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1. Introduction 
The maintenance of technical systems is of particular importance 

in the era of growing competition and ever higher requirements in 
quality, reliability, and productivity of organizations’ functions and 
tasks. According to [5], maintenance for complex socio-technical sys-
tems can be defined as a combination of activities which ensures that 
physical assets continue to fulfill their intended tasks effectively (per-

forming required functions), efficiently (at minimum use of resources), 
and safely (at a minimum human and environmental risk). Therefore, 
the main goals of the maintenance processes of technical systems are 
today considered to provide [42]: 1) an appropriate level of function-
ality of a technical facility, 2) declared durability of a facility, 3) secu-
rity of a facility and its environment, and 4) effective use of available 
resources supporting basic processes. The achievement of these goals 
is possible thanks to an appropriately selected maintenance strategy 
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for technical systems. Currently, the primary forms of maintenance 
can be [25]: 

Pre-planned maintenance:•  includes early maintenance tasks 
such as cleaning, greasing, lubricating, zero-setting, and record-
ing key measurements. Often conducted by non-maintenance 
staff. Usually called First-line maintenance. 
Planned maintenance:•  also known as scheduled maintenance, 
and its timing and scope are both known in advance.
Shutdown maintenance:•  planned maintenance but carried out 
when production or plant is shut down.
Breakdown maintenance:•  carried out when equipment fails 
to meet its desired function. This may involve repairs, replace-
ments, or adjustments as considered necessary. 
Emergency maintenance• : carried out only when either inspec-
tion or breakdown maintenance has identified its necessity.

As all technical systems operate under conditions of uncertainty 
and variability resulting from, among others, the uncertainty of op-
erating processes, environment, or a modeling process, the problem 
of appropriate selection of the maintenance strategy arises. This is 
especially visible for systems performing in deep uncertainty, where 
the disruptive events occur very rarely. For these systems, the classi-
cal probabilistic approach to maintenance modeling cannot be imple-
mented due to a lack of operational data. 

The possible solution to this problem may be connected with the 
provision of resilient organizations to prevent or minimize the effects 
of high-level failures [23, 26]. 

Resilience theory is concerned with successfully responding to the 
unpredictability and uncertainty of change [4]. When referring to the 
resilience of industrial assets, several authors have highlighted the im-
portance of maintenance to physical asset management and suggested 
ways to improve maintenance in relation to improved dependability 
of the assets (e.g. [29]). Moreover, the relations between maintenance, 
safety, risk, and resilience are especially highlighted in work [14]. 
Later, safety performance of organizations in relation to the decision-
making processes is analyzed in [12]. The research findings constitute 
the base for the authors in [2], where resilience engineering issues are 
investigated in safety research and organizational practice. Based on 
the obtained survey results, in another work [20] the authors define 
maintenance as a safety barrier in process system operations. They 
analyze overall system performance in terms of, among others, main-
tenance costs, safety impact, environmental impact, and asset dam-
age. Safety-II domain, defined as safety management through guided 
adaptability, is later investigated in [33]. The authors analyze the rela-
tions between resilience engineering and safety domains. In this new 
approach to safety, it is assumed that failures were the flip side of 
successes, or in other words, things that go right and things that go 
wrong happen basically the same way. Therefore, we may state that 
resilience is a key issue in ensuring the safe and reliable operation of 
systems and organizations’ effective management.

Following this, there is a necessity to investigate the relationship 
between resilience and maintenance performance. For this reason, this 
article aims to introduce a new approach to system maintenance based 
on resilience concept implementation, called Resilience-Based Main-
tenance (RBM). The proposed concept is based on Maintenance Sup-
port Potentials (MSP) introduction. The MSP constitutes the base for 
measuring an organization’s Maintenance Support Capacity (MSC). 
Moreover, based on the MSP definition, the authors develop a fuzzy-
based organization’s maintenance support potential level assessment 
method. The proposed approach considers two main maintenance 
support potentials parameters – potential readiness level and proc-
ess regency – and four main steps, including organization’s MSP and 
their assessment parameters identification/evaluation, MSP weights 
assessment, Maintenance Support Capacity in an organization assess-
ment, and final reasoning in terms of maintenance recommendations 
proposition. The fuzzy theory is implemented in the MSP parameters 
estimation process.

The developed assessment method’s implementation possibilities 
are based on the example of a selected global manufacturer from the 
automotive sector.

The proposed concept was preliminarily introduced in the authors’ 
research work [5], where the simple investigation of maintenance 
potentials assessment possibilities based on scoring method was pre-
sented. In this study, the authors extend the previously done research 
by introducing a more systematic description of the approach, new 
assessment methodology, and the implementation possibilities of the 
RBM concept. 

To sum up, the authors’ contribution in this study includes:
introduction of a new Resilience-Based Maintenance concept that • 
bases on Maintenance Support Potentials definition,  
a new concept of organization’s maintenance support potential • 
level,
development of a three-step assessment method to assess the or-• 
ganization’s maintenance support potential level ratio in order to 
define the organization’s Maintenance Support Capability,
definition of 5-grade scales for maintenance support potentials • 
and organization’s maintenance support potential level assess-
ment to define the maintenance support capability achieved by 
an organization, 
finally, the developed two-stage assessment method is imple-• 
mented to verify the proposed method’s diagnostic function and 
determine its labor intensity.

Therefore, the article structure includes, apart from the Introduc-
tion section, a detailed review of the literature in the area of classi-
fication of basic maintenance strategies for technical systems, based 
on which the concept of Resilience-Based maintenance is described. 
Next, a proposed new maintenance concept based on resilience the-
ory is introduced. Moreover, the Maintenance Support Potentials are 
defined as a measure of an organization’s support capability in the 
area of maintenance management. Later, in Section 4, the authors in-
troduce the proposed method for an organization’s maintenance sup-
port potential level assessment. The implementation possibilities of 
the developed method are presented in Section 5. Section 6 presents 
the obtained results and their discussion. Finally, Section 7 provides 
conclusions, limitations of the study, and suggestions for the authors’ 
future research works to optimize the maintenance strategy based on 
the concept of Resilience-Based Maintenance.

