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Abstract:Fire protection engineering primary task is to find optimal solutions for preventive fire protection 

measures by applying scientific achievements through fire risk assessment and quantification. A special 

challenge for the fire protection management are buildings that have multiple users, so-called public buildings. 
Current legislation in the Federation of Bosnia and Herzegovina foresees the application of globally accepted 

numerical methods TRVB-100, Euaralarm, Gretener, DOW Index, etc. for assessing fire risk, with mandatory 

compliance with domestic standards and regulations governing this area. 

This paper presents a comparative analysis of numerical methods TRVB-100 and Gretener conducted on higher 

education institution building - a public building. The goal was to examine whether any of analyzed methods is 

more suitable for fire risk assesment of this type of building. The research results acknowledged there is no 

method that would be an ideal solution and each method has its limitations in application, which mainly 

determine their selection. 
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1. INTRODUCTION 

The basic goals of fire protection engineering are protection of human lives and property, to 

maintenan the building's function, but also the environment protection, which are taken into account 

already during building design and construction phase by applying prescribed codes/standards. 

Legislation dealing with the field of fire protection is being adopted at the level of the state of 

Bosnia and Herzegovina, two entities, Brčko District of BiH and 10 cantons.  

According to theRulebook for building classification in fire risk categoriesof the Federation of 

BiH[1], all buildings are classified into three categories according to fire risk: 

 PU1 - buildings with high requirements, 

 PU2 - buildings of medium requirements,  

 PU3 - buildings with low requirements. 

This categorization is to be confirmed by a numerical calculation of the fire load. Owners, users 

and managers of buildings from fire risk categories PU1 and PU2 are obliged to undertake all 

prescribed fire and explosion protection preventive measures regulated by the aforementioned 
ordinance, which include planning-organizational measures, architectural-constructional measures, 

and technical-technological measures.  

Methodology for fire risk assessment [2]stipulates that, due to lack of domestic numerical 

methods, globally accepted methods TRVB-100, Euroalarm, Gretener, DOW Index, etc. are to be used 
in fire risk assessment. The application of the these methods is quite simple since they are based on 

use of previously calculated and determined parameters. Numerical methods are used to determine fire 

risk on basis of numerical indicators obtained through an objective assessment, and appropriate 

protection measures are proposed. 

The numerical method TRVB-100 is widely accepted and the mostly used in the FBiH, and in 

addition to it, the Gretener method is also often used. Both methods are also applicable to public use 
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buidings, which include: schools, kindergartens, school and student dormitories, nursing homes, 
hospitals, hotels, motels, boarding houses, market places, theaters, cinema halls, sports, concert and 

other halls, stadiums, conference halls, museums, airports, railway and bus stations, buildings of 

cultural and historical heritage and other buildings of public purpose.  

2. OVERVIEW OF CURRENT BUILDING FIRE SAFETY FEATURES   

The analysed building is a higher education institution in Tuzla (FBiH), located on the right side 

of the northern city road, next to the Jala river. Access to the location is possible from the road in 

Univerzitetska Street. The location of the building is flat and landscaped. The area of the site is 
1784.00 m2. The total useful area of the building is 3723.11 m². Access for fire engines is possible via 

two-way road in Urfeta Vejzagića Street to the manipulative space in front of the building and the 

access roads that lead to the rear of the building, and it is also possible to operate from the main road, 
and through the parking lot (Figure 1). 

 

 
 

Figure 1 - Overview of fire safety routes and access for fire trucks 

 
The analyzed building is connected to public installations: electrical distribution network, 

telephone network, water network, sewage network; the following installations were carried out in the 

building itself: electrical installation, installation of water supply and sewerage, fixed telephone lines, 

installation of video surveillance system; gas installations were carried out, while flammable liquid 
installations were not. There are also water supply installations and internal hydrant network. 

At the time of the research, there were no automatic alarm and fire extinguishing systems installed 

in the building [9].This building, the faculty building in Tuzla, has floors: basement+ground floor+1st 
floor+2nd floor. 

 

 
 

Figure 2 - Overview of fire compartments on the second floor 

 

It is estimated that up to 1,200 people can stay in the building. According to the Ordinance on Fire 
Protection of Buildings for Public Use [3], the fire copartment size is limited for public buildings 

depending on the implemented preventive fire protection measures. Therefore, in public buildings 

where certain preventive protection measures have not been implemented, as is case for the analyzed 
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building, fire compartment size is limited to 1000 m². Acknowledging this fact and according to the 
assessment of building construction properties, the building is divided into 12 fire compartments. If an 

automatic fire alarm and extinguishing system were to be installed in this building, it could be divided 

into 2 compartments - the faculty building as one and the storage of flammable materials as the other 

fire compartment (outside the building). 
University of Tuzla Technical service is responsible for fire protection at the entire University, 

within which a responsible person in charge of occupational safety and fire protection has been 

appointed. All employees are regularly trained in fire protection field and practical use of fire 

extinguishers and devices for initial fires extinguishing.  

