
Activities Enhancing the Productiveness of 
Maintenance Process for High Technology 

Equipment in Deep Mines 
Mohammed-Aminu Sanda 

Department of Business Administration, Technology and Social Sciences,  
Luleå University of Technology,  

Sweden 
 mohami@ltu.se 

 

 
Abstract— The purpose of this paper, therefore, is to find out 
whether in the course of task performances, miners engage in 
activities influenced by their tacit knowledge to enhance the 
quality of the maintenance process for high technology 
equipment in deep mines. Guided by an organizational activity 
theoretical framework, data was collected by observing and 
interviewing four different mineworkers engaged in rock drilling 
and roof bolting activities in an underground mine. An 
interpretive descriptive analysis was conducted to understand 
the mineworkers activities when engaged with their work. It is 
found that the miners use their acquired experiences to find ways 
of maintaining and managing the machines they use for optimum 
work performance. It is concluded that an employee’s tacit 
knowledge, when made visible, can help determine the horizon of 
possible actions that can influence either positively or otherwise 
on the maintenance process.  
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Process; High Technology Equipment 

I. INTRODUCTION 

The use of automation and remote operation technologies 
in today’s competitive business climate to increase the 
productivity of workers has seen to the emergence of faster 
time-to-market, lower costs and increased initial product 
quality. In the mining industry, the increasing use of high 
technology has made the competitiveness of the business 
climate even tougher. The introduction of such high 
technology has seen to the transformation of the mines’ work 
environment by enabling smarter, more integrated mining 
systems with ever increasing levels of automation. 
Transformation of the work environment is also introducing 
substantial changes to the mines’ organizational structures and 
business processes both of which need to work in concert with 
the high technology in order to enable a substantial increase in 
mining performance and productivity. It has also created a 
new type of human work with added competencies and 
knowledge as well as workload.  

This new type of human work is underlined by the 
transformation of miners’ tacit knowledge and skills (for 
example the ability to ‘read the rock’) into competence 
oriented abstract knowledge. Since the new forms of work in 
the mines have less need for traditional mining competencies, 

attitudes and ideals, mine workers might have to find new 
ways to learn. They also have to develop new identities and 
masculinity in tune with the new workplace culture. This is 
not to say that the old culture should be completely discarded. 
It could be used to provide important context for workplace 
learning and for the construction of new identity. This is 
because a lag to worker identity could lead to difficulties in 
adapting attitudes and norms resulting from the demands and 
structures of the high technology and the new work tasks.  

Changes in the organizational structures of most firms in 
the mine industry are therefore oriented towards flat and lean 
organization. Based on this lean perspective, mining 
companies need a smaller multi-skilled staff that can operate 
in several areas as well as perform variety of functions within 
the company. It is important to observe that in using such a 
smaller workforce with expanded role responsibilities, the 
mine also stands the risk of losing operational and business 
knowledge. The consequence of such risk is that it increases 
not only the operational costs, but also the cost of the 
maintenance process resulting from human/labour 
intervention, replacement of failed parts, and lost production. 
By implication, such risk could have consequential effect on 
the reliability of decisions that are taken along the production 
value chain, including those related to the maintenance 
process.  

This issue therefore, brings to the fore the challenge of 
mitigating the risks of losing operational and business 
knowledge in deep mines by studying and the understanding 
the work activity of miners to intelligently, capture and 
transfer their knowledge useful for increasing situational 
understanding their contribution towards maintaining the high 
technologies they use in the maintenance process towards 
increasing productivity. This is because, in any planning and 
development activity, there are several alternatives available, 
and one has to choose the alternative that fits in the best [1]. 
The alternative choice entails the selection of factors or 
variables that constitute various performance criteria, such as 
productivity, effectiveness and efficiency [2]. In this regard 
therefore, there are a number of criteria or goal functions, 
broken down to different maintenance indicators like; mean 
time between failure, downtime, and maintenance cost, 
planned maintenance tasks and unplanned maintenance tasks 
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which needs to be considered from different stakeholders’ 
view, and also integrated from operational level to the 
strategic level. The maintenance performance indicators are 
measures that can be extended to a working environment [3], 
and used to measure the impact of maintenance on the process 
performance [4]. A performance indicator is therefore, a 
measure equipped with baselines and realistic targets to 
facilitate prognostic and/or diagnostic processes and justify 
associated decisions and subsequent actions at appropriate 
levels in the organization to create value in the business 
process [5].  

