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Abstract: Nowadays with the rising number of competitors, with the development of more 

complex machines and pieces of equipment, it is essential that enterprises play their role in the 

most efficient way, raising the profit margins and improving the quality of their products and 

services. This can be achieved through the use or implementation of methodologies and tools 

that increase the reliability and availability of the machinery and systems in general, decreasing 

the maintenance costs and ensuring the safety of both workers and equipment. 

This thesis focuses in the application of RAMS methodologies to a real case. In this case the 

objective is to ensure a good performance of safety valves in a large industrial facility as well as 

their maintenance tasks. To achieve this, it is mandatory to identify and evaluate the failure 

modes and effects of both the valves and their critical maintenance tasks. By doing that, it is 

possible to come up with ways to eliminate or at least mitigate those negative impacts (through 

the implementation of corrective and preventive actions and also through the improvement of 

the traceability of the valves and their components). 

This study shows that the application of these methods will lead to cost reduction (production 

and operational costs) to increase both production capacity and safety and, will add value 

making available relevant information concerning equipment and process performance. 
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Methodology and Structure of the study 

To develop this study, it was crucial to get a 

theoretical basis that was achieved through 

the reading and consulting of scientific and 

technical literature found both in books and 

in papers (displayed in the references 

chapter). Several meetings with the 

coordinators both from Instituto Superior 

Técncico (IST) (Eng.º João Ventura) and 

from Integridade - Serviços de Manutenção 

e Integridade Estrutural, Lda (INT)
1
 (Eng.º 

Lopes da Santos) and also a visit to GALP 

Energia’s, SGPS, SA (GALP) refinery were 

crucial to understand how the safety valves 

work and how the maintenance tasks are 

performed. 

With the data collected from the sources 

referred above, it is possible to develop 

analysis like FMECA, FMEA and the 5S 

                                                 
1INT is a company within the ISQ group whose core 

specialization is valve maintenance in industrial 

facilities. This company cooperated together with IST 

to develop this study. 
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methodology that will enable the 

improvement of its performance, increasing 

its reliability, availability and safety. 

FMEA (Failure Modes and Effects Analysis) 

is a structured and systematic study of 

possible failures, their causes and effects. It 

is used to find ways to eliminate the 

identified failures through the suggestion of 

improvements actions in the product, 

equipment or production process [3.20]. 

FMECA (Failure mode, effects, and 

criticality analysis) as FMEA, is used to 

investigate possible weaknesses and to 

sort them in descending order of their 

potential to cause failures. The FMECA‟s 

critical analysis charts the probability of the 

failure modes against the severity of their 

respective effects [11.20]. 

The 5S methodology‟s goal is to achieve 

efficiency, good traceability and to eliminate 

waste of time and effort. It is going to be 

applied to the maintenance operations site. 

To conduct this thesis, it was necessary to 

break down the study in three phases: 

 Introduction and Literature Review 

o In this first step, the idea is 

to gather all the relevant 

information needed to 

understand the fields in 

which RAMS acts 

(Reliability, Availability, 

Maintainability and Safety). 

 Application to a practical and real 

case 

o In this chapter, a description 

of industrial environment is 

presented. Based on the 

information collected, a 

FMECA and FMEA are to 

be held in order to develop 

solutions that eliminate the 

problems identified. An 

extended explanation of the 

FRACAS methodology and 

its application is going to be 

approached as well in this 

chapter (encouraging the 

data sharing between the 

GALP and INT). 

Comparisons will be made 

between the results 

obtained in these tests and 

the current situation of both 

companies and their 

workers, pointing the areas 

that need to be improved. 

Also, a 5S methodology will 

be applied to obtain further 

improvements in valve and 

component traceability in 

the maintenance site. 

 Conclusions 

o In this last chapter, the 

conclusions of this study 

and future challenges will be 

presented. 