The nearest fire stations of the Tuzla Professional Fire Department are located at a distance of 

1000 m and 1400 m. These distances are favorable for quick arrival and intervention in case of a 
fire.The faculty has a physical security from its own porter service in period from 00:00 to 24:00, in 

three shifts.  

According to the calculation, all 12 fire compartments have a low fire load; there have been no 

registered fires at building in the last 10 years. The evacuation calculation determined that the 
throughput of the passage meets evacuation requirements, a relatively quick and safe evacuation of all 

occupants is possible [7]. 

3. NUMERICAL ANALYSIS OF FIRE RISK 

The complex interaction of people, buildings and fire makes it impossible to have a unified 

approach or to use one specific method for the calculation and management of fire risk on all types of 

buildings in different circumstances. 

In order to analyze fire risk and obtain numerical values that imply necessary preventive and 
corrective measures, TRVB-100 and Gretener methods were applied in this research. The entire 

building is divided into 12 fire compartments, and to illustrate the research in this paper, a 

representative example is taken - fire compartment no. 8 (PS-8), which includes classroom and office 
space, as well as part of the corridor (Figure 2). 

3.1. Fire risk assessment based on the TRVB 100 method 

This method is practical to use and gives realistic results for most common buildings of various 
purposes. The method is not applicable for buildings higher than 25 m, nor for those where the 

underground floors are not separated by fireresistant constructions from the above-ground floors. 

Calculation according to numerical method TRVB-100 is to be conducted for each fire 

compartment separately. Below is a tabular overview for PS-8 of analyzed building (Table 1). The 
table clearly shows calculation results for this fire compartment and resulting recommendations for 

fire protection measures. 
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 Table 1 Assessment sheet (PS 8) of the TRVB-100 method 

TRVB 100,126  - CALCULATION FORM 

Location: II floor  Fire compartment:  PS-8 

Fire compartment area 

 

F=470,0813 m2 

G= F x b (m3) 

G=470,0813 x 7,5= 

3602,925 m3 

G= 0,036029 x 105 

 

Smoke venting sistem 

 

I 

II 

 

not available 

available 

Immobile fire load 

qi  = MJ/m2  = 0 

Mobile fire load 

qm = MJ/m2 = 212,42 MJ/m2 

Fire 

brigade 

 

E 

Activation 
risk 

 

A 

Human 

risk 

 

P 

Fire load 

 

Q=212,42 

 (MJ/m2) 

Fire danger 

 

 

C 

Danger H - height of 

building (m) 

smoke corrosion above ground: 

R K 10 

category  category - - below ground: 

1-6 1 3 201-300 IV    

E x  A  x  P  x  Q  x  C  x  R  x K x  H   =  B 

0,83x0,85x1,20 x1,10 x1,00x1,00x1,00x1,38=1,285 

 

 𝑮 + 𝒌𝟏  𝒙 
𝑩

𝒌𝟐
 =   𝟎,𝟎𝟑𝟔𝟎 𝒙 𝟏𝟎𝟓   + 𝟒, 𝟒𝟐𝒙𝟏𝟎𝟓  𝒙 

𝟏,𝟐𝟖𝟓

𝟔,𝟐𝟓𝒙𝟏𝟎𝟓   
 = 

 

 

 

 

=S x F 

 

 

 

 

0,916 II 

 𝐺 + 𝑘1  𝑥 
𝐵

𝑘2
 =                   𝑥 105   + 6,03𝑥105  𝑥 

8,33𝑥105    = 

  

 

Fire resistance class  F 

 

Fire protection measures: 

S - 1   Works fire brigade ready for immediate action during working hours. 

S - 2   Works fire brigade available on duty 24 hours a day. 

S - 3   Automatic fire alarm system, with controls manned 24 hours a day. 

S - 4   Automatic fire alarm system connected to a fire brigade available on duty 24 hours a day. 

S - 5   Sprinkler system. 

 

 

Results:   

 

 

CONCLUSION:  S x F = 0,916> 1,80  -  NO FIRE PROTECTION INSTALLATION REQUIRED. 

