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ABSTRACT

The objective of the study is to determine whether the scientific literature in the field of heavy truck 
maintenance parallels current development trends in maintenance. For this purpose, models related 
to fleet maintenance were analysed in terms of cost optimization, decision-making support and 
improving employees’ maintenance competencies. The analysis underlines the lack of research in the 
studied field and highlights the scientific gap in the development of methodological approaches to 
improving the competencies of truck drivers as important entities in the process of detection and 
elimination of technical issues. The analysis of heavy truck maintenance issues therefore serves as 
empirical support for the improvement of maintenance processes in the addressed industry as well 
as in logistics in general. The resulting research also synthesizes the scientific literature in the field of 
fleet maintenance, which represents an important support for future empirical studies.

1 Introduction

Maintenance costs represent one of the highest costs 
for transport companies, along with fuel and labour costs. 
However, maintenance costs are paramount in terms of 
manageability, as fuel and labour costs are often more 
dependent on external factors such as fuel price volatil-
ity and different payroll taxes [17]. As is the case with all 
types of machinery, transport vehicles must be carefully 
maintained within a responsible maintenance program 
[20], which sometimes contributes from 30 % to 50 % of 
the total transport costs [18, 28]. The right maintenance 
policy, optimizing decision-making in maintenance, plan-
ning and executing work can result in cost reductions, im-
proved efficiency and improved vehicle reliability. It can 
thus be concluded that the maintenance function is indis-
pensable for the sustainable operation of any fleet [17]. 

If the goal is to ensure efficient transport of goods by 
heavy goods vehicles, it is important for vehicles to have 
a high degree of availability and, in particular, to avoid 
stopping on the roadside and being unable to continue the 
transport task. The time when the vehicle is inactive is par-

ticularly problematic, as it reduces the vehicle’s operating 
hours per year. An unplanned stop at the roadside not only 
delays delivery but can also cause damage to the cargo. A 
high degree of availability can be achieved by frequently 
replacing components, but this approach can be expen-
sive, not only because of frequent visits to the workshop, 
but also because of the cost of components. Therefore, fail-
ure prognostics and flexible maintenance have a signifi-
cant potential for commercial fleet owners [30]. Effective 
maintenance is also beneficial from the point of view of 
sustainable development, as heavy goods vehicles are also 
major polluters [21].

The development of the maintenance function al-
lows for the distinction of three periods. The first period 
(reactive maintenance) is characterized by repairs only 
when a failure appears. The second period (preventive 
maintenance) is characterized by planned and preventive 
repairs. The third period is the period of predictive-proac-
tive maintenance, which is characterized by inspections, 
technical condition monitoring and, in particular, the par-
ticipation of the machine operators in the operation main-
tenance [14]. However, the initial goal of the development 
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of different maintenance strategies was to provide sup-
port to production processes in companies, and less so 
to participants in the transport industry. This is surpris-
ing, especially considering the large number of transport 
companies in different countries of Europe and the USA. 
The maintenance process in the transport sector involves 
various actors, such as company management, the mainte-
nance function and truck drivers. 

The objective of the study is thus to determine whether 
the scientific literature in the field of heavy truck main-
tenance parallels current development trends in mainte-
nance. To this end, various cost, analytical and simulation 
models related to fleet maintenance in transport compa-
nies were analysed. Gaps in the field of maintenance re-
search in road transport industry are highlighted based 
on an analysis of the scientific literature. The analysis of 
maintenance issues therefore serves as empirical support 
for the improvement of maintenance processes in the ad-
dressed sector as well as in logistics in general. The result-
ing research also synthesizes the scientific literature in the 
field of heavy truck maintenance, which represents an im-
portant support for future empirical studies.

The rest of the article is structured as follows: The 
Literature Review in the second chapter details the evo-
lution of the maintenance function over different time 
periods. The chapter continues with a focus on the issues 
concerning the maintenance of heavy trucks. The third 
chapter is dedicated to the research methods used, fol-
lowed by the results of the study. The final chapter offers 
a discussion of the results and the conclusion, highlight-
ing the key factors that influence further maintenance re-
search in the addressed field.

2 Literature review: Development of the modern 
maintenance function

Maintenance targets can be considered according to 
the Max/Min – principle. Maximizing the maintenance out-
put, which is corresponding to technical equipment effi-
ciency by minimizing all efficiency loss factors. The second 
portion of maintenance targets is minimizing the input to 
maintenance, which can be expressed for example in man-
power, tools, systems, processes, cost, knowledge etc. [27]. 
The increasing contribution of direct maintenance costs 
to a company’s variable costs requires an intense search 
for opportunities to reduce these costs. Numerous indi-
ces show that not only the maintenance of machinery, but 
also the absolute and relative costs of such maintenance 
are becoming increasingly important [14]. Effective main-
tenance also has a significant impact on safety, especially 
in road traffic, which is subject to frequent accidents be-
tween individual participants [24, 26, 32].

