the dust samples obtained directly from the 
enterprise of interest, as every admixture, moisture content and particle size distribution 
might significantly deteriorate explosive indices of a dust cloud.  

3) As determination of explosive indices of dusts is inseparable from explosion prevention, 
reduction of costs seems to be a fair direction of development of laboratories.  
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4) 20 liter sphere apparatus, which has been used in the Main School of Fire Service in 
Warsaw has a great potential, which could contribute to scientific development of explosion 
prevention.  
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Abstract. Honeypots and honeynets are common tools for network forensics. In this paper we focus on 
virtual honeynets, based on operating system-level virtualization, and we propose sensors and file system for 
this type of honeynet. There are four stages of implementation in the research of virtual honeynet sensors. In 
this paper we describe realization of the second stage. The product of this stage is dynamic module for Linux 
kernel with its own file system. In the implementation we use the virtual honeynet based on an open-source 
virtualization platform – OpenVZ. We also outline the features of, these sensors, as well as of the proposed 
virtual file system.  
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1. Introduction and theoretical background 

Network security has become an important part of digital society. Its role is to protect 
information. Network security protects the system against attack while network forensics focuses on 
recording evidence of the attack. If the attack occurred, using of the network forensics is 
insufficient. Network administrator has to use another discipline – network forensic. Network 
forensics can be used for analysis of the manner, in which the attack occurred, as well as who was 
in that attack involved, duration of the exploit, and the methodology used in the attack. It also helps 
in characterizing zero-day attacks [1].  

1.1. Honeypots and honeynets 

There are lots of frameworks for network forensic analysis: honeypots and honeynets belong to 
these.  A honeypot can be defined as a resource whose value lies in being probed, attacked or 
compromised [2]. A honeypot can have various forms: It can be a full operating system, only one 
application or a system which emulates various system and applications.  

A honeynet is a type of honeypot. Specifically, it is a high-interaction honeypot designed to 
capture extensive information on threats [3]. Also, it is primarily used to inform about the tools, 
tactics, and motives of the blackhat community. There are several key parts of honeynet [4]: 

1. Data Control is the first requirement whose purpose is to control and contain the attacker 
activity.  

2. Data Capture monitors and logs all of the attacker's activities within the honeynet. 
3. Data Collection - is the case that organization has more than one honeynet, all data have to 

be captured and stored in one central location. 
4. Data Analysis is an ability to analyse the data that is being collected from the honeynet. 

1.2. Virtual honeynet 

 It is too expensive, to use a farm of computers in a research. Moreover, the control of such a 
solution is difficult. Therefore it is necessary to use a solution that allows a user to run everything 
he needs on a single computer. These solutions are possible because of virtualization software, 
which allows running multiple operating systems at the same time, on the same hardware [3]. 
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Virtualization is a technology that allows multiple virtual machines to run on a single physical 
machine [4]. This technology divides the resources of a computer into the multiple separated 
Virtual Environments (VEs). The advantages of this are of a reduced cost and easier control of 
system. Virtualization approaches can be according to levels of virtualization divided into a full 
virtualization, paravirtualization and operating system level virtualization. 

Virtual honeynet is a network forensic framework which consists of the set of virtual 
honeypots. The definition, advantages, implementations and categorization of this framework are 
given below. Virtual honeynet can be divided into two categories, namely self-contained and 
hybrid. 

Self-contained virtual honeynet is an entire honeynet network condensed onto a single 
computer. The entire network is virtually to be found on a single physical system. A Honeynet 
network typically consists of a firewall gateway for data control and data capture, and the honeypots 
within the honeynet [3]. Hybrid virtual honeynet is a combination of the classic honeynet and 
virtualization software. Data capture, such as firewalls, and data control, such as intrusion and 
detection sensors and logging, are situated in a separate, isolated system [3].  

1.3. Virtual honeynet based on OpenVZ technology 

The main reason for choosing the OpenVZ virtualization platform is mainly its current resting 
in building research honeynets. The other reason would be the performance capabilities of OpenVZ 
that are, according to [5], comparable with virtualization alternatives, full virtualization (KVM), as 
well as paravirtualization (XEN).  

OpenVZ (Open VirtualiZation) is a software with open source code (issued under GNU GPL 
version 2 license; supported and sponsored by Parallels), which allows some form of virtualization. 
Since the host operating system, as well as virtualized systems, shares one system kernel, we refer 
to it as to an operating system-level virtualization. So, the operating system-level virtualization is a 
server virtualization method, where the kernel of an operating system allows for multiple isolated 
user-space instances, instead of just one. Each of the instances is called Virtual Environment (VE) 
or Virtual Private System (VPS); it looks and feels like a real server, from the point of view of its 
owner. OpenVZ is not deployed as a standalone Linux kernel; it is developed as a supplement, 
which may be inserted into the kernel source code. More information about OpenVZ is in [6]. 

These are the main advantages of OpenVZ in terms of building useful honeynets: 
1. Direct access to file system of container from the host file system.  
2. Using Venet network interface for disabling the network configuration inside the 

container.  
3. All I/O operations pass through a one system kernel.  

2. Senzors for virtual honeynet based on OpenVZ 

 In our research in field of sensors of the virtual honeynet, based on OpenVZ, we focus on the 
implementation of network sensors that collect network data incoming from and outgoing to a 
honeynet core interface. We divide this implementation into four phases according to types of 
network sensors. The main reason for the development of up to four sensors is the necessity of 
selecting the most effective method for use in honeynet. These are the proposed sensor types: 

1. First kernel module. The main aim of this kernel module is to create a virtual network 
interface and to create I/O entry point in a virtual file system PROCFS in order to collect the 
captured data. The data are captured by the bridge, which interconnects the external network 
interface with the developed virtual network interface. Implementation of this sensor was 
already published in international conference proceedings.  

2. Second kernel module. Goal of the second kernel module, whose implementation is the 
subject of this paper, is also to create a virtual network interface but without creating I/O 

94



 

  

entry point in a virtual file system PROCFS. In contrast with the proposal of previous sensor 
type, captured data are stored in virtual file system. Hence this proposal of kernel module 
assumed development of specialized file system. By this kernel module, the data are 
captured also by the bridge which interconnects the external network interface and a 
developed virtual network interface. 

3. Integration of the capture routine directly into the network card driver. Due to decrease 
latency, we assume to integrate the third type of sensor directly into source code of network 
card driver. The decision, where to store the collected data, depends on results of previous 
sensor implementations, either in PROCFS or in own virtual file system. 

4. Integration of the capture routine directly into the kernel source code. Similarly to the 
third type of implementation, in order to decrease latency, we suggest integration of the third 
type of sensor directly into source code of kernel source code. The decision, where to store 
collected data, again, depends on results of first and second sensor implementations, which 
means either in PROCFS or in own virtual file system. 

2.1. Proposed virtual file system 

The main goal of the Linux file system is a behaviour, which appears to be a canonical tree, but 
it is often created of multiple file systems. This is possible by the existence of Virtual File System 
(VFS) in the Linux kernel. Virtual file system is an abstract layer, allowing working with 
files in a uniform manner, regardless of their allegiance to a particular file system. 

The driver of file system, the kernel module, is similar to the character device driver, but it 
must also implement special features for mounting and unmounting file systems and functions to 
work with the directory structure. Many features usually need not to be implemented, since there is 
a system library "libfs", which consists of several generic functions’ implementation. Functions of 
the virtual file system can be divided into the following categories: functions of filesystem type, 
superblock functions, functions for i-node, file operation functions, functions of the directory tree 
space, and functions of cache directory entries. 

2.2.  Description of the implementation of second sensor type 

The implementation includes a creation of dynamic kernel module. The main aim of kernel 
module is to create the virtual network interface, hnet, and also to create own virtual file system. 

First step, in order to use network interface in operating system, is the phase of creation of the 
interface in kernel driver. This is done by the network driver, when kernel system call ndo_open 
arrives. Linux kernel calls ndo_open, for example, when the command "ifconfig up" is typed. Our 
implementation of the kernel module creates a specialized virtual Ethernet network interface, 
hnetX, where X is index of the interface. Network interface driver normally implements two basic 
functions, namely send data and receive data. If the user process calls function, for example, "send 
()", the data passes through kernel network layer and comes into the network interface driver. At 
this point, the kernel sends into the network driver ndo_start_xmit, which, from the point of view 
of driver, means receiving and sending data. Our implementation includes only one type of the 
basic network driver functions, namely data receiving. The received data are in our network driver 
neither processed, nor sent anywhere. The captured data are stored in a structure of proposed and 
implemented file system, as follows. 

Since we require access to data that enter and leave the honeynet, we decided to use the 
network bridge in the first sensor type. Main aim of the network bridge is to link the real external 
honeynet interface to the proposed virtual interface. Using this interconnection, our virtual network 
driver is able to access all the data that are captured by real honeynet network interface, visible at 
Fig. 1. Data captured by the virtual network device hnet are stored in dynamically allocated 
structures in kernel memory. New memory block, a new element in the array of structure, is 
allocated every hour. Size of the memory, which is allocated, is determined by the parameter that is 
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specified when the kernel module is loading in the operating system. Each element of the array is 
presented as a regular file in self implemented file system. If the allocated memory would not 
suffice, the memory would be reallocated. 

In terms of features implemented in the creation of the proposed file system is to be noted that 
there were used many of generic functions. Own functions have been implemented only in order to 
read the directory structure and to read the file contents. Reading of captured data is carried out by 
the simple reading of the regular files in created file system. Reading of the data is destructive. It 
means that the data, successfully read from file, are removed from memory. This activity is carried 
out by freeing allocated memory and by removing file from directory structure. 

 
Fig. 1. Network sensors with proposed file system. 

3. The results 

Implementation of the second sensor type was carried on hardware with configuration - HP 
ProLiant DL360 G4P, Intel(R) Xeon(TM) CPU 3.40GHz, 4GB RAM. After loading of the 
proposed kernel module and increasing data traffic over 100Mb/s led to slight increase in CPU 
activity and to decrease in the data flow on the Honeynet external network interface. These results 
were expected due to using elements, such as a network bridge. Despite the negatives, our solution 
is very effective, since it enables reliable capturing of all network traffic and it brings a flexible 
technique for providing the captured data and at the same time. This flexibility was discovered 
particularly in interconnection of the output of files in proposed virtual file system with data packet 
analysers. These analysers have been simultaneously running in virtualized environments of the 
Honeynet. At present, our research continues with implementation of next sensor types. We focus 
on the third type - integration of the capture routine directly into the network card driver. 

Acknowledgement 

Research of kernel module sensors with own file system for honeynet, based on operating 
system level virtualization, is supported by grant VEGA 1/0479/12. 

References 

[1] HABIB, J. Network Forensics and Digital Time Travel. TechNewsWorld, 2009. 

[2] SPITZNER, L. Honeypots: tracking hackers. Addison-Wesley, 2003.  

