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Resume
Current crisis management approaches to protect soft targets make 
assumptions about average visitors/listeners/viewers or passengers. They 
do  not give much consideration to impacts of diversity of potentially 
evacuated persons with regard to socio-psychological parameters/factors 
that may lead to practical problems and complications during the evacuation 
itself. At the same time, the soft target operators have various means of 
machine vision tools at their disposal, but do not use these records for more 
thorough analysis of evacuation planning needs. Based on this observation, 
the article identifies and analyzes the socio-psychological aspects that may 
significantly affect behavior and decisions of persons during the evacuation 
and thus total evacuation time.
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of persons in a  given order, according, to priority 
from places threatened by an emergency event to pre-
determined safe places [5]. The ability to safely evacuate 
and effective calculate the number of people evacuated 
is essential for planning, designing and subsequently 
operating infrastructure [6]. Of course, in practice one 
finds that the measures currently required by law do not 
always provide the support that people need in buildings 
during an emergency event [7].

Large railway stations with complicated architecture 
are common in today’s integrated railway networks. In 
this transportation infrastructure, evacuation plans are 
commonly designed using timeline analysis comparing 
Available Safe Egress Time (ASET) and Required Safe 
Egress Time (RSET) with approved scenarios. This 
approach, however, does not take much account of a basic 
variable, which is the behavior and decision-making of 
people during the evacuation itself and likewise, directly 
before it. In recent years, research has been conducted 
into human behavior during evacuations [8-9] and the 
results have been applied to sophisticated computer 
systems. However, this research was conducted on 
a  sample of mostly healthy people that did not reflect 
a diverse composition of people. 

ASET/RSET timeline analysis was developed over 30 
years ago and therefore should be revised to apply to the 
extensive and structurally complicated infrastructure 

1 	 Introduction

Protection of persons, which temporarily are using 
certain public buildings or spaces, i.e. soft targets, 
are protected through the preventative measures, 
e.g. systems of physical protection, passive barriers, 
etc. These measures prevent emergency events from 
occurring within infrastructure and public spaces. 
That is why they must be kept fully functional and 
up-to-date, especially through the integration of 
dynamic parameters, application of newly obtained 
knowledge [1] or systematic searches and rectification 
of any shortcomings [2]. This knowledge can then 
be implemented and used for crisis management 
information systems [3], which will ensure timely and 
effective protection of individuals. Once these systems 
are disrupted or fail, then it is necessary to resort to 
other means to protect the populace, i.e. to evacuate 
them from places affected by emergency events. 

One of the basic tasks of population protection is 
to evacuate people during emergencies and to ensure 
their subsequent shelter and emergency survival. As 
an organizational measure subject to legal regulations 
and technical standards, evacuations ensure the timely 
response of a population to a threat or emergency event, 
minimizing loss of life and injuries [4]. An evacuation 
consists of a  set of activities ensuring the relocation 
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based approach where both parameters are dependent 
on several variables that follow from the nature of the 
emergency event, the character of the building and the 
composition and behavior of the persons evacuated. 
An assessment of the safe exit time is fundamental 
for organizing the evacuation of people in buildings, 
structures, or generally enclosed spaces [13].

A  basic approach when analyzing effectiveness of 
an evacuation itself is the location and movement of 
people in the space examined [14]. The requirement of 
the safe exit and sufficient protection is defined as the 
difference between Available Safe Egress Time (ASET) 
and Required Safe Egress Time (RSET). This ratio 
must always be maintained, i.e. RSET < ASET. If this 
condition is met, the safe exit of persons is completed 
before conditions become dangerous [15]. 

The ASET, or the time for which safe conditions for 
travelers are guaranteed, is generally assessed using 
analytical equations or models simulating adverse events. 
In the event of a fire, it is suitable for preliminary and 
routine risk assessment of an adverse event due to its 
simple and rapid use [16]. It is determined from the 
moment when the effects of the emergency event reach 
the thresholds prescribed in the acceptance criteria. In 
contrast, the RSET is a  variable based on an analysis 
of the time required by travelers to safely escape the 
impacts of the emergency event [11]. The RSET is often 
estimated on a simple technical level, taking little account 
of factors caused by human behavior. The RSET, or the 
time required to safely exit, is the sum of time to detect 
and react to an alarm, plus movement.  The relationship 
between both quantities is shown in Figure 1.

