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Abstract: In recent years companies are facing with new threats: an increasing attention is on business continuity 
management. Business continuity management focuses both on potential threats identification and on management 
of unexpected block process. These two aspects are properly managed by High Reliability Organization. The HRO 
paradigm was developed several years ago in high risk organizations. It’s integrates two relevant approaches: 
preventing unexpected events and resilient organizations. The aim of this study is to define a rough but effective 
approach to support HROs in evaluating their most “compliant” maintenance approach. The main phases of the 
study are: the identification of the main HRO features (both prevention and resilient ones), the identification of the 
main maintenance approaches used to date and finally the evaluation of their compliance according to HRO features. 
The paper presents a new method to evaluate the different maintenance approaches: in addition to productivity, it’s 
also considered the necessity to guarantee production continuity following unpredictable events. 
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Introduction 

Business continuity is becoming relevant for companies 
worldwide. Firms have to provide products (or services) 
even in the case of unexpected events. Business continuity 
management considers risk factors and potential threats, 
and actions for preventing and managing them efficiently 
and quickly. These two aspects are the basis of High 
Reliability Organization paradigm. This paradigm was 
developed by a group of researchers at the Barkley 
campus of University of California (Rochlin et al, 1987) 
(Hopkins, 2007). The HRO paradigm has been applied so 
far to promote and ensure safety in complex conditions; it 
proposes a more optimistic mind-set from what has been 
pointed out by Perrow’s pessimistic contribution (Perrow, 
1984, Hopkins, 1999) defining that accidents characterized 
by tight coupling and interactive complexity will be 
normal or inevitable as they often cannot be foreseen or 
prevented. This pessimistic view contrasts with the more 
optimistic view of HRO proponents, who argued that 
high-hazard organizations can safely operate although an 
high level of complexity (Weick et al., 1999). The 
integration of preventive and resilient approaches are 
basically the pillar of the HRO paradigm in safety 
management: preventive approaches aims to anticipate 
hazardous events for minimizing any instability in the 
processes, and resilient approaches aiming to respond 
quickly to any not predictable risks (Schulman, 2004). The 
aim of the study is to evaluate how current maintenance 
strategies “fit” the HRO paradigm; the analysis will 
support a more clear comprehension of impacts derived 
by the HRO paradigm application in complex companies. 
The paper is organized as follows: in section 1 and 2, the 

HRO paradigm and the main features characterizing 
maintenance strategies are described. In section3 a first 
analysis about how HRO features could be “translate” to 
the maintenance field is proposed. Next, the “rough” 
analysis about how each maintenance approach is 
compliant with HRO paradigm is proposed in section 4 

1. The “High Reliability Organisations” Paradigm: 
a brief summary 

A recent definition of the HRO paradigm outlines: “These 
are a family of organizations that operate continuously 
under trying conditions and have fewer than their fair 
share of major accidents. These high reliability 
organizations practice a form of organizing that reduces 
the brutality of audits [accidents] and speeds up the 
recovery process” (Weick & Sutcliffe, 2007). Two main 
pillars characterize HROs (Saleh, 2010), such as: 

 The Prevention approach in HRO paradigm: 
Prevention requires that organisational members try to 
anticipate and identify the events and occurrences that 
must not happen, identify all possible precursor events 
that may lead to them and then create a set of procedures 
for avoiding them (Schulman, 2004). Nevertheless, 
research also shows that adherence to rules and 
procedures alone will not prevent incidents. One 
limitation is that you cannot write procedures to anticipate 
all the situations and conditions that shape people’s work. 
Moreover, even if procedures could be written for every 
situation, there are costs of added complexity that come 
with too many rules. This complexity increases the 
likelihood that people will lose flexibility in the face of 
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extensive rules and procedures. Reliability is far broader: it 
requires resilience as well as prevention (Sutcliffe, 2011); 

