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ABSTRACT 
Manufacturers are feeling the heat to hit their production targets in an increasingly competitive global market. To maintain 

their edge and maximize their profits, they’ve made operational efficiency a top priority. Yet in some heavy industrial 

segments, as much as 30 to 40 percent of profits can be lost annually due to unplanned downtime occasioned by machine 

breakdowns, failures and defects. The maintenance organization is confronted with a wide range of challenges that include 

quality improvement, reduced lead times, set up time and cost reductions, capacity expansion, managing complex 

technology and innovation, improving the reliability of systems, and related environmental issues. This paper aimed at 

developing an optimum maintenance strategy to improve maintenance productivity in paint manufacturing industries which 

in turns translates into manufacturing productivity. The objectives are to conduct an assessment of maintenance performance 

in order to investigate the present state of management practices, identify the causes and potential sources of failures, 

breakdowns and defects in production facilities, improve function reliability of production facilities, improve environmental 

and manpower safety and establish key performance indicators for monitoring and evaluation of maintenance functions. 

Analysis of findings from the maintenance assessment throughout 2012 reveals a significant progressive increase  in the 

cumulative equipment downtime hours which impacted on rising maintenance cost and drop in plant output across  three 

paint industries( Sharon, Marshal and Flourish) in Enugu, Nigeria. Five strategic and sequential maintenance model were 

developed as the critical components of the optimum maintenance strategy for continuous improvement in maintenance 

architecture across planning, methods and scheduling, resource utilization, manpower capacity and safety, monitoring and 

evaluation 

KEY WORDS: Plant Maintenance Management, Maintenance Productivity, Manufacturing Productivity Equipment 

Downtime and Maintenance Performance. 

INTRODUCTION 

As the population is fast growing, technological 

advancement (in quality and quantity) should also be 

growing in like manner, for this reason, production 

engineers and manufacturers are working round the 

clock seeking for technical ideas of maintenance to 

meet up with ever increasing demand of the 

populace. The maintenance of production machinery 

and equipment and assurance of availability of spare 

parts are becoming increasingly important (Ramdeen 

and Pun, 2005).The challenges of intense 

international competition and market globalization 

have placed enormous pressure on maintenance 

system to improve efficiency and reduce operational 

costs. These challenges have forced maintenance 

managers to adopt tools, methods, and concepts that 

could stimulate performance growth and minimize 

errors, and to utilize resources effectively towards 

making the organization a “world-class 

manufacturing” or a “high-performance 

manufacturing” plant. 

The need for an optimum maintenance strategy 

cannot be over-emphasized as it offers a pro-active 

and wholistic approach to maintenance towards 

creating additional value in maintenance system for 

improved maintenance productivity. Optimum 

maintenance strategy entails ensuring the plant 

functions (availability, reliability, product quality 

etc.); ensuring the plant reaches its design life; 

ensuring plant and environmental safety; ensuring  

cost effectiveness in maintenance and the efficient 

use of resources (energy and raw materials) (Kelly 

and Harris 1998). Paint manufacturing industries 

studied is confronted with the problems of poor 

maintenance management characterized by low 

degree of maintenance planning, poor maintenance 

implementation, poor monitoring and evaluation of 

maintenance activities, inadequate maintenance 

resources. Over the years, industrial enterprise and 

maintenance organization are confronted with a wide 

range of challenges that include quality improvement, 

reduced lead times, set up time and cost reductions, 

capacity expansion, managing complex technology 

and innovation, improving the reliability of systems, 

and related environmental issues. Most industrial 

enterprise have failed to understand the value created 

by maintenance and therefore  does not place priority 

on the relevance maintenance as concept for value 

creation in manufacturing organizations as 

appreciated by the submission of (Tsang, 2002) and 

(Wireman, 1998).Tsang (2002), submitted that the 

maintenance of large-investment equipment, which 

was once thought to be a necessary evil, is now 

considered key to improving the cost effectiveness of 

an operation, creating additional value by delivering 

better and more innovative services to customers. 

Performance measurements, when used properly, 

should highlight opportunities for improvement, 

detect problems, and help find solutions (Wireman, 

1998).To solve the problem of breakdown, failures 

and efficient utilization of maintenance resources and 

maintain smooth flow of production without 

interruption in the industries under study, an 

optimum maintenance strategy must be developed to 

provide a wholistic, proactive and strategic approach 

to maintenance management across assessment, 

planning, scheduling, methods selection, performance 

monitoring, evaluation and forecasting of 

maintenance function. The overall goal is to build an 

optimum maintenance capacity needed to sustain the 

attainment of the planned production objectives with 

respect to quantity, quality, predetermined time and 

pre-established cost. 