The conventional ASET/RSET approach was 
founded on the simple concept of a  two-layer zone 
model [17]. This model only expresses the period of 
unsustainable conditions for individual rooms and 
the evacuation time is evaluated in the same way. 
Nevertheless, this approach is still used today for much 
larger and more complicated building complexes without 
the slightest modification, even though the adequacy 

of today [10]. One of the ways it can be updated is to 
incorporate the heterogeneous behavior of persons so 
that models not only consider the response of healthy 
people, but especially people with limited orientation 
and movement and seniors, who fundamentally affect 
evacuation time. Likewise, psychonomy also has 
a  significant impact on the behavior or people when 
responding to an emergency [7]. Based on these facts, the 
current conventional approach to calculating evacuation 
time must be augmented with scientific knowledge in 
this area.

In the context of the above, the goal was to define 
factors affecting the total evacuation time according to 
the well-known ASET/RSET approach and then point 
out the possible gaps, deviations or shortcomings of 
this approach that fundamentally impact the total 
evacuation time. Particular attention was given to the 
socio-psychological aspects of the evacuated persons and 
their impact on the total evacuation time. 

2	 Technical factors determining evacuation 
time (ASET/RSET)

The safety of visitors and people in buildings is 
defined by an evaluation based on a  set of acceptance 
criteria. These criteria are to a  considerable degree 
expressed by occupancy limits of visitors who may 
potentially be exposed to the effects of an emergency 
[11]. Safety during an emergency event is ensured by 
evacuation, where the decisive factor is the amount of 
time left to safely exit (time to unsustainable conditions) 
and the amount of time required to safely exit (building 
evacuation time). The basic concept when evaluating the 
safety of people in a building is to determine the time 
required for people to escape safely from the space and 
pass-through escape routes to a  safe place before the 
conditions that endanger their health and lives occur 
[12]. This is calculated through ASET/RSET methods 
that determine the safety of travelers. It is a simple time-

Figure 1 Relationship between individual components of the evacuation process and its length [13]
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et al. [21] consider use of the ASET/RSET ambiguous 
and therefore propose a  map representation of this 
approach. The maps are generated by spatial evaluation 
of quantities, yielding a  difference map representing 
safety reserve. This approach helps to determine the 
evacuation time in multi-dimensional or risk-based 
analyses. Another person taking an innovative approach 
to the ASET/RSET was Sime [22], who in his work began 
to combine and unify aspects of psychology, architecture, 
engineering and facility management through the 
concepts of occupancy, occupants and passenger location. 
Another modification, the primary goal of which is to 
bridge the divide between psychology and engineering, 
is occupant response shelter escape time (ORSET).

The aforementioned modifications of the ASET/
RSET approach can decrease uncertainty in a  design 
based solely on performance. It has been shown that 
such an approach is insufficient and it is therefore 
necessary to focus the future research on the aspects 
that significantly affect evacuation time. The most 
important aspects, contributing to major deviations 
from the planned evacuation time, are composition of 
the evacuees, their human behavior, response time and 
decision-making.

3	 Socio-psychological aspects of evacuation

As already mentioned above, the process of 
evacuation is characterized by technical factors such 
as spatial requirements (i.e. width, length of narrow 
places, number of escape routes, etc.) and the related 
speed of people’s movement. It is also important when 
calculating the RSET to include person-related factors 
(i.e. individual physical condition, age, mental state 
etc.), their geometry, as well as required assistance or 
orientational ability [23]. The aforementioned aspects 
have a  fundamental impact on the movement behavior 
of evacuees.

