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ABSTRACT
Goal: In this work, the application of FMEA (failure mode and effects analysis) in the 
execution of maintenance of water network in a medium size city in the state of Maranhão 
was approached. FMEA (failure mode and effects analysis) with occupational safety 
approach is applied in the execution of water supply network maintenance in a medium 
size city in the state of Maranhão. This work shows that FMEA is an effective tool for risk 
prioritization in work process. The FMEA application with use of index reference table 
can become faster than application without reference table - and thus spread the tool 
for risk analysis.
Design / Methodology / Approach: A photographic records was carried out in loco and 
the main risks to the workers were enumerated and based on the obtained data, a risk 
analysis was elaborated with the application of FMEA (Failure modes and effects analysis).
Results: The maintenance services teams of the supply system are subject to a high risk 
of accidents caused mainly by the working conditions precariousness. It was observed 
that the services of manual excavations and the lack of use of PPE (helmet, gloves, 
pants suitable for flooded environments and etc.) have high risk index (RPN) and that 
the mismanagement added to the unsafe behavior were the main factors to accident 
occurrence in this type of work.
Limitations of the investigation: The study studied the reality found in a medium-sized city 
with precarious working conditions. Further studies can compare the work reality of other 
teams in cities of different sizes, with better working conditions. Other limitation of this 
work is the impossibility of work situation improvement and posterior tool application – a 
study with this magnitude is non-trivial and needs future research.
Practical implications: The great achievement of this work is to demonstrate that FMEA - a 
tool that is widely used in maintenance management and product engineering - is able 
to identify and prioritize risks based on its preliminary risk index obtained - contributing 
to reduce the difficulty of index choices previously cited in literature and disseminate the 
FMEA utilization for employee safety and occupational health. Such a tool has a great 
capacity for quantitative description of the risks, showing that the FMEA is very useful 
in the work safety sector for the organization of correction plans.
Originality / Value: The difficulties of using the tool mentioned in the available literature 
were minimized with the use of the reference table, showing that the use of FMEA can 
become faster and thus spread the tool for risk analysis.
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INTRODUCTION

Civil construction was an area that has grown and 
developed in recent years. In 2017, the construction sector 
had a participation in the GDP (Gross Domestic Product) of 
approximately 15% (Confederação Brasileira da Indústria 
da Construção, 2018) and is the sector that most employs 
people in the country (Mello and Amorim, 2009). However, 
it has an increasing number of workers in work accidents 
(Teixeira and Carvalho, 2005; Iriart et al., 2008). Construction 
workers responsible for maintenance of the water supply 
network are exposed to ergonomic risks and the incidence 
of musculoskeletal pain due to the practice of physical 
functions (Vitta et al., 2007)

According to data from the Ministry of Finance (Ministério 
da Fazenda, 2016), in 2016 there were 34,786 work departures 
registered with the Social Security, related to work accidents. 
However, many of these cases are not reported to Social 
Security due to the various nonconformities present in the 
employers’ companies and the high level of informality in the 
sector (Santana and Oliveira, 2004; Teixeira and Carvalho, 2005)

Work accidents contribute to high corporate expenditures. 
The main causes of labor accident costs are employee 
retirement, first aid expenses, losses of equipment and 
damaged materials, and repair engineering (Costa et al., 
2009). It is necessary to always verify the numerous risks 
associated with the tasks, with the purpose of eliminating 
failures or even accidents, in order to guarantee the 
established deadlines, cost, safety and quality of all those 
involved in the work performed (Araújo, 2002). To carry out 
the verification, the risk assessment must be present in all 
constructive steps (Cruz, 2002). For Saliba (2018), in order 
to minimize the risks to the maximum and preserve the 
employees’ physical integrity, is necessary to use methods 
of risk management. It is worth noting that in order to obtain 
international quality certifications, risk analysis procedures 
are required (Zeng et al., 2010)

The FMEA (failure mode and effects analysis) is a tool that 
ranks the possible failure modes quantitatively, allowing 
risk prioritization and indicates which corrective measures 
should be performed (Stamatis, 2003). This tool was created 
in the mid-1940s by the American military in the post-war 
period (Pentti and Atte, 2002) and is currently used in several 
industrial, administrative and hospital sectors (Scipioni et al., 
2002). However, the application of the FMEA in occupational 
safety is still less widespread and requires more in-depth 
studies on the subject (Cavaignac and Forte, 2018).

