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Faculty of Civil Protection and Security Engineering, Fire University, 52/54 Stowackiego Street, 01-629 War-
saw, Poland; mpecio@apoz.edu.pl; Tel.: +48 698 658 537

Abstract: This article reviews and discusses the behaviours and patterns associated with panic
evacuations, as documented in the literature, which must be considered when analysing and
modelling such events. Where possible, diverse perspectives from existing research have been
contrasted with the author’s own observations and reflections. Structured as an overview, the article
introduces subsequent analyses and highlights several non-intuitive questions that arise during the
investigation. The study examines the relationship between movement velocity and crowd density,
comparing experimental data with simulations conducted to date. It explores the connections
between flow rate, crowd density, and velocity, and suggests potential directions for further
research in this field. Additionally, the article addresses the loss of evacuation coordination under
crowding conditions and presents studies that demonstrate optimal evacuation at speeds that differ
from the so-called comfortable pace. The positive effects of strategically placed obstacles in reducing
congestion and improving evacuation times are also analysed. This literature review is conducted
from a practical perspective, with the primary aim of deepening our understanding of panic
evacuation phenomena. Furthermore, the article categorises the impact of various phenomena
associated with stampedes and panic evacuations on the requirements for safe evacuation. A tabular
summary of the technical and structural measures for evacuation is provided, which may prove
useful in designing effective evacuation strategies when dealing with heightened emotional states
among evacuees.
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1. Introduction

Crowd psychology has long been the focus of extensive scientific research. A key aspect of this
field, relevant to the present study, concerns individual behaviour during crowd stampedes in panic
evacuations. This phenomenon was first delineated and categorised in the psychological literature,
drawing upon empirical data, by Mintz [1] and Quarantelli [2], among others, in the early 1950s.
Later, the evacuation process was analysed in terms of decision-making mechanisms [3-5]. Interest
in modelling crowd behaviour emerged in the early 1990s [6,7], and soon thereafter, researchers
began to incorporate panic situations into these models, with some of the first theoretical assumptions
published by Helbing et al. [8].

The motivation for developing simulation models of crowd evacuation, particularly those
focussing on the dynamics of a crowd stampede, is understandable, given the numerous incidents
that have led to disastrous outcomes and significant fatalities [9]. Moreover, panic-inducing events
not only cause human casualties but also incur considerable social and economic costs [10].
Consequently, this subject remains a major focus within both social science and safety engineering.

At present, there are no explicit legal obligations in Poland requiring the analysis of building
designs to reduce the likelihood of panic evacuations [11,12]. A similar situation exists in other
countries, which is perhaps understandable given that crowd stampedes are neither common nor
easily predictable. However, when such events do occur, the consequences can be tragic [13-15]. This
highlights the need for a dedicated analysis to assess the necessity and potential scope of legislative
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amendments. Despite the absence of explicit legal stipulations, existing knowledge on panic
evacuation can be applied through the legal framework’s provision for so-called substitute solutions.
These solutions allow for the use of existing buildings that do not fully comply with current
requirements, as well as the design of new buildings that deviate from these standards. In such cases,
replacement measures must be implemented to mitigate the adverse impact of non-conformities on
fire safety. In Poland, the acceptance of replacement solutions is predicated on a technical expert
opinion on the state of fire protection [16], prepared by building and fire protection experts [17]. In
enclosed spaces intended for large numbers of people, it is considered good practice to assess the
potential exposure to crowd stampedes, particularly because empirical evidence suggests that the
aftermath of a panic evacuation may result in more casualties than the event itself [18].

Panic during evacuation, often referred to as a crowd stampede, is inherently unpredictable and
dangerous. Consequently, it is hypothesised that conducting full-scale experiments under real
conditions is not feasible. Although analyses based on actual visual recordings have been
conducted —for example, in the cases of earthquakes [19,20] or religious festivals [21]—such
opportunities are limited by the scarcity and poor quality of the available footage.