2. Related work

2.1.	 Defining	maintenance	process
Today, technical systems should be designed, operated, and main-

tained in a safe, reliable, robust, durable, sustainable, and resilient 
way [34, 42]. In order to satisfy such goals, organizations develop 
and implement effective maintenance management processes. Fol-
lowing the European Standard PN-EN 13306:2010 [31], maintenance 
management may be defined as all activities of the management that 
determine the maintenance objectives, strategies, and responsibili-
ties and implement them by means such as maintenance planning, 
maintenance control and supervision, improvement of methods in the 
organization including economic aspects. The main challenge for the 
maintenance manager is to structure maintenance procedures and ac-
tivities to be undertaken to achieve the strategic objectives associated 
with them [6, 11]. In addition, following the European Standard EN 
17007:2017 [32], proper maintenance needs technical skills, tech-
niques, methods to properly utilize assets like factories, power plants, 
vehicles, equipment, and machines (Figure 1). As a result, it is nec-
essary to consider maintenance issues in an organization in a more 
holistic way, not only limited to such problems, like maintenance 
planning or selection of an appropriate maintenance strategy [43]. 
It also requires looking at the issues related to ensuring an effective 
maintenance system by considering issues related to safety, risk, and 



Eksploatacja i NiEzawodNosc – MaiNtENaNcE aNd REliability Vol. 23, No. 2, 2021296

rationales underlie the granulation of attributes and the use of lin-
guistic variables:

the bounded ability of sensory organs to resolve detail and store • 
information, 
when numerical information is not available,• 
when an attribute is not quantifiable because we do not have a • 
numerical scale for it,
when there is an acceptance for imperfection (e.g., inaccuracy • 
or imprecision), which can be exploited through granulation to 
achieve tractability and communication economy. 

There is a close connection between granularity and uncertainty. 
Suppose X is a variable, and we are looking for the value of this vari-
able. If the answer is “X is a”, where a is a singleton, then there is no 
uncertainty in X’s information because the information is singular. 
Nevertheless, if the answer is “X is approximately a”, in the abbrevia-
tion “X is *a”, there is some uncertainty in the information because 
information is described as granular. Therefore, the granularity may 
be equated to non-singularity. In the context of standard probability 
theory, *a would generally be interpreted as a probability distribution 
centered on a. In GTU, X’s information is viewed as a generalized 
constraint on X, or more specifically, as a granule characterized by 
a generalized constraint. A probability distribution can be seen as a 
particular case of a generalized constraint. 

A generalized constraint, GC, is defined as an expression of the 
form [47]: 

  :   GC X isr R  (1)

where: X is the constrained variable; R is a constraining relation 
which, in general, is non-bivalent; and r is an indexing variable that 
identifies the modality of the constraint, that is, its semantics. 

The principal modalities of generalized constraints are summarized 
in the following.

Probabi l is t ic  (a) r  = p )

    X isp R  (2)

with R – the probability distribution of X. For example:

 X isp N m,σ( ) (3)

means that X is a normally distributed random variable with mean m 
and variance σ2 . 

If X is a random variable that takes values in a finite set {u1,..., un} 
with respective probabilities p1,..., pn, then X may be expressed as:

resilience [19]. This is especially important for such systems, where 
many fluctuations due to the uncertainty may significantly influence a 
system’s performance and its elements [18]. 

Therefore, the challenge of mastering uncertainty in the mainte-
nance area seems to be the biggest problem currently facing mainte-
nance management. To be able to do this, it is necessary to understand 
the nature of uncertainty and the methods for modeling it, as briefly 
discussed in the following Subsection 2.2. 

Fig. 1. Maintenance process according to the European Standard EN 
17007:2017 

2.2.	 Uncertainty	modelling
The consequence of knowledge imperfections is the uncertainty in 

the maintenance process. We understand the concept of uncertainty as 
a situation of having limited knowledge such as:

the order, nature, or state of things is unknown, and• 
the consequence, extent, or magnitude of circumstances, condi-• 
tions, or events is unpredictable.

There are many forms of uncertainty, but the most common is its 
division into two categories: aleatory and epistemic uncertainty [8, 
46]. The aleatory uncertainty is understood as an inherent variation 
associated with the engineered system or the environment under con-
sideration. It can be observed in random experiments and described 
by probability distributions. Traditional reliability engineering and 
risk analysis applications tend to model only the aleatory uncertain-
ties, leading to significant underestimations of the real risks and over-
estimation of reliability [16]. However, the epistemic uncertainty is 
not an inherent property of the system or its environment, and it re-
sults from our inability to understand as well as describe and model 
reality. Thus, in this case, the standard probabilistic methods are not 
useful [41, 52].

In 2005 Lotfi A. Zadeh proposed a generalized uncertainty theory 
(GTU), which attempts to unify the approach to uncertainty [48]. The 
GTU theory was based on the concepts of granular structures and 
generalized constraints. The basic assumptions of these concepts are 
illustrated in Figure 2. Let X  be a variable taking values in a universe 
of discourse, U, then a is a singular value of X (e.g., a singleton), 
implying that there is no uncertainty about X’s value. If this is not the 
case, then a granular value of X, A, may be viewed as a representation 
of the state of knowledge about X’s value. 

Informally, a granule of a variable X is a clump of X values 
drawn together by indistinguishability, equivalence, similarity, 
proximity, or functionality. For example, intervals (crisp or fuzzy) 
are granules and different probability distributions [1]. The con-
cept of granularity underlies the concept of a linguistic variable - a 
concept introduced by L. A. Zadeh in the paper “Outline of A New 
Approach to the Analysis of Complex Systems and Decision Proc-
esses” [49]. A linguistic variable’s concept plays a pivotal role in 
many fuzzy logic applications [7, 10, 21, 30, 35, 45]. Four primary 

Fig. 2. Singular and granular values
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 ( )1 1   \   \n nX isp p u p u+…+  (4)

with the semantics:

 Prob X u pi i=( ) =   i = 1, ... , n (5)

In GTU, a probabilistic constraint is viewed as an instance of a gen-
eralized constraint. When X is a generalized constraint, the expression 
X isp R is interpreted as a probability qualification of X, with R as X’s 
probability [47]. For example:

 X is big isp likely( )  (6)

It means that the probability of the fuzzy event {X is big} is likely, 
where “big” is a fuzzy subset of the real line. 

Possibi l is t ic  (b) r  =  blank)

 X is R (7)

with R playing the role of the possibility distribution of X. For exam-
ple:

 X is a b,[ ] (8)

means that [a, b] is the set of possible values of X. Next example:
 

 X is small (9)

In this case, the fuzzy set labeled small is the possibility distribu-
tion of X, and μsmall is the membership function of small, then the 
semantics of “X is small” is defined by [48]:

 Poss X u usmall={ } = ( )µ  (10)

where u is a generic value of X. 
Veris t ic  (c) r  =  v )

    X isv R  (11)

where R plays the role of a verity (truth) distribution of X. In particu-
lar, if X takes values in a finite set {u1,..., un} with respective verity 
(truth) values  t1,...,tn, then X may be expressed as:

 
X isv t u t un n1 1 +…+( ) (12)

meaning that  Ver (X = ui) = ti, i = 1, ..., n. 