The FMEA lists the risks through a coefficient called the 
Risk Priority Number (RPN). This number is a result of the 
multiplication of three indexes: severity (S), occurrence (O) 
and detection (D), ranging from 1 to 10, where the best 

situation has the lowest result and the worst situation 
has the highest result (Stamatis, 2003). The severity index 
indicates the severity of a consequence that may occur 
in the potential failure mode. The occurrence index is 
an estimate of the frequency or probability of occurring 
in failure mode. Already the detection is the difficulty of 
the fault being identified before the failure mode occurs 
(McDermott et al., 2012).

The indexes choice can generate doubts and cause 
difficulties in the tool application, avoiding the diffusion 
of its use in other areas besides reliability engineering 
(Laurenti et al., 2012). Previous work reported the indexes 
choice difficult in the application of FMEA in occupational 
safety for the first time, reinforce Laurenti et al. (2012) and 
(Cavaignac and Forte, 2018). In order to facilitate the use 
of FMEA in occupational safety, a recent study proposed 
a quick reference table, listing the possible situations 
found in the work environment with the S, O and D indices 
(Cavaignac and Uchôa, 2018). This application field have a 
recent literature dedicated to occupational safety FMEA use 
and improvement, and shows that Cavaignac and Uchôa 
(2018) quick reference table turns the indexes choices easily, 
faster and non-subjective dependence (Jorge et al., 2019; 
Santos et al., 2019; Dias Junior and Cavaignac, 2019). Table 1 
shows the relationship between the possible situations 
observed and the respective FMEA indexes.

The present work seeks to carry out the study of the labor 
situation of the employees of the maintenance services of the 
water supply network. The principal novelty of this work is 
the contribution of application development of occupational 
safety FMEA with quick reference table proposed by 
Cavaignac and Uchoa (2018), and added this, study a process 
that non-present on previous literature. Through on-site 
observation, situations of nonconformity with regulatory 
standards will be listed. Through the FMEA, the risks to 
which these employees are exposed will be prioritized and a 
corrective action plan will be proposed at the end.

METODOLOGY

This work was based on a case study on maintenance 
works of water supply networks in a medium-sized city in 
the State of Maranhão. Photographic records were taken in 
03 (three) maintenance of the supply network and listed the 
situations of nonconformity followed by a brief discussion. 
Possible failures in the situations observed for the FMEA 
application were described, where possible failure modes, 
effects, detection methods, corrective actions and RPN 
were described. From this point, it was possible to make a 
comparison between the obtained results and to indicate 
which modes of failure need immediate corrective actions 
through the elaboration of a corrective action plan. Figure 1 
shows the flowchart of the research execution steps.
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INCONFORMITIES IN WATER SUPPLY NETWORK 
MAI‑TENANCE

With the photographic records in loco,  several 
nonconformities to the regulatory norms were observed. 
It is important to stress that employees’ observed attitudes, 
such as the lack of use of personal protective equipment, 
are extremely unsafe. Figures 2 to 6 below record the 
inadequacies during the maintenance process of the water 
supply network.

In Figures 2-6, it may be observer that employees do 
not make the correct use of PPE. According to NR 6, gloves 
have the purpose of protecting against piercing, cutting, 
chemical and biological agents, since the helmet has the 
purpose of protection against impacts that may occur in the 
skull region. For most employees, most PPE’s do not have a 
certain comfort in their use, therefore, they discard their use 
on the grounds of such a situation. They also claim that they 
do not know how to use some PPE or also claim to forget 
it in their own homes or in the company closet. All these 
claims regarding the use of PPE’s show a lack of concrete 
demand by the company for the use of PPE by employees.

Another point to note is where these employees meet. 
Such an area where the excavation was carried out for 
maintenance of networks, mostly are unhealthy places, 
thus compromising the health of the worker himself, due to 

being exposed to chemical and biological agents. According 
to NR 18, the places where there is excavation, must follow 
some criteria. Item 18.6.7 says that excavations of more 
than 1.25m (one meter and twenty-five centimeters), must 
contain stairs or ramps, place near the work stations, in 
order to allow in case of emergency. Item 18.6.11 says that 
excavations carried out on public roads must contain warning 
signs and insulation barriers throughout its perimeter. 
Observing the images 2, 3, 4, 5 and 6, it is well known that 
such criteria of NR 18 have not been complied with, which 
can result in accidents.