 The Resilience approach in HRO paradigm: HROs are 
unique in that they understand that reliability is not the 
outcome of organisational invariance, but rather, results 
from a continuous management of fluctuations in job 
performance and human interactions (Weick et al., 1999) 
(Schulman, 2004). The essence of resilience is the intrinsic 
ability of an organisation (team, unit, system, etc.) to 
maintain or regain a dynamically stable state, which allows 
it to continue operations in the presence of a continuous 
stress and/or after a major mishap (Sutcliffe & Vogus, 
2003). An HRO is not error-free but that errors do not 
disable it. HROs are unique in their abilities both to 
prevent and to manage mishaps before they can spread 
throughout the system, thus, causing widespread damage 
or failure. These abilities are generally traced to dynamic 
organising principles (Weick et al., 1999). That is, HROs 
have mechanisms for monitoring and reporting small 
signals that the system may be breaking down. 
Furthermore, they have the flexibility and the capabilities 
to respond in real time, reorganising resources and actions 
to maintain functioning in spite of failures(Sutcliffe, 2011). 
 
1.1. Basic characteristics of High Reliability 

Organisations 

Lekka (2011) suggest a mind map depicting HRO 
characteristics as an overarching organising framework: 
the proposed mind map identifies six categories of HRO 
characteristics as depicted in Figure 1. 

 

Figure 1 Mind Map of High Reliability Organisation 
processes and characteristics (source Lekka, 2011) 

By neglecting the “Definition” category, the other five 
categories are analysed as follows. The first outlined 
category has been defined as “Just Culture” which refers 
to a strategic approach that promotes both organizational 
learning and highly reliable operations. It’s characterised 
by four elements: 
a. Open reporting system of near misses/accidents: 
encouragement and reward to report near misses and 
accidents; 
b. Individual accountability: individuals involved in 
incidents actively participated in the investigation process; 
c. Abandon work on safety ground: fostering a sense of 
personal accountability for safety;  
d. Open discussion of errors: encouragement of a systemic 
view of errors and failures rather than “blame the 
operator”. 

The second category defined is “Mindful leadership”: it 
refers to a strategic business orientation aiming to avoid 
both prevent quickly manage unexpected events with high 
consequence for company productivity. It’s main 
contribution are: 
a. Bottom up communication of bad news: encouragement of 
bottom up communication of bad news to senior 
management; 
b. Proactive Audits: periodic review processes aiming to 
point out any weakness in the organisation; 
c. Management by exception: the decision making process 
has to be developed dynamically especially in the case of 
an unplanned deviation during an emergency event; 
d. Safety production balance: using accident that happen 
organizations as opportunities to check whether similar 
problems exist in their organisation; 
e. Engagement with front-line staff: seeking the views of 
frontline staff in order to gain a realistic and “bigger” 
picture of operations within the organisation; 
f. Investment of resources: providing the necessary 
resources to ensure operational safety. 
The third category is defined as “Problem Anticipation”: 
it refers to the firm’s capability of forecasting unexpected 
events that could heavily affect business continuity. Three 
main elements contribute to this category: 

a. Preoccupation with failure: using near miss and error reporting 
as learning opportunities and a way for obtaining a 
realistic picture of business operations; 

b. Reluctance to simplify: HROs’ ability to collect, analyse and 
prioritise all warning signs that something may be wrong 
and avoid making any assumptions regarding the causes of 
failure; 

c. Sensitivity to operations: refers to their ability to obtain and 
maintain the bigger picture of operations that enables 
them to anticipate effectively potential future failures. 
The fourth category is “Containment of unexpected 
events”: it refers to the firm’s capability to respond 
quickly to unforeseen events and to contain its 
consequences. It’s characterized by three elements: 

a. Commitment to resilience: it’s the ability of HROs to not only 
effective anticipate errors but also to cope with and 
bounce back from errors and “unexpected events”. This 
characteristic exemplifies HRO’s commitment to learning 
from past experience and errors; 