When X is a generalized constraint, the expression X isv R is inter-
preted as verity (truth) qualification of X. For example: 

 X is small isv very true( ) .  (13)

should be interpreted as „It is very true that X is small.” The semantics 
of truth qualification is defined in [47]:

 Ver X is R is t X is tR( ) = − ( )−µ 1 1  (14)

Where μR
-1  is the inverse of the membership function of Ri and t is 

a fuzzy truth value, which is a subset of [0, 1]. 
Therefore, there are two classes of fuzzy sets: (b) possibilistic and 

(c) veristic. In the case of a possibilistic fuzzy set, the grade of mem-

bership is the degree of possibility. In the case of a veristic fuzzy set, 
the grade of membership is the degree of verity (truth). 

L.A. Zadeh [50] introduced the concept of fuzzy sets as a gener-
alization of the classical set theory. In fuzzy sets, each space X ele-
ment can belong partially to a set A and partly to its complement A . 
Fuzzy sets are defined by the membership function corresponding to 
the functional characteristics of classical sets. Each set X element has 
the assigned value that defines the degree of membership to the fuzzy 
set. The standard fuzzy sets membership function belongs to a range 
[α, β] and if we deal with the normal fuzzy sets α = 0 and β = 1. Thus, 
the membership function of the set X is:

 µA X: [ , ]→ 0 1  (15)

We can distinguish three cases here: 
µA x( ) =1a)  – means full membership in the fuzzy set A

µA x( ) = 0b)  – means the lack of membership in the fuzzy set A

0 1< <µA x( )c) – means a partial membership in the fuzzy set A

A fuzzy set A is contained in the fuzzy set B only when 
µ µA Bx x( ) ( )<  for each x X∈ , and the fuzzy set A equals the fuzzy 
set B only when µ µA Bx x( ) ( )= . The complement of set A is a fuzzy 
set A  with a membership function µ µA A= −1 .

Although the inference based on the fuzzy set theory and multi-
valued logic is more complex and less intuitive, thanks to widely 
available computer tools supporting the fuzzy inference process, it is 
becoming more common [22].

Uncertainty assessment is particularly important for planned main-
tenance and is mainly based on probabilistic models (r = p). However, 
these models’ effective use is only possible if the data on the damage 
processes are sufficiently numerous and stationary processes. These 
conditions are not fulfilled in high uncertainty situations, where rare 
events occur, and these events’ consequences are difficult to predict. 

The authors propose to use possibility-based procedures to model 
the maintenance process under these conditions (r = blank) and fuzzy 
set theory. In the absence of statistical data, this approach allows ob-
jectifying expert knowledge, which is inherently subjective partially.  

3.	 The	concept	of	Resilience-Based	Maintenance
The starting point for our considerations is the model of the mainte-

nance process presented in Fig. 1. From this model, it follows that the 
prerequisite for the proper performance of the maintenance process in 
the organization is an extensive system implementing all support pro-
cesses. We called it Maintenance Support System (MSS) and assumed 
that its fundamental characteristic is Maintenance Support Capability 
(MSC), which is defined as follows:

Maintenance Support Capability is the ability of an organization 
to ensure that physical assets continue to fulfill their intended tasks 
effectively, efficiently, and safely, under given expected as well as un-
expected conditions of use and maintenance.

Following this, a measure of an organization’s Maintenance Sup-
port is its capacity to create and maintain specific potentials over time 
to resiliently respond to any foreseeable and unpredictable operating 
events. 

We propose to name these potentials Maintenance Support Poten-
tials (MSP) and the entire maintenance system based on this concept - 
Resilience-Based Maintenance. These potentials are as follows (based 
on [13]):

PR – The Potential to respond:•  knowing what to do and being 
able to react correctly to any threats and hazards (e.g., changes, 
disturbance, and disruptions) by activating correctly planned 
and prepared actions, by adjusting the required mode of opera-
tion, or by introducing new activities, procedures or processes.
PM – The Potential to monitor:•  being able to monitor all sig-
nals from the internal and external environment that may affect 



Eksploatacja i NiEzawodNosc – MaiNtENaNcE aNd REliability Vol. 23, No. 2, 2021298

an organization’s performance in the near-term or long-term 
future.
PL – The Potential to learn:•  being able to draw conclusions 
from experience, in particular ‘to learn the right lessons from 
the right experiences’. It also includes changing values, crite-
ria, and even the organization’s goals, depending on the type of 
change in the situation.
PA – The Potential to anticipate:•  knowing what to be expected 
and predicting future developments considering particular po-
tential disruptions, constraints, and changing operating condi-
tions.

A functional diagram of the Maintenance Support System broken 
down into individual subsystems: monitoring, response, learning, and 
anticipation is shown in Figure 3. Thus, the general model of Mainte-
nance Support Capability can be represented as follows:

 MSC={PM,PR,PL,PA}  (16)

Fig. 3. A functional diagram of the Maintenance Support System

The main goal of monitoring subsystem is to improve an organiza-
tion’s Potential to cope with possible threats and hazards (PM). Moni-
toring should be proactive, recognizing upcoming situations and using 
information that comes from indicators that represent the current state 
of the performance. If the signal value from the indicator changes sig-
nificantly, the response should be triggered to change the monitored 
system’s status. The monitoring subsystem’s main task is to detect 
disruptive situations using trigger rules and trigger a response poten-
tial (RP) when such a situation is detected. Monitoring should be car-
ried out continuously but may change the frequency of measurements 
depending on the situation. In practice, a trade-off between effective-
ness and accuracy of measurements is necessary. Therefore, when us-
ing the monitoring results, one must remember the uncertainty arising 
from this compromise.

The response to disruptive events should be both appropriate to 
a given situation and effective. Because no organization has infinite 
resources, responses can only be prepared for a limited number of 
disruptive events or situations. It is cost-effective to prepare a specific 
response for events and situations that occur frequently, but a general 
kind of readiness for unexpected events should be prepared. Usually, 
the main problem is determining the answer to two fundamental ques-
tions: when to answer and how to answer. Therefore, it is necessary to 
specify the conditions under which RBM system inputs activate (e.g., 
triggering rules) the response. These inputs can be seen as the outputs 
of a monitoring system (e.g., performance indicators).

In many cases, the timing of the Potential to respond (PR) can be 
critical. It is essential that the response stops neither too early nor too 
late. Because the triggering signal must be external to the responding 
subsystem, the stop rule should be internal to the response (e.g., as a 
part of a procedure).

Before beginning a response action, some special conditions must 
be fulfilled, such as requesting and receiving permission or authoriza-
tion. When a response is started, the availability of specific resources 
should be required (e.g., information, staff, materials, and tools). 
While the response is being carried out, it may be necessary to main-
tain a given degree of normal functioning, even during an emergency 
action. Because responses are often complex and aggregated process-
es, the proper timing and synchronization of them can also be crucial 
in creating the Potential to respond.