Introduction, Objectives and Literature 

Review 

The purpose of this thesis is to study the 

improvements that can be achieved through 

the application of RAMS methodologies and 

tools to a practical and real case. This 

practical case consists in analyzing the 

bottlenecks and restrictions found in the 

maintenance tasks performed by INT, 
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during a scheduled „Production Shutdown‟ 

in GALP‟s refinery in Northern Portugal. 

RAMS can be defined as an application of 

methodologies and tools that crosses 

across the concepts of Reliability, 

Availability, Maintainability and Safety. Its 

main goal is to maximize the productivity, 

profit and to decrease costs, failure risks 

and accidents. 

The reliability of certain equipment is the 

probability that the equipment will perform 

correctly during a certain period of time and 

under pre-defined conditions [6, 17]. 

A device or component that has a higher 

level of reliability tend to be durable, to last 

longer, to perform its function without 

having to make any unscheduled corrective 

maintenance. It is possible to find other 

denominations for reliability such as Mean 

Time Between Failures (MTBF) or total 

number of failures. The higher the value of 

MTBF, the greater the reliability of the 

equipment [2]. 

Availability is the capacity of an equipment 

or system being able to perform its 

functions in a certain moment and under 

pre-defined conditions or during a certain 

period of time (assuming that all needed 

external resources are provided) [3, 17]. 

Availability is a performance criterion for 

repairable equipment that takes into 

account both its reliability and its 

maintainability. This means that availability 

is the probability of a system to work 

properly when required [9]. 

Unlike the reliability (that characterizes the 

continuity of the functioning flawlessly until 

a given time and does not take account of 

the events after a failure) the availability 

does not take into account whether the 

equipment or process failed and was 

repaired. It only takes into account the state 

at a given instant. These two features 

complement each other. 

Maintainability is the probability of an active 

maintenance action for an element under 

certain conditions being able to be 

performed in a predefined time interval. To 

be valid, the maintenance is performed in 

the pre-defined conditions with utilization of 

written procedures and predefined 

resources [3, 17]. 

The maintainability reflects the ability of 

equipment to be maintained in good 

operating condition and maintenance 

consists of applying a set of repairing tasks 

that allow the equipment to its proper 

functioning (whether it is defective or just a 

routine process to prevent damage) [14]. 

Safety is the conservation of the human life 

and also the prevention of damage to 

equipment and products. 

Over the years, organizations, researchers 

and authors have been contributing to the 

development of safety and its application in 

industrial facilities [6]. 

The technical concepts of safety are based 

on knowledge of situations considered 

potentially dangerous in an industrial unit 

for all modes of operation and maintenance 

as well as all possible operating 
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environments. It also takes into account the 

characteristics of each potentially 

dangerous situation in terms of the severity 

of its consequences and its likelihood of 

occurrence. 

The risk of an undesired event to occur can 

be estimated by calculating the product of 

the probability of the event‟s occurrence by 

the severity of its consequences. It is 

associated with unknown result that a given 

decision may result in [7]. 

The goals of this study are to show that 

through the application of RAMS 

methodologies and tools it is possible to 

determine main failure modes (both in 

processes and in equipment), to identify the 

current controls to detect them, to suggest 

actions to eliminate them, to optimize 

maintenance times and to improve workers 

safety both inside and outside the 

maintenance installations. It is also 

intended to show that the correct 

application of these methodologies and 

tools allow an objective, organized and 

complete selection of the subsystems and 

respective critical elements in order to 

define the appropriate maintenance tasks 

and its frequency. By doing this, the costs 

with equipment across its life cycle tend to 

decrease, also the reliability and availability 

tend to rise [10, 13]. 

Application of RAMS methodologies to a 

real case 

This chapter will consist on the application 

of engineering concepts, methodologies 

and tools that enable the optimization of 

processes (production and maintenance) 

through analysis of various individual steps 

and equipment that composes them. The 

maintenance services performed by INT 

(during the scheduled „Production 

Shutdown‟ in June 2011) in GALP‟s refinery 

in Matosinhos will be analyzed carefully. 

To apply RAMS correctly it is mandatory to 

identify potential failures and make 

appropriate changes to eliminate them [22]. 