In general, the maintenance function has gone through 
three different developmental stages. Until the Second 
World War, the reactive approach was prevalent, which 
meant that repair actions were only required when failure 

occurred. After the war, the reactive approach turned into a 
preventive one: maintenance was planned for a certain pe-
riod, according to the time of use, to prevent possible fail-
ures [1]. Many machines are already subject to numerous 
controls and their design has become increasingly complex. 
The impact of the defective device on production continuity 
has also increased. The question of whether a malfunction 
could be prevented and how to do it has become salient. 
This area is now regulated, thanks to the concept of planned 
preventive repairs. However, the strategy for maintaining 
preventive operations is unsuccessful when several failures 
occur at an early stage of use. According to Moubray [19], 
the above mentioned fact and the further development of 
industrial production brought on a new approach to the 
maintenance of operations, the most important element 
of which was to ensure the smooth operation of machines 
and devices throughout their utilization time. The above 
changes resulted in new concepts for the maintenance of 
machines and devices. In the classical approaches, the em-
phasis was on the importance of inspections, while in the 
new ones attention has also been drawn to [14]: auxiliary 
tools for decision making (risk assessment, models of fail-
ure intensity and analysis of failure results); new tech-
niques of operation maintenance (condition monitoring) 
and, above all, modified understanding of organisation 
leading to participation and team work. 

Figure 1 shows the evolution of the maintenance func-
tion over different periods in terms of relative mainte-
nance costs. If the reactive maintenance approach from 
the first period had persisted until the present day, main-
tenance costs would be dramatically higher. Due to the 
preventive maintenance mindset, maintenance costs ex-
perienced an increase during the second period, but from 
today’s standpoint, they would actually have decreased, 
compared to the first period. The development of a new 
maintenance mindset, which is characteristic of the third 
development period, results in a significant reduction in 
maintenance costs. 

The most important concepts that were developed dur-
ing the third period are RCM (reliability centered main-
tenance) and TPM (total productive maintenance). Those 
systems are based on a detailed knowledge about the condi-
tion of the machinery, its failures and risks [29]. The main 
objectives of RCM are to reduce maintenance costs and in-
crease the reliability and safety of the system under review. 
A maintenance concept can be defined as the set of various 
maintenance interventions, which can be corrective, pre-
ventive, condition based, etc. [10]. The RCM concept might 
be characterized as organized engineering common sense. 
These methodologies have four unique features [2, 10]: pre-
serve functions, identify failure modes that can defeat the 
functions, prioritize function need (via the failure modes), 
select only applicable and effective preventive maintenance 
tasks. The RCM process entails asking seven basic questions 
about the function, asset or system under review, as follows 
[10, 19]: What are the function and associated performance 
standards of the asset in its present operating context? In 
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what ways does it fail to fulfil its functions? What causes a 
functional failure? What happens when a failure occurs? In 
what way does each failure matter? What can we do to pre-
dict or prevent a failure? What should be done if a suitable 
proactive task cannot be found? 

The general layout of the procedure in the RCM meth-
od can be seen in Figure 2. A proper understanding of the 
RCM implementation steps contributes to the improve-
ment of operation maintenance efficiency. Success, how-
ever, is only achieved if enough attention is devoted to 

Figure 1 The maintenance function over different periods in terms of relative maintenance costs 

Source: [14]

Figure 2 General layout of the procedure in the RCM method

Source: [14]
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planning, to the determination of how and who performs 
the analyses, to audits and team work. Particular impor-
tance is attributed to team work in the implementation of 
the RCM. This is because, in practice, the operation main-
tenance specialists cannot answer the seven RCM ques-
tions on their own, particularly when the questions relate 
to the functions, their fulfilment, the effects and the results 
of failures. That is why operation maintenance require-
ments should be checked by small teams composed of 
operators of the machines and devices. Team work allows 
one to learn the knowledge and opinions of each member, 
but also to acquire vast knowledge concerning the func-
tioning of machines and devices. [14].

Just like RCM, TPM (total productive maintenance) is 
an important concept in modern maintenance. TPM is part 
of a Japanese philosophy that was developed based on 
productive maintenance concepts and methodologies. The 
concept was first introduced by Nippon Denso, a Japanese 
supplier of the Toyota Motor Company, in 1971. TPM is 
an innovative approach to achieve the goal of zero break-
downs, zero irregularities and zero defects and zero acci-
dents [11].