b. Defence to expertise/Oscillation between hierarchical and flat 
structures: in emergencies, decision making migrates to 
individuals with expertise irrespective of their hierarchical 
position within the organization; 

c. Redundancy: includes the provision of back-up systems in 
case of a failure, internal cross-checks of safety-critical 
decisions and continuous monitoring of safety critical 
activities. 
The last category is “Learning Orientation” that refers to 
firms’ activities that involves both preventive and resilient 
approaches. Four elements characterize this category: 

a. Continuous Technical Training: improvement of their 
technical competence, enable them to recognize hazards 
and respond to “unexpected” problems appropriately; 

b. Open Communication: several channels are used to 
communicate safety critical information to ensure that 
expertise can be accessed in a timely manner especially in 
emergencies; 
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c. Root Cause Analysis of accidents/incidents; 
d. Procedures Reviewed. 

2. Maintenance Approaches: main features 

The international scientific literature has been studying 
maintenance approaches for a long time. Garg et al. 
(2006) proposed a critical analysis of the current 
maintenance approaches today applied: 

 Preventive Maintenance (PM): its aim is to avoid as much 
as possible the occurrence of failures. Preventive 
maintenance activities are scheduled according to 
predetermined time intervals or criteria (UNI, 2010).  

 Condition Based Maintenance (CBM): it is a type of PM 
that considers the real health status of the system or 
component to better schedule maintenance operations. 
This is possible thanks to monitoring or inspection of its 
operation conditions (UNI, 2010) (Legát et al., 1996). 
Systems degradation process is monitored verifying 
specific functioning parameters and, in particular, the 
achievement of pre-defined threshold values.  

 Total Productive Maintenance (TPM): is a Japanese 
maintenance approach. Following the eight key elements 
(Nakajima and Bodek, 1988) are describes. The first one is 
the autonomous maintenance: operators know their equipment 
better than anyone else, so they are the most suitable 
people to do maintenance and to identify any weak signals 
of malfunction. It is based on daily actions that involve 
the entire workforce (Bhadury, 2000). The second pillar is 
focus improvement. This occurs thanks to the elimination of 
all waste that generate a loss of efficiency. To do this it is 
essential the involvement of operators in all the 
operational levels. Planned maintenance is another key 
element of TPM: in order to optimize maintenance 
operations, the production needs of the system are 
considered. Maintenance has a key role also on the quality 
(Ollila and Malmipuro, 1999) with the Quality Maintenance 
pillar; in addition to the achievement of "zero defects", it 
is essential to identify the deviations causes of the process. 
The idea of collaboration is also found in the pillar of 
TPM in offices: TPM requires, in fact, the cooperation of 
the entire company, including the administrative part. 
Development Management is another pillar of TPM. It refers 
to the management of the start-up phase of a plant since it 
could give some information on malfunctioning. Education 
and training are essential to develop operators’ skills to 
make sure that every element of the system is able to 
make its contribution in TPM implementation. Finally the 
last pillar refers to Safety, Health and Environment 
(prevention of faults and human errors and removal of 
accidents through training and audits).  

 Computerized Maintenance Management System 
(CMMS): it is a very useful tool for maintenance 
management that is able to manage all the maintenance 
data. It supports the monitoring phase of CBM,  allows to 
obtain information on available spare parts, provides the 
information necessary for the scheduling of maintenance 
actions and facilitates communication (Labib, 2004). 

 Centered Maintenance (RCM): it considers reliability as 
focus to define maintenance plans. Smith (1993) 
summarizes the key features of the RCM that is the goal 
of preserving the functionality of the systems, identifying 

the failure modes that can undermine this functionality 
and implementing effective preventive actions. 

 Maintenance Outsourcing (MO): outsourcing of 
maintenance activities is usually chosen when required 
skills and resources are not present in the organization. 
Maintenance activities are committed to external parties 
that are able to carry out maintenance effectively and 
efficiently. Murthy et al. (2002) consider difference 
between “maintenance management” and “maintenance 
implementation”: the first one should not be outsourced 
because of its strategic value, while the execution of 
maintenance activities could be committed to external 
parties.  