It is quite obvious that only a few researchers, so far, have 
tried to give detailed pictures of possible competency of 
miners in influencing the quality of maintenance of the high 
technology machines they use in the mines. Most attempts 
also show a strong belief that technology development and 
automation will improve the quality of maintenance task, in 
terms of flawless start ups after maintenance and resulting in 
acceptable condition of plant and machinery. Thus, in an 
organization based on knowledge management, it is essential 
to measure the use of knowledge for the continuous 
improvement of the organization, since the number of new 
ideas generated and implemented can function as a measure of 
innovation and development, as well as the employees’ 
participation in and motivation for the organization [1].  

The purpose of this paper, therefore, is to find out whether 
in the course of task performances, miners engage in activities 
influenced by their tacit knowledge to enhance the quality of 
the maintenance process for high technology equipment in 
deep mines. 

II. THE MINER AND HIGH TECHNOLOGY MACHINE USAGE IN 

MINING 

A modern mine is so technically advanced that the 
proportion of unskilled labour will decrease significantly or 
disappear, and hence there will be fewer workers with higher 
wage costs [6]. By implication, the mines of the future will 
have a smaller staffing with a different kind of model for work 
organization, since it is expected that automation will provide 
improvements in terms of work environment and job safety 
[7]. Production centers will therefore be creating new 
professional roles [6]. Yet, there is the concern that despite 
many promising production concepts, organizational models 
and development of new technologies during the last decades, 
the mining industry faces a large gap between expectations 
and real implementation [6], [7], [8].  

There is also the realization that increased automation, 
combined with an ever tougher global competition, will lead 
large industrial companies to rely on a lean organization with 
multi-skilled workers capable of managing multiple areas of 
the business, with technology and work built around 
‘autonomation’, where people and machines cooperate [9]. In 
this respect therefore, process automation and remote 
operation technologies in the mines will enable smarter, and 
more integrated production systems [9]. In these wise, 
significant efforts to develop communication systems for 
increased security have been made [10]. In the view of [6] 

even though such system is for verbal communication, it 
should have positive effects on productivity, quality of work, 
and cooperation.  

It will also be interesting to see if the system can also 
support image information and communication, especially 
based on the perspective that miners equipped with mini 
cameras could, for everyday and emergency situations, 
provide their colleagues and senior management with 
information that is difficult to convey verbally [6]. In this 
regard, [9] predicted an increasing degree of remote control 
from production centers and collaborative visualization rooms 
where the operators have monitoring and coordinating 
activities across the value chain from distant locations (i.e. in 
the community or elsewhere). In this case, the remote 
operators will be supported by intelligent and automated 
decision systems, and will also use the Web 2.0-system of 
global communication, information and learning. By 
implication, the jobs of the operators will change in character 
towards service work and their new tasks will require different 
kinds of skills [8].  

In addition to dealing with advanced information 
technology the miners will have to interact with different 
specialist teams located all over the world. In this regard, 
mining companies will gradually turn to a flat and lean 
organization with multi-skilled workers who can operate in 
several areas and functions within the company [9]. This 
therefore calls for a work organization that supports high 
productivity as well as good working and social conditions [6]. 

For the deep mines of the future, the issue here is not only 
about designing systems/automation as well as work 
environment that are adaptable to the mine-workers 
underground, but rather to consider the workers who are 
engaged in the different facets of future mining activities as 
key resources whose understanding of the deep mine practice 
could be utilized towards enhancing creativity in designing 
better systems [7]. In such system, there will always be a 
sense of ongoing process of social becoming that is realizable 
through a chain of social events, or practice and all of these 
aspects must be in tune [11]. Therefore overall knowledge is 
needed in the deep mine’s work system design and its parts, 
especially on how to harmoniously integrate the human and 
the other systems in the value chain (i.e. to be able to see the 
human as an integral part of the system, and an asset) [7]. By 
implication, the maintenance process in a deep mine can be 
theorized as organizational activity system as highlighted by 
[7] in figure 1 below. 

