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ABSTRACT 

 

This paper presents a study on parameters that can cause a fire risk in a goods warehouse. This 

study aims to conduct a diagnostic on fire hazard with the presence of different triggers.  This is 

to determine the posterior probability of triggering with the different possible causes by applying 

Bayesian networks. 
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INTRODUCTION 

Fire can be defined as a destructive violent blaze of human activities.  In fact, it is a physical 

phenomenon that involves three variables: combustible (solid Substances, liquidate, or gaseous), 

Oxygen, and   heat sources. 

 

 

 

 

 

 

 

Fig.1. the fire triangle [2] 

 

The combustion is an exothermic reaction (which generates heat) between the oxygen and a 

combustible (in solid, liquid or gaseous form). It is under the effect of the source of heat that the 

first two elements enter in combustion, when the ignition temperature is reached. 

This article focuses on modeling of fire hazards in a goods warehouse by the Bayesian network 

 

I. DEFINITION PROBLEM AND PROPOSED METHOD 

 

A warehouse is a dynamic space for storage, which can contain different types of products, 

various storage facilities, and handling equipment [1]. The optimal organization of these 

facilities and the affectation of products to suitable locations can minimize the industrial risks.  

On the other hand, the failures of internal organization, and the bad usage of the equipment, or 

the presence of inadequate installations, can cause an important number of varying severity 

incident in the warehouse. 
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Fires are considered as most dangerous disasters because they have a ripple effect [13] that 

can become uncontrolled in space and during an extended period of time [11]. They generally 

cause considerable human and material damages. 

This paper proposes a method based on Bayesian networks for the analysis of fire hazards in 

warehouses. 

The proposed method follows the steps below: 

 Identification of parameters that can cause a fire. 

 Definition of the structure of Bayesian network (causality graph). 

 Allocation of initial probabilities for every node of the graph. 

 Calculation of posterior probabilities based on the Bayes theorem. 

 Establish a diagnosis from the achieved results. 

 

II. IDENTIFICATION OF THE PARAMETERS 

  The vulnerability of warehouses against a fire can be bound to the following parameters: 

 The Architecture of the warehouse [9]: the building design. 

 The Internal organization: in paper [3] - previously published- we proposed a modular 

organization that allows dividing the warehouse into two fixed and flexible zones, respecting 

the different storage constraints such as the separation of incompatible products.  

Parameters Description 

location of technical 

spaces 

 

 Technical locals[10]: battery charge, fuel tank, gas boiler or oil, electrical 

room, maintenance of handling machines, etc. 

Internal organization of 

the warehouse 

 Identification and separation of areas [8]: storage area, order picking area, 

packaging area and delivery area. 

 Assignment of products to storage locations: there are incompatibility 

between some products requiring to store them enough away from each 

other’s (flammable, fuels and oxidizers; acids and bases, ...). 

 Waste storage: may include some combustible product which could 

potentially be a source of fire. [4] 

Stored products 

 Nature and quantities of stored products may change during the warehouse 

activity. 

 Products nature: flammable liquids (fuel oil, gasoline), flammable 

products, combustible products, toxic products, corrosives products, 

products producing flammable gases when having contact with water. 

 Products packaged in aerosol form: cosmetics (hair spray, deodorant ...), 

cleaning products (insecticide, wax, paint ...). 

conditioning equipment 

 The presence of pallets (wood or plastic), boxes, bags, plastic film, 

polystyrene foam, polyurethane foam ... can significantly increase the fire 

load of storage [4] 

Equipement/installations 

 Improper installation [5]: overload, short circuits, multiplication of 

appliances, overflow of the electrical circuit, wire bare. 

 Poor equipment [12]: presence of an anomaly, poor maintenance, 

deterioration in the quality of appliances and electrical wire. 

Human acts [5] 

 Criminal act: pyromaniac, terrorist, revenge. 

 Involuntary human act: unextinguished cigarette, ignorance which induces 

dangerous chemicals mixtures. 

Table1. List of parameters of fire triggers 



International Journal of Emerging Trends in Engineering and Development              Issue 3, Vol.2 (March 2013)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 

 Page 200 
 

 Nature and quantities of the existing products: classification of the products and the 

allocation to the suitable locations.   

 Packaging equipment types: the choice of packaging types which minimizes the calorific 

load of storage. 

