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Abstract. This paper, describes a developed simulation model that gives 

the ability to simulate various situations of possible fire occurrence and 

study the behavior of people during their evacuation, taking into account 

various factors in different types of buildings, which allows the prediction 

of the consequences of a fire and subsequently develop rules for human 

behavior in extreme situations. Studies have shown that the optimization of 

movement during the simulation of a fire made it possible to reduce the 

likelihood of fire by approximately 20%, and the presence of an emergency 

exit reduces it by another 30%, which makes it possible to optimize the 

results of modeling the consequences of a fire in rooms of various types. 

1 Introduction 

Nowadays in the Russian Federation, great attention is paid to the issues of fire safety of the 

population, especially when they are found in various retail buildings or during cultural 

events. An example of this is the Decree of the Government of the Russian Federation of 

September 16, 2020 №1479 « About the approval of the Rules of the fire-fighting regime in 

the Russian Federation» [1]. This resolution considers in sufficient detail the issues and 

actions of both the management stuff and visitors in retail building, buildings during 

cultural events, etc. However, it must be kept in mind that the organization of fire 

supervision is mainly based on the periodic inspection of the object by fire supervision 

inspectors, followed by the issuance of instructions to eliminate the identified violations. 

The frequency of such inspections to assess the level of fire safety depends on the risk 

category of the object under examination and ranges from 3 to 10 years.        

The disadvantages of this approach are: firstly, there is a significant time interval 

between inspections, and secondly, in the interval between inspections, there may be 

violations of the object operation or changes in its design, thirdly, due to the above; the 

probability of a major fire with possible loss of life and great economic damage may 

increase. In addition, it is difficult to describe in the instructions all possible situations that 

may happen during a fire, and even more so the process of its course and consequences. 

This is due to the fact that it is impossible to simulate all possible situations during training 

and fire safety exercises [2-6]. In this regard, it is very important to develop a complex of 
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programs, that gives the ability to simulate and play any possible situations when a fire 

occurs and proceeds. 

This work is devoted to the description of a developed simulation model, which makes 

it possible to simulate almost any situation that may arise when people are in various retail 

buildings or during cultural events. This simulation model can also be used to simulate the 

occurrence of a fire in almost any room, including offices, warehouses and other types of 

buildings.  

2 Methods and materials 

 Let's assume that we are given a certain room that has one entrance. There is no 

emergency exit, the room is free, i.e. there are no obstacles in the room like tables, chairs 

and other possible obstacles. In this room, people constantly enter and exit, who evenly 

distributed throughout the room. At some point in time, a fire occurs at some point. All the 

people in the room rush to the exit. It is necessary to determine the degree of damage and 

the likelihood of unfavorable outcomes in the occurrence of a fire at an arbitrary point in 

the space of the room [7-12]. We will consider this statement of the problem as the initial 

and most simple one. In the future, a more complicated scenario will be studied in order to 

analyze all possible situations, such as the presence of obstacles, the presence of an 

emergency exit (possibly several), the presence of several sources of fire, the area of the 

room that is affected by the fire, etc. 

To solve this problem, we will set a certain room, the size of which can be arbitrary, 

depending on the performance ЭВМ, for example, let's assume the size of 20Х20. The 

entrance door is one, i.e. the entrance and exit are carried out through it. So, there is no 

spare door. This door is consistently entered by people who can immediately exit or move 

around the room according to a uniform law, i.e. the probability of movement at any point 

in any direction is exactly the same, as shown in Figure 1. It should be noted that the law of 

movement of people around the room can be arbitrary, which is provided by the algorithm 

of the developed program. 

 

 

Fig. 1. The model of the room and the movement of people (entering -50 people, exiting -8 people) 

 

From the room shown in Figure 1, it can be seen that out of 50 who entered, 8 people 

left, and the rest are evenly distributed throughout the room. The number of people entering 

the room can be set arbitrarily, however, take into account that for each room the number of 

people who are simultaneously in the room is regulated, with a threshold of 70-80% on the 

right, the cell «Number of people in the room» highlighted in yellow (if less highlighted in 

green). If the allowable value of people for a given room is exceeded, the cell «Number of 

people in the room» will be highlighted in red and, if desired, the number of incoming 
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people can be suspended, i.e. entering the room is not allowed anymore, exiting is allowed 

as long as their number decreases below the threshold. This model gives the ability to check 

the number of people in the room constantly.  

Further development of the model is to include at some point in time (set a priori upon 

reaching a certain number of people in the room) the coordinates of the occurrence of the 

fire which is set arbitrarily, the program itself asks  the user about it. After entering the 

coordinates, this cell is colored red, as shown in Figure 2. 

 

 

Fig. 2. The occurrence of a fire in the room (the source of the fire is highlighted in red) 

 

After a fire starts, entering is prohibited, the door is available only for exiting. At the 

same time, how many people inside the room is constantly recorded, how many come out, 

how many died (got into fire), how many people near the fire source. After a while, the 

evacuation of people begins, i.e. everyone in the room begins to move towards the exit in 

an optimal way, considering that path should not pass near the source of the fire. Each 

person in the room has his own path, which can change as he approaches the exit. As soon 

as that the number of people at the exit exceeds the number that can exit through this door, 

the cell lights up «Crash has happened» and begins to calculate the number of people who 

may be affected when it occurs. Approximate trajectories of movement of people are shown 

in Figure 3 from different points of the room (left side). It should be noted that the 

trajectory for each person is calculated strictly individually and depends on a large number 

of factors. 

 

 

Fig. 3. The trajectory of movement of people in case of a fire occurrence 
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Figure 3 shows that the trajectory of the movement is calculated relative to the point of 

occurrence of the fire. Optimization of the movement of people to the exit is provided at 

each step, alongside with the shortest route of movement ensuring not to bypass through 

fire.  

3  Results and discussion 

This software package gives the ability to simulate almost any situation and can be used 

as a simulator for considering various cases, as well as it serves as a simulation model for 

the formation of fire safety requirements for owners of trade and cultural and entertainment 

establishments. 

4 Conclusion 

1. On the basis of the conducted studies of the developed simulation model, the 

possibility of considering different situations in the occurrence of a fire in different 

types of buildings was shown. 

2. During the evacuation of people in the simulation model, it is possible to provide an 

estimation of the dead, injured people, depending on the simulated situation. 

3. Studies have shown that the optimization of movement during the simulation of a fire 

made it possible to reduce the likelihood of fire by approximately 20%, and the 

presence of an emergency exit reduces it by another 30%, which makes it possible to 

optimize the results of modeling the consequences of a fire in rooms of various types. 

4. The simulation model is highly versatile; gives the ability to create a model of a room 

with any density of interfering objects, any number of entrance and emergency exits, 

points or sources of fire and simulate the evacuation process under any interfering 

factors.   
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