[3] HONEYNET PROJECT.  Know Your Enemy: Learning about Security Threats. (2nd Edition), Honeynet Alliance, 
2004, p. 768 

[4] ABBASI, F. H., HARRIS, R.J. Experiences with a Generation III Virtual Honeynet. Telecommunication Networks 
and Applications Conference (ATNAC), 2009 Australasian , pp.1-6, 10-12  

[5] JIANHUA CH., et al. Performance Combinative Evaluation of Typical Virtual Machine Monitors. in  Lecture 
Notes in Computer Science, Springer Berlin / Heidelberg, 2010, pp. 96-101 

[6] http://openvz.org 

96



 
 TRANSCOM 2013,  24-26 June 2013 
 University of Žilina, Žilina, Slovak Republic 
 

  

Modeling Vulnerability of Critical Infrastructure of Transportation 
Network using Influence Diagrams 

*Michal Titko, ** Adam Zagorecki 
*University of Žilina, Faculty of Special Engineering, Department of Crisis Management, Ul. 1. mája 32, 

01026 Žilina, Slovak Republic, Michal.Titko@fsi.uniza.sk 

** Cranfield University, Department of Informatics and Systems Engineering, Defence Academy of the 
United Kingdom, SN6 8LA, Shrivenham, United Kingdom, a.zagorecki@cranfield.ac.uk 

Abstract. The transportation network (TN) is important to serve the national priorities such as economic 
sustainability and growth, but as well plays important role in disaster management and is subject to hazards. 
The understanding of the TN resilience and vulnerabilities is important for the national security. In this work 
we focus on the notion of TN vulnerability. We propose the use of a decision-theoretic approach based on 
Influence Diagrams (IDs). We argue that the use of IDs (1) provide an improved framework for risk 
assessment through more elaborate combining probabilities and consequences, and (2) facilitate knowledge 
elicitation from human experts through a structured approach to the problem. The proposed methodology is 
intended to be applied to the critical infrastructure.  

Keywords: Vulnerability, Transportation, Critical infrastructure, Influence diagrams. 

1. Introduction 

The recent years have been several examples of the transportation infrastructure being affected 
by extreme natural hazards such as the earthquake in Kobe (1995) and hurricane Katrina (2005) as 
well as man-made threats such as terrorist attacks (Madrid 2004, London 2005). Even, if the 
transportation infrastructure is not directly affected, it plays critical role in providing security for 
public as it plays key role in delivering disaster relief, or facilitating mass evacuations. Some parts 
of the transportation network are more important than the others, resulting in identification of the 
notion of critical infrastructure – a subset of the transportation infrastructure that is of the particular 
importance and interest.  

The transportation network (TN) is important to serve the national priorities such as economic 
sustainability and growth, social development, providing security and public order, operational 
capability of the armed forces, etc. Analysis of TN should always be viewed in a broader context – 
with relation to geo-spatial, industrial, social context, etc. Reliability and performance of TN have 
significant influence on services which are provided by the other sectors, and in many instances TN 
spans these sectors. Therefore the understanding of the TN weak points and its resilience to 
disasters is important in general and in particular critical for the national security.  

In this work we focus on the notion of TN vulnerability. Understanding vulnerability is not 
only essential to disaster management, but also important in transportation planning, development, 
and management. We can interpret vulnerability as the measurement of the degradation or loss of 
TN’s functions, but as we will discuss it, the exact definition is a subject of active academic debate.  

In this paper we use a decision-theoretic approach based on Influence Diagrams (IDs) as a tool 
to model vulnerability. We argue that the use of IDs can address two important aspects of 
vulnerability modeling: (1) provide an improved framework for risk assessment through more 
elaborate combining probabilities and measures of consequences than it is the case in current 
approaches, and (2) facilitate knowledge elicitation from human experts through a structured 
approach to the problem. 
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2. Relevant Work 

The key function of a TN is to provide means to move people and goods between the origin and 
destination, usually by optimizing the transport costs. Typically transportation network 
infrastructure is modeled as a graph where links represent connections between two points and 
nodes represent hubs. The elements of the graph have typically some attributes associated with 
them that are intended to represent properties of the elements of the TN such the number of lanes, 
average number of vehicles per day, etc. Such models can be used to simulate different disruptions 
and predict how the TN would respond to those conditions. Consequences resulting from the 
disruption of the transport element can vary depending on many factors such as network topology, 
properties of particular network element, the population characteristics around it, likelihood of 
disruptive events, etc. In ordinary cases TN has certain capacity to absorb some degree of 
disruptions. However larger scale events such as natural disasters are considered, there is possibility 
more extreme effects on network infrastructure, including its partial failure. In recent years it has 
been of interest of academic and practitioners’ communities to quantify these effects. In the result 
the concept of vulnerability has been introduced.  

There is no consensus on the definition of vulnerability in the context of TN. One can define 
the vulnerability as overall susceptibility to a specific hazardous event. It is also the magnitude of 
the damage given the occurrence of that event [1]. Some authors [2,3] argue that a system might be 
vulnerable to certain events but be resilient to others therefore is important that to account for the 
specific risk and threat profiles to the area under analysis.  

There is common agreement that the vulnerability in the context of TN represents a measure of 
loss of the TN’s capabilities to perform its functions [4-8]. However, there are individual 
interpretations. According to Taylor and D’Este’s definition [4] a network node is vulnerable if loss 
(or substantial degradation) of a small number of links significantly diminishes the accessibility of 
the node. Berdica [5] uses node’s susceptibility to not being available or accessible as a measure of 
network’s vulnerability. Yang, Qian [6] developed a method for the assessment of TN vulnerability 
using the users’ final lost time as measurement [6]. Jenelius et al. [7] focused on the socio-economic 
impacts of transport network dysfunction. Husdal [8] defined vulnerability as the consequential cost 
of the lack of reliability, and this consequential cost must compromise not only the immediate toll 
on the network-users, but the overall socio-economic costs on the community that this vulnerability 
would entail. The interpretation of vulnerability in the transportation is closely related to reliability. 
Linking these two concepts gives us the means to describe vulnerabilities as costs resulting from a 
lack of reliability [4],[5],[7],[8] and in our work we follow this trend.  

The concept of vulnerability is more often understood as the consequences of link failure, 
irrespective of the probability of the failure. In some cases, link failure may be unlikely but the 
resulting impact on the community may be devastating [4]. Slivoně [9] claims that ignoring the 
probability of failure is justified, as in some instances producing probabilities for some events are 
virtually impossible (warfare, sabotage, terrorist attack, etc.). However, as was argued, vulnerability 
must be related to a specific hazardous events and therefore ignoring the event’s probability 
deprives the definition from an important element, as it is the likelihood of events that often 
differentiates more vulnerable areas from those less vulnerable.  

According to Taylor and D´Este [4], it is not practical and cost-effective to undertake a 
geophysical or other risks assessment throughout the whole TN. This is why we argue to focus the 
analysis on a subset of TN, namely the critical infrastructure, which can be identified by the experts 
or through simulations. In this work we propose an outline of a simple methodology to capture 
vulnarability by means for IDs.  
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3. Modeling Vulnerability using Influence Diagrams 

In this work we are concerned with defining a vulnerability index (VI) for a single element of 
the transportation network – either a link or a node. The purpose is to produce a numeric measure 
that would quantify the notion of vulnerability. 

The influence diagram [10] is a probabilistic decision model that is a more compact 
representation of a decision problem than decision tree. Unlike the probabilistic or decision trees, 
the ID does not explicitly specify every single path through the problem instead it captures 
dependencies between variables in the modeled domain. There are three types of variables in ID: (1) 
chance nodes that capture unknown events and relevant probabilities including probabilistic 
dependencies (by means of conditional probabilities), (2) utility nodes that encode utilities (which 
can be costs, profits, etc.) that define user’s preferences over the set of outcomes, and (3) decision 
nodes that define elements of the domain over which the decision maker has complete control.    

To model VI we propose a structured approach based on IDs: in the first step we would ask 
subject matter experts (SMEs) familiar with given TN to produce a list of possible threats to a 
particular network element. This can be done using specialized computer-based elicitation tool, 
where the SME would identify relevant threats from a pre-defined list of possible threats. For each 
of the relevant threats, the SME would need to specify if the threat has a potential to affect the 
capacity of the network element (i.e. to block, damage or destroy road surface) and provide 
corresponding probabilities. Next, the SME would need to define if the threat has potential to result 
in decreased or increased traffic, or to cause a mass evacuation – in other words if and it can affect 
demand on the network element, and again provide corresponding probabilities.  

We assume a fixed three-layer network structure. In the top layer nodes that correspond to 
threats are placed. They are assumed to be binary (threat can be present or absent) and quantified by 
asking the SME to provide probability of the threat occurring – we propose to use two scales, 
depending on frequency: for likely threats such as traffic incidents, snow storms, floods, etc. we 
propose to use the average number of days per year. For less likely threats, such as hazardous 
chemical releases, terrorist attacks, etc., the qualitative scale would be used such as unlikely, highly 
unlikely, and extremely unlikely. These would be translated into specific probabilities. We argue 
that as long as the scale is used consistently for all threats (and all network nodes) the actual values 
of probabilities do not matter that much, as the VI is intended to rank different elements of the 
transportation network relatively to each other rather than to provide interpretation of particular 
values of VI. The middle layer of the network always includes two nodes: Demand and Capacity. 
They are intended to model two factors: each threat can produce demand on network (cause people 
to use transportation network) and/or affect the capacity of the TN. The states of the nodes would 
be: Lowered, Normal, Increased, Mass Evacuation for the Demand node and Nominal, Decreased, 
and Critical for the Capacity node. In the lowest layer a single utility node would be placed that 
would combine the effects of Demand and Capacity. An example of definition for the Vulnerability 
node is shown in Fig. 1. A simple example of the ID model is shown in Fig. 2.  

 
 

Fig.1 An example of definition for the  
         Vulnerability node 

       Fig.2 A simple example of the ID model 

For the sake of example, we assumed only 4 threats: Traffic Incident, Snow Storm, Flood, and 
Chemical Release, with the corresponding probabilities of occurrence: 0.01, 0.005, 0.0002, 10-6.  
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Such defined VI ranges from 0 to 1, with increasing values indicating increasing vulnerability. 
Its values have no strict interpretation, but if the model definition and elicitation process are used 
consistently for all network elements, the values of for different network elements can be 
interpreted in the context of the all VIs produced from the network. This approach allows for 
identifying vulnerability areas. There is additional benefit resulting from using IDs – this approach 
allows for dynamic calculation of VI, under assumption that some of the events are observed (we 
say that some nodes are instantiated in ID) – for example if there is show storm in some area, the 
model can result with increased VI for some nodes, allowing for implementing tools that would 
provide situational awareness based on the proposed VI. 

4. Conclusions 

The concept of vulnerability in the context of TN is a subject active interest from both 
practitioners’ and academic communities. In particular, understanding of distribution of 
vulnerabilities in the TN may help to identify critical component of transportation infrastructure. As 
discussed, the proposed methodology is intended to be applied to this critical infrastructure element, 
rather than to the TN as whole. This is dictated by practical considerations – the elicitation burden 
placed on experts whose knowledge is necessary to define models should be limited.  

The proposed technique should be validated on actual example of transportation network, and 
this is our intention to do so.   

Acknowledgement 

This work was supported by the Slovak Research and Development Agency under the contract No. 
APVV-0471-10. 

References 

[1] JÖNSSON, H., JOHANSSON, J., JOHANSSON, H. Identifying critical components in technical infrastructure 
networks. Proceedings of the Institution of Mechanical Engineers, Part O: Journal of Risk and Reliability. Vol.222. 
No.2. 2008. pp. 235-243. 

[2] DILLEY, M., BOUDREAU, T. E. Coming to terms with vulnerability: a critique of the food security definition. 
Food Policy, 2001, 26, 229–247. 

[3] WISNER, B., BLAIKIE, P., CANNON, T., DAVIS, I. At risk: natural hazards, people’s vulnerability and 
disasters. 2nd ed. Routledge, London, 2004. 