The objective of TPM is to increase the availability/
efficiency of existing equipment by seeking to reduce the 
input (improving and maintaining equipment at the opti-
mum level to reduce costs over its life cycle) and investing 
in human resources, resulting in better use of machines 

[7]. Legutko [14] also emphasizes that the use of the TPM 
concept ensures higher equipment efficiency and empha-
sizes the following advantages: a thorough preventive 
maintenance system is in place for the entire life of the 
equipment; it is implemented by various departments 
within the company; every single employee is engaged, 
from top management to store employees, and TPM is 
based on the promotion of PM (preventive maintenance) 
through “motivation management”, which involves small 
group activities. TPM therefore provides a synergistic link 
between all organizational functions, especially between 
production and maintenance. Its objective is to continually 
improve product quality, as well as operational efficiency 
and system performance assurance. TPM efficiency de-
pends on both production and maintenance activities. The 
key pillars of TPM are shown in Figure 3 [7].

The transfer of the competencies of the maintenance 
staff to the production function of the company is essen-
tial for the effective implementation and application of the 
TPM concept. This means that in addition to their produc-
tion tasks, operators also have important maintenance 
tasks, such as: maintaining basic equipment conditions 
(cleaning, lubrication, etc.); maintaining operating condi-
tions (proper operation and visual inspection); detection 
of deterioration, mainly by visual inspection and early 
identification of signs of malfunctioning and improving 
the skills associated with performing minor repairs. These 

Figure 3 Key pillars of TPM

Source: [7]
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activities add to the existing responsibilities of machine 
operators. On the other hand, maintenance personnel 
should do the following: provide technical support for the 
activities of operators on the machine; thoroughly repair 
any deteriorations with the use of inspections, provide 
monitoring and overhaul; clarify operational standards 
by monitoring design flaws and applying appropriate im-
provements and improve maintenance skills [7].

3 Methodology

The scientific literature search was conducted in 
the Clarivate Analytics database, Web of Science Core 
Collection in May 2019. The terms “maintenance fleet” and 
“maintenance trucks” were searched for the period be-
tween the year 1980 and May 2019. Out of 680 hits, 507 
were articles, 215 proceedings papers, 8 reviews, 2 meet-
ing abstracts and 2 book chapters. An analysis of the scien-
tific works dealing exclusively with the field of heavy truck 
maintenance with the development of modern methodo-
logical approaches was carried out. Due to the narrow 
field of research, the field of analysis was reduced to 11 
scientific works, of which 9 are scientific articles and two 
proceedings papers. Eight scientific articles are part of 

Journal Citation Reports indexed in Scopus (Elsevier’s ab-
stract and citation database) and the Web of Science Core 
Collection. Two proceedings papers are part of the Web 
of Science Core Collection and one scientific article is in-
dexed in Scopus and in Web of Science.

4 Results

The analysed scientific works include various cost, 
analytical and simulation models that relate to the field 
of heavy truck maintenance. Table 1 [12, 15, 23, 9, 18, 13, 
25, 8, 6, 16, 5] provides an overview and synthesis of the 
scientific literature related to the development of mainte-
nance models from the following aspects: costs, organiza-
tion and human resources. The objective of the analysis is 
to determine whether the scientific literature in the field of 
truck maintenance parallels current development trends 
in maintenance. Eleven scientific articles were published 
in the period between the year 1980 and May 2019. The 
authors of eight of those scientific articles are concerned 
with the cost optimization of maintenance, while nine 
scientific articles deal with improving the organization of 
maintenance or decision-making support and only one ar-
ticle focuses on the field of human resource management. 

Table 1 An overview of the scientific literature in the field of truck maintenance model development

Author Model description
Orientation

Costs Human resources Organisation – DS
Haghani & Shafahi, 
2002 A model for scheduling bus maintenance activities NO NO YES

Lhorente et al., 
2004

A model for optimal armature maintenance in 
electric haul truck wheel motors YES NO YES

Okulewicz & 
Salamonowicz, 
2008

Model of preventive maintenance for a vehicle fleet YES NO NO

Fornasiero et al., 
2012

A cost evaluation model for trucks maintenance 
planning YES NO YES

Moniri Morad et al., 
2014

 Application of optimal maintenance methods for 
reduction of occurrence of sudden failures and 
equipment

YES NO YES

Husniah et al., 2015
Model of optimal preventive maintenance for a 
two-dimensional lease contract of a fleet of dump 
trucks

YES NO NO

Said & Taghipour, 
2016

Modeling Failure and Maintenance Effects of a 
System Subject to Multiple Preventive Maintenance 
Types

NO NO YES

Epler et al., 2017
Lean model for technical maintenance of technical 
systems for special purposes - military combat 
vehicles

YES YES YES

Chaowasakoo et al., 
2018

A model of effective scheduled maintenance for 
different truck age levels YES NO YES