Notably, according to the extant literature, the dynamics observed in the orderly movement of
people under normal conditions differ considerably from those that occur when self-control is lost
during an evacuation. One of the aims of this article is to clarify the principles that have been studied
and analysed thus far regarding how evacuees behave according to their emotional state. This study
is based on a literature review, the findings of which are distilled into conclusions that outline
prospective research directions and perspectives. Ultimately, the long-term objective of this research
is to enhance the safety of building occupants by reducing the likelihood of a crowd stampede during
a panic evacuation. The author also intends to conduct further research to develop a theoretical
foundation for the advancement of panic evacuation modelling.

2. Panic Evacuation Characteristics

A comprehensive review of the existing literature, including sociological and psychological
publications, media reports, empirical studies, and counselling books, allows us to identify the
defining characteristics of runaway panic [8]:

e Individuals tend to move, or attempt to move, at speeds that exceed their usual pace.

e  Physical pushing occurs as interactions between people become increasingly forceful.

e  Movement, particularly when negotiating constricted spaces, becomes uncoordinated.

e  Crowds thicken at exits, often forming curved edges.

¢  Congestion develops.

e  Physical interactions within the dense crowd generate pressures of up to 4450 N/m, which can
bend steel barriers or knock down brick walls.

e  The egress process is further impeded by fallen or injured individuals, who become obstacles
themselves.

e A tendency to adopt uniform, crowd-like behaviour is evident.

e  Alternative exits are often overlooked or used ineffectively.

An interesting study using social network analysis examined 78 instances of panic evacuation,
identifying 17 factors associated with the onset of crowd panic [22]. The most prevalent risk factors
include the following:

e  Crowds with densities that exceed critical thresholds.
e  Pedestrian trips and falls.

e Inadequate implementation of safety measures.

e Indirected movement of the crowd.

e  The absence of effective on-site monitoring.

During the literature review, a recurrent research challenge emerged: distinguishing between
causes, effects, and accompanying phenomena, particularly in complex scenarios such as panic
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evacuations. A primary detrimental aspect of crowd evacuation is the formation of congestion at
bottlenecks. This congestion can act both as a cause and an effect, creating positive feedback loops.
Therefore, further investigation, ideally through experiments that closely resemble actual conditions,
is imperative. Such research could reveal the underlying principles governing congestion during
large-scale evacuations and identify measures to mitigate the negative impacts of crowd stampedes,
potentially informing legislative changes.

One objective of this study is to assess the practical applicability of the research findings
published to date, along with the analysis presented herein. To this end, the study has identified key
areas related to legal technical and construction requirements for safe evacuation that may require
modification in scenarios where a crowd stampede is a risk. The evacuation requirements to be
analysed include the following;:

e  The width of a single emergency exit.

e  The number of emergency exits.

e  The length of an evacuation passage (within the room).

e  The length of an evacuation access (from the room to the safe zone).
e  Provision of smoke ventilation.

e  Use of a voice alarm system.

Each of these phenomena will also be examined for its potential impact on evacuation
requirements. The aim is to identify dependencies that can guide the selection or modification of
measures to reduce the likelihood of panic evacuations or minimise their adverse impact on
evacuation safety.

3. Phenomena Associated with Panic Evacuation

3.1. Velocity of Movement Is Contingent Upon Crowd Density

Numerous studies have established a clear correlation between movement velocity and crowd
density. These findings have been comprehensively summarised by Thompson and Marchant [23].
Figure 1 provides an overview of empirical studies on this relationship [24-27], illustrating the
approximate range of values (indicated by the hatched area).

As shown in Figure 1, movement velocity (v [m/s]) decreases as crowd density (p [p/m?]),
measured in people per square metre, increases. The differences observed across studies can be
attributed to varying conditions and methodologies, which is to be expected. Additional research on
this topic is available in the literature [28], though the principal assumptions and relationships
outlined in 1995 remain both valid and widely utilised.