Figure below provides an idea of the complexity that can be 
inherent in organization’s mining process relative to the 
functional dynamics of expert practices and management that 
is attributable to knowledge that both explicit and implicit. 
Such complexity is therefore relative to the number of 
different operations (OP) entailed in each maintenance action, 
and also the number of different maintenance actions outlined 
by the maintenance process as an organizational activity. 
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Fig. 1 Simplified illustration of an organizational activity in a 

future mine (where OP stands for operation) [7] 
 
 
This complexity has been summarized mathematically by [7] 
as follows: 
 
Org. Activity ≈ ∑ (Action 1 + Action 2 + Action 3 + Action 4 

+.…..+ Action N) + ∑ Internal Constraints + 
∑ External Constraints                          

 
(where, Action N = ∑ (OPN,1 + OPN,2 + OPN,3 + OPN,4 + OPN,5 

+ OPN,6 +……….+ OPN,n); N = 1, 2, 3, 4, 5, 6, 7, ……n) 
                                                          

For the organizational activity system shown in figure 1 
above, the maintenance performance indicators (MPI) could 
be considered from the perspective of the multi-hierarchical 
levels of the organization. The first hierarchical level could 
correspond to the corporate/strategic level, the second to the 
tactical/managerial level, and the third to the 
functional/operational level [1]. The maintenance indicators of 
the functional level are integrated and linked to the tactical or 
middle level in order to help analysis and decision making at 
the strategic or tactical level [1]. Therefore, maintenance is 
vital for sustainable performance of any industrial operation. 
As such, it is important for owners and managers of assets to 
know the relationship between the output of maintenance 
process in terms of its total contribution to the business goal 
and the inputs to the different sub processes [1]. Maintenance 
therefore, requires significant investment in physical assets 
and plays an important role in achieving organizational goals 
[12]. Investment in maintenance can be justified by the 
implementation of an appropriate performance measurement 
system that could be used to measure the quality and 
effectiveness of maintenance [1]. Such system ensures that 
performance oriented actions are aligned to the strategies and 
objectives of the organization [13].  

Performance of maintenance in an industrial firm is dependent 
on decisions made at the strategic, tactical and operational 
levels. This is because decisions at these three levels have an 
influence on maintenance performance and its quality [1]. 
Decisions for centralized or decentralized maintenance 
organization are made at the strategic level. Decisions on 
maintenance intervals, inspections, repairs, replacements and 
overhauls are taken at the operational level by the 
maintenance department. Decisions on maintenance budget 
for individual plants or machineries, skills, and inventories are 
taken at the plant level. Similarly, decisions on preventive or 
condition based maintenance are taken at the plant level.  
 

III. METHODOLOGY 

Criteria for measurement can be quantitative or qualitative. 
Some examples of quantitative measure can be quality, 
downtime, output, number of accidents, injuries, number of 
stops short or long, quality problems, item returned from 
customer along with costs and risks [1]. Qualitative areas 
include employees’ satisfaction, environmental aspects such 
as noise, humidity and many others [1]. 

A. Data Collection 

Data was collected from an underground mine in Sweden.  
The mine uses cut-and-fill and sub-level stoping as the basic 
methods in its underground mining. The sources of data were 
the mines’ employees. Data was collected through recorded 
interviews and on-site observations. In the data collection 
procedure, four separate visits (shifts) were made to the 
mine’s underground work environment in the company of four 
different mineworkers engaged in rock drilling and roof 
bolting activities. 