Linneusson et al., 
2018 A system dynamics model YES NO YES

Barde et al., 2019 Optimal preventive maintenance model based on 
reinforcement learning of a fleet of military trucks NO NO YES

Source: Authors

https://en.wikipedia.org/wiki/Elsevier
https://en.wikipedia.org/wiki/Abstract_and_citation_database
https://en.wikipedia.org/wiki/Abstract_and_citation_database
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A detailed analysis of the combination of individual 
maintenance models shows the following results (Figure 
4): Out of n = 11 scientific articles, 5 articles address the 
costs of maintenance and the organization of maintenance 
through developed models; 3 scientific articles deal ex-
clusively with maintenance organization; two articles ad-
dress the optimization of maintenance costs and only one 
article deals entirely with costs, organization, and human 
resources in connection with maintenance.

5 Discussion and conclusions

Initially, the development of various maintenance strat-
egies was aimed at supporting the manufacturing process-
es in companies, but they have proven to be suitable for 
use in the transport industry as well. However, what can 
be generalized on the basis of the analysis and synthesis 
of the scientific literature is that research in the field of the 
development of heavy truck maintenance is not dealing in 
sufficient detail with the staff responsible for performing 
maintenance. This is also clearly evidenced by the fact that 
only one work of scientific literature addresses the sub-
ject of human resources improvement. Based on current 
maintenance guidelines in the manufacturing industry, it 
has been clear for several years that maintenance compe-
tencies are being added to the competencies of machine 
operators. It would be expected for the scientific literature 
in the field of heavy truck maintenance in the transport in-
dustry to also be focused on improving the competencies 
of drivers, as they interact with the truck on a daily basis. 
It can be argued that they interact with the truck even 
more than the operators interact with the machine, since a 
driver working in international road transport spends five 
days a week in the truck on average and depends heavily 
on the technical flawlessness of the vehicle. The impor-

tance of the truck driver in the maintenance process is also 
evident from the analysis of the US and EU Employment 
Service portal [4, 31], which outlines the driver’s tasks in 
terms of truck maintenance. The truck driver must there-
fore be trained to work within three mental approaches to 
maintenance, namely: the ability to repair minor defects 
(changing tires, lights); preventive maintenance (inspec-
tion of tires, lights, brakes, oil and water) and maintenance 
planning (cooperation and providing suggestions regard-
ing corrective actions at company level).

Based on the analysis, it can be concluded that the 
modern methodological approaches in the maintenance 
of heavy trucks in the transport industry are mostly fo-
cused on the organization of maintenance or support in 
decision-making, as well as cost optimization of the main-
tenance function. The only exception is one scientific work 
[8] that focuses on all modern aspects of managing the 
maintenance function. 

Thus, the basic findings of the study are:
-  There is a lack of scientific research that deals with 

truck maintenance. Of the 680 hits, only 11 scientific 
articles address the subject of maintenance improve-
ments in the transportation industry through the de-
velopment of different methodological approaches.

-  Out of the 11 scientific papers analysed, only one ar-
ticle addresses modern truck maintenance guidelines. 
This is the only article where, in addition to optimiz-
ing maintenance costs and improving maintenance 
decisions, the human resources aspect is taken into 
account.

-  The role of the truck driver as an important entity in 
the process of detecting and correcting technical issues 
in the truck has not been addressed. A conclusion can 
be drawn from this, which is that the development of 

Figure 4 Combination of maintenance models

Source: Authors
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driver competencies is not aligned with current trends 
in maintenance that are characteristic of the field of 
manufacturing.And it is precisely the efficiency of the 
maintenance process in companies that requires com-
petent and maintenance-conscious employees. Their 
knowledge, skills and ability to respond to unexpected 
situations largely determine the effectiveness of the 
technical infrastructure in the company [3]. Oke et al. 
[22] also point out that a highly skilled personnel rep-
resents an important strategic direction for mainte-
nance in companies.
Precisely because of the lack of research in the ana-

lysed field, it is impossible to reach any conclusions on 
how to improve maintenance in terms of competency de-
velopment in both drivers and maintenance personnel. 
Due to the important role of drivers in the efficiency of 
the maintenance function in a company, the results high-
light the research gap in the development of the mainte-
nance function in transport companies so far. The analysis 
of heavy truck maintenance issues in the transport sector 
therefore serves as empirical support for the improve-
ment of maintenance processes in the addressed sector as 
well as in logistics in general. The resulting research also 
synthesizes the scientific literature in the field of heavy 
truck maintenance, which represents an important sup-
port for future empirical studies. 

An analysis and synthesis of scientific works related 
to the field of maintenance in the road transport industry 
was conducted. Future studies could produce statistical 
surveys that relate to the organization and management of 
maintenance functions in transport companies in practice. 
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