Another important group of factors affecting the 
RSET are the socio-psychological aspects. In current 
models these aspects are taken into account too 
generally and, in most cases, homogeneously, if they 
are taken into account at all. Very rarely are evacuees 
viewed as a  heterogenous group of persons, capable of 
making different decisions based on perception of the 
environment and individual personal characteristics. It 
follows from the above that evacuation models do not take 
into consideration the variability of evacuee composition 
and therefore do not take into account possible delays in 
the response time. Based on this fact, social psychology 
has gradually been applied to the process of calculating 
evacuation time, since human behavior during this phase 
is an important factor from a survival perspective [7].

The social psychology is one of the basic psychological 
disciplines that strives to understand and also explain 
the thought and behavior of individuals influenced 
by the actual, perceived or anticipated presence of 

of this approach is only occasionally discussed and 
not addressed in detail [11]. Since the inception of the 
ASET/RSET approach, a number of more sophisticated 
calculations methods have appeared that go beyond the 
framework of basic calculations. Today, complicated 
computer modelling of evacuation dynamics has become 
an integral component of simulation models and not 
only in a two-dimensional representation. These models 
also incorporate other factors affecting the RSET such 
as distance, overcrowding, visibility, proximity of exits 
to their destination or distribution of exits [18]. The 
concept for calculating the ASET/RSET, however, has 
not been adapted to this development. Continued use 
of the current ASET/RSET approach under these 
conditions could lead to significant shortcomings and 
inaccurate calculations, which would lead to deviations 
from the intended scope of purpose of providing a basic 
benchmark for assessing exit safety, originally proposed 
by Cooper [11]. 

For example, in the area of the fire safety, according 
to Babrauska et al. [19], the ASET/RSET concept is 
considered intrinsically defective and its use reduces 
the fire safety of travelers in a  building. According to 
the authors, the concept ignores any differences in the 
physical abilities and condition of the people being 
evacuated and takes a  robot-like approach to people’s 
decision making. In the overwhelming majority of cases, 
evacuation time is influenced by the composition of 
people, their decision-making, the social relationships 
between them, injured people etc. These additional 
aspects of evacuation are considered in the computer 
tools already mentioned. In most cases, these tools 
consider the nature of the space, individual attributes, 
the distribution of emergency exits and possible loss of 
route due to the incident. These models may also include 
factors that significantly affect the behavior of people 
and their decision-making process. However, if such 
factors are included at all, they are very general and 
behavior of the people being evacuated is oversimplified 
[20]. Knowledge regarding the behavior of people during 
an evacuation and their response to emergency events is 
limited regardless of approach. This shortcoming stems 
from the lack of a  comprehensive conceptual model for 
the decision-making and behavior of evacuees during 
the emergency event [12]. There is also little literature 
available on viable alternatives to this simplified manner 
of evaluating the safe escape [11].

The literature also mentions possible modifications 
and adaptations of the current approach. One possibility 
is a simple revision, consisting in the modification of 
the ASET to ASUT, i.e. the available time that an 
area can be safely used for escape and RSUT, the 
required time for safely using an area for escape [11]. 
This change considers the longest possible duration of 
the evacuation itself, the time when an area is last used 
by an occupant. This simple revision enables designers 
to take into consideration detailed information from 
more advanced simulation models. Similarly, Schroder 
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is building features, which define the evacuated space 
and provide crucial information for selecting escape 
routes. The final area is, in this case, fire features. Here, 
the characteristics and subsequent development of the 
emergency event are crucial.

4	 Factors influencing the behavior/decision 
making of people during an evacuation

Understanding the human behavior and decision 
making during the evacuation process becomes an 
important aspect of increasing infrastructure safety 
and ensuring the reliable movement of people. The very 
movement of heterogeneous groups of people and their 
interaction is important to properly design buildings 
and reasonably predict the course of an evacuation [32]. 
Empirical data on behavior during an evacuation, its 
effectiveness and the spread of an emergency event is 
scarce. There are numerical simulations to determine 
available and required safe exit periods [33-37], however, 
these are founded on imprecise homogeneous data and 
ideal groups of individuals. For these reasons, it is 
necessary to devote increased attention primarily to 
those factors that significantly affect the behavior and 
decision-making of people during the evacuation period.