A detailed analysis of the relationship between evacuee movement speed and evacuation
requirements leads to several key conclusions:

e  Operating at speeds greater than the design speed can reduce evacuation time; however, the
impact of increased inhalation associated with heightened emotional states appears to be
relatively minor.

e  Areduction in speed due to increased crowd density may negatively affect evacuation safety, as
it prolongs exposure to hazardous substances for those trapped in congestion.

These adverse effects can be mitigated or even eliminated by shortening evacuation passages
and access routes, as well as by equipping escape routes with effective smoke ventilation.
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Figure 1. Range of movement speed values depending on crowd density.

3.2. Flow Rate Is Contingent Upon the Density and Velocity of the Crowd

The theoretical relationship between flow rate and crowd density has been extensively examined
in the literature [29].

Figure 2 shows the fundamental relationship between flow rate, velocity, and density. The
graph’s characteristic shape is a common feature in many theoretical discussions on the subject. Here,
the parameter of interest is the flow rate f [p/ms], which reaches its maximum at the critical
parameters p. and v.. When crowd density is below the critical threshold, the flow rate increases
with density, as pedestrian movement is relatively smooth. However, when density exceeds this
critical level, blockages occur, causing both flow rate and velocity to decline. The safe density p; is
defined as the point at which the crowd congregates but maintains a slow flow, while the maximum
density ppnq, represents the threshold beyond which movement ceases entirely.
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Figure 2. Basic relationship between flow rate, velocity, and crowd density [30].

Adopting precise values for each parameter remains challenging owing to considerable
variations between different data sources. For example, according to the Green Guide [31], p; is 4
p/m? and P4y is 7.4 p/m? Chen et al. [32] report p; as 3.57 p/m? and p,,q, as 8 p/m? meanwhile,
CFPA-E [33] provides p. as 1.9 p/m? (with ps not specified) and p;;4, as 3.8 p/m?2. These variations
suggest that parameter values depend on specific boundary conditions and should be selected on a
case-by-case basis.

A comprehensive review of both the literature and empirical data on the relationship between
crowd density and flow rate is available [34]. Figure 3 presents several approximations of this
relationship, illustrating models such as WM [35], SFPE [36], Hankin [27], and PM [25].
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Figure 3. Graphs of the relationship between crowd density and flow rate.

The studies indicate that the reduced throughput caused by high crowd density significantly
increases the time required to navigate bottlenecks. Consequently, implementing appropriate
evacuation measures can mitigate these risks, as follows:

e Increasing the width of emergency exits: This reduces pressure along the exit axis and facilitates

a more efficient flow.

e Increasing the number of emergency exits: This distributes the flow of evacuees, thereby
reducing the likelihood of congestion.

e  Shortening evacuation passages: This decreases the time needed to leave a room, thus limiting
exposure to hazardous substances.

e  Equipping escape routes with smoke ventilation: This effectively removes dangerous substances
from the environment.

¢ Installing a voice alarm system: Such systems are recommended as they can help maintain calm
and guide evacuations in the correct direction.

Two predictions, which require further empirical validation, are as follows:

e  Under free-flow conditions: The relationship between exit width and flow rate may be non-
linear, exhibiting a stepwise improvement as the exit width increases to accommodate successive
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individuals side by side. This phenomenon, often referred to as the “zipper effect” [34], merits
further investigation.

e  Under congested conditions: The relationship between exit width and flow rate may also be non-
linear owing to the highest crowd pressure being exerted at the edges of the exit [37]. With a
sufficiently wide exit, the pressure at the centre may not be enough to significantly impede flow.

3.3. Congestion Prevents Coordinated Evacuation

As illustrated in Figure 4 and detailed in Table 1, the temporal dynamics of egress from a
reference room (15 x 15 m, with a 1 m wide door) depend on the velocity at which individuals move

8].