There are various maintenance management 

approaches existing in literature but due to diversity 

in the form of industries, specific production 

objectives and plant capacity, no specific 

maintenance management approach can proffer the 

general relevance needed to sustain uninterrupted 

production in the wide range of diverse industries. 



                                  Harold et al., International Journal of Advanced Engineering Technology           E-ISSN 0976-3945 

Int J Adv Engg Tech/IV/IV/Oct-Dec.,2013/18-24 

Maintenance has been classified as follows: 

breakdown, routine, planned, preventive, predictive, 

corrective, design out maintenance, total productive 

maintenance and contracted out maintenance 

(Westerkamp, 1999). The type of maintenance that 

can be employed by any industry depends on the 

maintenance objectives of that industry. Thus, the 

existing maintenance program which is 

predominantly breakdown and highly inconsistent 

lack quality in content, implementation and 

monitoring needed to create value and cost-

effectiveness needed to stimulate maintenance 

productivity. The existing method is marred by lack 

of well defined principles and strategies for for 

proactive maintenance decision and associated 

actions required for timely identifying breakdowns, 

failures, defects and causes and plans for their 

elimination, monitoring and constantly improving 

maintenance performance. 

This paper employed maintenance investigative, 

planning model, maintenance selection model, 

scheduling model, maintenance monitoring and 

evaluation model and maintenance forecasting model 

in sequential order as strategic approach towards the 

development of an optimum maintenance strategy in 

paint manufacturing industries. The essence is utilize 

maintenance resources effectively, minimize 

equipment downtime associated with breakdowns, 

failures and defects and as well reduce maintenance 

cost. This paper aimed at developing an optimum 

maintenance strategy to improve maintenance 

productivity which in turns translates to 

manufacturing productivity in paint manufacturing 

industries (Marshal Paint industry, Flourish paint 

industry and Sharon paint industry in Enugu). 

The major objectives of the study includes 

• To conduct an assessment of maintenance 

performance level in the paint industries in 

order to investigate the current state of plant 

maintenance management practices in 2013. 

• To inspect, examine and identify the causes of 

failures, defects and breakdowns in the 

production facilities and equipments.  

• To increase the functional reliability and 

maintainability of the production facilities and 

equipments through development and 

implementation of an optimum maintenance 

strategy. 

• To establish maintenance performance 

measurements for monitoring and evaluation 

of performance level of maintenance.  

• To minimize the total production cost 

attributed to increase in maintenance cost. 

• To improve manpower and environmental 

safety. 

METHODOLOGY 

Research Design 

The analytical and case study research design is 

based on the monthly plant output and maintenance 

data obtained from January to December 2012 from  

records from the  production and maintenance 

departments and other information collected through 

direct observation and interviews with production 

and maintenance personnel of Sharon paints, Marshal 

and Flourish paint Industries respectively. The data 

collected were analysed using the maintenance 

investigative model ,maintenance planning model, 

maintenance method selection model, maintenance 

scheduling model, maintenance performamce model 

and maintenance forcasting model respectively. 

Linear regression using SPSS and Moving point 

average were utilized in the forcasting of 

maintenance performance. 

Method of Data Analysis 

Maintenance Investigative Model 

The maintenance investigative model is concerned 

with determining the present state of the plant 

maintenance management practices across the 

productive system of the respective paint industry. It 

involves strategic inspection, examination and 

overview of the production facilities to determine the 

maintenance level, identify maintenance methods 

adopted, causes of failures, breakdowns and defects. 

For proper conduct and assessment of maintenance 

investigation, a structured questionnaire is developed 

and distributed to the production and maintenance 

personnel to obtain corresponding real time 

information on present state of maintenance 

activities. The structured questionnaire model was 

generic across the paint industries under the case 

study for a broad investigative assessment. 

Maintenance Assessment Questionnaire 

• Is poor maintenance framework the greatest 

obstacle to your company attainment of 

sustainable industrial productivity?  

• Is mechanical breakdown, electrical 

breakdown, safety losses and set-up losses the 

identified impediments to achieving the set 

production objectives? 