People’s behavior is the result of their perception, 
interpretation and decision-making process, which 
is influenced by external and internal factors [38-
39]. External factors or factors that characterize and 
shape the building environment (for example, type of 
a  building, number, location and width of emergency 
exits, location of stairways, application of evacuation 
signs, bottlenecks, etc.) only affect human behavior 
to a  certain degree. However, internal factors, i.e. 
human characteristics, are considered as the key factors 
that determine response to the effects of emergency 

others. Social psychology deals with behavior of an 
individual in a  social environment. This discipline can 
also be understood as the study of individuals in their 
interactions with others and the interplay of individual 
thoughts, feelings, emotions and habits [24]. Social 
psychology thus examines the question to what degree 
the behavior of an individual is influenced by behavior of 
others (relatives, society, groups of people, etc.), meaning 
that it examines the behavior of individuals with respect 
to social stimuli in the surroundings [25-26], whether 
individuals become members of a  social group and 
how they function in these groups. This is therefore 
an interdisciplinary understanding that derives the 
laws, development, changes and nature of interpersonal 
behavior. Social psychology can be defined as the actions 
people take based on their perception of a  situation, 
their intention to act and considerations ensuing from 
crowd behavior [7].

Scientific research into human behavior during the 
adverse events is relatively new. Since the beginning 
of the 20th century there have been a  number of 
monitored evacuation studies along with investigations 
of catastrophes in various types of infrastructure [18, 
27-28]. Many studies have also been carried out [7, 29-31] 
showing that the sociological and psychological aspects 
of human behavior significantly affect the time required 
for evacuation. These studies have also confirmed an 
interaction between evacuees, buildings and the course 
of various emergencies. These three components are 
presented in Table 1 for the case of a fire.

Kobes [7] defines three component areas that have 
a fundamental impact on the RSET. The first is human 
features, which have a  direct and primary effect on 
the level of response to an emergency event and are 
examined from the perspective of both individuals 
(individual characteristics) and groups (social and 
situational characteristics). Another major component 

Table 1 Three components for the fire response performance model [7]

human features building features fire features

individual features
•	 personality
•	 knowledge & experience
•	 powers of observation
•	 powers of judgement
•	 powers of movement 

engineered features
•	 lay out
•	 installations
•	 materials
•	 compartments
•	 size of building

perceptual features
•	 visual features
•	 smelling features
•	 audible features
•	 tangible features

social features
•	 affiliation (e.g. family)
•	 task fixation
•	 role/responsibility

situational features
•	 focus point
•	 occupant density
•	 ease of way finding
•	 building evacuation team
•	 maintenance

fire growth rate
smoke yield
toxicity
heat

situational features
•	 awareness
•	 physical position
•	 familiarity with layout
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A relationship between intelligence and evacuation 
success was also confirmed and it was shown that 
specific personal characteristics tend to have a  small 
effect on evacuation efficiency. In contrast, psychological 
states (anxiety, depression, stress, etc.) have a  large 
negative impact on cognitive function, which is essential 
for an effective evacuation [41]. The field that deals 
with discovering the laws governing human behavior is 
psychometry [44]. Three personal traits in particular are 
important in this approach [7]:
•	 Leader/follower (active/passive) - This personal trait 

is very important. Most people during evacuations 
are followers who do  not react to danger signals, 
but rather wait on others before they start to act. To 
the contrary, a leader in stress situations is able to 
make effective decisions. In most cases, leaders are 
the people who are organizationally responsible for 
the building based on their roles or positions.

•	 Resistance to stress - too much physical stress 
leads can overload one’s capacity for processing 
information and can disrupt cognitive processes (as 
an individual reacts to the given situation) [45].