 The human resources: raising awareness and training staffs against the fire risk. 

 Handling equipment and facilities: maintenance of equipment and monitoring installation 

states. 

 Products highly inflammatory present in the warehouse in an occasional way followinga 

developmentor maintenance work for example. 

 

The description of factors that could cause a fire in a warehouse is grouped in the table 1. 

 

III. THE BASICS OF BAYESIAN NETWORK 

A. Definition 

The Bayesian networks are probabilistic graphical models, introduced by Judea Pearl in the 

1980s [6] [7]. They allow representing uncertain knowledge and reasoning based on incomplete 

information. 

A Bayesian network B = (G, θ) is defined by: 

G = (X, E), directed graph without circuit (or loop) where:  

 X = {X1,…,Xn} is a set of observable random variables (the summits of graph). 

 E = {e1, e2, ...,em} is an finite set that represents the graph links. 

θ = {θi} = P (Xi|Pa(Xi)) : a set of probability distributions for each node Xi conditioned by 

its relation to its immediate parents in the graph G. 

B. Calculation of probabilities  

 
 Bayes theorem: 

Let {A1, A2,…, Ai,…, An} be a complete system of events, and whatever is the event B such 

as P(B) ≠ 0, then :  

P Ai B =
P(Ai) P(B|Ai)

 P Ai  P(B|Ai)n
1

 

 Conditional Independence: 
 

A and B are conditionally independent to C if and only if: the state of C is known, any 

knowledge on B does not affect A. 

P (A | B,C) = P (A | C) 
 Calculation of the joined probability 

 

Let S be the set of all variables in our Bayesian network, the joint probability P (S) is: 

P S  = P  S1  P  S2 S1  P  S3 S2, S1  … P  Sn Sn-1…S1  
P(S)= P (Si | parents(Si)n

1 ) 
 

IV. A MODEL REPRESENTING THE FIRE RISK IN A WAREHOUSE 

A. Description of fire triggering events  

Following an investigation on the causes that can result in a fire [2] [14], we were able to 

identify and to classify them into three categories. Table 2 illustrates the elements that can lead 

and develop a fire in a warehouse. 
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Hereafter we will consider these elements as essential parameters in our study. 

 

 

 

 

 

 

 

 

 

 

 

 

Table.2. Fire events triggers 

B. Bayesian network graph 

From what precedes, we elaborated a graphic modeling which represents a Bayesian 

network concerning vulnerability of fire risks in a warehouse of goods 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2.Bayesian network of fire parameters triggers in a warehouse  

 

A fire can be caused byan improper electrical installation (C), use of the poor quality 

equipment (A), a wrong manipulation of equipment (D) or caused by contacts between two or 

several incompatible products (B). 

An electrical overload (E) may be caused by a bad wiring or an improper handling of 

electrical equipment. 

A short circuit (G) may be caused due to poor installation. 

The temperature increases (F) after a short circuit, electrical overload or due to the use of 

poor-quality equipment. 

The reaction (H) is an event that occurs in the presence of the three components of fire 

triangle (heat source, fuel and oxygen). 

 

C. Attribution of initial conditional probabilities 

The various factors influencing the attribution of the initial probabilities of events triggers 

fire, can be grouped in the following table: 

Triggers 

A Use of bad electrical equipment 

B Contact between incompatible products 

C Improper installation 

D 
Wrong manipulation of an electrical 

equipment 

Activator 

E Electrical installations overload 

F Temperature increase 

G Short circuit 

H Reaction 

Result I Starting up of a fire 

C D A B 

E 
G 

F 
H I 
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Triggeringevent Description 

Improperinstallation 

 Recruiting an incompetent staff to achieve the electrical installations 

 No regular maintenance  

 Insufficient Budget 

Wrong manipulation of an 

electrical equipment 

 Ignorance of the person in charge 

 Lack of the labels containing the instructions of use of devices 

Use of poor electrical 

equipment 

 Behavior of staff  

 Insufficient budget 

 Choosing of a wrong supplier or a mediocre brand product  

 unwholesome behaviors of staff (theft and cheating) 

 

Contact between 

incompatible materials 

 Lack of labels indicating the danger of products 

 Carelessness by placing the combustible materials next to a heat source 

 Storage of large quantities flammable materials 

 

Table.3. Factors Influencing the Initial Probability 

 

Figure 3 is a representation of the graph in Figure 2 which specifies the initial probabilities of 

different triggering substances which we represent by (αC, αD, αA, αB) and we associate to the 

others nodes a logical tables based on the presence or the absence of ascending node.Note that 

the αX is generally initiated by the experts after a warehouse's auditing. 

