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Abstract. In the analysis of the project documentation of a two-

storeyed sports complex it was established that despite compliance 

of the project to all standards in the fire safety field, under certain 

conditions there is a danger of a delay of full people evacuation 

from the gym room in case of fire that can entail people's death. For 

the purpose of ensuring fire safety several versions of space-

planning decisions were considered. The scientific literature 

analysis showed efficiency of game theory use in the field of fire 

safety, however in the field of fire safety in construction it was not 

applied yet. Game theory Application (games with the nature in the 

conditions of uncertainty) for the revealed problem solution was 

proved. Three possible scenarios of emergence and development of 

the fire and four alternative space-planning decisions were 

considered. For all development scenarios of the fire time of critical 

values achievement of dangerous fire factors was defined. All 

necessary evacuation schemes are made and calculations are 

executed. On the calculated parameters basis the payoff matrix was 

constructed. An optimal variant of space-planning decisions was 

chosen. Research results showed expediency and efficiency of 

game theory application in the field of fire safety in construction.  

1. Introduction  

The fire is a process of uncontrollable burning which can cause death, threat of life and to 

human health and also damage of material values. At the fire, the most important task of 

firefighters is rescue of people. Their timely evacuation which success depends not only on 

the coordinated and competent actions of firefighters is important for rescue of people. The 

set of factors influences over the period of evacuation of people: the number of the 

evacuated people; planning of the room; quantity and width of doorways; initial location of 

people, place of ignition, etc.   
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From the moment of the beginning of the fire there passes certain time after which 

indoors there are dangerous fire factors (DFF): high temperature of the environment, 

smoke, toxic products of burning, etc., and from this point indoors appears threat of life and 

to human health. Therefore, time of evacuation has to be less time of approach of dangerous 

factors of the fire, i.e. the condition has to be met: 

FFtt D'evacuation'          (1) 

Evacuation is timed by a technique [1, appendix 2], and calculation of time of approach 

of dangerous fire factors is made agrees [2]. 

In the analysis of the project documentation of a two-storeyed sports complex on the 

basis of the techniques stated above by authors it is established that, despite compliance of 

the project to all standards in the field of fire safety, there is a probability of non-

performance of a condition (1) at evacuation of people from the room of the gym in a case 

fire emergence. 

Statement of the problem: 

In the gym (fig. 1) there are 200 people (the audience, players in the field, judges, etc.). 

In case of fire alarm all people have to be evacuated before OFP. 

The entry condition is defined on the basis of the scheme of the gym (fig. 1).  

Fig. 1. Scheme of the gym (entry condition). 

For the solution of an objective can be used various the space-planning decision. The 

choice of the best of them is not always obvious. Emergence and development of the fire 

happens in the conditions of uncertainty. Mistakes when choosing solutions of a problem 

can lead to catastrophic consequences.  

For the solution of problems of the choice of optimal solutions the mathematical 

apparatus [3], [4], [5] is widely used. 

In a solution of the problem of ensuring fire safety various mathematical methods are 

used: for modeling of systems and processes [6], [7], [8], [9], in the course of monitoring of 

fire safety requirements [10], on ensuring fire safety at the industrial enterprises [11].  
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One of effective methods of the choice of optimal solutions of a set of alternatives is 

application of game theory. For optimization of the choice of decisions in the field of fire 

tactics taking into account a factor of uncertainty the game theory [12], [13] found 

applications. Application of game theory in the conditions of uncertainty in the specified 

areas yielded good results. Proceeding from it the conclusion was drawn on expediency of 

its use for the choice of optimal space-planning solutions of the building for the purpose of 

ensuring its fire safety. 

2. Methods  

Authors used the section of game theory – a game with the nature, decision-making in the 

conditions of uncertainty. The choice is caused by lack of reliable information about the 

probability of emergence of the considered situations. The nature is understood as the 

generalized concept of the opponent who is not pursuing own aims. The nature can accept 

one of the possible states. 

On the game theory basis (a game with the nature, decision-making in the conditions of 

uncertainty) the Payoff matrix is under construction (Fig. 2, Table 1) which lines are the 

strategy of the first player, elements – profits of the player of a which are not payoff of the 

nature of B.  

Аi –strategy) of player 1 

Bi – behavior of the player 2 (natures). 

 

 

Fig. 2. Payoff matrix. 

 

Table 1. Payoff matrix. 

 B1 B2  Bm 

А1 a11 a12 … a1m 

А2 a21 a22 … a2m 

А3 a31 a32 … a3m 

 … … … … 

Аn an1 an2 … anm 

 

Apply optimality criterions (alternative optimality criterions) to selection of options of 

strategy: Wald criterion (2), optimism (3), pessimism (4), Savage (5), Hurwitz (6). 

ij
ji

aW minmax        (2) 
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ij
ji

aM maxmax        (3) 

ij
ji

aP minmin         (4) 

ij
ji

rS maxmin         (5) 

  ij
ji

ij
ji

aaH min1minmaxmax        (6) 

where  ija  – element of payoff matrix, i=1, 2,…, n,  j=1, 2,…, m. 

ijr  – element of risc matrix (Table 2), 

  – optimism coefficient,  1,0 . 