50
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v=15m/s
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v=2.5m/s

Nubmer of evacuated people

v=3m/s
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Figure 4. Number of people evacuated per unit time for different movement velocities.

Table 1. Number of people evacuated per unit of time depending on their velocity.

Time [s] 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75

o5 01 0110111111110 2011T1Q011T1T1:1
1 1 1111111111101 2 2112222012
E 15 222223222 2321031021121132
,%’ 2 1221200001 2212112303212 320
,% 25 13 1110011301313 01332211T1:1
» 3 00014132 222011100212 200010

3 0 01 1131020001120 210001101

Two significant observations can be drawn from the graph and table. Firstly, during the 51-75 s
test period, the maximum number of individuals (44) evacuated at a velocity of 1.5 m/s. Comparable
outcomes were observed in the other scenarios: 35 people at 2.5 m/s, 34 at 2 m/s, 30 at 1 m/s, and 26
at 3 m/s. The poorest performance was recorded at speeds of 3.5 m/s (19 people) and 0.5 m/s (20
people). For the purpose of analysing escape evacuation, it is crucial to understand how congestion
forms in relation to speed —congestion is represented by horizontal lines in the graph and shaded
cells in the table.
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The data indicate that the greatest congestion occurred at the highest speeds—3.5 m/s resulted
in six congestion episodes (three of which lasted >2 s), while 3 m/s produced five episodes (three
long). In contrast, no congestion was observed at a speed of 0.5 m/s; the gaps (or “0” values) in the
table reflect an insufficient density of people to sustain a continuous flow. Notably, significant
congestion was not observed until speeds of 2 m/s and 2.5 m/s, and these instances were isolated.
Notably, the room (225 m?) had only a single 1 m wide emergency exit; it is hypothesised that a wider
or more numerous exit configuration would accentuate the effects of accelerated movement.

A fundamental question arising from these surveys is whether the number of individuals
evacuated is the sole pertinent metric when assessing effectiveness of evacuation, whether analyse
also congestions. Ultimately, the primary concern is to determine whether it is feasible to evacuate
all occupants within the designated timeframe. It is also crucial to recognise that congestion can lead
to injuries due to increased pressure, which may significantly reduce the effective width of the
available passage.

The above observations are likely most relevant to situations involving a relatively high crowd
density (i.e., a density near the emergency exit exceeding 2 p/m?). Figure 5 presents CCTV footage
capturing the onset of panic in a gymnasium with a low overall density (only 19 people in the entire
room). This footage was recorded in North Carolina in January 2020 during a storm that caused
damage to the building’s wall and part of its roof. While a single recording cannot yield definitive
conclusions, it provides a valuable starting point for further analysis, given the intuitive nature of the
observations. It is hypothesised that the optimal walking speed exceeds the comfortable pace until
the critical crowd density is reached and emergency exits are sufficiently numerous and spacious.
However, the precise relationship between these parameters remains to be conclusively
demonstrated. Detailed analysis of the video frames reveals that subjects were moving at an average
speed of approximately 3.5 m/s, as evidenced by an individual in a white sweatshirt covering
approximately 7 m in roughly 2 s. Notably, this movement did not result in congestion, and the
subjects quickly vacated the potentially hazardous area.

The primary focus of this article and the numerous studies it references is congestion. This issue
poses a significant research challenge because, depending on the event, heightened emotions during
evacuation (e.g., a crowd stampede) can trigger congestion, and congestion, in turn, can exacerbate
emotional distress. These two phenomena may even reinforce one another. Nevertheless, several
evacuation measures have been shown to reduce the likelihood of congestion:

e Increasing the width of emergency exits: This reduces pressure along the exit axis, addressing
one of the root causes of congestion.

e  Reducing the length of evacuation passages: Shorter passages decrease the time required to leave
the room, thus mitigating the adverse effects of congestion.

e Implementing smoke ventilation: This measure can remove hazardous substances from the
environment, alleviating the negative impact of congestion.

e Installing a voice alarm system: When properly programmed and designed, such systems have

the potential to calm emotions, thereby reducing the likelihood of congestion.
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Figure 5. Video footage showing the evacuation of a small number of people from a gymnasium in the event of

a panic (https://www.youtube.com/watch?v=eSm3ywc_LlIs), (accessed on 19 January 2025).