Learning can be understood as the active and intended modifica-
tion of processes and procedures describing the organization’s behav-
ior in specific situations. The primary purpose of Potential to learn 
(PL) is to improve the organization’s ability to respond, monitor, and 
anticipate. Each organization should learn from both negative and 
positive examples. In general, negative situations are rare and irregu-
lar, so learning, in this case, is a reaction to some unusual event or 
situation (e.g., a disruption or an accident). A typical rule for starting 
the learning process is to state that an event or signal is significantly 
different from expectations. This type of learning is called reactive 
or event-driven.

An influential learning culture should meet four necessary condi-
tions, namely:

create favorable conditions and learning opportunities,• 
establish main rules at which learning take place (e.g., limits and • 
thresholds for monitored signals),
define conditions of similarity between individual situations to • 
enable the generalization of results obtained from monitoring,
create objective conditions for verifying the learning process and • 
confirming its effectiveness.

Usually, a high level of learning culture is achieved primarily by 
using a broad-perspective and focusing on exceptional but rare cases.

Creating Potential for anticipation (PA) in an organization is con-
ducive to supporting anticipatory thinking technologies. Where moni-
toring is about observing and looking at something to see whether 
it is significantly changing, anticipation is more about thinking and 
imaging outside the event horizon. The primary purpose of anticipa-
tion is to imagine alternative scenarios and predict what can happen in 
the future. Therefore, anticipation depends on the assumptions made 
about the future and models used for prediction. Three basic types 
of modeling are applied in practice: deterministic, probabilistic, and 
realistic. The first one relies on the assumption that the future is a 
simple reflection of the past, both in terms of similarity in size and 
frequency. The basis of the probabilistic approach is the assumption 
that the unknown future is an extrapolation of the known past, taking 
into account randomness. The third method is based on the assump-
tion that understanding past events and relationships between them 
makes it possible to predict the possible course of events in the future, 
taking into account the uncertainty that such a prediction is burdened 
with. Therefore, the anticipation can be seen as an art of art rather than 
a science and depends very much on the person or team’s imagination 
that deals with it. This process runs at variable speeds, with unpredict-
able timing. 

Consequently, the question arises on how to assess the maintenance 
support capability for an organization. To answer this question and, 
indeed, define the organization’s maintenance support capability, 
there is introduced a new organization’s maintenance support poten-
tial level assessment ratio (MSPo). It can be evaluated based on the 
following formula:

 
1

* ,            1, 2, , 
n

o i i
i

MSP P w and i n
=

= = …∑  (17)

where: oMSP  – organization’s maintenance support potential level; 
iP  – ith maintenance support potential; iw  – weight for ith mainte-

nance support potential; n – number of analyzed maintenance support 
potentials.
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As a result, in order to gain benefit from the maintenance support 
potential level assessment, maintenance managers should:

understand MSS and identify maintenance management priori-1. 
ties for the near, medium, and long term;
identify assets, human, and material resources, as well as de-2. 
fine the possible maintenance strategies to follow;
define possible responding strategies appropriate to disrup-3. 
tions occurring;
balance maintenance costs vs. risks for disruptions. 4. 

Implementation of such defined main steps for MSS identification 
and improvement needs a methodological approach use. Following 
this, the proposed approach adopted in this study consists of three 
main phases. The first step bases on qualitative analysis implementa-
tion. During this phase, the identification of the problem and defini-
tion of maintenance support potentials is performed. Moreover, the 
main parameters for maintenance support potentials assessment are 
identified. The second phase includes quantitative analysis perfor-
mance. The collection of experts’ opinions about the defined main-
tenance support potentials and their evaluation parameters is carried 
out at this stage. There are also defined weights for all maintenance 
support potentials to reflect a company’s maintenance management 
priorities. Due to the lack of possibility to use accurate statistical data, 
it was proposed in the described method to estimate both parameters 
by experts using the fuzzy logic concept. The analytical approach to 
determine these values is presented in the 4.2 Subsection. The last 
phase – an output phase provides the organization’s maintenance sup-
port potential level ratio assessment and reasoning on the level of 
MSPo obtained.

Additionally, at this stage, the reasoning process on the mainte-
nance recommendations proposition is performed. Figure 4 represents 
the graphical view of the proposed complete methodology followed. 

Fig. 4. Organization’s maintenance support potential level analysis procedure

4.	 Fuzzy-based	method	for	assessment	of	organization’s	
maintenance	support	potential	level	

Before companies can devise effective means of enhancing main-
tenance support capacity, managers must first understand the universe 
of maintenance potentials as well as the conditions that drive them. 
Then, after gaining specific knowledge about maintenance support 
potentials assessment, companies can proceed to select and tailor the 
most effective maintenance strategies. A detailed description of the 
main phases of the proposed assessment method is presented in the 
next subsections.  

4.1.	 Qualitative	analysis	of	Maintenance	Support	Potentials	
The first two steps of the analysis are used to identify the investi-

gated maintenance support potentials and their evaluation parameters. 
In the developed method, the MSPs are based on resilience potentials 
introduced by Erik Hollnagel [13] and presented in detail in Section 
3. According to [4], the MSP are usually analyzed following the six 
main evaluation areas. The characteristic of these areas is presented in 
Tables 1-4 for each MSP respectively. 

The presented tables contain a detailed specification of individual 
factors that should be considered when assessing MSP. Such a presen-
tation of these factors is useful for performing a preliminary analysis 
of the investigated organization - at the data collection stage. Howev-
er, at the stage of performing a detailed quantitative analysis, such an 
approach would generate a very high degree of model complication. 
Therefore, the authors propose to group the most critical evaluation 
factors of individual MSP into two main parameters – potential readi-

Table 1. Assessment of the Potential to respond – the main evaluation areas

P1 Procedure Result of the procedure

p11
Disruptive events (DE) iden-
tification List of the DEs

p12
Disruptive events (DE) rel-
evance Verified list of DEs

p13 Respond to DEs planning List of the responds to DEs

p14 Respond to DEs adequacy Verified list of the responds 
to DEs

p15

Respond parameters defining:
triggering and ending cri-• 
teria;
respond delay (activating • 
speed);
resources capability• 

Verified list of the responds 
parameters to DEs

p16 Readiness to respond Verification rules 

Table 2. Assessment of the Potential to monitor – the main evaluation areas

P2 Procedure Result of the procedure

p21
Performance indicators (PI) 
identification List of the PIs

p22
Performance indicators (PI) 
relevance Verified list of PIs

p23
Timeliness of PIs determina-
tion Time delay for individual PIs

p24
Measurement accuracy of PIs 
defining Sensitivity for individual PIs

p25
Measurement frequency of 
PIs defining

Rules for taking measure-
ments

p26
Measurement results plau-
sibility Rules for checking results
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ness level and process regency (Fig. 5). These parameters correspond 
to the defined above main areas of assessment. 