For this purpose analysis like FMECA (for 

safety valves) and FMEA (for the tasks of 

its maintenance process) are performed. 

These tests allow an understanding of how 

this type of equipment and its repair 

process fails. It has the main purpose of 

suggesting actions to avoid these failures. 

Brief description of the Industrial 

Environment 

This refinery is located in northern Portugal 

(near Porto). Its industrial complex has an 

area of approximately 290 hectares and is 

integrated with the tankers‟ terminal in the 

maritime port of Leixões. This refinery 

produces a wide variety of oil and aromatic 

products (raw materials for chemical and 

petrochemical industry). Its different 

production lines deliver a variety of fuels, 

base oils and lubricants, aromatic solvents, 

greases, waxes, bitumen and also sulfur. 

In the next section, FMECA and FMEA 

analysis are performed. 
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Application of the FMECA and FMEA 

methodologies to safety valves (PSV) 

and to maintenance processes 

respectively 

FMECA PSV 

Two failure modes were identified for this 

equipment: „doesn‟t work‟ and 

„malfunctioning‟. The first one refers to 

situations where the valve does not act to 

set pressure, damaging the whole system 

and endangering human lives. The 

'malfunctioning' refers to the action of the 

valve at pressures below the set pressure, 

causing losses of efficiency in the 

production chain. The highest severity 

value is attributed to failure mode „doesn‟t 

work‟ because its consequences are much 

more serious than the ones from the 

„malfunctioning‟ failure mode. The effects of 

the first failure mode are originated by 

„problems in internal components‟, „valve 

not well calibrated‟ (can happen after 

performing its function for long period of 

time with no maintenance intervention), 

„corrosion‟, „assembly error‟ (not common, 

but must be taken into account, and will be 

important in the critical maintenance 

processes‟ FMEA). The causes identified 

for the second failure mode are „problems 

in internal components‟ and „joint failures‟. 

The causes that have higher occurrence 

values are „problems in internal 

components‟ and „not well calibrated‟. 

The current controls are the pressure 

gauges installed along the process and the 

existence of a preventive maintenance plan 

(the periodic „Production Shutdowns‟). All 

the causes have the same detectability 

value except for the „joint failures‟ that can 

be observed visually by a worker and has a 

lesser value of detection than the others. 

RPN (Risk Priority Number) is a way to 

prioritize the failures regarding the risk they 

represent. It can be determined by 

calculating the product of the scores of 

severity, occurrence and detectability 

already determined. Its calculation is crucial 

in this analysis to determine the failures that 

need to be eliminated more urgently, those 

will be the ones with the highest value of 

RPN [33]. 

           (1.1) 

In the equation 1.1, S is the Severity of the 

effects; O is the probability of occurrence of 

the causes of failure and D is the efficiency 

of the current controls to detect the failures. 

Actions to be taken by GALP and INT 

Some of the actions that should be 

implemented to diminish the RPN values of 

the identified failure modes are: a routine 

and regular measure of the quantities of 

products produced at the end of each step 

of the industrial processes that will identify 

losses (if any); the installation of sensors in 

safety valves, or the purchase of more 

recent ones with this embedded sensor 

system; introduction of redundant valves in 

the sections which have the biggest failure 

record; the painting of the components 

most likely to corrode and the definition of 

more strict control tests. 

In the operation of valve assembly in the 

industrial unit, it is important to make sure 
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that the joint is perfect and the valve is well 

placed. 

All valves should be registered with a single 

reference, shared between GALP and INT 

in order to be able to trace to a particular 

valve, its FMECA and records that are 

relevant and which can be filed correctly 

and completely identified. Implementation 

of the methodology FRACAS (Failure 

Reporting, Analysis and Corrective Action 

System) is a process that makes possible 

to sort, analyze and report failures and plan 

corrective actions in response to each type 

of these failures. It is used in the industrial 

field for data collection, storage and 

analysis of system failure. 