3.4. In a State of Panic, People Are Prone to Following the Crowd

Analyses of real-life events have demonstrated that individuals are more likely to follow the
crowd when in a state of panic [19]. Figure 6a shows the number of people evacuating through the
two emergency exits following the earthquake at Chengdu Airport in China. Although the observed
disparity in the graph is greater than would be expected under normal circumstances, this is largely
because of staff directing people to exit 1 at one point. Even after this directive was withdrawn, most
individuals continued to use exit 1, even as it began to congest, while exit 2 remained relatively
unoccupied (see Figure 6).

A similar phenomenon has been observed in ants [38]. Under conditions of panic, ants showed
a pronounced preference for one exit, with the ratio of ants choosing the left over the right exit at
38.3%. In contrast, in non-panic situations, the distribution of exit choices was considerably more
even, with a ratio of just 12.4%.
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Figure 6. (a) Graph showing the number of people evacuated through exit 1 and exit 2; (b) film still showing the
evacuation through exit 1 and exit 2 (https://ars.els-cdn.com/content/image/1-s2.0-50378437110008770-
mmc4.mp4) (accessed on 19 January 2025).

Research has indicated that, in non-panic situations, individuals do not invariably proceed
towards the nearest exit. Instead, the decision to evacuate is made on an individual basis, influenced
by factors such as personal capabilities, the distance to the exit, crowd density, and psychological
considerations [39]. However, once panic ensues, a clear pattern emerges: individuals are less
inclined to alter their chosen path and are more likely to follow well-established routes, often those
they used when entering the building. Furthermore, as people draw closer together and exhibit
crowd-like behaviour, a phenomenon known as “herding” [40] becomes apparent, diminishing their
individual sense of comfort.

Similar to the formation of traffic jams, the herd mentality in panic evacuations can both cause
and result from congestion. A complete absence of individual decision-making is not conducive to a
safe evacuation, and it is recommended that such behaviour be discouraged. By encouraging
evacuees to make rational decisions about their escape routes—rather than simply following the
crowd —the risk of congestion can be mitigated. Measures such as wider or additional emergency
exits and the installation of a voice alarm system within the building can promote more rational
decision-making, thereby ensuring a safer and more orderly evacuation process.

3.5. Optimal Evacuation Does Not Invariably Occur at a Comfortable Speed

Helbing et al. [8] demonstrated in their seminal work that the shortest evacuation times are
achieved under conditions of “incomplete” panic. As shown in Figure 7, the effectiveness of an
evacuation depends on the panic parameter, p;, which represents the ratio of instances of individual
decision-making to instances of herding behaviour. Each individual i can choose a direction of
movement, e;, either independently or by following the average direction of their neighbours,
(ej0 (t)); (where j represents neighbours). It is hypothesised that these two influences are weighted
by the panic parameter p;, as expressed in the following equation:

el (t) = N[(1 —p)e; + pi(ejo(t))i]- (D)

This relationship indicates that at low values of p;, individual behaviour predominates, while
at high values, herding behaviour becomes dominant.
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parameter.

Figure 7 shows the evacuation process of 80 individuals from a reference smoky room (15 x 15
m) equipped with two invisible exits, each 1.5 m wide. The figure shows evacuation times under
various scenarios that simulate both individual and herding behaviours. The analysis by Helbing et
al. [8] reveals that the most efficient evacuation occurs when p; = 0.4, indicating an almost equal mix
of individual and herding behaviour. This finding is in line with experimental studies [41], which
show that while collective behaviours often outperform isolated individual actions, they may be less
effective at generating novel solutions to complex challenges.