All the evaluation factors connected with time-frequency, timeli-
ness or forecasting perspective refer to the regency parameter. The 
factors that influence organization respond capacity, measurement ac-
curacy, learning process efficiency, or forecasting process effective-
ness are attributed to the readiness parameter.

Fig. 5. MSP assessment parameters included in the proposed methodology 

4.2.	 Quantitative	analysis	–	assessment	of	Maintenance	
Support	Potentials	

During this phase, the main steps are to: collect expert opinions, 
weights assess, and fuzzy model implementation. 

Step 1. Expert opinions collection:
First, the experts provide their opinions for the defined two MSP 

(Pi) assessment parameters. The experts’ opinions are collected using 

linguistic scales. The proper definition of linguistic variables is based 
on expert knowledge and depends on the industry type. However, the 
general description of the linguistic variables is proposed in Tables 
5 – 7.

Step 2. Assessment of weights for MSP:
Later, there is a necessity to assess MSP weights based on the ex-

perts’ knowledge. Let [ ]1 2  , , ,j nW w w w= …  be the vector for MSP 
weights. Based on the available literature, this vector may be evalu-
ated based on one of the three main approaches implementation. 

Firsts approach. The parameters weights are expressed precisely 
by real numbers (crisp data) when satisfying the following assump-
tion:
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Second approach. A vector of linguistic values may also express 
the weights’ parameter. In this approach, there is defined the scale of 
linguistic terms. Thus, usually, there are used expressions to give the 
evaluation value of the chosen parameter by seven linguistic terms, 
from “Very big” to “Very small” concerning seven fuzzy scales (see, 
e.g. [51]). Following this, the larger weight is given to the parameter, 
the greater importance is given to that parameter of MSP evaluation. 

Third approach. The last method of weights parameters estima-
tion may be based on AHP method implementation. Due to the uncer-
tainty in implementing the MSP assessment process, the fuzzy APH 
method should be used to find fuzzy preference weights [36]. Saaty 
developed the AHP method in 1980 (according to [28]). Buckley’s 
fuzzy theory was incorporated into the AHP method in 1985 and pre-
sented in work [3]. The procedure for fuzzy AHP implementation into 
criteria weight evaluation is presented, e.g., in [28, 36]. According to 
their studies, the procedure bases on the two main steps:

to construct fuzzy pairwise comparison matrices based on deci-• 
sion-makers opinion,
to compute the fuzzy weights by normalization. • 

Selection of the appropriate approach for estimating the weighting 
factors will depend directly on the managers, their skills/expertise lev-
el, and the knowledge of possible evaluation tools. The most straight-
forward approach is based on the scoring method implementation 
but will produce a very subjective result depending on the evaluation 
team’s preferences. The application of the AHP method will allow 
balancing the results obtained by assigning weights according to the 
level of importance of each maintenance potential in relation to the 
others. In turn, the second approach can be used when the assessment 
of the importance of individual maintenance support potentials is car-
ried out by many experts from different departments of the company. 
This will unify the assessment in relation to the different levels of 
experience of the experts. 

Step 3. Fuzzification of risk parameters:
When the expert opinions are collected and weights assessed, the 

fuzzy set theory is used to model the MSP parameters and obtain their 
assessed value. The fuzzy set theory makes the comparison process 
more confident [50]. Therefore, the parameters of each MSP and the 
output variable – MSP (Pi) level are treated as intuitionistic triangular 
fuzzy numbers (FN). A triangular FN is presented by a triplet Az = (a, 
b, c), and its membership function is given by:
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Table 3. Assessment of the Potential to learn – the main evaluation areas

P3 Procedure Result of the procedure

p31 Selection criteria (SC) setting List of the SCs

p32
Learning process (LP) deter-

mining Learning process description

p33
Timing of learning process 

determination
Time delay for implementa-

tion

p34
Resources for learning proc-

ess defining
Providing adequate support 

for LP

p35
Responsibilities for LP estab-

lishing List of responsible persons 

p36 Effectiveness of LP checking Rules for checking results 
of LP

Table 4. Assessment of the Potential to anticipate – the main evaluation 
areas

P4 Procedure Result of the procedure

P41
Forecast models (FM) elabo-
ration List of the FMs

P42
Expertise kind and level 
establishing List of the requirements

P43
A time horizon of forecast 
determination Time delay for individual FMs

P44 Forecast accuracy defining Uncertainty for individual 
FMs

P45 Forecast frequency defining Rules for taking the forecast

P46
Forecast results plausibility 
evaluation Rules for checking results
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The FN parameters meaning is straightforward: a and c are the 
lower and upper bounds of fuzzy number Az, respectively, and b de-
notes the modal value of fuzzy number Az.  

If there were collected opinions from different experts, there is a 
necessity to aggregate them to obtain the Pi level. According to [9], 
the aggregation of exerts opinion can be performed using the arith-
metic mean aggregation operator. The mean aggregation operator, de-
fined on fuzzy triangular numbers (a1, b1, c1), (a2, b2, c2)… (am, bm, 
cm), delivers the result as (x, y, z) according to the formula:
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For the transparency of the presented method, the authors do not 
consider experts weighting. However, when there is a need to differ-
entiate the obtained opinions depending on an expert’s significance, 
the authors recommend introducing the experts’ normalized weights. 
Thus, the aggregated fuzzy number of the ith basic opinion may be 
estimated as [27]:
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where: Mzi represents aggregated fuzzy number of the ith parameter; 
Wl is an lth experts’ normalized weight; Azil is the fuzzy number of 
ith parameter given by lth expert judgment;          np is the number of 
parameters; m is the number of experts.

According to the expert’s trait, the examples of weighting scores 
are presented, e.g., in [27, 44]. Moreover, the survey of known meth-
ods for fuzzy opinions aggregation is given in, e.g. [15, 39]. 

Step 4. Fuzzy interference system:

Table 6. Readiness level description

Ranking category Description 

VERY HIGH (VH) Fully defined and verified all processes for implementing and maintaining a given MSP in an 
organization.

HIGH (H) Defined and verified procedures for MSP implementation, defined rules and principles for main-
tenance potential assessment without carried out a verification process.

MEDIUM (M) Defined and verified procedures for the implementation of the Potential, lack of clearly defined 
rules and principles of the potential measurement procedure.

LOW (L) Pre-defined procedures for implementing the Potential (identification of essential elements of the 
Potential, lack of MSP verification).

VERY LOW (VL) Lack of defined procedures for implementing and maintaining a given potential.