[4] TAYLOR M. A. P., D’ESTE G. M. Concepts of network vulnerability and applications to the identification of 
critical elements of transport infrastructure. 26th Australasian Transport Research Forum Wellington New Zeland, 
2003. 

[5] BERDICA K. An introduction to road vulnerability: what has been done, is done and should be done. Transport 
Policy, Vol.9, No.2, 2002, 117-127. 

[6] YANG L., QIAN D. Vulnerability Analysis of Road Networks. Journal of Transportation Systems Engineering and 
Information Technology, Vol.12, No.1, 2012, 105-110. 

[7] JENELIUS E., PETEMEN T., MATTSSON L. G. Importance and exposure in road network vulnerability analysis.  
Transportation Research Part A: Policy and Practice, Vol. 40, No.7, 2006, 537–560. 

[8] HUSDAL J. Reliability and vulnerability versus cost and benefits. The 2nd International Symposium on 
Transportation Network Reliability. Queenstown and Christchurch, New Zealand, 2004, 180–186. 

[9] SLIVONĚ M. Several Approaches to Identification of Critical Links in Transport Network. Perner's Contacts, Vol. 
3, No. 5, 2008, 261-275. 

[10] HOWARD, R.A., MATHESON, J.E. Influence diagrams. In Howard and Matheson (eds.) The principles and 
Applications of Decision Analysis Vol. II. Strategic Decisions Group, Menlo Park, CA pp. 721-762. 

100



 
 TRANSCOM 2013,  24-26 June 2013 
 University of Žilina, Žilina, Slovak Republic 
 

  

Stochastic Simulation of Critical Traffic Situations at Junction while 
Turning Left  

*Peter Vertaľ, *Marek Semela 
*Brno University of Technology, Institute of Forensic Engineering, Department of Traffic Accident 

Investigation and Reconstruction, Údolni 52, 602 00 Brno, Czech Republic, 
 {Peter.Vertal, Marek.Semela}@usi.vutbr.cz 

Abstract. The paper describes application of a virtual evaluation method based on stochastic simulations for 
modeling of critical traffic situation. In the stochastic simulation approach, we can simulate behavior of 
driver and also different conditions for the vehicle, including boundary conditions of model. Driver and 
vehicle characteristics, vehicle trajectories, and traffic situations are also drawn from a virtual situation, as 
well as environmental variables. Based on basic and well-known information about environment influence 
and physical potential of the vehicle, it is possible to simulate the traffic scenario as a turn-left situation at T-
shape junction. Right input model for stochastic simulation might lead to a result, which helps to find out the 
new solution for injuries mitigation, mortalities reduction and collision avoidance or at least to compare this 
method with real in depth accident data. 

Keywords: Stochastic simulation, traffic accident, principal direction of force 

1. Introduction 

Stochastic simulation is a well-known tool. We would like to present the possibilities of this 
tool in area of traffic accident investigation and reconstruction. For stochastic simulation we used a 
mathematical model of traffic situation at junction. Mathematical model was implemented to the 
virtual environment in the PC Crash 9.2 accident simulation software. The PC Crash 9.2 software 
provides possibilities to simulate different scenes based on laws of physics.  

1.1. Street scenario modeling 

Scenario of a particular simulation is a basic scenario of turning left situation in urban area t-
shape junction. As shown on a picture below, the blue vehicle is riding straight to the junction in a 
priority way lane. The driver of the blue vehicle can see the red vehicle in the middle of the 
junction. In the moment of the obstacle recognition in the priority lane, the red vehicle is situated in 
the junction in a position shown in Fig. 1. Various scenarios were taking into account for the 
stochastic simulations.  

2. Driver and vehicle modeling 

The velocity of the blue vehicle, when the blue vehicle driver recognizes the red vehicle, is for 
each simulation constant 50 kph (maximum velocity in urban area). Because the red vehicle is 
interfering 0,6 m in the blue vehicle lane, apparently the red vehicle became an obstacle in the lane 
for the blue vehicle driver and the red vehicle driver has an intent to turn left.  

Various scenarios ware taken into account for the stochastic simulations. The blue vehicle 
driver can recognize the red vehicle from various distances in front of the junction. After 
recognition of the red vehicle, the blue vehicle driver’s reaction time is tr = 1s and then starts full 
breaking with decceleration  of a = 9,81 m/ss. Red vehicle in a position shown in the Figure below 

101



 

  

may be standing (vred = 0 kph), moving constantly (vred = constant kph) or moving with acceleration 
(accred > 0 m/ss). 

 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Traffic scenario of critical situation at junction. 

For stochastic simulations was taken into account for the blue vehicle, that the shortest distance 
to point of driver’s reaction before collision with red vehicle is 14 m (1). The 14 m is approximately 
a distance for reaction time 1 s for 50 kph (13,88 m/s).  

 
(1) 

 
The longest distance to the reaction position of blue vehicle in various stochastic situations is 

22 m. The distance sb of 24 meters is safety distance to stop the blue vehicle before the contact with 
red vehicle and avoidance the accident. Braking time of full deceleration from 50 kph to 0 kph is tb 
= 1,42 s. 

s
a

v
ttav b 42,1

81,9

88,13
. ==== >   [2]            (2) 

               (3)   
                                                   

 
The start conditions of red vehicle were 0, 5, 10, 15, 20 and 25 kph in location as shown in Fig. 

1. Velocity higher than 25 kph will lead to the instability of the blue vehicle.  
 

kph2867,781,9.8,0.5,7.. ≈=== mgRv µ   [3]     (4) 

 Potential influence of mass of vehicle was taken into account. Three different combinations of 
vehicle scenarios were thought.  First category was priority way vehicle with weight of 1000 kg 
with collision with give way vehicle with weight of 2000 kg. Second category was priority way 
vehicle with weight of 2000 kg with collision of give way vehicle with weight of1000 kg. Last 
category was priority way vehicle with weight of 2000 kg with collision with give way vehicle with 
weight of 1000 kg.  

2.1. Principal direction  of force (PDOF) 

The PDOF (Fig. 2) is measured relative to the direction the centre mass was traveling on 
impact, typically along the longitudinal axis of the vehicle, for which the PDOF is being 
determined. When the PDOF angle is expressed as a positive number, it identifies a PDOF that 
intersects the longitudinal axis from the right, while a PDOF expressed as a negative number 
identifies an angle intersecting the longitudinal axis from the left.  

 

S 
min 

= t 
r
 . v = 13,88 m ≈ 14 m  [1] 

 

sb = v . t
 r
 + (a. tb

2
) / 2 = 13,88 . 1 + (9,81 . 1.42

2
) / 2  = 23,77 m ≈  24 m 
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Fig. 2. Measure of principal directional of force 

2.2. Result of simulations 

The different modeling conditions lead to simulating of 180 potentional critical  traffic cases in 
turn left scenarios. Based on 180 modeling cases from PC Crash 9.2 simulation programme,  charts 
were made  (Fig.3-4).  From 180 scenarios, accident scenarios occure in 129 cases.  In 51 cases 
vehicles miss contact and situations were evaluated as safe. The highest probability of contacted  
area in priority way vehicle is in location  of 11-12-1 hours. It means in head-on situations. 

 

 
 

Fig. 3. Distribution of PDOF of priority way vehicle 

 The give way vehicle distribution of PDOF is shown in Fig. 4.  The highest probability of 
impact area on give way car is  located  into 2-3-4 hours. In total 71 cases lays in this area. Area 2-
3-4 hours is area of side impact.  Crash situations occurred in 58 cases in area of head-on crash  11-
12-1 hours.  

 
 

Fig. 4. Distribution of PDOF of priority way vehicle 
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 The paper has shown mathematical model of critical situation at junction. Model may be 
compared with real data from accident. If the model is comparable with real traffic accident 
database, the simulation could be used for evaluation of traffic accident. If we know the damage of 
the vehicle, we can investigate the velocity of the vehicle (Fig. 5). We can see that dependency of 
velocity of give way vehicle has influence to the principal direction of force. The probability of 
accident also depends on speed of give way vehicle. With increased velocity of give way vehicle 
also the probability of accident avoidance increases. But with higher velocity the angle of principal 
direction of force raises and it leads to side impact. The stiffness of frontal part of vehicles is higher 
than side part. [3] Side impact will occur in less cases, but consequences from side impact will lead 
to serious injuries.   

 

 
 

Fig. 5. Distribution of PDOF according of speed of give way vehicle 

3. Conclusion 

High probability in case of turn-left junction scenario is that principal direction of force for 
priority way vehicle will be from -28° to 5° and principal directions of force for give way vehicle 
will be from 5 ° to 75 °. Lower speed of give way vehicle will lead to head-on impact with priority 
way vehicle. With increased velocity of give way vehicle also raises the probability of accident 
avoidance. But with higher velocity the angle of principal directions of force of give way vehicle 
raises and it leads to side impact. The stiffness of frontal part of vehicles is higher than side part. 
Side impact will occur in less cases but consequences from side impact will lead to serious injuries.   
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Abstract. This paper focuses on combustion products, describes the dangers arising from the products of 
combustion, specifically selected compounds and their effects on the human body as well as the dangers 
from flammable products of combustion. 

Keywords: products of combustion, smoke, flashover, rollover, backdraft 
 

1. Introduction 

During fire there can burn toxic together with non toxic materials and combustion products are 
created. Their amount depends on chemical composition, amount of combustive materials, 
temperature, gas exchange and other parameters. Affected persons together with fire fighters are 
endangered by these products. Combustion products can cause even death. 

2. Combustion products and the risk involved with the products of combustion 

As we said at introduction, all the burning material undergoes a chemical change, which leads 
to the conversion of one substance to another. At the very basic fire products generated heat, light, 
the smoke, unburned combustible gases and unburned tough rest (ash). During a fire affect the 
HaZZ members of and citizens endangered of danger reduced oxygen content in increased 
temperature environment, the smoke, toxicity of resulting gases and vapors [2]. 
       Reduced oxygen content in the air during of burning leads to when oxygen combustion air 
extrusion products of combustion. Normal oxygen content of in the air is 21%, but already at 
concentrations below 18% of the human body feels a lack of oxygen. The effects of lack of oxygen 
on the human body is summarized in the following table:  
 

Quantity of O2 
in the air 

Symptoms of the human body 

21 No 
17 Impairment coordination of muscle activity, rapid breathing 
12 Headache, dizziness, rapid fatigue 
9 Loss of consciousness 
6 Death after a few minutes as a result suffocation 

 Fig. 1.  The effects of lack of oxygen on the human body [2]. 

With reduced oxygen concentration is possible also meet in the fires in closed rooms.  
 
      Increased ambient temperature – By inhalation of hot products of combustion leads to 
respiratory damage. In case the affected person inhales air at a temperature of around 50º C may 
cause a significant reduction in blood pressure and circulatory failure, pulmonary edema [2]. 
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      Smoke – The smoke caused by fires in a mixture of carbon, tar, dust and combustible gases and 
vapors, which condense some of the gaseous combustion products. Some particles of smoke 
inhalation irritates the respiratory tract, some of which may have fatal consequences [2]. 
 

Toxicity resulting gases and vapors – Each of HaZZ  member in case of fire is exposed to a 
variety of irritants and in some cases toxic substances. Toxic gases have several detrimental effects, 
some of which act directly on the findings (HCl, SO2), and the other associated with red blood cells 
and reduce the ability of the blood to carry oxygen which ultimately may result in suffocation of a 
handicapped person. Toxic gases with which we can meet in case of fire is mainly CO,   CO2, Nox, 
HCl, etc. [2].    