As shown in Figure 3, the table of the probability of the electrical overload is obtained by 

applying the logical operator "OR" between its two causes (the improper installation and the 

wrong use of equipment). The conditional probability of the other events is calculated by using 

the same method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                           Fig.3. Bayesian network modeling the fire risk in a warehouse 
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P(G) = αG P(E) = αE 

P(F) = αF 

P(H) = αH 

P(I) = αI 
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D. Calculation of total probability 

To calculate the total probability for the O event, which represents the electrical overload, it is 

necessary to apply the following equation: 

αE= P(E) = P(E, D, C) + P(E, 𝐷 ,C) + P(E, D, 𝐶 ) + P(E, 𝐷 , 𝐶 ) 

αE= P(E|D, C) P(D|C) αC + P(E|𝐷 , C) P(𝐷 |C) αC +P(E|D, 𝐶 ) P(D|𝐶 ) (1- αC) + P(E|𝐷 , 𝐶 ) P(𝐷 |𝐶 ) 

(1- αC) 

αE= P(E|D, C) αDαC + P(E|𝐷 , C) (1- αD ) αC +P(E|D, 𝐶 ) αD (1- αC) + P(E|𝐷 , 𝐶 ) (1- αD ) (1- 

αC) 

 

The calculation of the total probability of the C event that represents the appearance of the 

short circuit is made the same way: 

αG=P(G) = P(G|C) αC  + P(G|𝐶 ) (1 - αC) 

The following part shows how calculation is made for the total probability of the T event that 

indicates temperature increase, the total probability of the R event that represents a reaction 

between two incompatible products and finally the total probability of the F event which means 

the release of the fire. 

αF =P(F) =  P(F|G, E, A) αGαEαA + P(F|G, E, 𝐴  ) αGαE(1 –αA) + P(F|G, 𝐸  , A) αG(1-αE)αA 

+ 

P(F| G, 𝐸  , 𝐴 ) αG(1-αE) (1 –αA) + P(F|𝐺 , E, A) (1-αG)αEαA + P(F|𝐺 , E, 𝐴  ) (1-αG)αE(1 –αA) 

+  

P(F|𝐺 , 𝐸  , A) (1-αG) (1-αE)αA + P(F| 𝐺 , 𝐸  , 𝐴 ) (1-αG)(1-αE) (1 –αA) 

 

αH=P(H) = P(H|F, B) αFαB+ P(R|F, 𝐵 ) αF(1- αB ) + P(H|𝐹 , B) (1-αF)αB + P(H|𝐹 , 𝐵 ) (1-

αF)(1- αB ) 

 

αI= P(I) = P(I,H) + P(I, 𝐻 ) 

αI= P(I|H) αH+ P(I|𝐻 ) (1-αH) 

 

The following table presents the total probability for the following events:  

 The electrical overloadP(E). 

 The existence of a short circuit P(G). 

 The increase of the temperature P(F). 

 The release of the reaction P(H). 

 The release of fire P(I). 

 

With  αC = 0,2  αU = 0,2    αE = 0,2    αP = 0,2 

 

These values are generally introduced by experts further to their audit of the warehouse. It is 

about values given, in this paper, for information purposes and in an arbitrary way.  
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P(E) =0,36000 

P(E ) = 1- P(E) = 0,64000 

P(G) = 0,2 

P(𝐺 ) =1 - P(G) = 0.8 

P(F) =0,59040 

P(𝐹 ) =1 - P(F)  = 0,40960 

P(H) = 0,67232 

P(𝐻 ) = 1 - P(H) = 0,32768 

P(I) = 0,67232 

P(𝐼  ) = 1- P(I) = 0,32768 

 

Table.4.the total probability values for the case of attribution of the low and fixed values to the 

initial probability 

 

E. Calculation of posteriori probability 

Based on the foregoing, we calculate the following in posteriori probability: 

 Thetriggering probabilityfire further to aincorrect or poor installation: P(C|I). 