 Effective Centered Maintenance (ECM): Pun et al. (2002) 
present the main features of ECM like an integrated 
approach based on effectiveness and that includes the 
typical concepts of quality management, TPM and RCM. 
Its main aim is to preserve system functionality and, above 
all, to guide organizations in achieving availability, quality 
and productivity in accordance with efficiency, essential 
for customer satisfaction. ECM is based on four key 
points. The first one is people participation, typical of 
TPM. Maintenance strategy is the second key element, 
considering the development of techniques for the 
optimization of maintenance activities through 
mathematical and statistical techniques. Then we have the 
quality improvement and the utilization of performance 
index to monitor maintenance improvements. 

 Strategic Maintenance Management (SMM): it derives 
from need to define a maintenance-oriented approach to a 
long-term strategic vision. According to Murthy et al. 
(2002), maintenance strategies could be optimized 
considering the operating load, depending on rate 
production and market demand. The key features of SMM 
are the study of systems’ mechanism degradation through 
data analysis, the use of mathematical models to evaluate 
the different maintenance strategies and to choose the 
optimal one.  

 Risk-Based Maintenance (RBM): it derives from will to 
consider maintenance and safety as linked elements, like 
suggested by some authors (Arunraj and Maiti, 2007) (De 
Carlo et al., 2011). RBM is made of two main phases. The 
first one is the risk assessment that is the identification of 
potentially faults and the estimation of their probability 
and of magnitude. The estimated risk level is then 
compared with the levels of acceptable risk. The second 
step regards the planning of maintenance activities on the 
basis of risk assessment results.  

3. HRO compliant maintenance approaches 

In order to check if the main maintenance approaches 
identified are consistent with the “reliability-enhancing” 
HRO characteristics, the temporal sequence of HRO 
approaches was transferred from the safety field to the 
maintenance one. From the safety point of view, five 
temporal phases were considered in the safety 
management process. They are: 

1. NORMAL CONDITION: it’s the phase in which 
business processes are carried out under normal 
conditions without the presence of anomalies or danger; 
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in this phase HROs carry out monitoring and prevention 
activities; 

2. ALARM: it’s the phase in which HRO identify and 
manage alarms for avoiding the happening of unexpected 
events. Alarms are all unsafe events, in terms of workers’ 
behaviours or workplace conditions, which if not properly 
managed could cause near misses or accidents(Gnoni et 
al., 2013); 

3. NEAR MISS: it’s the phase in which HRO identify, 
analyse and correct near misses to prevent accidents. Near 
Misses are events related to work, which could potentially 
cause an injury or a damage, but fortunately don’t happen 
(Gnoni et al., 2013); 

4. ACCIDENT: it’s the phase in which an accident happens 
and HROs carry out resilient activities to contain the 
negative consequences. Accidents are all sudden events that 
are not planned or intended but could cause damages or 
injuries; 

5. POST-ACCIDENT: it’s the phase in which HROs carry 
out root causes analysis to learn from unexpected events 
occurred, to avoid these to happen again and to improve 
prevention activities. 

As shown in Figure 2, the HRO prevention approach is 
developed in four temporal phases, such as Normal 
Condition, Alarms, Near Miss and Post-Accident; on the 
other hand, the HRO resilient approach is applied only in 
the Accident phase.  