Table 5. Process regency parameter description 

Ranking category Description 

VERY HIGH (VH) Defined and verified standards for MSP time parameters, an assessment carried out on a regular and repeat-
able basis.

HIGH (H) Defined and verified standards for MSP time parameters, evaluation carried out irregularly.

MEDIUM (M) Pre-defined and verified standards for MSP time parameters.

LOW (L) Pre-defined standards for MSP time parameters, lack of verification processes implementation, processes 
are very unlikely to be evaluated in an organization.

VERY LOW (VL) No defined standards for time parameters for MSP; an assessment may occur but will probably never be 
carried out.

Table 7. Maintenance support potential level description

Ranking category Description 

EXCELLENT (E)
Achieving and maintaining a given maintenance support potential in the organization at a very 
high level - readiness level and time parameters fully defined and evaluated on a regular/repeat-
able basis.

VERY  SATISFACTORY (VS) The parameters of a given maintenance support potential in an organization are at a high level - 
fully defined and evaluated on an irregular basis.

SATISFACTORY (S)
Maintenance support potential parameters at a satisfactory level - potential implementation 
procedures defined and verified, no rules and principles defined for evaluation, pre-defined or no 
standards yet being set for potential time parameters.

ACCEPTABLE (A)
Maintenance support potential parameters at an acceptable level - potential implementation 
procedures pre-defined, still no rules and principles established for evaluation, no standards pro-
vided for potential time parameters, probability of their evaluation pre-defined at a deficient level.

UNACCEPTABLE (UA) Maintenance support potential parameters not defined, their evaluation nearly not possible.
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After carrying out experts’ opinions aggregation, the next steps of 
this phase are connected with Pi quantification. This process is based 
on a Mamdani fuzzy model use [24]. The Mamdani fuzzy interference 
mechanism is based on the compositional rule of inference proposed 
by Zadeh [50]. The Mamdani fuzzy model’s main components are 
Fuzzification, Knowledge base, Fuzzy Interference System, and De-
fuzzification [38]. A scheme of the Pi assessment process based on the 
Mamdani fuzzy model is shown in Figure 6.

Fig. 6. Stages of the use of fuzzy sets according to Mamdani fuzzy model

As it was mentioned, the fuzzification process is based on the use 
of TFN. A triangular FN converts the linguistic scales in the range of 
0-1 using its membership function. The knowledgebase consists of the 
rule base and membership functions of inputs. The rule base includes 
a number of IF-THEN rules used to capture the imprecise modes of 
reasoning [40]. 

The fuzzy interference system (FIS) is designed to map the fuzzy 
inputs and rule the outputs using a fuzzy set theory. Due to the Mam-
dani model use, the FIS has based on MIN and MAX operators im-
plementation. The MIN operator is used for combination and impli-
cation operations. The MAX operator is used to aggregate the fuzzy 
outputs. 

Finally, the defuzzification process is aimed at the conversion of 
the fuzzy output into crisp output. 

Step 5. Fuzzified output defuzzification:
A survey of the most commonly known defuzzification methods is 

presented, e.g., in [37]. There are many sources of uncertainty in eval-
uating MSP parameters, so the authors propose using the centroid of 
area defuzzification method for defuzzification process performance. 
Thus, the crisp output is estimated as [38]:

 Centroid of area z
z zdz
z dz

A

A
, * =

∫ ( ) ⋅
∫ ( )
µ
µ  (22)

where: z* – the crisp value for the z output (defuzzified output); 
µA z( )  – the aggregated output membership function; z – universe 
of discourse.

This crisp output value is later implemented in the Output phase for 
MSPo level estimation. 

4.3.	 Organization’s	maintenance	support	potential	level	as-
sessment	with	the	reasoning	process	

The organization’s maintenance support potential level is estimated 
based on the previous phases’ results in the last phase. According to 
the obtained MSPo level, maintenance-related decisions can be made 
accordingly. 

Based on the obtained level of estimated ratio, the decision-maker 
should firstly correctly interpret the obtained values. Table 8 describes 
the possible MSPo levels. The authors propose a 5-grade scale for 
MSPo ratio assessment. 

According to the obtained overall ratio level, the decision-maker 
may take appropriate actions. When the overall ratio level is not ac-
ceptable, managers should take the following actions: 

first, the definition of maintenance management policies and • 
procedures as a basis for MSP implementation,
introduction of disruptive events identification processes and • 
possible responding parameters definition; establishing the pos-

sible influence of adverse events occurrence on  
maintenance processes performed in an organi-
zation, 

maintenance measurement processes • 
definition with a selection of possible perfor-
mance indicators,

analysis of possible to be implemented • 
in organization forecast models, which provide 
the most efficient maintenance management 
process.

This means the manager must seek additional 
management actions for company maintenance 
support capability introduction and improve-

ment or increase prevention and preparedness (connected with, e.g., 
maintenance policy definition) without reducing profits. Success at 
this task requires a good understanding of organization’s maintenance 
support system, both broad and tailored to the manager’s own com-
pany. Moreover, it constitutes the initial step of MSS creation in an 
organization. 

For organizations where the overall ratio assumes values accepted 
by managers, decisions concerns maintenance recommendations. 
When the overall ratio is acceptable, the most common maintenance 
recommendations are the following maintenance policies defined by a 
producer. When the obtained level of an overall ratio is higher than the 
acceptable level, the organization maintenance capability is enough 
to introduce maintenance strategies that satisfy reliability or risk/
safety assumptions. The appropriate recommendations will depend on 
the type of organization, its physical assets, and industry sector and 
should be compatible with ISO 5500x standards indications.

Following this, the general structure for MSC in organization de-
velopment may be compatible with the one presented in Fig. 7. The 
most crucial improvement ways are indicated in every of the analyzed 
maintenance support potentials. 

Fig. 7. MSC in organization development – possible directions of company’s 
related tasks 

5.	 Application	of	the	proposed	approach	in	a	company	
from	the	automotive	sector

To illustrate the proposed fuzzy-based decision method’s imple-
mentation possibility, the authors analyzed a case company from the 
automotive sector. The investigated company is located in Poland in 
the Lower Silesia region and is a global manufacturer of compres-



Eksploatacja i NiEzawodNosc – MaiNtENaNcE aNd REliability Vol. 23, No. 2, 2021 303

sors for automotive air conditioning. The company was launched in 
Poland in 2005. Each year, it produces about 3 million compressors 
delivered to European assembly plants of the biggest car manufac-
turers of world-famous brands such as Volkswagen, Volvo, or Ford. 
The analyzed production plant currently operates 26 production lines, 
including processes such as high-precision machining, grinding, elec-
tron welding, friction welding, and coating. 