• Does your company have a well equipped 

maintenance department? 

• Is your maintenance department well equipped 

with the requisite technical and human 

expertise? 

• What maintenance management approach does 

your company implement in it’s maintenance 

schedule?. 

• Does your company have a well defined 

maintenance schedule for implementation of 

maintenance activities? 

• Is the selected maintenance management 

approach consistently implemented? 

• Would your company like to achieve optimum 

productivity? 

• Is efficient maintenance management 

framework pivotal to achieving your planned 

production objectives? 

• Does your company have any performance 

metric for measuring the level of maintenance 

performance? 

• Do you think that establishing performance 

metrics can provide opportunities for 

identification of problems, failures and defects 

in the production system? 

• Do you think that adopting forecasting 

technique can be useful in the future 

evaluation of maintenance performance? 

Development Of Maintenance Planning Model 

Maintenance planning defines clearly activities and 

actions, cost and target and performance standard 

which will result in successful implementation and 

achievement of maintenance objectives. The model 
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when formulated specifies qualitatively and 

quantitatively the amount of maintenance capacity 

within the unique context of the production 

objectives and physical plant capacity. The model co-

relates the maintenance objectives and the 

maintenance requirements in a function. 

The model is given by 
� � ���  ��  � �	  �	  � �
  �
  � ��  ��  � �� ��  � ��  � 

 ����� � � ����������� ���������� 
             ��      � ��������  �!"���#��� 
             �	      � �������  �!"���#��� 
             �
      � �������$  �!"���#��� 
             ��      � %�&��'  �!"���#��� 
             ��      � (���)'  �!"���#��� 
               �      � *�#�  �!"���#��� 
             ��+ � � �� , �&&������ �&  �!"���#���. 
Maintenance Method Selection and Evaluation 

Model 

This an analytical identification of existing 

maintenance management method practiced. 

Depending on the type of production process, scale of 

production and specific production and maintenance 

objectives to be attained, a maintenance management 

approach can be selected. 

It is important to note that different production 

methods approach can be employed in an industrial 

production enterprise which includes continuous, 

batch and job/unit production respectively. 

Also in a related development, different maintenance 

management approaches also exist which includes 

reactive, proactive and aggressive maintenance. 

Maintenance Scheduling Model 

The development of an appropriate maintenance 

schedule to serve as a guideline for efficient time 

management in the implementation of maintenance 

activities is a critical component of the optimum 

maintenance strategy. It is concerned with the 

indication of timing, deadline and milestone for 

implementing maintenance activities. 

In scheduling maintenance activities, two methods 

are used namely: 

a.   Critical Path Method (CPM): In critical path 

method, the activity times are known with 

certainty and the Earliest start time and Latest 

start time are computed. Also the Earliest finish 

time as well as the  latest finish time are also 

computed 

b. Programme Evaluation and Review 

Techniques (PERT): Unlike the critical path 

method, pert takes into account the uncertainty 

of activity times. It is a probabilistic model with 

uncertainty in activity duration. 

Pert makes use of three time estimates which include 

• Optimistic Time: The shortest possible time if 

everything goes perfectly without complication. 

• Most likely Time: The best estimate of time for 

maintenance activity 

• Pessimistic Time: The longest time taking into 

consideration all odds 

The expected time is given by 
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Maintenance Performance Model 

These are indicators for determining the performance 

level of the implemented maintenance activities. 

Thus, it provides the key performance indicators for 

evaluating the strength and the weakness of the 

maintenance strategy for possible quality 

improvement. 

Five maintenance performance models were 

established used for monitoring and evaluating 

maintenance productivity namely: 

a. System Reliability Model 

System reliability is the ability of a production 

system to perform it’s intended functions under stated 

operating conditions in a given period of time. 

System reliability is given by the function 
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b. System Maintainability Model 

The maintainability of a production system is a 

characteristic of design and installation which 

expresses the probability that an item will be restored 

to specified conditions within a given period of time 

when maintenance is performed in accordance with 

prescribed procedure and resources. 
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c. Maintenance cost index 

The maintenance cost index gives the ratio of 

maintenance cost to capital cost. 
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d. Downtime index: This is the amount of idle time 

due to equipment breakdown which makes machines 

and workers idle resulting in loss of production, delay 

in schedules and expensive emergency repairs. 

