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APPLICATION OF THE FMEA TECHNIQUE IN A PROJECT RISK ANALYSIS
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Abstract: Project risk management aims at defining adequate risk response strategies, which
includes the prior identification and analysis of project risks. By using techniques such as FMEA
(Failure Modes and Effects Analysis) for project risk analysis, it is possible to prevent ineffective
and inefficient spending of time and resources in the project, prevent failures and contribute to

meeting the project goals and the project success.
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1. INTRODUCTION

A project manager devotes special attention to
the risk analysis in the project during the
process of project preparation and planning. In
order for project implementation to begin and
take place according to the plan, this analysis
should be approached in detail and involve a
larger number of stakeholders in order to cover
all key segments of the project in which risks
can arise. Each organization and individual is
characterized by an acceptable level of risk,
which also depends on economic and financial
resources, technological limitations, individual
experiences and management decisions
(Bahrami, Bazzaz, & Sajjadi, 2012). The
activities in the project itself are of varying
degree of complexity and do not have the same
risk exposure. And in a situation where the
same or similar project is repeated after a
certain time, its activities have different
likelihood of occurrence of risk events in
relation to the previous project, precisely
because of the specifics of each project
individually. It can be said that project risk
management is critical to the success of the
project (Carbone, & Tippet, 2004). According
to Toljaga-Nikoli¢, Todorovi¢, & Bijelica
(2014), the project manager has to face the
possibility of an issue before it occures. By
applying appropriate risk  management
techniques, the project manager will have
greater control over project, where the risk
management plan should be part of the project
management plan.

According to Bahrami, et al., (2012), during
the project, the main aim of the project
manager is to minimize the risks that the
project carries and reduce the costs associated
with it. Due to continuous technological
innovations, the authors proposed the
implementation of FMEA (Failure Modes and
Effects Analysis) technique, which represents a
system tool that helps the project team to
identify, prevent, eliminate and control
potential errors which occur in the given
system or project. The FMEA technique was
introduced by the US military forces in the late
1940s, and intensively entered into use by
NASA in 1963 within the Apollo program
(Ebeling, 2001) and has been used as a tool for
systemic analysis of the safety and reliability of
processes and products. Rahimi, Tavakkoli-
Moghaddam, Iranmanesh, & Vaez-Alaei
(2018) stated that project risks might lead to
significant failures and disturb fulfilling of
project’s goals, therefore it is important
to identify, evaluate, and control the problem
effectively.

Today, this technique is applicable in many
areas, although at the beginning it was typical
for analysis within nuclear plants, and then
applied in the automotive industry (mid-1970s
Ford, Toyota, 1980s Peugeot). Wetterneck,
Skibinski, Schroeder, Roberts, & Carayon
(2004) emphasize that the FMEA technique is
used to identify, analyze and eliminate certain
and / or potential failures, problems and causes
of errors in systems, designs, processes and / or
services. Although initially perhaps not
noticeable, these errors can cause catastrophic
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consequences in the systems, and the
techniques themselves help in their reduction
or elimination. The FMEA technique helps to
identify and overcome weak points in the early
stages of developing the concepts of products
and services (Plaza, Ube, Medrano, & Blesa,
2003). In order to identify and analyze
potential errors, each component of the
process, product or service needs to be
analyzed individually. The main aim is to
reduce the probability of errors and reduce the
impact on the process or completely eliminate
it.

2. APPLICATION OF FMEA
TECHNIQUE IN DIFFERENT AREAS

FMEA is a technique that is applied in a many
different areas. Garayoa, Vitas, Diez-Leturia,
& Garcia-Jalon (2011) and Legnani, Leoni,
Berveglieri, Mirolo, & Alvaro (2004) believe
that, although the HACCP system is
compulsory in the food industry, food safety
mistakes are often happening. Trafialek, &
Kolanowski (2014) point to the importance of
the application of the FMEA technique in order
to identify areas where the risk of food safety
is growing within the implementation of the
HACCP system. They state that the application
of the technique in the verification process in
the HACCP system can have a major impact on
a food safety. Arvanitoyannis, & Varzakas
(2008) showed through the case study the
application of the FMEA technique in the
salmon processing industry. Processes in meat
processing with the highest values of RPN
number were identified and after the
application of appropriate measures, the new
calculation of RPN values showed lower
values and thus the benefit of the application of
the technique. Greenall, Walsh, & Wichman
(2007) believe that FMEA technique can be
successfully applied in pharmaceutical practice
and in the field of health care. It not only helps

in  identifying  possible errors  and
consequences, it is also the basis for
developing strategies for improvement.
According to the authors, this area is

characterized by high-risk processes, by
complexity, lack of standardization and largely
included human factor. In the food industry it
is also possible to apply the technique in order
to ensure the production of quality products
and improve processes in the production cycle
(Scipioni, Saccarola, Centazzo, & Arena,