The company’s primary goal is to respond to the customers’ de-
mand for appropriate technologies, products, and services. World’s 
success is based on the three strategic pillars: quality, cost and delivery 
on time, and continuous product development with constant care for 
the environment. The achievement of these policy goals is connected 
with conducted some priority actions in the company. One of them is 
connected with risk-based thinking and continuous improvement of 
an integrated management system. The main goals of the risk manage-
ment system adopted in the company is to ensure proper performance 
of its goals and tasks and create the company’s resilience system. Ad-
ditionally, the risk is defined as the effect of uncertainty on objectives. 
The currently implemented risk management system focuses on 13 
main areas (e.g., Business risk management, Legal risk management, 
Occupational risk management, Environmental risk management, Op-
erational (production/logistic) risk management, and Supply risk man-
agement). The adopted company’s approach to risk management is 
structured and is compatible with ISO 31000 standard [17]. Analyzes 
are carried out on an ongoing basis, and the results are continuously 
monitored. The introduced risk management approach is based on the 
simplified FMEA (Failure Mode and Effect Analysis) method. 

Following this, the authors analyze if the company, which is fo-
cused on risk management and safety issues, follows the main resil-
ience potentials according to the RBM concept. This gives the pos-
sibility to make a statement of the new resilience engineering-based 

approach implementation possibilities. The evaluation of the analyzed 
organization’s maintenance support capability level was conducted 
using the fuzzy rule-based risk assessment method presented in Sec-
tion 4. Moreover, the developed assessment method’s implementation 
process was carried out using the fuzzy logic toolbox of MATLAB 
version R2020a. The main implementation phases of the assessment 
method are presented below. 

First, the quantitative analysis was performed. The surveyed com-
pany’s experts gave their opinions. The obtained MSP parameters lin-
guistic scores are presented in Table 9.

Moreover, it was assumed that all MSPs have the same importance 
for organization maintenance support capacity level assessment. Fol-
lowing this, the weights of the parameters are expressed precisely by 
real numbers (crisp data), and all are equal to wi = 0.25 (according to 
Equation (18)).

Table 8. Organization’s maintenance support potential levels – description and ratio levels 

Ranking 
category   Description MSPo range

EXCELLENT 
(E)

Full development and implementation of maintenance support potentials in the organization; a system for collecting 
and using information (about adverse events as well as processes for responding to their occurrence) following the 
concept of a learning organization.  Integration of a maintenance management system with an enterprise management 
strategy. Parameters of maintenance support potentials in an organization evaluated regularly.

93-100

VERY SAT-
ISFACTORY 
(VS)

The parameters of a given maintenance support potential in an organization are fully defined and implemented, the 
monitoring of the level of maintenance support potentials is based on a defined system of operational indicators, the 
evaluation process is still carried out on an irregular basis; however, information on potential adverse events is col-
lected in a systematic manner.

75-92

SATISFAC-
TORY (S)

Maintenance support potential parameters at a satisfactory level - potential implementation procedures are defined 
and verified, there still are no rules and principles for potentials evaluation, a system for measuring maintenance sup-
port potentials is still not fully developed; standards for potential time parameters are not defined or just pre-defined.

54-74

ACCEPT-
ABLE (A)

Maintenance support potential parameters at an acceptable level - procedures for implementation of potential are pre-
defined; there are no rules and principles for evaluation of maintenance potentials, but possible undesirable events are 
preliminarily identified; there are no standards for time parameters of Potential, and a probability of their evaluation is 
estimated at a deficient level.

31-53

UNACCEPT-
ABLE (UA)

No activities are carried out to implement and evaluate maintenance support potentials in an organization; no efforts 
(or very little) are made to identify adverse events and their impact on maintenance processes, no management policies 
and procedures in the maintenance area.

0-30

Table 9. Parameters linguistic scores for all defined MSP based on experts’ 
opinions 

MSP Process regency level Readiness level 

P1 – Potential to respond VH H

P2 – Potential to monitor H H

P3 – Potential to learn M H

P4 – Potential to anticipate M M

Fig. 8. Membership functions of a) process regency, b) readiness level, and  
c) MSP (Pi) level
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importance). The discussion of obtained results is presented in the 
next section. 

6. Results and discussion 
The proposed case study gives the possibility to analyze how the 

developed fuzzy-based assessment method may be used to evaluate the 
maintenance support capability level in an organization. The proposed 
method allows the possibility to employ linguistically exert knowledge 
and engineering judgment to make a more realistic evaluation in the 
maintenance management capability area. The complete results of the 
proposed FIS for MSP assessment are presented in Figure 10.

Fig. 10. Surface view of the proposed fuzzy inference system (all rules are with 
weight = 1)

This 3D plot shows the resultant values of preliminarily estimated 
MSP parameters – readiness level and process regency. The readi-
ness level can be understood as an ability to maintain a system with 
the necessary resources, the possibility of reacting for occurred fail-
ure, and no reputational damage occurrence. The process regency 
corresponds to the regularity of performed monitoring and learning 
processes connected with maintenance management performance in 
an organization. The lowest, dark blue part of the plot represents the 
resultant low level of MSP resulting from low readiness levels or lack 
of regularity of process performance, allowing for disruptive events 
identification, processes monitoring, or forecasting.   

It should be mentioned that the uppermost corner, the yellow field, 
represents theoretically the highest score – the excellent level of main-
tenance support potential in an organization (10/10 on the probability 
scale), which would provide the highest maintenance capability in or-
ganization achievement. 

Following this, the plot provides a quantified basis for making 
managerial decisions regarding taking up active methods to improve 
the MSP level or observing its level to determine when such actions 
should be implemented. Therefore, a management plan can be pre-
pared accordingly so that preventive actions can be taken up for the 
riskiest/the most disruptive events. As a result, the safety of an organi-
zation may be improved.

According to the presented results for the analyzed production com-
pany, the obtained level of overall ratio in the organization is about 
70; hence, based on the description given in the Table 8, the obtained 
organization’s maintenance support potential level is satisfactory. 
The assessment coincides with the authors’ observations, wherein the 
company has developed a risk management system, but the results are 
not translated into decisions in the area of technical maintenance. 

The first MSP – Potential to respond has obtained the highest level 
during the evaluation process. This is mainly connected with a well-
developed risk management system that clearly identifies potential 
internal and external risks. In addition, respond parameters and re-
sponse plans have been defined.

The second maintenance support potential – Potential to monitor 
has also been highly rated. The analyzed company monitors risks/
opportunities in an ongoing manner and follows business continuity. 
Moreover, it has an extensive performance measurement system, es-
pecially in the area of production management. The primary measures 

In the next step, the proposed fuzzy model needs to be imple-
mented. Following this, the input parameters are to be fuzzified. The 
obtained linguistic scores given by the experts are converted to cor-
responding fuzzy set numbers. The Triangular and Trapezoidal FNs 
used in the presented case study to represent the linguistic scales of 
input and output parameters are shown in Figure 8.