Downtime index is expressed by the function 
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Maintenance Forcasting Model 

The forecasting model is used for projection of future 

maintenance performance based on past data for 

evaluation and making basic maintenance decision. 

Two basic employed in this research for forcasting of 

plant output and maintenance data namely: 

a) Linear Trend Equation 

An auto-linear regression is carried out using SPSS 

Software. 

The estimated regression model is given by 
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b) Moving Average Method 
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Moving average is a statistical method to extrapolate 

and establish trend of past data. This method uses a 

past data and calculates a rolling average for a 

constant period. 

A simple moving average is calculated as follows 
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ERROR MEASUREMENT 

The random error in the forecast model is determined 

using the mean absolute deviation (MAD) and mean 

absolute percent error (MAPE). 
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ANALYSIS OF THE MAINTENANCE 

INVESTIGATIVE MODEL 

The statistical analysis of the responses from research 

question designed to appraise and determine 

maintenance level across the paint industries studied 

reveals the following findings. The analysis of the 

responses from the research questionnaires collated 

from the maintenance and production personnel can 

be summarized in four categories 

Maintenance Planning 

The analysis of maintenance management are 

recorded low indices in maintenance planning model 

characterized by low degree of maintenance planning 

in Sharon paint and marshal industry is attested for 

by 100% respondent for lack of well defined 

maintenance schedule from the collated response 

while flourish paint industry is attested by 90%. 

Operational framework and lack of well equipped 

maintenance department and requisite technical 

capacity is attested for 96% affirmative response in 

Sharon paint and 100% in marshal and flourish paint 

industry respectively. 

Maintenance Implementation 

The respondent obtained on maintenance 

implementation affirms the presence of the following 

maintenance management approach at the given 

implementation percent: Sharon paint recorded 

Routine- 6%, Preventive-15% and beakdown-73% 

which accounts for 96% of respondent attested the 

inconsistency of the implementation. Marshal paint 

recorded: Routine- 15.56%, Preventive-22.22% and 

beakdown-62.22% which accounts for 95.6% of 

respondent attested the inconsistency of the 

implementation. Flourish paint recorded: Routine- 

10%, Preventive-30% and beakdown-60% which 

accounts for 95.6% of respondent attested the 

inconsistency of the implementation. The firms 

studied mainly depends on outsourced labour to 

execute its breakdown maintenance whenever it 

occurs  

Maintenance cost 

The prevalence of high equipment downtime in the 

Sharon paint industry is attested for by 92% 

respondent from the research questionnaire  affirming 

mechanical breakdown, electrical breakdown, safety 

and set up looses as the cumulative cause of total 

productivity looses. Also marshal paint industry is 

attested for by 95.6%  and flourish paint industry 

100% of respondent from the research questionnaire  

affirming mechanical breakdown, electrical 

breakdown, safety and set up looses as the 

cumulative cause of total productivity looses. This 

high equipment downtime index translates into rising 

maintenance cost. 

The response from the maintenance questionnaire 

indicates the lack of maintenance performance 

metrics by the record of 100% affirmative attestation 

from the production and maintenance personnel of 

the paint industries studied. 

Maintenance Performance Measurement 

Tables ( 1 to 9) represents both the performance chart 

and the results for the three paint industries for the 

year 2012.Tables 1,4,7 shows the total machine 

breakdowns and their components in form of 

mechanical, electrical, electronics and safety, set up 

and minor losses. The total machine downtime is 

computed by summing losses due to breakdown, 

losses due to set up and adjustment and planned 

shutdown for preventive maintenance. 

Table 1: Total Machine Downtime Sharon Paint Industry 
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Table 2: Total Plant Maintenance Productivity and Machine Downtime index Sharon Paint Industry 

 

Table 3: Total Annual Maintenance Cost of Sharon Paint Industry 

 

Table 4: Below Shows the Downtime Components In Flourish Paint Industry Enugu For 2012 

 
Table 5: Total Plant Maintenance Productivity and Downtime index In Flourish Paint Industry  

Enugu For 2012 

 

Table 6: Shows the Total Annual Maintenance Cost of Flourish Paint Industry 2012 
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Table 7: Below Shows the Downtime Components In Marshal Paint Industry Enugu For 2012 

 

Table 8 : Total Plant Maintenance Productivity and  Downtime Index Of Marshal Paint Industry  

Enugu For 2012 

 