 

Figure 2: Temporal sequences of HRO approaches 

From the maintenance point of view these five temporal 
phases are transferred in the maintenance management 
process; in this case will not be manage the three “safety” 
critical events described above (Alarms, Near Miss, 
Accident), but the following “maintenance” critical events: 

1. ALARMS, which are unexpected changes of the 
parameters of a machine that does not involve operating 
anomalies, but if not managed could generate them; 

2. ANOMALIES, which are deviations from the normal 
operation of the machine that involve process deviations, 
symptomatic of a machinery malfunction; 

3. FAULTS, which are damages or breakages which 
compromise the regular functioning of a machine, 
generating its stop. 

The definition of these five temporal phases of the 
maintenance process, for managing the three 
“maintenance events”, is important to identify both 
operational and strategic HRO features. A framework 
proposal is summarized in Figure 3: the strategic HRO 
features are transversal to all the five phases. The 
proposed framework will be used to evaluate how 

maintenance approaches meet the several HRO features 
based on a specific process phase. 

 

Figure 3: HRO processes and activities on the maintenance 
process 

In accordance with the framework defined in section 3, 
three levels of compliance have been introduced for 
assessing how each maintenance approach is compliant to 
both operational and strategic HRO characteristics, such 
as: 

 Low: the feature is present in the analysed approach by 
definition, but it’s not examined in depth, or to which the 
approach is compliant only as a support; 

 Medium: the feature is present in the approach with relative 
importance; 

 High: the feature is present in the approach and is 
emphasized as one of the main pillars. 
 

4.  Cross analysis of HRO features and maintenance 
approaches 

The assessment grid obtained for the operational HRO 
features is shown in Figure 4. 
 
In the Normal Condition phase the first feature analysed 
is Sensitivity to operation; in CBM it has an average level as its 
focal point is to monitor system parameters, but it doesn’t 
involve the worker vision for doing the “big picture”. 
TPM, instead, is strongly compliant, in fact workers are 
directly involved in defining the operational status of the 
day; also ECM (medium level) incorporates this principle 
and uses performance indexes that allow to highlight any 
problem to solve. Low level of compliance is assessed for 
CMM as it only supports monitoring activities through 
data collection. For Engagement with front-line staff, as 
mentioned above, the approaches that fully comply are 
TPM and ECM. 

For the Alarm phase the characteristic evaluated is 
Reluctance to simplify: the most compliant approach is CBM 
as it analyses each slight overcoming of the threshold 
value of the monitored parameters; TPM is compliant (at 
a medium level) as workers have to manage also weak 
signals of malfunctioning, in particular in the start-up 
phase of a plant (Development Management). Also 
medium level is given to CMMS (it’s only a support with 
data collection to analyse weak signals), for SMM and 
RBM, which, in order to make respectively a model of 
degradation and a potential risks analysis, have to consider 
any alarm of the system.
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Figure 4 Assessment grid of maintenance approaches according to HRO operational features 

In the Anomalies phase, the first feature is Preoccupation 
with failure: TPM is strongly compliant thanks to the 
Quality Maintenance pillar; CMB has a high level of 
compliance thanks to the sensibility for managing 
effectively any deviations. The RCM is also highly 
compliant as it identifies and corrects anomalies, to 
preserve the overall system functionality. PM is on average 
compliant as it prevents faults only considering MTBF; it 
does not use anomalies or passed faults as informative 
source for preventing. Also ECM, SMM and RBM are 
typically compliant: the first is due to the use of TPM 
prevention policies (but not with the same efficiency), 
while the last two for the same reasons mentioned in the 
Alarms phase. Low level is assigned to CMMS once again 
for it only supports prevention activities. The Open 
reporting system is strongly present in TPM (Safety, Health 
and Environment), in which is accentuated the 
involvement of all workers to identify and to prevent any 
human error, fault or accident; ECM is highly compliant 
for the same reason. CMMS is poorly compliant as it 
simply facilitates the exchange of such information. 