 Thetriggering probabilityfire causeddue toimproper use ofequipment:P (D|I). 

 Thetriggering probabilityfire caused by the use of the poor quality equipment:P (A|I). 

 Thetriggering probabilityfirecauseddue to contactbetween two or moreincompatible 

material:P (B|I). 

To calculate, in posteriori, the various probabilities, it is necessary to apply the following 

Bayesequation: 

P (X/I) = 
P(X,I)

P(I)
with X=C, D, A or B 

These calculations should lead us to detect the most probable cause to trigger a fire in a 

warehouse. 

Table 5 presents the case of a risk model of the warehouse which corresponds to the Bayesian 

network of Figure 3. 

 

P(D/I) = 0,30700 

P(C/I)  = 0,53546 

P(A/I) = 0,20000 

P(B/I) = 0,29748 

 

Table.5.the posteriori probability values for the case of attribution of the low and fixed values to 

the initial probability 

 

 

V. ANALYZES RESULTS 

The results, obtained in the previous case study on our model, clearly show that the fire was 

probably triggered due to improper installation view to the high value of its posteriori 

probability. 
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The following step is a comparative study between various values of a posteriori probabilities 

for three different cases (cf. table 6): low, medium and high initial probabilities. 

 

 

 

 

 

 

 

 

Table.6.the Initial Probability Values Attributed Randomly According to three differentintervals 

(low, medium and high) 

 

By using the Bayes equation, the posteriori probability values are calculated for each case and 

are given in the following table.  

 
Case 1 Case 2 Case 3 

P(C|I) 0,63201 0,77678 0,94068 

P(D|I) 0,55452 0,41567 0,62311 

P(A|I) 0,30000 0,5 0,9 

P(B|I) 0,54957 0,61325 0,80058 

 

Table.7.the posteriori probability Values Attributed Randomly According to three 

differentintervals (low, medium and high) 

 

We note that when we randomly vary the initial probability values (according to the three case 

study of our example), the maximum value of the posteriori probability is always related to 

improper installation P(C) as it is shown in the following figure: 

 

 
Fig.4. Change in the a posteriori probability based on the variation of the initial probability (low, 

medium and high) 

0

0.2

0.4

0.6

0.8

1

P(C|I) P(D|I) P(A|I) P(B|I)

Variation of the posteriori probability according to the variation 
of the initial probability

Cas 1

cas 2

cas 3

 
Case 1 Case 2 Case 3 

αC 0.1 0,4 0,7 

αD 0,2 0,7 0,6 

αA 0,3 0,5 0,9 

ΑB 0,4 0,6 0,8 
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From this example, we note that the most probable cause to starting a fire is the one 

represented by the node at the root of several paths derived from a Bayesian network. This is 

explained by the importance of the influence degree of this node. We intend to consolidate our 

research through this observation in order to quickly identify the element which may cause a 

substantial risk, from a smart exploration of the paths of Bayesians network, by its association 

with the node that has the highest degree of influence. 

 

VI. CONCLUSION & PERSPECTIVES 
 

In this article, we presented a study based on a Bayesian network modeling to identify the 

elements involved in the fire risk in a warehouse.The network model drawn up concerns the 

vulnerability to a fire in a warehouse by identifying potential causes corresponding to following 

parameters 

 Improper installation. 

 Wrong manipulation of electrical equipement 

 Use of Poor quality equipment 

 Reaction between incompatibles material. 

 

Our results will be integrated into a decision support system in the against fires safety 

field.To facilitate this integration, we performed various calculations, on generic and arbitrary 

assumptions, according to the following three axes: 

 Ina first orientation,we seteachinitial probabilityto 20%. 

 In the second, the initial probabilities are represented on three cases (low, medium and 

high). 

 And finally, the initial probabilities are randomly attributed   

 

In perspective for this study, the initial probabilities values will be based on the application 

of fuzzy logic. Knowing the various parameters influencing the causes of triggering a fire and by 

using the fuzzy logic, the initial probability of every cause can be defined on the basis of 

qualitative values corresponding to the expert assessments. 

We make a point of specifying that the method used induced a significant number of 

calculations. Its implementation, based on formal calculation, on a denser graph is combinatorial. 

Therefore, to facilitate the many calculations as used in this article, we intend to propose a faster 

and more efficient method based on the exploration of Bayesian network paths. 
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