•	 Belief in self-efficacy - to what degree does a given 
person believe in himself or herself? This affects the 
efforts they make and the time required to act if 
they encounter an obstacle.

4.3	 Social traits

Actions and decision-making are very strongly 
influenced by the social bonds existing between individual 
persons that create groups and shape interpersonal 
distance. These ties have a significant impact on behavior 
of the groups formed, which tend to move in mutual 
agreement and leave areas together [43]. Decisive social 
characteristics include interaction between the people 
present, the degree to which tasks are performed and 
the role of people in the building. In most cases, people 
tend to work together and respond as a  group for as 
long as possible instead of acting individually. This fact 
is enhanced if strong social bonds exist between people 
(family, partners) [7]. All of these aspects impact the 
course of the evacuation, the response time and decision-
making. If people become separated from each other, 
e.g. a  family, this fact can lead to opposing movement 
and prevent the flow of the crowd as a whole, which may 
disrupt the permeability of emergency exits [43]. People 
who are part of a group tend not to make decisions for 
themselves, but rather wait on the response and decision 
of others [46]. This fact is supported by the generally 
accepted notion that an individual in a  crowd usually 
acts differently than when alone [47].

4.4	 Situational traits

The last group of factors that influence the behavior 
of people is associated with situational characteristics 

events [36]. Kobes [7] claims that individual, social and 
situational traits are critical, while individual elements 
can further be broken down into physiological and 
psychological characteristics [6]. Most authors agree 
that human characteristics significantly affect people’s 
behavior and have a more significant impact on people’s 
decision making than external factors. For this reason, 
the following text is devoted only to internal or socio-
psychological factors.

4.1 	Physiological individual traits 

The socio-psychological aspects affect people’s 
decision-making, their search and selection of evacuation 
routes, the speed and movement of evacuees and 
fundamentally also affect the RSET. These aspects are 
characterized by the individual abilities of individuals 
in combination with the environment in which they 
find themselves. Important individual physiological 
characteristics include the composition of people in 
the evacuation space, their roles, age, gender, mental 
capacity and body weight. The evacuation time is also 
influenced by crowd density and percentage of people 
unable to find an escape route without assistance, 
presence of people with strollers, etc. [6, 22-23, 32, 40].

4.2	 Psychological individual traits 

The psychological characteristics of people are also 
important. These factors include people’s cognitive and 
emotional states. Severe stress or, conversely, refusal 
to acknowledge the life-threatening events, prevents 
effective evacuation. Likewise, inaction, apathy or 
children dependent on other people prevent survivors 
from evacuating [6, 41]. The relationship between the 
speed of movement and emotional state has been derived 
using a theory of extreme values [42]. One must also not 
to forget the specific characteristics of individuals, which 
include [43]:
•	 Instincts - Instincts influence the innate pattern 

of behavioral response to certain stimuli. A person 
can act instinctively without even being aware of it. 
When under the great stress, people tend to follow 
their instincts as the most primitive response when 
making split second decisions.

•	 Experience - Based on previous situations 
(knowledge of safety procedures, fire safety training, 
etc.), it is possible to derive a  relatively standard 
routine and then apply it to situations in the future. 

•	 Limited rationality - This assumes decision-making 
based on evaluation of the alternatives in terms 
of their implications for preferences, i.e. searching 
for possibilities; anticipation of consequences; 
consideration of each consequence with respect to 
preferences and selection of the most appropriate 
option.  
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which presumes that people will react to specific stimuli 
in a similar manner [54]. Another limiting factor is the 
technical data describing the movement characteristics 
of evacuees. This system input data is generally based 
on young and healthy populations and often does not 
take into account indisposed people. Yet, the current 
composition of the population and demographic trends 
confirm the growing number of handicapped individuals 
and older or generally less mobile people [55]. In addition 
to the effects of aging, these people suffer from impaired 
perception, reduced information processing and reduced 
mobility [56]. While technical computer evacuations 
models do exist to estimate movement times of people and 
their evacuation behavior, these are poorly described and 
quantified and adopt simplified behavioral assumptions. 
Thus, this data is highly unrealistic and can provide 
inaccurate results [43, 57]. It is necessary to enrich all 
this data with a population structure that is diverse to 
yield more accurate calculations and ensure evacuation 
to a  safe place. Based on the above, it is essential to 
apply the socio-psychological aspects to the process 
of calculating the total evacuation time, since these 
aspects have a significant impact on the speed, accuracy, 
efficiency and effectiveness of decision-making.