0 30 60 90 

    

S -1 S -2 S -3 S -4 S - 5 

     

 

I 

 Based on collected data, the calculations made according to the TRVB-100 method, and fire 

protection measures read from the nomogram, it is concluded that no additional fire protection 

measures are needed for the fire compartment in question 

3.2. Fire risk assessment based on the Gretener method 

In the process of numerical analysis according to the Gretener method, already implemented 
standard fire protection measures as well as the present special protection measures are reviewed, 

which lead to final index which is compared with the limit index for fire danger. 

The method is based on the assumption that general safety and fire protection measures have 
already been implemented for the analyzed building, such as safety distances between buildings, 

secured exits and evacuation routes, installed emergency (panic) lighting, implemented protection 

measures for technical devices, etc. 

The calculation is to be conducted for all fire compartments, it is based on the calculation of 

relative fire risk and determines the necessary fire protection measures. 

All factors participating in this method and related to PS-8 are shown in Table 2. 
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Table 2 Assessment sheet (PS 8) of the Gretener method 

 
FIRE COMPARTMENT: PS-8 

PS Use 

 
Classrooms + offices 

qi (MJ/m²) = 0 c f k a p 

qm (MJ/m²) = 212,42 
IV - - 1 1 

Fire load  Qtot.=qi+qm Qtot(MJ/m²) = 212,42 

Number of storeys GZ / 

height  
Above 

ground 
No.stor.  

h  = 3  m FIRE COMPARTMENT  

Floor area=  470,0813 m²  

FIRE COMPARTMENT  Width: b=7,5m Length: l =62,68 m b² * l= 3525,58 m³ 

P - potential risk q c e g f k P 

above ground 1,2 1,0 1,35 1,0 1,0 1,0 1,62 

Normal measures     𝑁 = n1 ∙ n2∙ n3 ∙∙∙ nx 

Building Nmax FE WH DW CW FP PL OFU PFU N 

1 1,0 1,0 1,0 0,7 1,0 1,0 0,75 0,9 0,9 0,43 

Bmax - normal Activation risk correction (a) Human risk correction (p) Bmax 

1,3 + 0,25 - 0,15 1,40 

Special measures     𝑆 = s1 ∙ s2 ∙ s3 ∙∙∙ sx 

Building Smin G PMA MSA ASA PS PFB WFB SS S 

1 1,0 1,05 1,10 - - 1,40 1,60 - - 2,58 

Fire resistance   F/S 𝐹 = 𝑓1∙𝑓2∙𝑓3∙𝑓4 F 

Fmin = 1,0 𝐹 = 1,3 ∙ 1,15 ∙ 1,15 ∙ 1,0 = 1,70 1,70 

Effective fire risk                                       𝐵 =  
𝑃

𝑁∙𝑆∙𝐹
 0,86 

B=0,86 Bmax=1,40 

𝑅 = 𝐴𝑥𝐵 = 0,85 𝑥0,86 = 0,731 

𝑅𝑢 = 1,3𝑥 𝑃𝐻𝐸 = 1,3 x 1 = 1,3 

𝜸 =
𝑹𝒖

𝑹
=

𝟏,𝟑

𝟎,𝟕𝟑𝟏
=  𝟏,𝟕𝟖  

Table legend: Normal measures: FE - fire extinguisher; WH - wall hydrants; DW - water delivery reliability; CW - 

water capacity; FP - flow pressure; PL - pipe length; OFU - own fire unit; PFU  - public fire unit / Special measures: 

G - guards, PMA - permanently manned alarm posts, MSA - manual simultaneous alarm, ASA - automatic 
simultaneous alarm, WFB - work fire brigade, PS - police squad, PFB - professional fire brigade; SS - sprinkler 

system 

 

 At the beginning of the assessment, the acceptable fire risk is determined, which is compared 

with the actual potential risk, and if the actual exposure does not exceed the accepted risk, fire safety is 

satisfactory. Since the fire risk (B) for PS-8 is lower than the threshold value (Bmax), the analyzed PS 
and the applied fire protection measures are satisfactory in terms of fire risk (Table 2).The method 

includes a whole series of influential factors that are expressed by the formula for the fire risk R 

calculation, where A – the risk of activation (probability), B - effective fire danger (consequences). 

The ratio of acceptable risk (Ru) and present risk (R) in the fire sector/building (γ) is determined 
by the above-mentioned expression (Table 2) and when the value of γ>1, then the fire risk is 

acceptable. For PS-8, the ratio of acceptable risk to present risk is greater than the threshold value and 

amounts to γ=1.78, which means that the present risk in fire compartment is at an acceptable level. 

4. DISCUSSION AND CONCLUSION 

Based on the TRVB-100 calculation, it was determined that none of 12 analyzed fire 

compartments require additional fire protection measures and that the building can be used safely in its 

current condition, but with maximum compliance with laws and regulations in this area. 