2.1. Effects of selected products of combustion CO, CO2 

Carbon monoxide (CO) is a colorless gas, odorless and tasteless, it is lighter than air. This 
colorless gas arises at each a fire has caused more deaths than all the products of combustion 
together. If it is an imperfect combustion of the space growing thick dark smoke and a large number 
of substances evolve CO. The main dangers of carbon monoxide is its ability to bind to red blood 
cells what causes the oxygen is prevented from binding to red blood cells and leads to 
unconsciousness (in the worst cases, death) and the resulting lack of oxygen supply to the brain. 

Air with CO concentration over 0,05%, becomes dangerous. Concentration over 1% causes 
unconsciousness or death for affected person without any previous signs of bdelygmia [1].  
Each person affected by CO, shows different symptoms, each of us react to raised level of CO in the 
air differently. Of course, for affected persons, CO is not the only danger, but also synergic effect of 
activity of several combustion products together at the same place in the same time [1]. 
       Carbon dioxide (CO2 ) is non combustible gas without color, odor and it is heavier than air. 
It’s a final product of combustion materials, which are rich for carbon. Air in normal conditions 
contains around 0,03% CO2.  In case, its concentration in air is around 5%, it causes quicken 
breathing along with headache, sweating and dizziness. Concentration between 10-12% causes 
death of affected person, within couple of minutes. Main danger of this gas is its power to force 
human body to quicken breathing, therefore organism receives more of each combustion product 
[1].   

2.2. Danger emerging from combustibility of combustion products in closed areas 

 Besides already mentioned danger of toxicity of combustion products, it’s necessary to count 
with possibility of ignition even explosion of these products. Such a danger is present mainly during 
fire in closed areas (flats, storerooms, shops). At the bottom it is nonlinear form of spreading fire, 
which are accompanied with phenomenon like rollover (flameover), flashover and backdraft [3].  
 Fire spread in closed area is understood as fire, which has arisen in space surrounded by 
building constructions (e.g. house unit, storehouses, factories). Significant effect on fire has position 
and amount of combustive material together with oxygen supply to place of fire [3]. 
 Every fire can be characterized based on time-temperature curve, which divide it into four 
following stages: 

I. Fire ignition (initiation) 
II.  Fire progress (complete light up, flashover) 

III.  Fully developed fire 
IV.  Fire burn low [3].   
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Fig.2 Time- temperature curve [3]. 

Rollover (flameover)  
       Rollover rises when higher volume of combustive gases gathers near ceiling of room at the 
early stage of fire. These combustive gases are pushed by combustion products out of burning room 
where it mixes with air. Once this concentration of combustive gases reaches point of 
combustibility, it ignites and fire is very fast spreading into surrounding [4]. 
       In burning room temperature raises till final stage of fire and flame temperature can reach up to 
500 ºC [4]. 

 
 

Fig.3 Room affected by Rollover [4] 
 
        As you can see from picture, flames are spreading in very high speed at the ceiling level. It 
continues spreading till all combustive gases burn out. It is important to concentrate fire estinction 
to centre of fire, because rollover raises only during intensive creation of combustive gases and 
exhalations [4]. 

 
Flashover 

Flashover brings in situation, when flames start on all combustive materials in space 
simultaneously. During such a phenomena is created turbulent  flow of combustion products, which 
causes hot air not only flowing upwards to ceiling, but also side wards. It warms up all surrounding 
materials to temperature, where combustive gases and exhalants are vaporized out its surface. With 
fully developed fire temperature in room can reach up to 700 ºC. Together with temperature raises 
also concentration of combustive gases, till moment when concentration reaches low end of 
explosion level. This bursts into flame whole room in a fraction of the second [4]. 
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Fig.4 Room affected by Flashover [4] 
 
Backdraft  
       After  phase of free fire progress during the fire in closed space, oxygen can reach such a low 
concentration in the air, that there is no possibility for flame combustion. This fills whole room with 
smoke and temperature can reach up to 500 ºC. Air pressure grows fast. Because of blazing heat, 
explosive gases are released, this increases together with hot combustion products risk of backgraft 
creation. Backdraft raises when air, with normal oxygen concentration gets into the room (opening 
window, door) [4]. 

  
Fig.5 Simulator room affected by Backdraft [4] 

3. Conclusion 

       During fire are fire fighters (HaZZ members) and affected persons endangered by lower oxygen 
concentration, increased environment temperature and toxicity of gases and exhalants. This article 
discussed about combustion products and danger, which these products represent for human 
organism. The previous data show that the combustion gases threaten fire defence units, as they are 
toxic and fire fighters have to use self-contained breathing apparatus throughout the liquidation of 
fire. Combustion gases are flammable, therefore the commander and other firefighters must be 
aware of the risk of a rollover, flashover or backdraft. A combustion gases are hot, forcing 
firefighters to move down on the ground and the intervention itself must be supported by the active 
ventilation of affected object. 
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Abstract. The paper deals with nonlinear spread of fire forms. Its focus is on hidden risks and the safety of 
people and the rescue fireman units safety in the action.  
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1. Introduction 

Nowadays, the development of science and technology rapidly grows. The living standards as 
well. Numerous modern shopping centers, various supermarkets, buildings, flats and houses are 
being built. Many of these are insulated and furnitured in high comfort. Due to the energy saving 
insulation of facades is done, the plastic windows are assembled etc. Objects and thus their interior 
spaces are insulated and therefore contain number of combustible materials. All of the operations 
with focus on energy saving energy are also a good source for the development of non-linear forms 
of the spread of fire. 

2. Indoor fire 

Fire, is defined by the Law 314/2001 as unwanted and uncontrolled burning of multiple 
materials simultaneously. Fire works always destructive, threatening the health and lives of people 
and quickly destroys all the possessions. Talking about the fire, we have to rely on theory, or 
burning of the triangle [1] 

 
Fig.1 The triangle burning [1]. 

The development of a fire in an enclosed space is to be understood as a fire, which originated in 
the area bounded structures (e,g, housing unit, warehouse, factory): Significant influence on the fire 
spread and the amount of combustible material itself as well as the supply of oxygen to the point of 
combustion [2]. 

Every fire is characterized by a time-temperature curve, which divides it into the following four 
stages: I. Fire (initiation) ; II. Development of fire (flashover, flashover);  III. Fully developed fire; 
IV. Burning out [fig 2] [2]. 
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Fig.2. Time- temperature curve [3]. 

Each fire is different, both indoor or outdoor fire in the open or closed space. The fire in the 
indoor space can be described by following standardized fire scenarios illustrated by the fire 
development curve [3] 

 
Fig.3. Fire development curve  [4]. 

1. The fire will not spread to other combustible materials as just the reachable fuel burns. 
2. Similar case is described by the lack of oxidizing agent. 
3. Free development of fire in an indoor area where fire has sufficient ventilation and 

sufficient amount of fuel. In this case spread of fire to all other flammable materials 
happens at the stage of flashover. 

4. Flame burning can be very slow or it could be smoldering, which produces flammable 
gases containing a significant proportion of unburned combustible gases. Following 
input of oxidizing agent leads to backdraft. 

5. Flame burning can be very slow or it could be smoldering. When oxidizing agents are 
let in the flashover appaers. Flame retardants can be very slow or smoldering, where 
oxidizing agent when accepting new leads to burning fuel with subsequent flashover. 
The fire in this case has sufficient ventilation and sufficient amount of fuel. Then the 
spread of fire to other inflammable material in a given area follows. 

6. Breathing fire is a phenomenon that is characterized by the fire controlled ventilation. 
This phenomenon occurs due to the decreasing of heat release rate due to the limited 
amount of oxygen [3]. 

All of these phases are characterized by typical gradual development, process and as well as its 
duration. Flashover phenomenon can occur between the second and third phase. Backdraft during 
the fourth phase.  

2.1. Non-linear forms of fire spreading and their risks 

      Accumulated products of combustion due to fire in the indoor,  in addition to known risk of 
toxicity, the risk of deflagration or explosion in the worst cases is present. Non-linear forms of fire 
spread are followed by a rollover, flashover and backdraft [4]. 
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Flashover 

Flashover 

1 
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5 
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Rollover (flameover): 
      The fire  situated in the room of some closed object is characterized by the concentration of 
flammable gases with high temperature underneath the ceiling during the early stage of fire.      
Typically, the temperature rises slowly in the area, which can reach 500 °C. Accumulated emissions 
are pushed out of the affected room by the new emissions of combustion. And there flammable 
gases come into contact with oxygen, and the concentration of flammable gasses is being reduced. 
However, if the gas concentration reaches a limit of burning, flammable gases ignite and flames 
spread out at a high speed underneath the ceiling. Flame spreading works until the entire unburned 
flammable gases are burned. That is the reason why the  flame can spread to the large distances. 
Based on the foregoing, members of HaZZ-firefighters are threatened and civilians can move only 
down on the ground (on their knees). When this form of spreading fire appears with ignition of the 
flammable gases and people are forced to lie or knee on the ground, they will avoid of burning by 
the flames spreading beneath the ceiling [4]. 

 
Fig.4. Room affected by Rollover [4]. 

The main symptoms of rollover: 
• flammable visible "tongues" in a smoke in the upper parts of the entrances, window or door of a 
burning room 
• flashes of visible flames in places where smoke is mixed with air. 

 
Flashover: 

Flashover is a situation where the flames spread out in one moment at all flammable material 
found in the area. Development of Fire (Fig.2) means ignition of another combustible materials in a 
burning room. There is a sufficient amount of oxygen in this phase fire. The turbulent flow of 
flammable gases occurs by this phenomenon and it causes that the warm air does not rise only in 
upside directions,  but it spread also wide in the space. It causes heating of all the materials 
surrounded the fire place. Their surface start to release the flammable gases and vapors. The fully 
developed fire leads to oxygen depletion. The room temperature can rise to 700 º C. As the 
temperature rises and also the concentration of flammable gases and vapors increases until it reach 
the point of lower explosive limit. This will cause that the entire room is all on fire within a second. 
[4] 

 
Fig.5. Room affected by Flashover [4]. 

The only way of preventing flashover is cooling all the objects that are found in a burning 
room. The main symptoms that warn of the risk of flashover: 
• suddenly concentrated heat in the burning area, firefighters are forced to move very low to the 
ground, 
• pulsing, t. j., intermittent flicker of flames near the ceiling, 
• smoke layer begins to decrease to the fire floor and begins to climb the walls towards the ceiling, 

At this point  the area have to be evacuated and left by firefighters, because of a flashover 
occurs most likely.  
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Backdraft: 
Backdraft is the most dangerous form of non-linear fire spreading. There is a loss of 

atmospheric oxygen, up to a level that may lead to self extinguishing in the closed space. The room 
temperature can be up to about 500 º C, which causes the release of flammable and explosive gases 
from objects found in the room. Backdraft itself arises if in some way (such as the door opening, 
breaking windows) the air with the normal oxygen concentration (21%) is let in the room. Air with 
oxygen reduce flammable or explosive gas (methane) concentration under the upper explosion and 
limit and an explosion occurs. The devastating effect of backdraft can lead to the serious damage of 
the entire building including its collapse and with fatal consequences [4]. 

 

 
Fig.6. Room affected by Backdraft [4]. 

The main symptoms that warn of the risk of backdraft: 
• flame in a closed room will disappear, or they are very small, 
• room is all filled with dense yellow-grey smoke and black smoke 
• strong radiant heat is present; smoke escaping through a very small leak, 
• whistling sound penetrating through air leaks,  rattling windows.  
 