Table 2. Risk matrix 

 B1 B2   Bm 

А1 r11 r12  … r1m 

А2 r21 r22  … r2m 

А3 r31 r32  … r3m 

 … …  … … 

Аn rn1 rn2  … rnm 

 

Elements of a risk matrix are determined by (8), (9). 

ijjij aar  max         (8) 

 ijj aa maxmax          (9) 

The strategy selected according to the greatest number of criteria is optimum. 

3. Results  

Evacuation is timed by a technique [1, appendix 2], and calculation of time of approach of 

dangerous factors of the fire — agrees [2]. 

In the analysis of the project documentation of a two-storeyed sports complex on the 

basis of the techniques stated above by authors it is established that, despite compliance of 

the project to all standards in the field of fire safety, there is a probability of non-

performance of a condition (1) at evacuation of people from the room of the gym in a case 

fire emergence. 

Statement of the problem: 

In the gym (fig. 1) there are 200 people (the audience, players in the field, judges, etc.). 

In case of fire alarm all people have to be evacuated before DFF. 

The entry condition is defined on the basis of the scheme of the gym (fig. 1).  

Аi – is the strategy of the player 1 

Bi – is behavior of the player 2 (natures). 

 

The strategy of the player А: 

 А1 – The project does not change: three doorways 0.8 m wide.  
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 А2 – Increase in width of each of already existing apertures by 0.4 m.  

 А3 – The fourth aperture without change of width of apertures is added/ 

 А4 - Increase in width of each of already existing apertures by 0.4 m and addition of an 

aperture 1.8 m wide 

Состояния природы П: 

 B1 is ignition on a tribune. Time of approach of DFF is equal to 1.6 min.  

 B2 is ignition under a staircase without its destruction. Time of approach of DFF is 

equal to 3 min. 

 B3 is ignition under a staircase. Collapse of a staircase and overlapping of one 

aperture. Time of approach of DFF is equal to 3 min. 

 

Evacuation is timed by a technique [1, appendix No. 2], and calculation of time of 

achievement of critical values of dangerous factors of the fire pays off according to [2]. 

Results of calculations are reduced in table 3. 

Table 3. Parameters for payoff matrix 

Стратегия 
Параметры 

Состояние природы 

B1 B2 B3 

FFt D' (мин) 1.6 3 3 

А1 

m4.1 , 

N=3 

Схема эвакуации 1, fig. 2 1, fig. 2 2, fig. 3 

evacuation't  (min) 

2 2 2 

А2 

m8.1 , 

N=3 

Схема эвакуации 1, fig. 2 1, fig. 2 2, fig. 3 

evacuation't  (min) 

1.8 1.8 1.8 

А3 

m4.1 , 

N=4 

Схема эвакуации 3, fig. 4 3, fig. 4 4, fig. 5 

evacuation't  (min) 

1.7 1.7 1.7 

А4 

m8.1 , 

N=4 

Схема эвакуации 3, fig. 4 3, fig. 4 4, fig. 5 

evacuation't  (min) 

1.57 1.57 1.57 

 

Versions of evacuation schemes are given in fig. 2-5.  — width of doorways. 
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Fig. 2. Scheme of evacuation No 1. 

 
Fig. 3. Scheme of evacuation No 2. 
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Fig. 4. Scheme of evacuation No 3. 

 

Fig. 5. Scheme of evacuation No 4. 

 

As a profit of the first player of aij it is decided to use the number of the evacuated 

people before achievement of critical values of dangerous fire factors. Let's calculate values 

of elements of a payoff matrix by formula (10). 
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 










FF

FFFF
ij

ttifK

ttifttKK
a

D'evacuation'

D'evacuation'evacuation'D'evacuation'

  ,

  ,
  (10) 

where evacuation'K  is a number of people, in time to be evacuated, 

200K  is the number of the evacuated people,  

FFt D'  is time of approach of critical DFF values, 

evacuation't is evacuation time 

We fill payoff matrix with calculation results (table 4). 

Table 4. Payoff matrix 

 B1 B2 B3 

А1 160 200 200 

А2 178 200 200 

А3 188 200 200 

А4 200 200 200 

 

On calculation results on (2)-(9) optimum strategy is А4. 

4. Discussion  

In the analysis of the project documentation of a two-storeyed sports complex it was 

established that despite observance of standards, there is a danger of evacuation delay in 

case of fire that can entail death of people. For the purpose of ensuring fire safety several 

versions of space-planning decisions were considered. The analysis of scientific literature 

showed efficiency of game theory use in the field of fire safety, however in the field of fire 

safety in construction it was not applied yet. Application of game theory (games with the 

nature in the conditions of uncertainty) for the solution of the revealed problem was proved. 

Three possible scenarios of emergence and development of the fire and four alternative 

space-planning decisions were considered. For all scenarios of development of the fire time 

of achievement of critical values of dangerous fire factors was defined. All necessary 

evacuation schemes are made and calculations are executed. On the calculated parameters 

basis the payoff matrix was constructed. The payoff matrix’ elements were determined as 

the people number who were in time to be evacuated before achievement by dangerous fire 

factors of critical values. On the basis of calculation of the payoff matrix for Wald criterion, 

optimism, pessimism, Savage, Hurwitz an optimal variant of space-planning decisions was 

chosen. Results of a research showed expediency and efficiency of game theory application 

in the field of civil engineering fire safety. 

5. Conclusions  

Thus, in work it was shown: 

 not always compliance to regulatory requirements can provide the necessary 

level of fire safety, 

 possibility and efficiency of game theory application for the choice of an 

optimal variant of a solution. 
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