The Gretener method also indicated that the estimated risk is lower than the allowed for each fire 

compartment of building. 

The results are expected considering that it is a building built and equipped in accordance with 
standards with respect to all safety principles and a building that is, according to the fire risk 

cathegorization, PU2 category (medium demanding buildings) and IV degree (higher) fire resistance. 
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It can be concluded that both methods are applicable to this type of buildings and they provide 
information on the level of fire protection and safety for people's work and stay in a relatively simple 

and quick way. It is also evident that the Gretener method is designed to analyze more parameters and 

is more detailed than TRVB-100, therefore could be consluded that it would be realistic to expect 

more objective results from this method. Some authors are of the opinion that the GRETENER method 
is more objective than the TRVB-100 method for fire risk assessment[4]. Although both methods have 

common factors that are taken into consideration during the assessment (building fire resistance, fire 

load, human endangerment factor, building height factor, smoke hazard factor, corrosiveness hazard 
factor, combustibility factor, fire compartment geometry, distance from the professional fire units) by 

introducing them into different relations, they also give different output results. 

The fact is that recommendations for additional measures resulting from the TRVB-100 numerical 
method are often too strict and require significant financial resources, which in the end mostly does 

not suit investors, and alternative solutions are found in terms of reducing the fire load or increasing 

the fire resistance of protected building/ fire compartment. 

Given that the Gretener method was developed in Switzerland, and the TRVB-100 in Austria, 
tables and factor values used were created based on the requirements of the regulations there[5]. It 

should also be borne in mind that these methods were developed a long time ago (in the 1970s and 

1980s) [4],[6]and in the meantime new building materials have been created, the average fire load has 
increased, etc., which is why is necessary to introduce new methods and approaches in fire risk 

assessment. Their applicability to buildings of recent construction is especially questionable. 

Quite often in practice, organizations and individuals who carry out fire risk assessment work 

simplify and speed up the process of applying the method by considering the entire building as one fire 
compartment. In this case, if the entire building were to be treated as one fire compartment, with its 

own useful floor plan area of cc. 3723.11 m², it would mean that for such a fire sector it is necessary to 

provide an automatic fire alarm system and a fire extinguishing system[3],which would cause large 
investments. 

It should be borne in mind that both methods are based on empirical data[6]and that their results 

depend to a large extent on the experience and expertise of the appraiser. 

Finally, the analyzed TRVB-100 and Gretener methods are applicable to objects for public use. 

Both methods provide simple guidelines and parameters, where simple forms are used to get values 

that show whether it is necessary to implement additional fire prevention measures or whether the 

building/fire compartment is sufficiently protected. 

5. REFERNCES 

[1] Rulebook on the conditions, bases and criteria for classifying buildings into fire risk categories 

(Official Gazette of FBiH No. 79/11) 
[2] Methodology for fire risk assessment (Official Gazette of FBiH No. 8/11) 

[3] Ordinance on Fire Protection of Public Buildings (Official Gazette of the FBiH, No. 86/11) 

[4] D. Leš, M. Merčep, D. Brlečić:A new approach to the fire risk numerical analysis, Građevinar 68 
(2016), pp 159-162 

[5] B. Grm, M. Bajde:Uporabnost metode SIA za oceno požarnega tveganja v Sloveniji, UDK 

614.842 (497.12), pp 218-220,  www.sos112.si, July 2022 

[6] J. Kaiser:Experiences of the Gretener Method, Fire Safety Journal, 2 (1979/80), pp 213-222, 
Elsevier Sequpia S.A., Lausanne 

[7] S. Mekić: Comparative Analysis Of Numerical Methods For Public Buildings Fire Risk 

Assessment, Master Thessis, University of Tuzla, 2022 

 


	COMPARATIVE ANALYSIS OF NUMERICAL METHODS FOR PUBLIC BUILDINGS FIRE RISK ASSESSMENT
	1. INTRODUCTION
	 PU1 - buildings with high requirements,
	 PU2 - buildings of medium requirements,
	 PU3 - buildings with low requirements.
	2. OVERVIEW OF CURRENT BUILDING FIRE SAFETY FEATURES
	3. NUMERICAL ANALYSIS OF FIRE RISK
	3.1. Fire risk assessment based on the TRVB 100 method

	Based on collected data, the calculations made according to the TRVB-100 method, and fire protection measures read from the nomogram, it is concluded that no additional fire protection measures are needed for the fire compartment in question
	3.2. Fire risk assessment based on the Gretener method

	4. DISCUSSION AND CONCLUSION
	5. REFERNCES