B. Data Analysis 

The recorded interviews were transcribed and scripted [14]. 
The validity of the scripts generated for all the interviewees 
was established after crossing-checking with each interviewee. 
An interpretive descriptive analysis was conducted to 
understand the mine workers activities when engaged with 
their work. This was because in the dialogue (i.e. interview 
conversation), the subjects (interviewees) did not only answer 
the questions prepared by the researcher (interviewer), but 
they (interviewees) were also given the space to formulate 
their own conceptions of their lived world [15]. The 
expectation here was that the sensitivity of the interview 
approach and its closeness to the interviewees’ “lived world” 
would lead to the evolution of knowledge that could be used 
to understand the relative outcome of the commercialisation 
processes of the organization studied. An interpretive 
description qualitative approach [15], [16], [17], [18] was 
used to analyse the scripts generated from the interviews. 
According to [15], it can become almost impossible for a 
researcher to untangle the shared component of a subjective 
experience from the narratives that people place them in, and 
so qualitative research tends to require thoughtful analysis of 
the relationship between the data sources and the findings 
derived from them. With this observation in mind, the 

ISBN 978-91-7439-379-8 215



experiences of the interviewees in enhancing the maintenance 
process were analysed. 

IV. RESULTS 

The results showed that the miners, based on acquired 
experiences, mostly find ways to manage the machines they 
use for optimum work performance. In some instances, 
especially in production drilling, the machine operators’ use 
their knowledge of the rock and the sounds that emanates 
during drilling operations to identify and avoid difficult 
portions which could result in machine breakdowns.  This 
viewpoint was highlighted by a miner as follows: 

The most important thing when you come to work 
everyday is that the machine should have repairments. 
This level is about 1000 metres deep and we have no 
vehicle to drive around. In my opinion, if there is 
such vehicle, the maintenance team can go round 
during lunch break to fill oil, diesel, and if you have 
something you want to fix, they fix it for you. That is 
the most important thing. 

 
The miners also engage in acts that enhances the life time of 
the machines.   For example, in a roof bolting activity, the 
operators were observed to engage in frequent disembarking 
from their cabins to wash the cement compartment of the 
machines in order to minimize the possibility of the cement 
leftovers caking inside the compartment.  

Most of the time, I use the experience I have acquired 
over the years to manage this machine for optimum 
performance. For example, I have realized that when 
I wash the machine’s cement compartment 
immediately after I complete a task, I avoid cement 
caking which affects the life span of the machine. I do 
not write down the fascinating and/or intriguing 
discoveries I have made over the years on the best 
way to use equipment in carrying out my tasks. 
Sometimes I share my acquired knowledge with 
colleagues using the same machine. I also apply this 
knowledge when I am training others over here with 
the hope that they learn from experience. 

The tacit knowledge developed by the operators and used in 
enhancing machine life and performances is neither shared nor 
documented by the operators. Occurrences when using the 
machines that are viewed as intriguing by the operators are 
also not documented by them, as it is obvious in the following 
interview exchange with an operator 
 

Researcher: How do you feel now? The 
machine is not behaving well. 

Operator    : Yes, because it is an old machine. 
 
Researcher: So do you think it is possible in the 

next fifteen years to replace you 
with robots? That is to bring robots 
here. 

Operator    : No, not in this working environment. 
Researcher: Why? 

Operator  :  Because I know it is impossible. Look at 
the production drilling at this spot, bad! 
It took me almost six minutes, and as 
you observed, I did some repairs. So I 
don’t think so. 

 
Researcher: So, bringing robots here is almost 

impossible? 
Operator   :  Yeah, it is impossible! We need people 

down here to work on these machines. 
 
Researcher: The repair work you have done now, 

you can call the mechanic to come and 
look at it, but you chose to do it 
yourself, why? 

Operator   : Yeah, because I can do it. You call the 
mechanic when you cannot do the 
repairs. We have only two guys here. 
Though it is one minute journey here 
from their base, you sometimes have to 
wait for two hours. Therefore instead of 
waiting for two hours, you go ahead and 
fix the machines yourself. You have to 
do it.  

 
Researcher: So at the end of the day, will you let 

someone know that you did this during 
the work? Don’t you think that there has 
to be a way for managers to appreciate 
what you have just done (i.e. for them 
to know that when you are working and 
something happens to the machine, you 
repair it yourself)? 

Operator    : No. 
 
Researcher: Why? I know you want to go faster. 

Going faster means you are helping 
management to make more money. 
Maybe your managers do not know that 
you do this kind of repair works here. 

Operator    :  Because I do not think about it. Yeah! 
The better the machine works the more 
money. They know, but they do not care! 

 
Researcher: So, how do you feel, when you get 

the sense that you are sacrificing, 
but they (management) do not care. 