Table 1. Relationship between the situations with the severity (S), occurrence (O) and detection (D) indexes.
Severity (S) Occurrence (O) Detection (D)

Index Consequence of failure Index Accident nature Index Detection methods
1 No real impact 6 Impact suffered 1 Visual inspection
2 Irrelevant trauma 5 Fall from height 2

Tactile test / manual test3 Trauma requiring first aid 5 Impact against 3

4 Temporary incapacity without 
remoteness 5 Excessive or inappropriate effort 4

5 Temporary incapacity with small 
remoteness 5 Pressing or imprisonment 5

check-list/sequence of tests before 
process6 Temporary incapacity with large 

remoteness 5 Fall from same level 6

7 Partial permanent disability 4 Noise exposure 7
8 Total permanent disability 4 Contact with hazardous substance 8 Instrumental inspection /

mechanical tests9 Death of involved in the process 4 Electric shock 9
10 Death of not involved in the process 3 Friction or abrasion 10 Lack of effective methods

3 Temperature exposure
Source: Cavaignac and Uchôa (2018). Adapted

Figure 1. Research steps flowchart
Source: Cavaignac and Forte (2018). Adapted

Figure 2 - Employees [I] and [II] with the wrong use of the PPE 
helmet (1) and absence of protective gloves (2).

Source: the authors, 2019.
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FMEA APPLICATION ON WATER SUPPLY NETWORK 
MAINTENANCE

For Puente et al. (2002), the FMEA has an important 
methodology to characterize the possible flaws, effects 
and processes to enumerate actions that can reduce or 
eliminate each risk. Due to the similarity between failures, 
the water supply maintenance process was divided into 
two subprocesses: pipe assembly, which consists of the 
activities performed during pipe maintenance and tool 

Figure 3 - Employees [I], [II] and [III] in a place of work with poor 
conditions and nonconformities. Observe the absence of gloves (1), 

inappropriate work clothes (2) for the workplace, absence of 
protective masks (3) against toxic gases and absence of helmets (4)

Source: the authors, 2019.

Figure 4 - Employees [I] in a work place close to traffic 
routes. The absence of a helmet (1) is observed; gloves (2); 

and garments not suitable for work (3).
Source: the authors, 2019.

Figure 5 - Employees [I] and [II] working on excavations without 
shoring. The absence of helmets (1) is observed; inadequate 

clothing and protective gloves (2).
Source: the authors, 2019.

Figure 6 - Employees [I] and [II] in excavations without signaling 
and without shoring. The absence of helmets (1) is observed; 

absence of masks against toxic gases (2); absence of protective 
gloves (3); and garments not suitable for work (4)

Source: the authors, 2019.
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use; and excavation work that considers the conditions of 
the work environment. The crashes were selected based 
on photographic records. The indices for occurrence (O), 
severity (S) and detection (D) were chosen from the analysis 
of the correlation of the situations observed in the case study 
with the indices proposed in the reference table elaborated 
by Cavaignac and Uchôa, (2018). Below, the failures will be 
analyzed and their correlations with the FMEA indices, as 
described in Table 2.

Mechanical shock during assembly may occur due to poor 
working environment conditions, either due to the lack of 
tool organization or the limited space available for work. This 
failure can result in the impact of objects against limbs - impact 
against, causing temporary incapacity without leaving 
the worker. Physical failure and / or failure of ergonomics 
occurs when exposing the worker to long hours of work and 
having irregular environments that require the employee to 
maintain incorrect posture to perform the activity, resulting 
in trauma that may require first aid on account of excessive 
and inadequate efforts. These two failures can be detected 

by tactile testing of tool use conditions, equipment weight, 
or avoiding inappropriate postures.

The absence or misuse of the helmet, as amply presented 
in the photographic records, may result in the impact of 
falling tools or supplies resulting in its long-term disability. 
This failure can be detected by the application of checklists 
before the activities start.

PPE such as gloves, mask against toxic gases and correct 
work suit protect workers who are performing maintenance 
of the supply pipes against possible chemical and biological 
agents. Failure to use these PPE, as noted in Figures 2-6, may 
result in contact of the skin with harmful substances resulting 
in irritating skin and respiratory tract development, in some 
cases causing the temporary incapacity of the employee. 
These failures are detected with checklist application at 
the beginning of the procedure, such as the service orders 
provided in the standart procedures. Table 3 below shows 
the prioritization of potential failure modes found in water 
supply network maintenance services.