In the Fault phase Commitment to resilience is the first 
feature: MO is highly compliant, as, being this its core 
business, it’s resilient to respond quickly for managing 
faults; TPM is also highly compliant as maintenance 
activities are made daily as needed (Autonomous 
Maintenance). CMMS and ECM have medium level as, 
the first one allows to make timely decision in case of 
need of replacement to adjust the fault, while the second 
one needs to respond in resilient way to guarantee 
machines availability. High value were given to TPM for 
Management by exception, as this is a typical principle of lean 
thinking (workers’ commitment and intervention only by 
exception); we gave an high value for MO, as the firm 
requiring service may act by exception on the work of the 
supplying firm, if needed (errors or dissatisfaction). 
Abandon work on safety ground is strongly present in TPM as 
workers are trained to have more attention for avoiding 
accidents (Safety, Health and Environment); also for MO, 
the firm requiring service has to protect the supplying 
firm in case of danger (medium level). High compliance 
for TPM and MO for Defence to expertise: the first 

underlines that operators are the most suitable to carry out 
maintenance activities (Autonomous Maintenance), while 
the second is chosen just for its expertise. The last feature 
is redundancy: an high level was estimated for ECM as it 
uses parallel systems to allow faults adjustment without 
stopping the productivity. CMMS and MO show a 
medium level: the first only shows the resources 
availability, while the latter should ensure these features 
because of its core business. Low level was been estimated 
for TPM, as lean concepts is in contrast with the 
redundancy feature (Focus improvement pillar). 

For the Post-fault phase, the Root cause analysis is the first 
feature considered: PM is highly compliant, since it could 
consider the root cause of faults to better define the time 
interval between two actions. Also CBM and RCM have a 
high level: for CBM, for example, knowing that 
temperature is the root cause of a fault, it’s possible to 
choose this parameter for the monitoring phase; also for 
RCM for the Functional Failure Analysis. High level is 
assigned to TPM thanks to the Quality Maintenance pillar. 
Medium level for ECM and SMM: ECM needs to identify 
all fault causes for preventing an availability reduction; 
similarly the study of degradation development (SMM) is 
assisted by the knowledge of real causes of degradation. 
CMMS has a low level as it only supports the root cause 
analysis. CMMS has a low relationship with Procedures 
review too; this feature is quite present in ECM (medium 
level) and in PM, CBM, TPM and RCM (high level). ECM 
is connected to it because of the process efficiency 
improvement, while PM, CBM and RCM for the phase of 
updating and improvement of procedures. TPM is highly 
compliant with procedures review thanks to the focus 
improvement pillar. Furthermore, TPM has a strong bond 
with the last two features of post-fault (Individual 
accountability and Open discussion of errors): the operator’s 
involvement, in fact, is a basic idea of this approach that 
fosters and promotes both of them. ECM has a medium 
link with these two features since it promotes people 
participation.  

The assessment grid for strategic features is shown in 
Figure 5. The communication feature (Open 
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communication/Bottom up communication of bad new) was 
identified in TPM and ECM, with high level of 
relationship, since they foster people participation. Safety 
production balance is present in RBM and RCM (high level) 
and in SMM (low level). RCM and RBM, in fact, make risk 
analysis and failure modes analysis, respectively, on the 
basis of what happens in other organizations; this is true 
also for SMM for the definition of degradation models. 

 

Figure 5: Assessment grid of maintenance approach 
according to HRO strategic features 

The Continuous technical training is present in all approaches: 
for this reason it was given at least a low level. High level 
is given for TPM for pillar of Education & training and 
for MO, as maintenance issues are the core business of 
supplying service firms. For Investment of resources, MO has 
a strong relationship since its core business too, while a 
link is more or less present in the other approaches. 
Finally Proactive audits are highly present only in TPM 
because of the Safety Health and Environment pillar.  
To enhance and draw up quantitative information on the 
results obtained in the assessment grids observed above, a 
numerical value has been assigned to each level of 
compliance defined in par.Errore. L'origine riferimento 
non è stata trovata., respectively: 

 Low level =1 

 Medium level = 2 

 High level = 3 

This will be helpful to see how, at each phase, every 
approach is compliant to the HRO paradigm and which 
of these are compliant both on operational and strategic 
point of view. The first analysis was exploited calculating 
the score obtained considering all of operational and 
strategic features, whose total number is 19. Results are in 
Figure 6:  