4.5	 Influence of the socio-psychological aspects 
on evacuation time

It follows from the above that the socio-psychological 
aspects are a  very significant component affecting 
the reaction time and decision-making process of 
evacuees, thus affecting the total time required to 
relocate people to a safe space. Table 2 below presents 
a qualitative comparison of select psychological aspects 

including awareness, physical location and knowledge of 
the building layout [7]. Awareness of an adverse event 
means certain knowledge about the possible course 
of the emergency or how it would tend to develop. It 
is important to mention that awareness is dependent 
on the alertness of people, which may be reduced by 
fatigue or consumption of alcohol or narcotics [48]. 
Physical position means the present position of a person 
(standing, walking, sitting or lying). The layout of 
the building and especially knowledge of the layout 
significantly affects decisions on selecting evacuation 
routes. Analysis of observed phenomena clearly shows 
that most people leave buildings along the route they 
know (usually the main entrance) and thus ignore 
alternatives that may be more effective [43].

In addition to the aspects above, Sime [49] considers 
one of the most important aspects to be occupancy, 
which defines the relationship between people and the 
environment. This is based on research on human behavior 
during emergencies and evacuations and research in 
environmental behavior and environmental psychology. 
Sime [22] further claims that a person is different in each 
and every physical (and social) setting and situation. 
Each person is limited by the conditions and amount 
of knowledge and action provided by various social, 
organizational and physical conditions and environments 
occupied by people over the course of time.

The socio-psychological aspects and behavior of people 
during evacuation are currently part of most computer 
programs simulating evacuation conditions in fire safety 
engineering and crowd safety using the RSET [50-52]. 
With help of these most advanced, three-dimensional and 
intelligent computer tools it is possible to predict behavior 
to a certain degree [46, 53]. The main limitation of these 
sophisticated systems is the assumption of homogeneity, 

Table 2 Impact of the socio-psychological aspects on RSET

socio-psychological aspects
components of the RSET evacuation process

recognition time response time movement time

individual physiological 
traits 

role X X

age X X

cognitive ability X

body weight X

individual psychological 
traits

instinct X X

experience X X

limited rationality X X

emotional state /resistance to stress X X

leader/follower X X X

belief in self-efficacy X

social traits
interpersonal distance X

strength of social bonds X X X

situational traits

awareness of emergency X X

physical position of person X X

knowledge of building layout X X
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failure would have serious implications to the system 
itself and significant consequences to other critical 
infrastructure sectors [60]. The area selected is one of 
the busiest railway stations in the Czech Republic, but 
for reasons of safety remains anonymous. The station 
handles an average of 70,000 travelers a day [61]. The 
complex is quite extensive, consisting of platforms, 
passages, underground and above-ground floors, stores, 
restaurants, a  concourse and passenger service areas. 
Given this fact, in this case study the focus was only on 
the concourse building consisting of one above-ground 
floor and three underground floors.  

In the building there are several contract carriers 
along with a  large number of shops. There are also 
restaurants, fast food, grocery stores, bookstores, 
information booths, clothing stores and other passenger 
services. Travelers not only use this space to access 
platforms but they also wait here for trains to arrive 
and depart. Because of this, a  large number of people 
are often gathered here, which is one of the reasons 
why this building in particular was selected. It is 
a location with large groups of people and the probability  
of an attack is greater here [58]. The case study 
examines the evacuation of the main station due to 
a  violent attack, specifically, a booby-trapped explosive 
device placed in the station. According to the risk 
analysis performed [58], this threat is classified as 
a  secondarily significant risk and security against this 
type of emergency is low.