PSV failure modes’ criticality analysis 

In this chapter, the goal is to study the 

feasibility of implementing a redundant 

system composed by a PSV and a 

redundant PSV, its benefits and 

disadvantages. The chosen model is a 

parallel one and it requires the use of an 

interlock to choose only one flow between 

the two possible ones. This model makes 

possible the maintenance of a PSV without 

having to shut down any industrial activity 

(figure 1). 

Using mathematical models and theory that 

fits this situation (Bayes Theorem and 

Poisson distribution) it is possible to prove 

that (using this passive redundancy, only 

one valve active at a time) the valves are 

independent (the failure of one is 

independent from the other) and the use of 

a redundant valve is always better and 

makes an even bigger difference if one 

valve tend to fail more often. A system with 

a redundant valve allows 0 or 1 fail which is 

better than using only one valve that cannot 

fail (allowing 0 failures). 

 

Figure 1: Implementation of redundant PSV in 

parallel. 

Being    the failure rate and t the time, this 

system (with the redundant valve) is      

times better than a system with a unique 

valve. This value was obtained through the 

application of the already referred 

mathematical theories. 

This system diminishes the criticality of the 

identified failure modes. The benefits of its 

implementation are an increased reliability, 

availability and safety and production 

capacity through the reduction of 

vulnerabilities. The main disadvantage is 

the cost associated with the implementation 

of this system. 

Critical maintenance processes FMEA 

The maintenance phases identified as 

critical were: „assemble/disassemble of the 

valve from the process‟, „disassemble of the 

valve in its components (including cleaning, 

washing and drying)‟ and „reparation of the 

damaged components (including polishing 

and lapping)‟. 
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The first task („assemble/disassemble of the 

valves‟) needs to be improved in terms of 

safety. The failure mode identified is the 

difficulty to access some valves. The effect 

observed is the damage it can cause to the 

workers. The causes that can lead to that 

effect are difficulties in reaching the valves, 

and the existence of vertical stairs instead 

of spiral staircases in the towers, that leads 

to a difficulty in tool carrying. The only 

controls available to guarantee the good 

performance of the INT workers in their 

activities are the mandatory one day course 

on safety procedures and their experience 

in performing those maintenance tasks in 

similar conditions. 

The failure mode identified for the 

„disassemble of the valve in components‟ 

maintenance phase is the loss and 

disorganization of the tools and valve 

components. The effects from that failure 

mode are the rise of the MTTR and the loss 

of maintenance efficiency. The causes that 

lead to this are the lack of an efficient 

traceability system and of good tool and 

component controls. The current controls 

are the knowledge of the worker in what 

he‟s doing (e.g., grouping the similar 

components together and separate them 

from other valve‟s components). 

In the „reparation of the damaged 

components‟ task the failure mode 

identified is the „repair has not been 

correctly achieved‟. The effects of this 

include a shortened lifespan and the 

decreasing MTBF (Mean Time Between 

Failures). If these errors are found in the 

next maintenance step (calibration) it leads 

to a rise of the MTTR. The current controls 

are the skills and experience of the worker 

in the separation and maintenance of the 

damaged components. 

The task with the biggest value of RPN is 

the „assemble/disassemble of the valves‟. 

Improvement actions proposed to fill the 

identified gaps 

To achieve the goal of raising safety in the 

„assemble/disassemble of the valve from 

the process‟ task, it is necessary to ensure 

that the workers always have their hands 

free to climb, and move around. That can 

be achieved by making mandatory the use 

of a belt with eyelets (a tool belt where they 

can put their required tools for each 

operation). 

GALP should study the feasibility of the 

construction of a permanent platform which 

makes the maintenance operations safer 

and faster, instead of using scaffolding. 

To improve the traceability of the tools and 

components in the „assemble/disassemble 

of the valves‟; an implementation of 5 S 

methodology is crucial to ensure that the 

components that are disassembled from a 

valve will return to the same valve. 