Guidelines for safe entry into the danger area:  
The basic principles of safe entering of affected area may include: 
• Never open the door or other entrances in a fast way. Sudden door opening can cause the massive 
the massive air input and the flashover or backdraft can occur, 
• Before opening the door to a burning floor, all entrances to stairways should be closed to 
minimize the gas exchange;  
• pay attention to the recognition of events that precede nonlinear combustion, 
• the survey has to be done with the flow terminated Estate (fog) nozzles with water under sufficient 
working pressure; enter the affected areas with a protective fog led to a stream, 
• no holes, no special training - fog test, limiting gas exchange, taking a proper and prepare the mist 
nozzle for emergency case; use fog streams to increase the safety of escape also [4]. 

3. Conclusion 

The success in firefighting of indoor fire is conditioned by the knowledge of possible fire 
scenarios. Our task was to clear out the problematic of  nonlinear fire and hidden risks, which are 
accompanied by these phenomena and their impact on the safety of persons, intervention personnel 
and members of HaZZ.  
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Abstract. The comparison of crash tests with most of the dummies used for pedestrian collisions shows that 
the damages produced thereby do no coincide in essential points with the damage that can be observed in 
real accidents. The reason for this is to assume that the design of the dummies used matches usually only 
very limited with humans. In particular, the high structural strength of some dummies that are used as 
substitutes in pedestrian crash tests leads to intense damage to the front of the car, which is usually not to be 
seen after real accidents where pedestrians are involved. After real accidents involving pedestrians are 
however usually only small deformations with typical large radii in the metal sheets. However, since the 
pattern of damage is a significant starting point for the assessment of the impact speed by accident 
investigators, staff and students in the engineering office Priester & Weyde have constructed, built, tested 
and developed an alternative replacement body for pedestrians, which is suitable for crash tests with Cars to 
produce a damage, which corresponds to that of real accidents. In various studies [21], bachelor [24]; [27] 
and diploma theses [4]; [22] this target has been achieved successfully as a community task by the so-called 
„Dummy-Consortium“.The students, who were supervised in the engineering bureau Priester & Weyde in 
Berlin, had the helpful support from Prof. Dr. Kramer (HTW Dresden) and Prof. Otte (HTW Berlin), as well 
as the specialists in forensic medicine from the Charité Berlin, Dr. med. Oesterhelweg and Dr. med. Hartwig. 
As part of the students' work several dummies were built as substitutes and tested in crash tests. A real car-
pedestrian accident - in which the car was equipped with an event data recorder (EDR) - was enacted by 
various types of dummy. The data to the real accident were kindly provided by Dipl.-Ing. Roy Strzeletz 
(Unfallanalyse Berlin). This pedestrian replacement body, called BD-dummy, is described in this article as 
well as one of the performed crash experiments. 

Keywords: accident reconstruction, car vs. pedestrian collision, crash test, dummy, replacement body. 

1. Introduction 

In 2010, a total of 30,139 pedestrians had been injured in German road traffic accidents. Of 
these, 476 persons were fatally injured [1]. About 70% of pedestrian fatalities and hurts result from 
a collision with a car. Based on the relative number, the risk of being killed as a pedestrian is twice 
as high as for a passenger car occupant [1]. According to studies by Kühn [2] in most pedestrian 
accidents the pedestrian crash into the front of a car. In about 62% of all pedestrian accidents, the 
accident opponent moved at right angles to each other, so that the pedestrian collided left or right 
side to the front of the vehicle [2]; therefore this type of accident was analyzed here in particular. 

 

1.1. Need for a pedestrian replacement Dummy in forensic practice 

The main task of the forensic accident reconstruction is to clarify the collision speed and the 
avoidance for all who are involved in the accident. To answer these questions often only police 
sketches and photos are available to the accident investigators, which are not necessarily optimally 
suited. To narrow down the impact speed of the car after a crash against a pedestrian usually the 
throw distance is used (distance from the point of collision to the end position of the pedestrian [3]), 
but therefore the exact collision point and the final position of the person have to be known. This 
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information is, however, especially for injured pedestrians usually not given precisely, because 
injured people are removed from the roadway due to rescue and medical care. Therefore, the final 
position of the pedestrian - as far it was actually induced by the impact itself - is often not exactly 
known. Furthermore it is a problem to determine the point of collision precisely after the impact of 
a car against a pedestrian, because there is no need for traces or evident marks on the road surface, 
by which the exact point of the collision is to be detected. But even if you know the precise point of 
collision and also the final position of the car and the pedestrian after the impact we still has to bear 
in mind, that the reconstruction of velocities before the impact is only possible in a relative wide 
range of tolerances, because the parameters, which have in influence on the calculation of the speed 
(i.e. the deceleration of the car [braked or not], or the friction between road surface and the person 
during its slipping period), have tolerances themselves and are partly not known but have to be 
estimated by the expert. Therefore it would be helpful to use the damage of the car as a scale to 
narrow down the collision speed on a proper scientific level, as deformation energy is related to the 
kinetic energy of the car. The thought behind is to estimate the collision speed by comparing the 
damages of a certain car after an accident with pictures of crashed cars, where the speed before the 
impact against a pedestrian is precisely known. But the problem is, that usually there a only a very 
few real cases in which the collision speed is exactly known due to event data recordings by an 
EDR or cameras, so that they can be used as a reliable comparison. Furthermore it is to be 
considered, that the damage of the car is not only influenced by the relative speed difference 
between the car and the pedestrian, but also by the size and mass of the pedestrian itself. The design 
of the car’s front has also an important influence on the shape and intensity of the car’s damage. 
Therefore the experts need a large number of different real cases for comparison. But as there is 
hardly any reliable data out of such real accidents the alternative for the reconstruction of pedestrian 
vs. car collisions would be the use of information gained by crash test, where dummies had been 
used. To meet the requirements for comparing the damage of a car after an impact against a 
pedestrian with pictures of a car after a crash test the dummy used in the collision experiment must 
be similar enough in regards of its anatomy and bio-fidelity, so that its movement during the crash 
correlates to the way a human being would interact. Especially the possibilities in the dummy’s 
movement but also its stiffness have to be humanlike, in order to produce a damage which is 
realistic in terms of intensity as well as in terms of the position on the car. The dummy must 
therefore reflect relevant human biomechanics.  

Although there is a variety of dummies already existing in the car industry, these dummies are 
often too rigid in their design and have a too high strength, as they are generally not designed to 
create a realistic damage to a vehicle as a pedestrian substitute, but to measure strain during the 
collision as a passenger in a vehicle. Therefore the damages produced by such dummies in crash 
test are often unrealistic. Furthermore, these dummies are usually expensive and thus unsuitable for 
forensic mass tests, as they were required to create a comprehensive damage catalogue. It was 
therefore a need to develop a cost-effective surrogate body for a 50-percentile human adult who is 
able to produce a realistic damage on cars in experimental car / pedestrian collision simulations. It 
was a key goal in the development to keep the unit cost per each dummy low, because it will be 
virtually impossible to produce a realistic damage pattern on the car in a crash test, if you do not 
allow at least a partial destruction of the dummy, as it determined in correlation to human injuries 
such as fractures and/or ruptures after a car collision. Thus, such a dummy is not likely to be used 
more than once. Therefore the cost per unit must be readily low, so that it is still possible to carry 
out a large number of inexpensively crash tests. 

1.2. Alternative Types of dummy 

Dummies have been developed for the automotive industry already since the middle of the 
1940’s. Today varies types of dummies are used in different kinds of crash test. Beside complete 
and very complex testing dummies there is also a variety of simpler testing dolls and even only 
partial body part-replacement models for different purposes [4]. 
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As a representative of a male 50-percentile adult the Hybrid 3-Dummy is probably one of the 
world‘s most widely used crash test dummy. This dummy is required by law in the ECE R 94 as a 
passenger surrogate in frontal impact crash test. The dummy is a very high bio-fidelity and a mass 
of about 78 kg. The upper body consists out of six steel rips as well as a collarbone and shoulder 
construction, which is able to interact realistic to the safety belt. The lower body consists of an alloy 
construction. The outer shell is made out of urethane foam. Accelerometers and load cells are able 
to register crash forces throughout the body during a crash test [6]. Due to its high-strength 
substructure this dummy is perfectly suited as a substitute for occupants in a row of crash tests, 
because there is no permanent damage to be expected, if the dummy is only used as a passenger 
inside a crash vehicle. If this dummy would be used as a substitute for a pedestrian in a crash test on 
the one hand an unrealistic damage is to be expected due to its rigid construction. On the other hand 
it is very much likely that the expected damage of the dummy would lead to high repair costs, if the 
Hybrid 3-Dummy is used as a pedestrian substitute in such a crash test. Therefore this type of 
dummy is not suitable for forensic testing also due to cost reasons. 

Also the Polar 3-Dummy is likely not be suitable for forensic tests due to unit costs of around 
300.000, - € [7], but this dummy, which was developed by Honda, already belongs to a dummy 
type, specifically designed for vehicle vs. pedestrian collisions [8]. With this dummy it should also 
be possible to determine the risk of injury to humans [9]. Due to various sensors in the Polar 3-
Dummy forces in different regions of the body and the joints can be measured, so that, for example 
the likelihood of head and / or neck injuries, but also injuries to knee ligaments and fractures of the 
upper and lower leg bones, and injuries in the lower back can be determined [10]. Problematic for 
conducting forensic tests would be in addition to the price, that until now there are only three 
dummies existing. 

At a cost of about 5,000, - EUR is the so-called Žilina-Dummy, developed by the University of 
Žilina in Slovakia, interesting for the implementation in a large-scale of experiments, especially as 
it is so rigid that no relevant damage is to be expected even after a direct impact from the front of a 
car up to 30 km/h . This dummy represents a male, adult 50-percentile and is used by various 
institutions for pedestrian collisions. [11]. The joints of the dummy can be screwed in a way, so that 
the dummy can stand independently. There is a secure area in the torso where it is possible to 
integrate force- or acceleration-metrology. 

 

 
Fig. 1. Žilina-Dummy [picture provided by: Priester & Weyde] 

1.3. Requirements of a dummy when used as a pedestrian replacement in full-scale crash tests 

Apart from the Polar-Dummy – most of the pedestrian dummies are built out of metal and 
therefore accordingly rigid and in comparison to a human relatively too stiff. The outer shell and the 
tissue are often formed by hard plastic parts. Therefore such constructed dummies are stable and 
often to be reused without major repairs, but they do not reflect adequately a human being in terms 
of the damage done during a car-pedestrian accident. To generate realistic image damage on a car 
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by an impact during a crash test the design, strength and stiffness of the used dummy must correlate 
with that of humans, i.e. a similar elastic behaviour, since the strength of the body is essential for 
the deformation of significant dents and other damage to the vehicle. Besides strength, it is equally 
important that the dummy’s mass distribution and its total mass correlates to the basis male 50-
percentile. Therefore not only the overall size but all major dimensions of the individual body parts 
and their shapes have to accord to the human 50-percentile. This is necessary so that the centres of 
mass and thus the inertia of the body parts correlate with those of a human. Only by this it is 
possible to gain realistic movement of the dummy during a crash test which correlates to the 
movement of pedestrians in a real car accident. 

In order to achieve a realistic movement of the dummy, it is also important that all parts of a 
human body are simulated in their motion limits. Therefore the possible movement of the dummy 
must be subjected to the same limitations as the human body. Accordingly, the bone structure of the 
body with their specific joints has to be designed similar and corresponding to the human model.  