Next, there is a necessity to determine IF-THEN rules. Based on 
the experts’ knowledge, there were proposed 25 rules – presented in 
Table 10 and one additional, which defines the situation when there is 
no potential identified (rule 26). According to this, for example, rule 1 
is defined as:

IF Process regency is Very Low and Readiness level is Very Low, 
THEN Pi level is Unacceptable.

Rule 26 is defined as:

If Process regency is Impossible and Readiness level is None, THEN 
Pi level is NO POTENTIAL  

With MATLAB software, there is possible to obtain the final MSP 
score from the constructed FIS. Figure 9 presents the adopted rules in 
the used MATLAB software for chosen Pi assessment. To obtain Pi’s 
final score from the constructed FIS, Equation (22) is used for the de-
fuzzification of the fuzzy set resulting from the Mamdani algorithm.

Fig. 9. Sample rule base for maintenance support potential P1 assessment 

Table 11 presents the obtained organization’s maintenance support 
potential level for the analyzed company. 

The results given in the Table 11 are obtained considering the as-
sumptions that all decision rules have the same weights (the same 

Table 10. MSP level decision matrix

Pr
oc

es
s r

eg
en

cy

VH S S VS E E

H A S VS VS E

M A A S S VS

L UA A A S S

VL UA UA A S S

 
VL L M H VH

Readiness level 

Table 11. Evaluated organization’s maintenance support potential level 

Pi Pi*wi

P1 – Potential to respond 91.36 22.84

P2 – Potential to monitor 75 18.75

P3 – Potential to learn 55 13.75

P4 – Potential to anticipate 55 13.75

MSPo 69.09



Eksploatacja i NiEzawodNosc – MaiNtENaNcE aNd REliability Vol. 23, No. 2, 2021 305

organization’s maintenance support capability, the focus should be on 
eliminating possible hazards and preventing failures, and developing 
an organization’s potentials for resilient performance. Following this, 
the authors introduced a new concept on Resilience-Based Mainte-
nance, which is based on implementing the main resilience potentials 
given by Erik Hollnagel [13]. Its proper use in a company is based 
on the necessity of its performance investigation in such areas as cur-
rent state and knowledge about possible hazard events, the possibility 
of learning from the obtained experience, or the ability to anticipate 
unwanted events. Moreover, in this study, the authors proposed the 
organization’s maintenance support potential level assessment meth-
odology, which considers two evaluation parameters – readiness level 
and process regency.  The fuzzy logic structure allowed the experts to 
capture the experts’ opinions in linguistic terms for the defined two 
MSP parameters and evaluate the overall ratio level. 

The analyzed case study shows the possibilities of using a given 
method in the decision-making process. Hence, the selected case’s as-
sessment procedure allowed us to verify the complexity of the adopted 
procedure, the substantive scope of the developed assessment tool and 
allowed us to determine the intensity of implementation work.

Following the case study, we may state that the analyzed company 
is well prepared to respond to everyday hazards. The main problem 
is connected with developing such tools and skills that will give the 
possibility to predict the future.

At this stage of carried out research analyses, the authors may point 
out two main possible limitations of the proposed method. First, the 
method limitation may be connected with the managers’ correctness 
of performed assessment process. The managers (experts) may give 
incorrect answers during the internal audit performance to obtain 
higher ratings than the actual level of achieved maintenance manage-
ment capability in an organization. The second possible limitation 
is the possibility of omission of specific steps during the proposed 
assessment procedure performance. Following this, to obtain reli-
able results, it is necessary to follow the procedure and appropriately 
evaluate the actual level of the maintenance support potentials being 
assessed in the model.

The results presented in the article are preliminary studies that the 
authors will develop in their future research. Further analysis will fo-
cus on the business continuity concept implementation and physical 
asset management concept use to extend the proposed Resilience-
Based Maintenance approach.   

To conclude, the proposed methodology is to be used for organiza-
tion maintenance support capability level assessment and may be per-
formed by maintenance management and safety officers. Moreover, it 
gives preliminary information that can be useful for the development 
of maintenance strategies as well as the selection of the most hazard-
ous areas in the audited companies. Therefore, it provides essential 
information on the need to control disruptive events and implement 
safety improvements. Moreover, the proposed organization’s main-
tenance support potential level assessment method may be used in 
various industry sectors. 

allow for precise identification of disruptive events and their param-
eters/consequences (e.g., duration/removal from the system, costs, 
and delays). The frequency of PI’s defining and monitoring is also 
defined.

Despite implementation in the case company of systematic, peri-
odic analysis of current business performance and ways to address 
risks, the Potential to learn still needs to be improved. This company’s 
maintenance support potential still needs to be supplemented with, 
among others, possible resources for the learning process and its time 
parameters.

Moreover, according to the expert opinions, the case company’s 
Potential to anticipate is at the medium level. This is mainly due to 
its focusing on the current state of the operational performance level. 
There is a lack of solutions focused on predicting future developments 
on particular potential disruptions, constraints, and changing operat-
ing conditions. The leading implemented solutions assess the analy-
ses of the company’s current operational/strategical and tactical level 
made once a year (in the last month of the fiscal year). 

Following this, according to the obtained results, there is still the 
necessity to define processes that would predict potential future ad-
verse events with a significant impact on the implemented operational 
processes. There is a lack of solutions that would focus on predicting 
future development direction in relation to specific potential disrup-
tions, constraints, and changing operating conditions.

Consequently, the main recommendations for the analyzed com-
pany regarding its maintenance processes are as follows:

use the results obtained from risk management in the planning of • 
effective maintenance processes (maintenance strategies) to help 
achieve the required availability, reliability, and safety levels dic-
tated by the business, 
develop guidelines for the forecasting process, preventive proce-• 
dures, and maintenance management scenarios for identified dis-
ruptive events,
assess  strategy elements aimed at achieving the required avail-• 
ability, reliability, and safety levels dictated by the business (e.g. 
critical spare management, operational controls, and failure re-
sponse measures),
provide transparently and verifiably costing in the area of mainte-• 
nance management,
embrace and develop approaches that seek to continually improve • 
efficiency and effectiveness of company’s activities (e.g. con-
nected with learning objectives description, learning process rules 
definition),
be compliant with statutory and regulatory imperatives.• 

7. Conclusions 
Maintenance management is one of the most important issues 

nowadays. The appropriate maintenance decisions can achieve sig-
nificant financial benefits (reducing maintenance costs) and increas-
ing the company’s operational indicators. However, when defining an 
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