Figure 6 Maintenance Approaches classification 

Data show that TPM has the highest value (88%) 
followed by ECM (51%); MO, CBM, RCM and CMMS 
are less compliant (32%, 30%, 25% and 23% respectively) 

according to the global HRO features. Other maintenance 
approaches (PM, SMM and RBM) are less compliant to 
global HRO features as they are only focused on 
preventive features. In order to deepen the analysis, the 
conformity of maintenance approaches respectively for 
operational ( 

Figure 7 and Figure 8) and strategic ( Figure 9) features 
were evaluated. 

 
Figure 7 Maintenance approaches according to HRO 

operational features 

TPM is strongly compliant to operational features (93%) 
and the analysis according to HRO maintenance phases 
confirms its attention to lead high reliability in both of 
preventive and resilient phases; also from the strategic 
point of view, TPM has an high level of compliance 
(73%). ECM follows TPM in terms of conformity to 
operational (55%) and strategic (40%) aspects: this is clear 
as ECM includes most of policies of TPM. ECM have a 
gap of 40% to TPM because of its major focalization on 
preventive phase (Normal Condition 83%, Anomalies 
83% and Post-Fault 67%), neglecting the resilient phase 
(Fault 33%). From the operational point of view CBM and 
MO are almost equal in terms of conformity with discreet 
values (respectively 33% and 29%). Analysing each 
maintenance phase (as shown in Figure 8), CBM has high 
values (33%, 100%, 50% e 50%) respectively for Normal 
Condition, Alarms, Anomalies and Post Fault, that are 
prevention phases, but it’s completely absent in the 
resilient phase (Fault). MO, instead, has high value in the 
Fault phase (80%) but it’s completely absent in the 
prevention phases. From a strategic point of view CBM 
and MO have different level of compliance (20% and 40 
% respectively).  

Figure 8 Compliance of maintenance approaches for each 
maintenance phases 

The CMMS is relatively compliant (26%) to operational 
features, but considering the analysis for each 
maintenance phase, it’s possible to see that CMMS is 
present in all maintenance phases, both preventive and 
resilient, despite having low values; this is due to its nature 
as a support tool for all maintenance activities. Also low is 
its level of compliance with strategic HRO features (13%). 
RCM, despite the good score for the overall features 
(25%), is poorly compliant to the operational features 
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(21%), while is more compliant considering the strategic 
ones (33%)(see Figure 9). Other approaches (PM, SMM 
and  RBM) confirm their low accordance with HRO both 
in the operational and in the strategic fields: the main 
cause is their great focus only on the prevention 
dimension. 

 

Figure 9 Maintenance approaches according to HRO 
strategic features 

After this analysis, two types of maintenance approaches 
are identified according to HRO, and these are Starting 
HRO and HRO experts. The first one is suggested to all 
organizations that want to start to use the HRO paradigm 
in their policies: these maintenance approaches can help 
them to begin small. For this category an example could 
be the CMMS that has not high value of compliance but is 
present both in preventive and resilient phases. The 
second one is suggested to all organizations that have a 
strong expertise to use HRO paradigm, so these 
maintenance approaches can optimize their compliance 
according HRO standard. For this category an example 
could be TPM that is highly careful to be reliable in both 
preventive and resilient phases. 

5. Conclusion 

A rough but effective analysis is proposed in this paper to 
evaluate the different maintenance approaches. Both 
strategic and operational aspects are considered; 
furthermore, the main features of HRO were correlated to 
each main maintenance management process. Thus, a 
numeric not structured analysis was carried out aiming at 
assessing the level of compliance characterizing each 
maintenance approach towards HRO features. This 
application is a preliminary study. Further development 
will be oriented to apply more quantitative and structured 
analysis, for example basing on a multi-criteria model such 
as AHP. 
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