It is not mandatory to generate a real injury or damage of the dummy in relation to a human. The 
frequent injuries that affect the movement during the collision, however, should be considered. 
Rupture of whole body parts of pedestrians in collisions with cars usually occur only at collision 
speeds of not less than 90 km/h to 100 km/h [12]. 

Fractures of the upper and / or lower leg by contrast, occur often already at impact speeds of 
40 to 50 km/h or even less. Also, rib fractures are among the most frequent injuries to pedestrians 
after a traffic accident. A rib fracture will probably affect the movement in the collision only little, 
but a refractive tibias or the complete rupture of an extremity is likely to change the movement of 
the dummy during the collision considerably. A modified motion leads to other contact points on 
the car, and thus to a different damage pattern. 

Since the tightening of the joints, as it would be required in order to allow the dummy to stand 
unassisted, can have an influence on the movement behaviour of the body, the here developed 
pedestrian surrogate dummy should have a device for hanging. As the hanged dummy is released 
shortly before the crash, it must therefore only stand for a few milliseconds, so that the joints in the 
dummy do not have to bear the mass of the whole dummy themselves in order to stabilize it on its 
own. This seems to be realistic, because the human body is also only through the brain-controlled 
interaction of bones, muscles, ligaments and tendons able to get into an upright position. The 
influence of muscle contraction during the collision must, however, when using a dummy, be 
disregarded. In this context it should be noted that also in real accidents in general it is not known 
whether the muscles during impact are tense, relaxed or even being cramped. 

However, it is to be assumed that the external forces due to the impact of the car are greater by 
far than the forces in the joints [14]. It is therefore not possible to specify an exact moment of 
resistance for the joints. The joints must therefore be construed in such a way that at least realistic 
movements are possible. 

 
Compilation of requirements for a suitable pedestrian dummy: 
- Dimensions and mass distribution of all essential parts of the body must correlate to an adult 

male 50-percentile 
- The use of humanlike tissues and similar materials with mostly identical density, shape, 

strength and elasticity properties 
- Figure all the major bones and joints of humans with respect to the range of their motion 

possibilities 
- Elastic connection of the body parts (no use of rigid mechanical connections, but of elastic 

materials) 
- Realistic fracture behaviour of the leg bones and the spine 
- Inexpensive (cheap materials, cheap and simple manufacturing). 
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1.4. Anthropometry of a male 50-percentile adult 

T Besides the anthropometry, also the geometric dimensions and proportions of the human, his 
mobility, the deformability and the inertial properties had to be observed in the dummy 
construction. For this purpose so-called anthropomorphic models are available [15]. In 
biomechanics, there are different anthropomorphic models for distribution of mass in humans [16]. 
Because of the division into relative small and simple geometric segments, and the assumption of an 
equal density through all tissues, the HANAVAN model [19] was used as the basis for mass 
distribution in the design of the BD-dummy. 

To construct the dummy, we also required the knowledge of mass distribution and gravity 
centres of all individual body parts, as well as the dimensions of the joints in the body and the 
dimensions of the outer shape, so that the dummy would correspond to the 50-percentile male. 

Basis for the external dimensions of the structure was DIN 33402 (Human body measurements) 
[17], whereby the values of a standing male 50-percentile adult at the age range of 18 to 65 years 
were taken into account. A male 50-percentile in this age range has an average weight of about 
79 kg. The mass distribution of the various body parts can be very different. Table 1 shows the 
distribution of mass in humans as an average out of different literary sources [16], [18], whereby the 
masses were converted into figures on a person of a weight of 79 kg. 
 

Parts of the 
body 

mass 
percentage 

in % 
mass 
in kg 

Head 7,42% 5,86 kg 
Torso 47,43% 37,47 kg 

Upper arm 2,88% 2,27 kg 
Lower arm 1,98% 1,56 kg 

Hand 0,71% 0,56 kg 
Upper leg 10,85% 8,57 kg 
Lower leg 4,615 3,64 kg 

Food 1,54% 1,21 kg 
Total: 99,97% 79 kg 

Tab. 1. Mass distribution of different body parts according to [16] and [18] 

2. Material selection in terms of human strengths and elasticity 

Biomaterials are subjected to natural variation; they are specific for age and gender and also 
depend on the physical constitution of the specific human-being [15]. Therefore, a match in the 
properties of the substitute materials can only be limited. Extremely stiff and shape-retaining 
materials such as Steels should still be avoided in the selection of materials as possible, since it is 
not compliant to human strength. Such structural strengths of the dummy would have an unrealistic 
affect to the pattern and the intensity of damage on the car. The selected material should also be 
obtained simple, inexpensive and easy to process, so that the dummy it to be produced with simple 
tools without complicated manufacturing techniques, in order to keep the costs per unit low. 

The impact of a car against a human muscle and subcutaneous tissue also has an influence on the 
damage to the vehicle, as the damage to the vehicle is comparatively lower due to specific 
deformability of the body tissue. The subcutaneous fat and muscle have the ability to deform in a 
very short time. It is similar to permanent deformation thus muscle fibres tear. Furthermore the 
elastic recovery of these body substances does not occur in an infinitely short time, but is subjected 
to certain hysteresis characteristics. These characteristics are crucial to ensure that the human being 
is not shot off like a rubber ball by an impact of a car, contrary the human body adapts the car 
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contour and speed during the direct contact. This shape-adaptability of the human tissue occurs in 
such a short time, thus it happens still during the impact itself. By the simultaneous increase of the 
contact surface, consequently, the contact force per square-unit, i.e. the pressure, is therefore 
reduced. Due to this specific ability of the human tissue to deform, it comes therefore in general not 
to any sharp indentations, but to soft bumps or maybe large but no deep dents with a relatively large 
radius at the transition to the undamaged metal sheets, when a pedestrian hits against of a cars. 

Prior to the construction of the pedestrian dummy therefore different materials had been tested 
for their suitability as a substitute for human tissues. Various materials, such as so-called ballistic 
gel or multi-component silicone were deemed suitable, but they were too expensive. By 
examination of the properties of commercially available sanitary silicone it was found that a long 
drying time is required and that this material is having a too elastic behaviour in its solidified form. 
However acrylic dries relatively quickly, but it shows a very plastic deformation behaviour. 
Therefore experiments had been carried out with various mixtures of silicone and acrylic [21]. Also 
drop tests were carried out to compare the elastic behaviour of the mixed materials with human 
tissue. The specimens had a diameter of 15 cm which corresponds to that of the thigh level of 
humans according to DIN 33402, so that the results could be compared with experiments on 
humans. It was found that the muscle tone (tense / unharnessed) of the test person had only a minor 
effect on the elastic behaviour of the tissue. It should be noted, however, that the human body has 
different regional density and strength, and also the wide spread in the population makes it difficult 
to standardize the tissue material. As a result of the experiments for the simulation of the human 
tissue, a silicone-acryl blend in the volumetric ratio of 1:1 was used. This reflects the elastic 
properties of human tissue and is reflected realistic with a density of 1.14 g/cm³ average density 
close to the human body (approximately 1 g/cm³) [19]. 

The "skin" is intended to connect the individual parts of the body of the dummy in addition to 
bring further support for the tissue and to cover all free joints. The seemingly obvious idea to use a 
leather skin was rejected, partly because the production of an individual leather skin would be time-
consuming and therefore costly. On the other hand leather still may have a high abrasion resistance, 
but is - as a result of tanning and drying processes – not as elastically and stretchable as living skin 
by far. As replacement of the outer skin therefore a latex material used for the BD-dummy. A 
neoprene suit serves as a substitute for the upper subcutaneous tissue. The neoprene material is 
coated with liquid latex. By its elasticity the neoprene suit fits close to the dummy and can therefore 
also support the individual parts of the body. Through the latex material, the tensile strength and 
elasticity of the suit is increased - especially at the seams. 

2.1. Supporting structure of the „Skeleton“ 

The main skeleton of the BD-dummy is made of wood. This is partly due to the fact that wood 
has similar characteristics as bone in relation to the anisotropic structure [16]. Further, there is wood 
in different dimensions and strengths which can be obtained easily and inexpensively. This 
facilitates the production, because you can also use semi-finished products. Wood can be modified 
with everyday conventional machinery. In the construction of the dummy, the special properties of 
bone were observed. To determine a suitable timber for the extremities therefore fracture tests were 
carried out with various animal bone, since it is difficult to obtain data on fracture behaviour of 
complete human bones. The bone has to be fully examined because of the anisotropic structure. It 
should be noted that in the literature to be found strength for human bones are highly volatile. A 
complete bone behaves very differently under load due to its different regional structure. Therefore, 
the comparison with a partial specimen is hardly possible [16]. In particular, the determination of 
the average breaking strength of the leg has a great importance, because the movement of the 
dummy is altered by a fractured leg bone. Due to fracturing of the leg bones the body can nod at the 
point of first impact, and not later in one of the upper body joints. Since such fractures of the lower 
extremities occur frequently in real accidents at collision speeds of 40 or 50 km/h when a car 
crashes into a pedestrian, it was taken into account in the design of the BD-Dummy to ensure that 
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the leg bones have such realistic fracture behaviour. The skeletal structure of the BD-dummies is 
mainly made of logs, timbers and wooden balls with different connecting elements coupled 
together. The movement possibilities and limitations of human beings were taken into account in 
the design of the dummy’s skeleton. Basis of the joint points had been required by DIN 33402 
(Human body measurements). The dimensions of the BD-Dummy, which are derived from DIN 
33402, are represented in Fig. 2. 

 

 

Fig. 2. left: construction of the BD-Dummy Skeleton [24] 
 right: Comparison of the developed BD-Dummy’s Skeleton with an Anatomy-Skeleton 

To enable a realistic mobility of the arm and shoulder girdle, an additional joint between the 
spine and shoulder joint was inserted. Tibia and fibula were combined into one single bone, in order 
to simplify the structure. As a central connecting element a steel cable was used to hold the different 
parts of the spine together, yet leaves the spine flexible enough. The steel cable, which protrudes 
from the head upwards, also serves as a hanging point for the BD-Dummy. 

2.2. Ligaments and tendons as connecting elements 

The human body has mostly no joints that have a real form fit in a mechanical sense. The joints 
of the body are rather formed by joint partners who sit on each other almost free and only held 
together by ligaments and tendons, which also limit the range of motion [14]. The individual body 
parts of the BD-dummy were therefore resiliently interconnected. Tendons form the link between 
the muscles and bones and serve to force transfer of the muscle [14]. As a replacement of tendons a 
natural rubber PARA NR was used in a thickness of 3 mm. This rubber has an extensibility of up to 
600%, and is able to produce pre-stretched a sufficient force by which the joints of the bones are 
realistically and humanlike tightened [20]. 

Ligaments in the human body are used as cohesion of the joints, and they restrict movement-
abilities [14]. Straps are used as a substitute for ligaments in the BD-Dummy. They have a defined 
maximum load, as well as safety in relation to the cracking behaviour; furthermore they have a 
lower elongation than rubber materials under force. The straps should hold the individual parts of 
the body together and protect them in particular against external forces, so that the body parts are 
not torn apart. Similar to Ligaments the straps also restrict the amount of movement in each joint 
specifically. 
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2.3. Design of the tissue parts 

Basis of the geometrical design and mass distribution represents the HANAVAN-Model [19]. In 
this model, the extremities, however, are largely made up of truncated cones, while for the BD-
Dummy they are modelled by cylinders of different size to simplify the manufacturing. The 
cylindrical parts are stacked like a pyramid to adapt to the geometry. The tissue of the torso is made 
up of different items. While chest and abdomen are filled by tissue masses, tissue plates serve to 
cushion the shoulder and rib area. Fig. 3 shows the composite tissue masses of the BD-dummy as a 
CAD -Model. 