The anticipated evacuation time is calculated 
according to Formula 1, where the value for s  only 
represents the values of coefficients determined 
according to standards [62] and does not reflect the 
socio-psychological aspects:

.
t

l
v K u

E s0 75
u

u

u u

$
$
$= + ,	 (1)

where: tu = estimated evacuation time; lu = length 

that significantly impact components of the RSET 
evacuation process.

The recognition time can be described as the time 
it takes for a  person/group of persons to identify and 
assess the severity of an emergency event according to 
certain features. The response time is the time it takes 
for people to react to the severity of an emergency event 
and the related need to take certain steps leading to 
subsequent evacuation. The movement time is the time 
it takes for people to move from an evacuation zone to 
emergency exits and then to the evacuation center. From 
Table 2 it follows that the socio-psychological aspects 
have a  significant impact on people’s decision-making 
process in all the phases of evacuation and therefore 
fundamentally affect total evacuation time. Based on 
a  qualitative comparison of individual components 
it is possible to identify the most important socio-
psychological aspects, including the role of leader/
follower and the strength of social bonds. These aspects 
were then used in the case study. 

5	 Case study of application of the socio-
psychological aspects during the evacuation 
of a railway terminal

To verify the theory based on current data on 
the socio-psychological aspects and their practical 
application, a hub in the transportation infrastructure 
of the Czech Republic was chosen. Since this is a public 
space with a  very high concentration of people during 
the day and sometimes also at night, the building in 
question may be considered a  soft target. Specifically, 
it is a  soft target in the transportation category and 
interchange sub-category [58]. This element was chosen 
based on its significance, scope, purpose, reliability and 
assessment of its critical nature [58-59]. This element 
is interconnected with other systems. Its disruption or 

Table 3 Values of evacuation condition coefficients according to CSN 73 0802 [62]

evacuees unprotected escape route

able to move independently 1.0

with limited mobility 1.5

unable to move independently 2.0

Table 4 Calculation of the preliminary evacuation time according to [62]

parameters of preliminary evacuation time value of individual parameters

length of escape route 150 m

speed of evacuee movement 20 m.min-1

number of evacuated persons 6000

coefficient of evacuation conditions* 1.25

unit capacity of escape lane 40

number of escape lanes 8

estimated evacuation time 29 min

* This value was adjusted based on the variability of evacuated persons
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a gap in research that must be addressed in the future.
Another condition that must be met by parameter 

s is its total value, which lies within a closed interval of 
<1, 2> but must not exceed the upper limit of two. This 
value represents the movement time of people incapable 
of independent movement, i.e. double the evacuation 
time of people capable of independent movement, that 
is set by the standard [62]. When maintaining the 
parameters of Table 4 and setting the highest possible 
values for the coefficient of evacuation conditions, it 
can be concluded that the estimated evacuation time 
should not be more than 43 minutes. The time difference 
between calculations (29, 43), represents the increase in 
evacuation time after expanding parameter s. These 14 
minutes represents the variability and percentage share 
of the socio-psychological aspects.

6	 Conclusion 

Evacuation is the primary way of protecting soft 
targets and other types of buildings (e.g. structures 
and property used for education, social care, health 
care, culture, public administration, public safety etc.) 
[64-65], and above all the people inside them in the 
event of an emergency event [66]. The correct and 
accurate estimation of evacuation time is essential for 
ensuring the relocation of people to a safe place in the 
life-threatening and dangerous conditions. This fact is 
also the primary challenge for researchers developing 
evacuation simulations and people responsible for 
building and operating infrastructure.