Table 2. FMEA of water supply network maintenance process

Subprocess Potential failure 
mode

Nature of  
Occurrence O Failure effects S Detection 

methods D RPN Corrective  
actions

Pipe 
assembly

Mechanical shock 
during assembly Impact against 5

Temporary 
incapacity without 

remoteness
4 Tactile 2 40

Workplace 
inspection; Keep 

organized and 
unobstructed 
environment

Physical overload 
and / or 

ergonomics failure

Excessive or 
inappropriate 

effort
5 Trauma requiring 

first aid 3 Tactile 3 45

Breaks for rest; 
Better tailor 

tools and work 
environment

Absence or 
improper use of 

helmet
Impact suffered 6

Temporary 
incapacity with 

large remoteness
6 Checklist 5 180

PPE training; PPE 
verification before 
activities execution

Gloves absence
Contact with 

hazardous 
substance

4
Temporary 

incapacity without 
remoteness

4 Checklist 5 80
PPE training; PPE 

verification before 
activities execution

Toxic gas mask 
absence

Contact with 
hazardous 
substance

4
Temporary 

incapacity without 
remoteness

4 Checklist 6 96
PPE training; PPE 

verification before 
activities execution

Inappropriate 
Work Suit

Contact with 
hazardous 
substance

4
Temporary 

incapacity without 
remoteness

4 Checklist 6 96
PPE training; PPE 

verification before 
activities execution

Work at 
excavations Signaling lack Pressing or 

imprisonment 5
Death of not 

involved in the 
process

10 Visual 
inspection 1 50 visual signaling 

assembly

Shoring lack Pressing or 
imprisonment 5 Death of involved 

in the process 9 Visual 
inspection 1 45

Ensure the safety 
and stability adding 
shoring excavation

Lack of access 
device  

(ladder / ramp)

Excessive or 
inappropriate 

effort
5 Trauma requiring 

first aid 3 Visual 
inspection 1 15 ladders and access 

ramps assembly

Source: the authors, 2019.



Brazilian Journal of Operations & Production Management 
Vol. 17, No. 1, e2020887, 2020 

DOI: 10.14488/BJOPM.2020.006

6/7

The work performed in excavations was also in a 
precarious situation, being able to be observed failures with 
high severity for the worker. The excavations were without 
signalization, being able to result in the fall of people that 
are in the environs, resulting in the imprisonment in case of 
sliding, causing in its death. None of the excavations found 
adequate shoring. The landslide, which can be caused by the 
passage of vehicles or instability of the terrain, can result 
in the imprisonment of those who carry out the activity, 
resulting in their possible deaths. It is worth noting that 
despite the high severity, the resulting RPN is low, mainly 
due to the ease of detection of this fault - visual method 
with index 1. The excavations also did not present any access 
device between the work surface and the ground, requiring 
the during their exit and entrance. This failure may result in 
the excessive or inadequate effort of the workers, resulting 
in the occurrence of trauma that may require first aid.

CONCLUSION

The workers safety is directly linked to the environment 
in which work occurs, as they are subject to risks. Through 
the on-site observations, it was possible to verify the 
most diverse occupational risks in which the employees 
are subject. From the qualitative enumeration of risks, 
the FMEA (failure mode and effects analysis) was used 
to quantify the possible causes and effects in which the 
workers are subject. It was verified that not using gloves is 
the most dangerous and had the highest result, followed by 
the absence of helmet use. Its worth to point that failure 
modes correlated with excavation process obtained small 
RPN – failure mode with visual detection - but have large 
severity index (9 and 10). This fact shows that excavation 
process need a special attention.

In addition to the study in question, the main function 
of this work is to use and disseminate the use of FMEA - a 
tool that is widely used in maintenance management and 
product engineering - for employee safety and occupational 
health. Such a tool has a great capacity for quantitative 
description of the risks, showing that the FMEA is very useful 
in the work safety sector for the organization of correction 

plans. The difficulties of using the tool mentioned in the 
available literature were minimized with the use of the 
reference table, showing that the use of FMEA can become 
faster and thus spread the tool for risk analysis. Compared 
to previous works, the principal novelty of this research 
is OS-FMEA application in a new process - Water supply 
newtork maintenance service - and obtain two principal 
achievments: (i) identifying and priorizing the risk that 
maintenance workers was exposed, to a correction action 
plan elaboration, and (ii) shows the OS-FMEA efficiency in 
a new process investigation.
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