 

 

Fig. 3. 3D-Model of the BD-Dummy Construction with its tissue parts, (Modelled by Knape [24]) 

 
The fabric tissue pieces are fixed to the dummy by protruding pieces of wood at the joints and 

especially attached wood studs. For the assembly the tissue pieces are be pushed over the timber 
structure and are then secured with tape. Additionally a kind of stretchy cling film is wound around 
the body parts. This does not only give support to the soft tissue, but also facilitates the coating of 
the neoprene suit, which fits snugly and also supports cohesion of the whole dummy. 

2.4. Construction of the BD-Dummy’s Head 

The modeled head of the BD-dummies does not necessarily have the exact same fracture 
behavior like a real skull. Nevertheless, an attempt was made to seek a similar structure as it exists 
in humans. Therefore the form of the skull was created out of fibreglass reinforced plastic (FRP) 
(view Fig. 4). 
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Fig. 4. FRP-Form of the Dummy’s Skull 

The hollow fibreglass cast is provided externally with the otherwise used silicone-acrylic 
mixture as a scalp replacement. As a filling material inside the skull and therefore as a replacement 
for the brain the same silicon-acrylic blend was used, where a cavity remains in the head, which 
makes the head possible to be placed on top of the spine. Via a hole on top of the skull the steel 
cable of the spine is protruded out of the head, thus the dummy can be easily hanged to a hook. 

2.5. The assembled Dummy 

The completely assembled BD-Dummy has a weight of around 78 kg, a height of 175 cm and is 
approximately equal by its mass and gravity distribution to the values of an adult male 50-
percentile. The extent of its mobility is also similar to that of a human body (Fig. 5). 

 

 

Fig. 5. Range of mobility of the BD-Dummy 

 
Thus the BD-Dummy is therefore able to reproduce the relevant motion behaviour of a human 

body in a crash test and will thereby generate a realistic damage pattern. The suitability as a 
substitute body for the use in car vs. pedestrian collisions has already been tested in many crash 
experiments and has been validated by comparison with a well-documented real accident. 
Nevertheless, further developments are needed. The fabrication methods of the BD-Dummy must 
be standardized furthermore, to guarantee a complete reproducibility of all experiments. 
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3. Use of the BD-Dummy as a pedestrian substitute in a full-scale Crash Test 

The crash tests with the newly developed BD-Dummy have been conducted at the Airport 
Neuhardenberg (Brandenburg, Germany). The dummy was hung from a crossbeam. The release 
mechanism was activated by a light barrier sensor immediately prior to the arrival of the vehicle. 
The dummy was thus released from the crossbeam and stood free on its own for about 0.1 seconds 
before first contact. The tests were documented with multiple high-speed cameras to analyze the 
kinematics. The crash vehicle was equipped with an event data recorder (Kienzle UDS). In addition, 
a light barrier (Alge Timing Timer S4) was used to determine the average speed of the car, which 
was measured over the last meter before the impact. In the presented experiment a speed of 
53.05 km/h was measured. There was no braking of the car performed before the collision. But 
immediately after the crash (approximately 0.4 s after the beginning of the impact) the crash vehicle 
was decelerated by strong braking. Before the crash test the dummy was positioned at right angles 
to the vehicle front, in a way that the right side of the Dummy collided with the left front of the 
vehicle (Fig. 6). 

 

 

Fig. 6: Configuration of Car and BD-Dummy before the full-scale Crash Test [Priester & Weyde] 

The crash test was analyzed using selected image sequences. For this purpose, the time after the 
initial contact has been displayed in each of the video frames, the moment of first contact defines 
the point zero. In Fig. 7 the initial contact of the car with the BD-Dummy is depicted. In this 
specific moment (t = 0.000 s) the BD-Dummy is already detached from its mounting and stands 
therefore completely free 

 

 

Fig. 7: Beginning of the first Impact (t=0,000 s), Car touches the BD-Dummy; [Priester & Weyde] 
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At first the hand of the dummy slides over the front of the vehicle, then the dummy is hit by the 
car’s bumper at the height of the knee. There is an obvious shear strain in the knee. At time t = 
0.016 s it is clearly to be seen how the lower extremities of the BD-dummies cling to the contour of 
the vehicle front (Fig. 8). The upper body is due to its inertia still in its starting position at this time. 

 

Fig. 8: Shortly after the first impact (t=0,016 s); [Priester & Weyde] 

About 0.03 seconds after the initial contact of the dummy both legs are pushed away, and the 
elastic construction of the dummy allows further clinging to the contour of the front of the vehicle 
(Fig. 9). Both feet are under the bumper. The Pelvis collides on the front part of the hood and the 
upper body is still in its upright position. 

 

Fig. 9: Contact at a time of t=0.03 s after the beginning of the initial impact; [Priester & Weyde] 

On the picture in Fig. 10 (t=0,060 s after initial contact) it is to be recognized that the upper body 
moves in the direction of the windshield. The Dummy slides with its pelvis some centimetres upon 
the car. Thereby the feet loose contact to the roadway. Evident here is a fracture of the lower leg 
bone substitute. The head moves at this time in the direction of travel of the vehicle. 
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Fig. 10: Phase of the contact at a time of t=0.06 s after initial contact; [Priester & Weyde] 

Furthermore, one can determine a fracture of the femur at the level of the front edge of the hood. 
The breaking of the dummy's leg bone correlates with frequently observed injuries to the lower 
limbs of pedestrians after comparable collisions in real accidents on road traffic. 

 

Fig. 11: Phase of the contact at a time of t=0.10 s after initial contact [Priester & Weyde] 

At a time of t=0,100 s after the beginning of the initial contact the entire Dummy is loaded onto 
the vehicle (Fig. 11). The arm and the shoulder rest on the windshield. Due to this introduction of 
force, the windshield is deformed. The dummy begins to rotate around its shoulder. The head 
rotates thereby in a short time in the direction of the roof edge, and pierces the windshield 
approximately 140 ms after the first contact (Fig. 12). 
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Fig. 12: Phase of the contact at a time of t=0.14 s after initial contact [Priester & Weyde] 

It can be seen in the following image-sequences that the dummy head wedged in the windshield 
and thus the whole body of the BD-Dummy rotates around its head (Fig. 13). 

 

Fig. 13: Phase of the contact at a time of t=0.25 s after initial contact [Priester & Weyde] 

In further course the dummy’s legs hit on top of the roof of the passenger car (Fig. 14). 

 

Fig. 14: Phase of the contact at a time of t=0.50 s after initial contact [Priester & Weyde] 

By a full stop of the car it was caused that the dummy moved apart from the car’s front and came 
then skidding into its final position. The final position was approximately 22.5 m from the point of 
initial contact away. The secondary impact on the roadway was approximately 17.5 m after the 
primary impact. The dummy slipped thus about 5 m after the secondary impact on the road. 

The Crash Test was a re-enactment of a real accident, by which the passenger car had an Event 
Data Recorder (Kienzle UDS) on board [25]. Thus, this accident was simulated by full-scale Crash 
Tests. Therefore it was possible to compare the Results of the Crash Tests with the relevant data of 
the real accident, as a passenger car of the same type and brand was used in the test. In Tab 1 the 
main criteria of the Crash Test are compared to the real accident. 
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 Full-Scale Crash-Simulation Real Accident 

Configuration of 
the impact 

  

Dummy resp. 
Pedestrian 

BD-Dummy 
1,75 m 
80 kg 

Pedestrian, male  
1,71 m 
73 kg 

Collision Speed 53,05 km/h 53 km/h 

Mass of the Car 904 kg ca. 875 kg 

Unfolded length of 
Contact 

2,25 m 2,40 m 

Tab 1: Comparison between full-scale Crash Test und real accident [sources: Priester & Weyde; 
Unfallanalyse Berlin] 

 

3.1. Impact initiated change of the car’s velocity during the Crash Test 

The change of speed in the car due to the impact was calculated by mathematical integration of 
the acceleration, which was measured by the Event Data Recorder (EDR respectively Kienzle UDS) 
in the tested vehicle. The impact against the BD-Dummy occurred while the car was not yet braked. 
Only after the first impact, the test vehicle was braked. The acceleration peaks during the impact 
itself reached values of about 20 m/sec ² (see  

Fig. 15). Thus, the impact is clearly differentiable from normal driving process. The total impact 
time was around 0.170 sec; the average acceleration of the crash vehicle over the entire peak period 
was approximately 4 m/s2. The change in speed caused by the impact was thus approximately 
2.4 km/h. 

 

Fig. 15: EDR-Data of the crash car during the impact at a speed of v collision = 53 km/h against  
the BD-Dummy 

Impact 
against the 
Dummy Braking 
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3.2. Damage of the car after the Crash Test 

As it is typical for accidents of cars, where pedestrians are involved, the damage was mainly 
located on the windshield after the impact of the BD-Dummy, and there had been only relative 
slight damage at the front of the car. 

 

Fig. 16: Overview Photographs of the crashed car (Opel Corsa) after the collision against the BD-
Dummy at a speed of 53 km/h [Priester & Weyde] 

At first the front pumper was contacted. The lip of the lower front spoiler (yellow marks in Fig. 
17) has a dark discoloration in the contacted area, which relates to a contact against the feet of the 
BD-Dummy and an effect by which the feet are pulled under the pumper. The holder of the license 
plate broke due to the contact against the lower leg of the Dummy and the license plate itself is 
partially deformed, respectively bended backwards. 

 

Fig. 17: Details of the first contact marks on the front bumper of the crash-vehicle 

The damage on the engine hood can be divided into two areas. The yellow area (see Fig. 18) 
results from a contact of the thighs of the dummy. This dent has an oval shape and runs out softly to 
the sides and downwards. Towards the top, the damage is sharp-edged, because the sheet has 
formed a fold. 
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Fig. 18: Front view of the damage on top and at the front of the hood which is marked individually 

On the top of the hood, there is a large area of damage with smooth transitions (the contour 
corresponds to the white line in Fig. 18). This dent partly results from the contact with the basin. 
The windshield is damaged in the area of the wiper by the shoulder. The spider-net-shaped fracture 
extends over the entire windshield (see Fig. 19). The centre of that specific fracture has its position 
at an unfolded length (distance from ground along the car’s contour) of approximately 172 cm. The 
impact of the head produced a hole in the windshield at an unfolded length of 225 cm. Therefore the 
Dummy slipped around 50 cm along the contour of the vehicle’s body shape. The roof of the car 
has a rather large deformed area due to a contact of the legs. 

 

Fig. 19: Damage of the windshield and on the roof of the Opel Corsa after the impact of the BD-
Dummy 

3.3. Kinematics of the BD-Dummy 

To verify whether the dummy moves realistically, the kinematic sequences during the crash were 
analyzed. Since the movement of the pedestrian in the accident, which was relied on for purposes of 
comparison, is not known, the motion of the BD-Dummy was compared with that of a similar 
PMTO-crash-test [26]1. Based on this comparison, the bio-fidelity of the BD-Dummy can be 
evaluated against a dead-body-experiment. The presentation of the dead-body-test was simplified to 
anonymize the person. The following pictures in Fig. 20 show the same time sequences over the 
first 100 ms after the beginning of contact, so they can be compared. The comparison shows that the 
BD-Dummy moves are identical to PMTO crash test during the first 40 ms (see Fig. 202). The 
upper body and the head are in a straight position. The lower extremities nestle on to the front of the 

                                                           
1 PMTO-Post Mortem Test Object (Crash test with dead bodies) 
2 Figures are flipped vertically to improve comparability 
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vehicle’s contour. As well as the corpse in the PMTO-test also the BD-Dummy clings during a 
period of t = 40 ms to 100 ms nearly identical to the front of the car and slips towards the 
windshield. 