The time interval for determining the total 
evacuation time is commonly determined according to 
the formula for calculating the RSET. Although this tool 
has been used for many years, under current conditions 
it is ineffective due to major shortcomings. Estimated 
evacuation time calculated according to this approach 
does not reflect the human factors that enter into the 
evacuation process. These socio-psychological aspects 
of human behavior and subsequent decision-making 
significantly affect the time required to evacuate people. 
This claim is backed by experimental and post-incident 
studies that imply patterns of human behavior. Research 
has shown, however, that these formulas are generally 
obtained from homogeneous groups of people that are not 
variable and do not reflect the actual composition of the 
populace. In this context, it is necessary to focus research 
on the diverse composition of the population and examine 
the specifics of people unable to move without assistance, 
people with limited mobility, senior citizens, etc. 

The article also presents a  source of information, 
systematically performed research analysis that serves 
as a  basis for further development of simulation tools 
necessary to determine the total evacuation time. 
This article points out the shortcomings of using the 
current calculation approach according to the RSET 
and the need to update it. The current calculation 

of escape route; vu = speed of evacuee movement;  
E = number of persons evacuated; s  = evacuation 
conditions coefficient; Ku = unit capacity of escape lane; 
u = number of escape lanes.

These calculations include only the minimal 
physiological aspects of the persons evacuated, such 
as able-bodied individuals, persons with reduced 
mobility or persons unable to move independently. 
This calculation approach also does not consider the 
specifics of individuals (i.e. passengers, employees, 
passenger escorts, etc.), their percentage representation 
in the total number of evacuees and psychological or 
social traits. These aspects, however, do affect the total 
evacuation time.

For calculations were used the coefficient input 
values given in Table 3, which are set out in CSN 
73  0802 [62]. Table 4 then presents values needed to 
calculate the preliminary evacuation time according to 
current standards [62].

The simplified calculation of evacuation time carried 
out is merely an illustrative estimate of anticipated 
evacuation time. Fictitious values were used in this 
calculation. The subsequent evacuation time was 
calculated to be 29 minutes, although this does not 
include the socio-psychological aspects that enter into 
all the phases of evacuation (recognition, response and 
movement time). Based on a survey of the literature, it is 
presumed that that the inclusion of these aspects would 
increase the evacuation time. This fact is mainly due to 
the coefficient of evacuation conditions, which, however, 
currently only reflects the ability of evacuees to move 
independently (see Table 3).

In the context of currently identified socio-
psychological aspects (see Table 2), the factors 
determining the coefficient of evacuation conditions are 
expanded in the following manner:

; ; ; ;s f s s s s sspo fyz psy soc sit= ^ h ,	 (2)

where: sspo = ability of people to move; sfyz = physiological 
traits; spsy = psychological traits; ssoc = social traits; ssit = 
situational traits.

The basic parameter s  is logically expanded by 
four variables, i.e. the socio-psychological aspects, 
affecting evacuation time. The current value of the 
coefficient of evacuation conditions (see Table 3) is 
retained, although its impact on the total value of 
the parameter is considerably lower. The percentage 
share of the proposed parameters cannot be clearly 
defined under the current conditions, especially due to 
a lack of professional studies on human behavior during 
evacuation. At present, studies do  exist showing that 
individual aspects impact evacuation time, e.g. it has 
been demonstrated that up to 73% of people evacuate 
with one or more member of a group and 80% of these 
are family members [63]. Nevertheless, this and similar 
research does not determine the significance or mutual 
comparison of individual aspects. This fact represents 
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systems developed should use measurements and data 
based on knowledge of psychological methodology and 
mathematical statistics to maximize their predictive 
power. In the context of the above, classification of the 
socio-psychological aspects is an important input variable 
for the further development of tools and optimization of 
evacuation procedures.
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process must also incorporate the socio-psychological 
aspects affecting the behavior and decision-making of 
people. Based on the above, it is necessary to address 
this issue and develop a  complete and comprehensive 
conceptual model of human behavior and decision-
making during evacuations. This model would have 
a  major impact on training and education and would 
also enable complete behavioral patterns of behavior to 
be incorporated into the simulation tools. In the future, 
it would also be desirable to create a better methodology 
or incorporate artificial intelligence and machine vision 
in the evacuation calculation process, making it possible 
to obtain the real-time evacuation estimates. The 
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