2002). Cheng, Yen, Wong, & Ho (2008)
propose the use of FMEA engineering
techniques to analyze the risk of contamination
in residential buildings of Asian cities due to
contamination in their joint drainage systems.

3. APPLICATION OF FMEA
TECHNIQUE IN PROJECT RISK
MANAGEMENT

3.1. Characteristics of FMEA techniques

During the preparation of the project
realization, one of the key analysis is the
analysis of project risks, with the aim to
identify preventive measures and possibilities
for improvement during the project preparation
phase. The FMEA technique is characterized
by a proactive action orientation, as opposed to
a reactive, which means that the purpose of
applying this technique is to detect how to
prevent unwanted situations, rather than how to
eliminate them if they occur. Using techniques
such as FMEA can prevent inefficient spending
of time and resources in the project, prevent
failures and contribute to the success of
meeting project goals. FMEA is a set of
activities to identify and evaluate possible
product or process errors and the consequences
of these errors, and then suggest activities that
can reduce or eliminate the likelihood of these
errors (Bahrami, et al., 2012). Szmel, &
Wawrzyniak (2017) identified the method as
an important element of safety management
process and as safety analysis method.

In order to carry out risk identification and
assessment in the project, it is necessary to
have complete and relevant information for all
project processes and activities, their
characteristics and the resources involved in
the implementation. Causes of risk occurrence
should not be sought only within the processes
and activities, but also in the project
environment and stakeholders. It is therefore
important to involve individuals who have
knowledge and experience regarding the
project, but also use knowledge from previous
projects, lessons learned, documents and all
available resources that can be helpful in order
to get a list of potential risk events. A detailed
description of the project, all phases and
activities is required, the implementation of the
WABS diagram, in order to have an insight into
the logical connection. The next step is
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identifying the risks associated with each
project segment and predicting the impact on
the project that would have their occurrence. It
can be said that this technique requires a lot of
time and input information.

The purpose of the application of the technique
is to reduce the likelihood of occurrence of
risks in the phases of the project and to reduce
the impact on the project or completely
eliminate it. According to Madoxx (2005) and
Sankar, & Prabhu (2001), three parameters are
important for the analysis: the impact or
severity of the consequence of risk (S-
Severity), the likelihood of occurrence of risk
(O-Occurrence) and the existence of capacities
for identifying possible risk rates (D-Detect).

By multiplying these three parameters, the
RPN (Risk Priority Number) size is obtained,
which represents the numerical risk assessment
assigned to the project phase and its value
ranges from 1 to 1000.

RPN = (S) x (0) x (D) (1)

The degree of seriousness of risk is reflected in
the effects it exerts if it occurs (Bahrami, et al.,
2012). By making changes in the process itself
and the way in which activities are carried out,
it is possible to influence the reduction of this
degree. Sankar, & Prabhu (2001) propose the
quantification of the degree of risk severity
using the scale from 1 to 10 (Table 1), where
the effects are described qualitatively.

Table 1: Ranking of risk according to the severity of its effects (Sankar & Prabhu, 2001)

Rank

Effects

10

Critical

Serious

Extreme

Big

Significant

Moderate

Low

Small

Very small

RN W |01 O | 00| ©

No effect

According to (Trammell, Lorenzo, & Davis,
2004) and (Sankar, & Prabhu, 2001), FMEA
implies an analysis of each component of the
system, which may be long-lasting but
necessary to detect potential risk occurrence
(Table 2) and assess the probability of
occurrence (Table 3).

The probability of occurrence of risk is about
the frequency with which the potential risk can
occur. In order to assess this, it is necessary to
know the cause, that is the driving mechanism.
According to Sankar & Prabhu( 2001), the
likelihood of risk occurrence can be ranked on
a scale of 1 to 10 based on values that
determine this probability, as shown in Table
3.