 

  

  

  

  

  

Fig. 20: PMTO-Crash-Test in 20 ms-sequences compared to the BD-Dummy Crash Test;  
Sources: left: ROOIJ [26]; right: Priester & Weyde 

The specific construction of the spine and the neck of the BC-Dummy allows a lateral bending of 
the upper body and contributes to a large extent on the realistic “unwinding”. The head remains 
because of its inertia in both experiments at first in its original position. Only later, at a time of t = 
80 ms, the head moves slightly in the direction of travel. In the simulation with the BD-Dummy the 
impact of the dummy's shoulder occurs a little earlier. 

The clinging of the lower limbs to the contour of the front of the vehicle is virtually identical 
when compared to BD dummy PMTO crash test of Rooij ea [26]. It is therefore more realistic than 
in the similar experiment with the Žilina dummy of the AREC  [11], which was evaluated by Jager 
[27]. The BD-dummy behaves - apart from the shoulder impact - nearly identical to PMTO crash 
test. The BD-dummy thus correlates in its kinematic behaviour very well with the PMTO crash test 
and can therefore be used as a realistic substitute body for the real simulation of pedestrian 
collisions in full-scale crash test. 
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4. Conclusions and Outlook 

• The BD-dummy, which was designed by staff and students at Priester & Weyde as a substitute 
for pedestrian crash tests, has the anthropometric anatomical and biomechanical characteristics 
of an adult male 50-percentile, as far as it is relevant in a collision against a car. By elastic 
connection of the individual joints and the imitation of the anatomy of human beings, with this 
dummy it is possible to simulate a humanlike body movement realistically, as it is essential for 
the experimental simulation of a car vs. pedestrian accident. As in the design of the BD-Dummy 
dimensions, body masses and mass distribution are based on the human model, the BD-Dummy 
not only shows a human-like realistic movement in a crash experiment, but also produces 
realistic damage in terms of the location, pattern and intensity. Especially the humanoid form 
strength and elasticity of the BD-Dummy also generates damage on the car, as it is known from 
real accidents. 

• By using cheap materials and a relative simple structure, the BD-Dummy is rather inexpensive to 
manufacture. The total cost of a dummy is around 1,500 €. The material costs account for about 
700 €. The production of a dummy takes about a week of time. This is not only production time, 
but also includes drying phases. For larger production volume it might be possible to reduce the 
production time to a few hours, if preparatory works can be done in a kind of production line, 
thus the cost per unit would be reduced to less than 1,000 €. By this it would be possible, to 
perform a sufficient number of crash tests, as they are required to create an extensive catalogue 
of damages as a comparison for forensic experts on accident reconstruction. This would increase 
legal certainty. 

• The BD-dummy has already been tested in crash tests with regard to its suitability as a substitute 
body for car / pedestrian collisions, and has also been verified by comparison with accidents in 
which the main parameters such as speed, brake status, body style, vehicle damage and injuries 
of the pedestrian were known. By optimizing the manufacturing processes and the used materials 
in a next step the standards of production quality should brought to a level that ensures by 
reduction of tolerances an optimal reproducibility of the tests. Another potential development is 
the construction of further percentile dummies. These could be derived from the basis of the 
presented construction considering the appropriate biometric features, since the damage of the 
car does not only depends on the speed of the car during collision, but also largely on the size 
and mass of the pedestrian. Therefore a damage catalogue could make the use of different 
percentile dummies. Hereby the precision in the reconstruction of the collision speed of real 
accidents by forensic experts could also be increased. The first tests with the BD-Dummy are 
already available on crashtest-service.com for all experts, who want to improve their accuracy. 

• Another possible use of the dummy can be seen not only to generate realistic damage to vehicles, 
but also to simulate injuries of pedestrians. This however, needs a more accurate replica of the 
human body in terms of its structure, elasticity and strength. In particular the mechanical 
characteristics of ligaments, tendons and bones in the various regions of the body have to be 
examined more closely. These, exactly to the human model matched features should then be 
implemented constructively in the development of the dummy. From an engineering point of 
view such a task can only be realized sensible interdisciplinary in collaboration with medical 
doctors. 
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inhabitants, the financial amount for offenses and financial penalty for one offense against the safety and 
traffic flow. All data are from 2011. The aim was to develop an analysis of activity based on intrusion 
regularization of municipal police in different countries. 
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1. Introduction 

 Peace securing and order is one of priority of any democratic country. Each of this countries 
chooses that way, which is a traditional optimal in each country. Despite the diversity of different 
countries it is possible to find out some common criterions to securing its citizens,their property and 
other values. One solution is the involvement of local police forces in the security system [4]. 

2. Characteristics of municipal police by the current legislation 

In Slovak Republic:Definition of the basic tasks of the municipal police, its organization, the 
rights and obligations of municipal police, Act about municipal police No. 564/1991 provides. 
"Municipal police is ordered formation, which is providing general matters of public order, 
protection of the environment in the community and fulfilling the general statutes of the village 
(based on the village council resolutions and decisions of the mayor” [11]. 

In Czech Republic:Definition of the basic tasks of the municipal police Act about municipal 
police No. 553/1991 provides [12]. 

In Poland: The stint and form of the municipal police in Poland adjusts so. The law guards the 
city, referred to as "the guards UstawaGminna - Dz. U.97.123.779 of 1997." For the protection of 
public order in the municipality (“gminy”) may be established uniformed municipal formation. In 
Poland, there is used term “strażgminna” in villages and “stra żmiejska” in municipalities where 
the mayor is the executive body. This guards are organizational units of municipalities [9]. 

3. Statistical indicators of activity in municipal police 

Based on pre-processed analysis, which are resulting on statistical activity reports municipal 
police, can be carried on the comparison of selected statistical indicators of Slovak, Czech and 
Polish municipal police. The data are processed for the period of 2011. From the available data it is 
possible to compare the following parameters: 

� Number of inhabitants corresponding to one municipal cop, 
� The proportion of offenses deal with the block procedure to total number of finding out 

offenses, 
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� The average amount of the financial penalty for one offense, 
� The proportion of offenses detected against safety and traffic flow on the total number of all 

finding out offenses. 
� The average amount of the financial penalty for one offense against the safety and traffic 

flow. 
 

2011 year Slovak Republic Czech Republic Poland 

Number of inhabitants in 

the villages with  working 

municipal polices, 

corresponding to one 

municipal cop 

 

number of 

inhabitants 

number of a 

cops 

number of 

inhabitants 

number of a 

cops 

number of 

inhabitants 
number of a cops 

2 995 137 2 493 6 589 364 9542 40 239 059 11 258 

1201,4 690,6 3574,3 

The proportion of offenses 

deal with the block 

procedure to total number 

of finding out offenses 

all defences 

defences deal 

with the block 

procedure 

all defences 

defences deal 

with the block 

procedure 

all defences 

defences deal 

with the block 

procedure 

360 008 232 352 1 685 172 976 883 2 929 845 1 403 226 

64,54% 57,97% 47,89% 

The average amount of the 

financial penalty for one 

offense, 

 

defences deal 

with the block 

procedure 

amount of the 

financial block 

penalty 

defences deal 

with the block 

procedure 

amount of the 

financial block 

penalty 

defences deal 

with the block 

procedure 

amount of the 

financial block 

penalty 

232 352 3 473 912 € 976 883 12 193 079 € 1 403 226 40 611 975 € 

€ 15 € 12 € 29 

The proportion of offenses 

detected against safety and 

traffic flow on the total 

number of all finding out 

offenses. 

 

all defences 

defences 

against safety 

and traffic flow 

all defences 

defences 

against safety 

and traffic 

flow 

all defences 

defences against 

safety and traffic 

flow 

360008 245 813 1 685 172 708 228 2 929 845 1 042 325 

68,28% 42,03% 35,58% 

The average amount of the 

financial penalty for one 

offense against the safety 

and traffic flow. 

 

defences 

against safety 

and traffic flow 

amount of the 

financial block 

penalty 

defences against 

safety and traffic 

flow 

amount of the 

financial block 

penalty 

defences against 

safety and traffic 

flow 

amount of the 

financial block 

penalty 

245 813 2 904 152 € 708 228 unknown 1 042 325 34 312 307 € 

€ 15 unknown € 33 

Tab. 1. Comparison of selected statistical indicators of municipal police activity 

All shown data are from 2011. At least inhabitants, accounting for the one cop are in the Czech 
Republic (average 690,6 people). In the Slovak Republic 1 201,4 and in Poland 3 574,3 inhabitants 
(Fig. 1). The optimum number is around 1 000 inhabitants per a one municipal cop. 

 

 

Fig. 1. Graph of inhabitants’ number corresponding to one municipal cop 

1201,4 690,6

3574,3

0

1000

2000

3000

4000

N
u

m
b

e
r 

o
f 

in
h

a
b

it
a

n
ts

Number of inhabitants corresponding to one municipal cop

Slovak Republic Czech Republic Poland

134



In the form of penalty block was solved 64,54 % of offenses from the total number of offenses 
in Slovakia. This is most of three countries studies. In the Czech Republic there the share was 57,97 
% and 47,89 % in Poland (Fig. 2). 

 

Fig. 2 Graph of the proportion of offenses deal with the block procedure to total number of finding out offenses 

The largest amount of block penalty, on average, municipal police granted in Poland. In 2011, 
amount was € 29. In the same year in Czech Republic it was € 12 and € 15 in Slovakia (Fig. 3). 

 

 

Fig. 3 Graph of the average amount of the financial penalty for one offense 

The greatest proportion of offenses against the safety and flow of traffic was in 2011 in 
Slovakia (68.28%). At least in Poland (35.58%) (Fig. 4). 

 

 

Fig. 4 Graph of the proportion of offenses detected against safety and traffic flow on the total number of all finding 
out offenses 

Due to the not finding of data about the total amount of funds collected for offenses against 
"BESIP" in the Czech Republic, in Fig. 5 is shown the comparison the data only between the 
Slovak Republic and Poland. 

With 68.28% share of offenses detected against safety and traffic flow to all offenses detected 
in 2011 in the Slovak Republic, it was after calculation of the average amount of block penalty this 
offenses at € 15. In 2011 in Poland the proportion was of 35.58% and average penalty for one 
offense was at 33 €. It follows that the municipal police in Slovakia in 2011 focused 2/3 of its 
activities to detect infractions against safety and traffic flow than in Poland. There was it just over 
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1/3 of their activities. Nevertheless, Slovak municipal police gave in average half the lower amount 
of block penalty (€ 15) than Polish municipal police (33 €) (Fig. 5). 

 

 
 

Fig. 5 Graph of the average amount of the financial penalty for one offense against the safety and traffic flow 

4. Conclusion 

To sum up, from the findings result that the largest number of offenses detected in the towns and 
villages in the countries represent the offenses against the safety and traffic flow. These offenses 
also constitute the largest income funds granted from finding out offenses. 
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