Traceability is the ability to interrelate 

uniquely identifiable entities. This 

methodology relies on five pillars: Sorting 

(Seiri), Setting in order (Seiton), 

Sweeping/cleanliness (Seiso), 

Standardizing (Seiketsu) and Self-discipline 

(Shitsuke). 

Sorting: The company INT must therefore 

rationalize the number of components to 
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transport and store, carrying only the 

components most vulnerable to damage 

from the analysis of historical data shared 

between GALP (client) and INT 

(maintenance supplier), through FRACAS 

(mentioned above). Only the key tools 

should be transported. 

Setting in order: it is recommended that INT 

builds frames where the tools are identified 

and placed. It is also possible to have 

special cases to store all pieces from a 

certain valve to eliminate the possibility of 

mixing parts from different valves. 

In order to improve the traceability, the 

purchase of metal sheets with unique 

references to identify every valve and its 

components is also recommended. That‟s 

the best suggestion because RFID and 

barcode technologies are more expensive 

when compared to this, and are more 

fragile, as the valves are exposed to 

outdoor climate (e.g., wind, rain) and also 

workers can damage the RFID tag or 

scratch the barcode while moving around, 

making it impossible to be read. 

Different tasks will have different boards 

with different tools and colors. It is 

important and needed that the maintenance 

process doesn‟t have loops and follows a 

logical order. 

Sweeping/cleanliness: It is necessary to 

develop a cleaning plan for each section 

and cleaning products must be all in one 

place and accessible to all. Keeping the 

workplace speckless doesn‟t mean that the 

workers have to clean it the whole time; it is 

more about eliminating the causes that lead 

to its contamination. 

Standardizing: taking what was said back in 

„Setting in order‟, the boards have to have 

different colors for different tasks and the 

tools have to be properly and uniquely 

identified (e.g., SDRI-10 (S4)) should be the 

reference for a screwdriver of 10mm from 

the stage 4 of the maintenance process). 

Using this it is possible to diminish both the 

browsing time for tools, the duration of each 

maintenance stage and as consequence, 

the duration of the maintenance process, 

improving its efficiency. 

Self-discipline: each employee has to fulfill 

all the principles previously presented. Its 

application results in reducing the need to 

control and the awareness of individual 

responsibilities. This principle seeks 

continuous personal and organizational 

(INT workers and INT) improvement [34]. 

The main benefits that arise from the 

application of this methodology are the 

increase of productivity by reducing time in 

search of materials, the reduction of costs, 

the improvement of maintenance the 

quality, fewer accidents and greater 

employee satisfaction in the work 

environment. 

Conclusions and future challenges 

This study consisted in the application of 

RAMS methodologies and tools in order to 

improve performance of both fuel 

production (GALP) and maintenance 

processes (INT). Upon completion of this 

study it was concluded that the application 
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of these methodologies are indispensable 

to ensure a company's good performance 

by optimizing its resources and processes 

through failure analysis of a relevant 

equipment: the safety valves (PSV) and 

their respective maintenance procedures. 

FMEA focuses on eliminating the failures in 

order to increase the quality, reliability, 

availability and security, thus contributing to 

a better control of processes. This is the 

prioritization of failures with the highest 

RPN for disposal, and its philosophy of 

prevention. The correct application of this 

methodology also improves teamwork, 

exchange of ideas among departments that 

perform different functions as well as 

customer satisfaction. 

A workplace that meets the five principles 

and the suggestions already described will 

be a more efficient and safe place to work. 

When using the RAMS methodologies, it is 

possible to increase production efficiency, 

and thus, income, reliability and 

maintainability of equipment, reducing costs 

and downtime. Performing preventive 

maintenance can reduce costs up to 70% 

than performing corrective maintenance. 

In the future, it is essential to develop a 

record of the historical fails, organized 

objectively and comprehensively and an 

analysis of life cycle costs of equipment. By 

doing this it is possible to make the 

connection between the equipment, its 

maintenance history and the industrial unit 

it belongs to. The time to response in terms 

of maintaining the proper operation is 

reduced, improving the efficiency of the 

process. 
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