Operator    : I feel bad! You know the song “bad 
to the bone”. 

V. DISCUSSION 

The results show that the monitoring and management of 
the work environment in mining is complex. Relations 
between causes and effects are often diffuse with the causes 
interacting in many ways. Many effects show up only after a 
long exposure time. Therefore one has to use quite a large 
amount of different indicators, including subjective ones to 
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monitor the maintenance process in the work environment and 
its associated impact on the work organization. Activities in 
organizations are realized as individuals and cooperative 
actions, as well as chains and networks of such actions, both 
of which are related to each other by the same overall 
objective and motive. In the same vein, a distinction can be 
made from one miner’s activity to another according to their 
motive. In this regard, therefore, the miner’s organizational 
activities can be categorized into three levels. These are the 
activity level, the action level and the operation level. Based 
on this categorization, the miner’s organizational activity is 
viewed to consist of actions or chains of actions, which in turn 
consist of operations. The maintenance actions taken by the 
miners are fundamental components of their mining activities 
and are subordinate to their specific goals of getting the work 
done and fast. But as it is explained by [19], actions are not 
special “units” that are included in the structure of activity. 
Human activity does not exist except in the form of action or a 
chain of actions [20]. Thus the miners’ knowledge of their 
work environments is a subjective indicator that continues to 
remain tacit. This knowledge is rarely captured, often difficult 
to codify and is most commonly transferred through personal 
experience. The capture this knowledge is difficult due to the 
unintentional omission of miners’ experiential details, such as 
the contextual information on their work activities. 
Addressing this issue will require management’s ability to 
intelligently capture this tacit knowledge for subsequent reuse 
when maintenance decisions need to be made. In this regard, 
the miners need to be empowered to add and update their 
acquired knowledge as they work. There is little point in 
capturing the miners’ knowledge unless that knowledge can 
be used to improve future maintenance decisions. For example, 
obtaining a brief history of from miners of similar machines 
maintenance alerts and the corresponding actions taken and 
consequences is of most value when presented to the 
maintenance schedulers who decide on how to respond to the 
next alert. This form of proactive knowledge search solutions 
will become available to improve the use of captured 
knowledge. Based on this perspective, it is of interest to 
understand the true motives that belie the miner’s pursuant of 
his/her transformed organizational activity as defined by the 
addition of his/her interventions in creating new 
organizational practices. Thus explaining a miner’s true 
motive for a production activity requires an understanding of 
the associated wildfire activities [21], and the miner’s 
“emerging object of activity” in the pursuant of his/her 
“transformed” organizational activity [20]. Acquisition of 
such understanding could result in the cross-pollination of 
ideas and shared operational awareness of human factors in 
the maintenance process that could lead to significant 
efficiency gains for the organization. This therefore indicates 
that teams of specialists will be required to relate to machine 
operators in solving maintenance problems rapidly, for 
example, allowing logistics schedulers, mine planners and 
maintenance schedulers and machine operators to come 
together to run simulations of both production and 
maintenance process along the value chain in order to rapidly 

come out with effective production schedule to take advantage 
of a new market opportunity. This type of rapid problem 
solving requires that experts and knowledgeable workers 
interact with each other positively in a collaborative 
environment [9]. Such collaborative environment has the 
potential of enhancing identification of maintenance related 
information that is of value. The miners could become expert 
knowledge sources that could be captured and rewarded by 
management. It is likely that the miners’ can become the 
conduit to updating the knowledge bases for improving 
maintenance processes in the mines.  

VI. CONCLUSIONS 

The result above has shown that an organization is a social 
structure wherein employees can play a decisive role in 
improving its performance. It is therefore, concluded that an 
employee’s tacit knowledge, when made visible, can help 
determine the horizon of possible actions that can impact 
either positively or otherwise on the maintenance process. By 
bringing to the fore this understanding, intelligence which is a 
characteristic of the individual miner becomes a valued entity 
of the organization. In this respect therefore, miner’s 
knowledge about applied rock mechanics and rock 
reinforcement and the outcomes of interactions between the 
machines they use for work and the work interfaces must be 
secured.  
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