Table 2: Ranking of possibilities for detection of causes of risk (Sankar, & Prabhu, 2001)

Rank

Opportunity to discover

[Ey
o

Total uncertainty

Very uncertain

Uncertain

Very low

Low

Moderate

Moderately high

High

Very high

RPN W b~ o o | 00 ©

Certain
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Table 3: Ranking of the frequency and likelihood of occurrence of risk (Sankar, & Prabhu, 2001)

Rank Frequency of occurrence Probability of occurrence
10 >lod?2 Extremely high, failure is
almost inevitable
9 lod3 Very high
8 lod8 Repeating failures
7 10d20 High
6 10d 80 Moderately high
5 1 od 400 Moderate
4 1 od 2000 Relatively low
3 1 od 15000 Low
2 1 od 150000 Negligible
1 <1 od 1500000 Almost impossible

The frequency of failure or pre-estimated error
can be reduced by the impact on the cause or
mechanism that triggers this risk. That is why
the importance of FMEA application in its
preventive role is given, since it is possible to
timely introduce changes to the project plan
and documentation, thus reducing the
frequency of errors and failure. The application
of the technique at the design stage helps to
avoid the emergence of risk, and
implementation in the implementation phase

helps in the process of control. Project risk
management is a complex area of project
management and requires the investment of
time, knowledge, experience and other
resources. With the application of the FMEA
technique, the basis for prioritization of
potential risks in the project is obtained.

Activities in the process of application of the

FMEA technique are given in Figure 1
(Bahrami, et al., 2012).
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Defining error in the system and collecting information
related to it

A 4

Despite the potential risks

\ 4

Checking the effect of each risk

Y

» Determine any risk factors

Find the probability
rate

A4

Survey the control processes

Find the possibility of rate risk

|
v

Calculate RPN ~

|

Does the reform is
needed?

Corrective actions proposed

!

Determine the responsibilities and duties

|

Reform process according to corrective action

e g 3
I Find the rate of
I
I

deterioration

h 4

Report

Figure 1: Cycle of application of FMEA technique in a project risk analysis

(Bahrami, et al., 2012)

The considered risks are ranked according to
the RPN value calculated using the formula (1).
Risks with a higher RPN value are considered
more critical and will have priority in
additional analysis and resource allocation.
The purpose of the application of the technique
is preventive action and making improvements
in the project documentation, as well as the
investing of additional resources, in order to
eliminate the possibility of occurrence of risk
or mitigate its effects. Itis possible, through the
process and activities revision and resources
allocation in the project, to eliminate the causes
of potential risks that have been the subject of
FMEA analysis. This requires the investing of
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additional time and resources, but the benefit is
higher, since after these actions, the identified
risk is expected not to be occured during
project implementation.

4. DISADVANTAGES OF
TECHNIQUE

FMEA

FMEA technique ranks risks exclusively by the
value of RPN number, which can be a trigger
for criticizing this technique. Sankar, & Prabhu
(2001) state that the values of the parameters
within the structure of the RPN number are
unreasonably ignored and only its final value is
observed. For example, it is possible to ignore
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the risks that have a lower value of RPN, but in
its structure, the high likelihood of risk
occurrence or the severity of the effect
(Bahrami, et al., 2012). If the severity of the
potential risk effect is estimated at 10, and the
likelihood of occurrence with 1 and the
possibility of detection also with 1, the
calculated RPN value will be 10, which will
not place this risk in those that the project
manager should deal with, since it will not be
highly ranked. However, its occurrence would
be catastrophic for the system and therefore its
causes must be investigated and appropriate
measures have to be prepared.

5. CONCLUSION

Each project has its specifics where its
activities have different likelihood of
occurrence of risk events. For a project
manager it is important to minimize the risks
that the project carries and reduce the costs
associated with it. Technique that can help a
project team to identify, prevent, eliminate and
control potential errors that occur in the given
project is the FMEA (Failure Modes and
Effects Analysis). This technique is applicable
in different areas. It contains a set of activities
for identifying and evaluating possible errors
and the consequences of these errors within the
project activities. After that it is possible to
suggest activities that can reduce or eliminate
the likelihood of these errors.
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