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Abstract

Fire and explosion hazards, with consequences to lives and property, are present in various tech-
nological processes. A number of methods for qualifying and/or quantifying the fire risk have
been developed. This paper presents bespoke software developed for fire risk assessment for
buildings in which people work. The software serves two aims - an electronic notepad/calculator/
reminder for fire assessment experts and a teaching tool for students on fire safety and occupa-
tional health and safety study programmes.
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Introduction

Fire is a process of uncontrolled burning which needs three conditions: presence of a flammable
matter, an oxidator and an ignition source. Fire risk is a statistical probability of these three ap-
pearing at the same time, coupled with a possibility of their interaction with people, material re-
sources and the environment. Around 50,000 people per annum die in fires and many of them
didn't have to become victims of fire.

One of the instruments to reduce both losses of lives and/or damage to the property is to conduct
fire risk assessments - it should help to identify all potential hazards of occurrence and develop-
ment of a fire in the considered building. Over the years, a number of recognized fire risk assess-
ment methods have been developed for different types of buildings (Kis§, 2002), such as:

® generic use
- EUROALARM method (The European Fire Alarm Manufacturers Association),
- AUVA (Allegemeine UnfallVersicherungsAnstalt),
- BG (BerufsGenossenschaften — the method of German professional engineers),
- Fire risk matrix method,

o industrial buildings

- SIA 81 (Schweizerischer Ingenieur
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Fire Risk Assessment Tool

combine methodologies and adjust them for estimation of occupational risks due to fire hazards
(Gavanski et al., 2010). On the other hand, development of bespoke software for collecting very
different data sets for estimation of risk at the workplace (Sokola et al., 2009) has proved very
useful. The software tool from (Sokola et al., 2009) has been expanded so now it contains 18
steps of the procedure for occupational risk assessment and risk management. The software for
fire risk assessment, presented in this paper, is a further extension, hence the numeration of the
steps in the software, described in the next chapter, starts from step 19.

The paper presents a methodological approach of fire risk assessment, based on a newly-formed
matrix method, further improved than the method in (Gavanski et al., 2010). With the aim of
teaching this methodology to safety students, a software application was developed to serve as a
learning tool. The same software can be also used as an electronic notepad to both well-
experienced and less-experienced assessors to gather all the necessary data and speed up the
process of fire risk assessment.

General Requirements and Features

Many matrix methods of safety assessment are based on semi-quantitative and/or descriptive
terms that eventually lead to some sort of risk ranking. However, the numbers used in the method
presented here are fully relevant. This method has two steps based on two 5x5 matrices, where
the input factors are:

- firstly, the exposure of workers to fire hazards and the fire risk from building (and its content)
are combined in a matrix in order to produce the estimate of probability of fire occurrence;

- then, the probability of fire occurrence and the level of possible consequences are combined in
the second matrix in order to give the estimate of fire risk.

To obtain the numbers needed for the above assessment steps, as well as to follow the developed
methodology, the software tool needs to allow a wide range of features:

- entering and retrieving various types of data,

- checking/ticking certain pre-formatted boxes, counting the number of checked boxes and cal-
culating the risk parameters from those,

- communication with the database,
- generating reports and summaries, both for viewing on the screen and for printing,

- rigidity to take the user through the steps of the prescribed procedure in correct order, and oc-
casional flexibility to change this order.

A number of possible platforms, such as PHP, MySQL, JavaScript, Oracle, etc, could be used to
produce this software tool, and the chosen platform is the Microsoft Office Access 2003. It is
most widely available in Serbia, especially in the small and medium enterprises, who are one of
the target groups for using this tool. Finally, the ease of designing the reports that be used as a
document for risk assessment, was an important criterion for choosing the Microsoft Access.

The main menu, shown in Figure 1, appears when the software is started and offers the following
options:

o list of buildings to be assessed, (in the top left corner of Figure 1)
e analysis of fire hazards stemming from the building and its content (19),
¢ analysis of the existing preventive fire safety measures in the object (20),

o the first fire risk assessment (21),
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e choice of additional preventive fire safety measures that can be installed in the object (22)

e consequent fire risk assessment (if/when the additional measures are installed, (23).

SOFTWARE TOOL - FIRE PROTECTION

19.0 Analysis of fi

Figure 1: Programme panel — the main menu.

Risk Assessment Phases and Steps

At the very beginning, the assessor forms a list of all buildings in a factory and enters the names
of participants in the assessment - responsible persons from company and assessors.

The first phase (step 19) gives a check-list with 15 questions necessary for the initial analysis of
fire hazards from the building itself as well as from its content. The assessors must choose the
answer from the drop-down menu containing "safe", "unsafe" or "irrelevant", but also have the
flexibility to type in comments, as shown in Figure 2. There is also a very important option - to

print a report with all the questions, answers and comments after this step is completed.

The second phase (step 20) is similar to the phase 1, but contains a check-list of 17 questions,
aimed to collect data regarding the existing preventive measures of fire safety in a building.