Similar observations were reported by Shen et al. [42], who analysed the optimal values of the
panic parameter for rooms of different sizes. Their results, shown in Figure 8, indicate that optimal
values range from 0.3 to 0.4, with a marginally lower optimal panic parameter observed for larger
rooms compared to smaller ones.

In our earlier analysis (Section 3.3, Figure 4), we noted that increased velocity did not adversely
affect the number of evacuees at low crowd densities. A further observation, pertinent to the current
discussion, is that a moderate degree of panic improves evacuation efficiency. This enhancement
results from faster movement as well as the distinctive characteristics of herding behaviour.
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As demonstrated in other studies [43], the issue remains complex. In some cases, “semi-panic”
has been found to detrimentally affect evacuation times, while in others, it has proved beneficial (see
Table 2). Notably, the concept of “incomplete panic” from the 2000 study [8] differs from the notion
of “semi-panic” described in the 2014 study [43]. In the latter, “semi-panic” is characterised not by a
specific panic parameter but by the potential for confusion and the resultant increase in movement
speed among various groups, including people with and without disabilities.

Table 2. Comparison of evacuation times [s] in scenarios without panic and with semi-panic [43].

People Characteristics No Panic Semi-Panic  Difference [%]
General 789.1 823.8 4.4
No disability 762.9 793.9 4.1
Powered wheelchairs 1064.0 1074.1 1.0
Non-powered wheelchairs 1055.2 1059.7 0.4
Visual impairment 807.2 749.7 -7.1
Low stamina 917.8 1095.3 19.3
Hearing impairment 158.8 731.9 -3.6

Further experimental research and analysis of real events will be necessary to fully describe this
principle. Nonetheless, defining incomplete evacuation in terms of the panic parameter p; appears
to facilitate a more universal framework for understanding evacuation dynamics.

3.6. Obstacles Can Have a Positive Effect on the Evacuation Time

It is now widely acknowledged that the strategic placement of obstacles during crowd events
can yield substantial benefits. A substantial body of experimental studies and simulations supports
this assertion. In moderately sized crowds, the use of obstacles to compartmentalise evacuees has
been shown to improve evacuation efficacy by approximately 30% [44]. This benefit may be further
enhanced in larger crowds.

Surprisingly, research has found that the most effective arrangement is an asymmetrical
partition relative to the centre of symmetry of the emergency exit. This counterintuitive finding was
analysed using the so-called coefficient of friction [45]. Studies demonstrate that the shortest
evacuation times are achieved when an off-centre obstacle is positioned marginally away from the

d0i:10.20944/preprints202504.0973.v1
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exit axis. Furthermore, evacuation times are still improved when an obstacle is placed directly on the
axis, compared to scenarios with no obstacle at all (see Figure 9).

10000
8000
o 6000 column, shift two sites
€
= no column
4000 central column
column, shift one site
2000
0
0 0.3 0.6 0.9
vl

Figure 9. Evacuation time as a function of the friction coefficient u for different spatial arrangements.

A more detailed examination of the optimal location of obstacles in relation to the exit axis
reveals that the ideal placement should obstruct lateral pedestrian movement while allowing those
moving perpendicularly to the wall to pass unimpeded [46]. Furthermore, simulations [37] indicate
that both the position and the shape of an obstacle are crucial. In the simulations, the reference
evacuation time was reduced from 101.1 s to 92.39 s with a column-type obstacle and to 77.95 s with
a pre-wall-shaped obstacle.

From a practical perspective, it is clear that optimally placed obstacles can significantly enhance
evacuation conditions by effectively widening the designated escape route. In situations where other
measures, such as reducing pressure along the exit axis, are not feasible, the use of strategically
positioned obstacles should be considered. Although retrofitting existing buildings with such
features may be challenging, this approach is more viable for temporary settings such as exhibitions
or events with unusually large numbers of participants.