The third phase (step 21), the first assessment of fire risk, is split into 5 sub-steps:

1. a numerical value of fire hazard is calculated on the basis of the qualitative checklist of phase 1
(here chosen as a linear ratio of "safe" vs. relevant (safe and unsafe) answers) and a quantitative
rank from 1 to 5 is assigned to the fire hazard. At the same time, the type of corrective actions is
suggested in a descriptive way, as shown in Figure 2.

2. the exposure to fire hazard is selected by the assessor, in one of the three possible ways: nu-
merical value - presence in the building during the working day as the percentage of time in
steps of 20%, the qualitative descriptor (very rare, occasional, frequent, dominant and continu-
ous) and the quantitative rank - from 1 to 5.

3. the fire hazard rank is combined with exposure frequency level in a 5x5 matrix, whose result is
then scaled to 5 ranks of probability of fire occurrence, as shown in Figure 3.
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4. an automatic processing of the Phase 2 checklist gives a numerical value (0 to 100%), the
qualitative descriptor (negligible, minor, moderate, large, severe) and the qualitative rank (1 to 5)
of the severity of possible fire consequences.

21.0 THE FIRST ASSESSMENT OF FIRE RISK

Previous menu Mext menu

Building name Woodworking shop

21.2 Fire risk from the object and its content

Quantitative ranking of fire hazards

Fire hazards in % Qualitstive description of confor mity with requiremerts

Rank.
0-20% Zadovoljavajuce nastaviti sa radom 1
21-40 % Preduzeti srednjorocne potrebne mere 2
41-80 % Preduzeti kratkorofne potrebne mere 3
61-80 % Trenutno potrebne mere 4
81 -100 % Mere za trenutni prekid rada 5

n - number of "dangerous” 12 N - number of relevant answers 15 f(x) = (n/N) * 100%
The first assessment

Fire hazards in % 80 %

Qualitative description Trenumo potrebne mere

Quantitative ranking 4

Previous

B -

Figure 2: Programme panel - fire risk from the building and its content, the first assessment.

Numerical value of fire occurence probability 8

Rank of fire occurance possibility 3

Result of the a:]saetsr‘is:‘lent. from the Qua"?:‘z:fxr?r::ct:lﬂz?b?itTe fire Quantitative rank of the fire occurance
1,2 Improbable 1
3,4, 39 Paossibe 2
6,3, 9 Wery probable 3
Likely 4
Wery likely 5

Previous

_Escsacaes oo

Figure 3: Programme panel — probability of fire occurrence, the first assessment.
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Matrix result - fire risk product 15

Ranking of the fire risk factor
Matrix resut —firerisk product Qualitative description of the fire risk Quantitative rark of the fire risk
12 Irrelevant 1
3,4,5 Lawr 2
5,789 Medium 3
High 4
Extremely high 5

Quantitative rank of the fire risk 4

- - -

Figure 4: Programme panel - fire probability matrix and fire risk ranking, the first assessment.

Previous

5. the rank of fire consequences is combined with the probability of fire occurrence and the rank
of fire risk is obtained, as shown in Figure 4.

Now the iterative part of the assessment process can be initiated - in the fourth phase (step 22) a
new feature of the fire hazard can be added or removed and/or a preventive measure can be virtu-
ally installed by changing some answers in the checklists of phases 1 and 2. There is a difference
from phase 1 that instead of comments there is a field for entering the description of the chosen
preventive measure.

Then, in the fifth phase, (step 23) the new level of fire risk is calculated by the procedure same as
in phase 3.

Considering the Users

From the outset, the main feature was to be an easy use of the software tool, for fire risk assessors
and students alike.

By giving the quantitative, qualitative and descriptive ranking of every parameter during the as-
sessment process, the software is constantly warning/reminding the assessor of the value of the
parameters. When used as a teaching tool, this feature can be used by the lecturer to remind stu-
dents to observe the values/ranks of every parameter in the process and note the high-risk dimen-
sions from early stages of the assessment process.

The second important feature is the iterative process that can be used as an extrapolator for an
estimate of possible risk reductions in several modalities:

- adding a new fire safety measure - if we install a sprinkler system, by how much the fire risk
would be reduced ?

- removing some of the dangers from the building and its content — if the storage of paints and
solvents is removed from the building, would it reduce the fire risk ?

- if the workers spend less time in certain parts of the building, will it reduce the risk ?

- if controlled access is introduced in some rooms/buildings, are the risks reduced ?
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Such “what if” feature provides a quick estimation of the effects of possible risk reduction meas-
ures and helps users/students to identify which measures will be more effective than others.

Conclusion

The paper presents a software tool that helps the risk assessors to identify and note fire hazards at
the workplace and to provide an estimate of the fire risk, as a part of the occupational risk as-
sessment process. The developed software tool reminds the user not to omit something that may
be important for the assessment process and offers the option to print the entered findings for
documentation purposes. By providing the iterative process, the software gives a very quick
analysis of the efficacy of the possible preventive fire safety measures.

The software is also an excellent learning tool, used for teaching the fire safety students in the
School. It provides a vehicle for teaching the students that a large number of detailed data needs
to be collected and presents them one possible methodology for processing the collected data into
a quantitative fire risk value.
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