The impact of obstacles on evacuation times has attracted sufficient interest to warrant
optimisation of their location and shape using probabilistic distributions, a method already applied
to other evacuation parameters [47].

An additional factor to consider is the behaviour of individuals in conditions of limited visibility.
Under poor visibility, evacuees are more likely to pause and maintain contact with walls or other
obstacles rather than continue moving, even if in a prone position [19]. It can be posited that if
evacuees do move, they will tend to follow the walls, which may positively influence the evacuation
process by providing a more directed flow.

Guo et al. [48] demonstrated that during a panic evacuation, individuals initially congregate
around a light source (typically at the centre of the room) before seeking an exit that may not be
immediately visible. In contrast, in a non-panic evacuation scenario with an unchanged room layout,
individuals promptly move toward the emergency exits, bypassing the illuminated central area. This
evacuation sequence is shown in Figure 10.
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Figure 10. Sequence of evacuating people from a darkened room. Blue arrows indicate calm individuals, while

orange arrows represent those exhibiting emotional responses.

4. Conclusions

The characteristics of panic behaviour outlined in this article have served as a reliable theoretical
foundation for understanding evacuation safety in engineering for over 25 years. Although the
phenomena described do not exhaust all theoretical assumptions for modelling panic, they provide
a contemporary summary of current knowledge in selected areas and clearly indicate potential
directions for further research.

A thorough analysis of the characteristics of stampedes and the less intuitive aspects of crowd
movement under emotional influence raises a challenging question: Is panic itself (a psychological
factor) the primary issue, or are the physical bottlenecks in escape routes, particularly in narrow
areas, the root cause? It can be argued that adverse reactions during panic increase the likelihood of
congestion, and in turn, congestion intensifies these adverse reactions, creating a positive feedback
loop in which each condition exacerbates the other.

The existing literature provides a solid basis for implementing measures that enhance the safety
of large groups evacuating from confined spaces. The analysis suggests that several phenomena are
associated with panic evacuation, highlighting significant potential for further research. This includes
optimising evacuation times at speeds higher than those considered comfortable and determining
the probabilistic distribution of optimal obstacle locations to prevent critical congestion. Other, yet to
be fully explored, observations suggest that increasing the minimum required widths of emergency
exits, potentially at the expense of the number of exits, could reduce the risk of crowd stampedes.
The author posits that these findings not only inform the development of evacuation procedures by
experts in the field but also support the case for legislative changes in this domain.

As detailed in Table 3, the paper presents an in-depth analysis of the phenomena that accompany
a crowd stampede during a panic evacuation. The study proposes to indicate the impact of these
phenomena on various technical and construction requirements for evacuation. Table 3 presents
several hypotheses that can be regarded as both expert and intuitive. However, further research is
needed to clarify these propositions and determine the interdependencies between the individual
requirements. In this table, the designation “C” refers to measures that address the causes of the
phenomenon, while “E” indicates measures that minimise its negative effects. It is important to note
that these assignments reflect the author’s subjective evaluation, which must be validated through
additional research.

Table 3. Impact of phenomena accompanying panic evacuation on technical and construction requirements.

Moven}ent Flow Rate Congestions Mass Behaviour Obstacles
Velocity
Exit width C C/E C/E C
Number of exits C C/E

Evacuation passage E E E
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Evacuation access E
Smoke ventilation E E E
Voice alarm system C C C

The author’s future research will focus on real-life experiments and computer simulations to
achieve a deeper understanding of the described phenomena and their interactions. A key question
remains: Is it possible to recreate the panic of a stampede in an experimental setting, and if so, is it
ethical? Any real-life experiments must be designed with utmost care, particularly with regard to the
emotional states of the participants. Moreover, further clarification is needed on the actual movement
speed of crowds, flow rates, and other physical parameters, especially concerning their dependence
on local conditions and anthropogenic factors.
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