Table 9: Shows the Total Annual Maintenance Cost Of Marshal Paint Industry 2012 

Tables (2, 5, 8) show the total plant maintenance 

productivity and machine downtime index of the 

respective paint industry for the year 2012. The total 

plant maintenance productivity gives the ratio of the 

monthly plant output to the maintenance cost 

incurred in the month. The plant output represents the 

cumulative sum of the output in litres for the different 

brands of paint produced in Sharon flourish and 

marshal paint respectively. The downtime index 

gives the ratio of downtime hours to the to total 

production time hours in the respective paint 

industries. The tables shows a progressive increase in 

the downtime index and a decrease trend in the total 

plant maintenance productivity  which is reflected by 

the rising maintenance cost in tables 3,6 and 9 across 

the paint industries. 

CONCLUSION 

Maintenance entails engineering decision and 

associated action that is necessary for the 

optimization of specified equipment capabilities. 

Capability on the other hand can be defined as the 

ability to perform specified function within a range of 

performance levels as may relate rate, quality, safety 

and responsiveness. The maintenance of production 

facilities goes a long way to determine the level of 

quality and efficiency of a production system. 

In view of the foregoing, there is a significant 

correlation between the level of maintenance 

performance and productive performance of an 

industrial production system. Thus, the quality of 

maintenance management practice adopted impacts 

on the maintenance performance which in turns 

translate to productivity performance. The quality of 

maintenance practice is measured by various 

maintenance and productive performance indicators 

and subject to provision of adequate maintenance 

capacity within the unique context of the plant 

capacity and production objectives. 

For an industrial production enterprise to attain and 

sustain the planned production objectives through 

optimal machine availability, it must develop an 

optimum maintenance strategy. The optimum 

maintenance strategy determines, specifies and 

maximizes the maintenance requirement of the 

production system efficiently to deliver high 

maintenance performance productivity in terms of 

plant maintenance productivity, downtime index, 

reliability and maintainability. 

Depending on the system of production, level of 

automation and schedule of production, a 

maintenance management approach is practiced. 

These strategies could be reactive, proactive or 

aggressive. 

In this research work, an optimum maintenance 

strategy for paint industries was developed as a 

uniform model for maintenance performance 
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improvement. To developed a broad and all inclusive 

maintenance strategy, the research was conducted 

across three paint industries in Enugu namely Sharon 

paint Ltd, Nineth mile, Flourish paint Ltd and 

Marshal paint New haven. 

Five models were developed in this research work as 

critical components of the optimum maintenance 

strategy in order of sequence and implementation 

priority. These include maintenance investigative 

model, maintenance planning model, maintenance 

process evaluation and selection model, maintenance 

scheduling model, maintenance performance model 

and maintenance forecasting model. 

In conclusion, the development of an optimum 

maintenance strategy in paint industries that 

integrates adequately all the key maintenance 

 requirements  is critical to attainment of high 

maintenance performance  by supporting improved 

plant functions(reliability, maintainability and 

availability), reduced machine downtime, reduced 

maintenance cost and effective utilization of 

maintenance resources which translates to sustainable 

attainment of production objectives.  

REFERENCES 
• Arts, R., Knapp, G., & Mann, L. (1998). Some aspects 

of measuring maintenance performance in the process 

industry. Journal of Quality in Maintenance 

Engineering: 4, No. 1, pp 6-11.  

• Olatunbosun, A. & Abimbola, S.A. (2005). 

Development of an expert system for maintenance of 

electrical installations. International Journal of 
Engineering and Engineering: Vol. 4, No. 2, pp. 119-

127. 

• Oluleye, A.E. & Olajire, K.A. (1999). Assessing 

maintenance effectiveness: International Conference on 

Production Research. Ireland: U.K. pp. 1653-1656. 

• Parida, A., Phanse, K. & Kumar, U. (2004). An 

integrated approach to design and development of e-
maintenance system. New-Delhi: VETOMAC-3 and 

ACSIM: Dec 6-9, pp. 1141-1147. 

• Ramdeen, A. & Pun, K.F. (2005). Development of a 
computerized maintenance stores system in a Distiller 

manufacturer: a case study. The Journal of the 
Association of Professional Engineers of Trinidad and 

Tobago, Vol. 36, No. 1, pp. 27-31. 

• Westerkamp, T.A. (1999). Maintenance Manager’s 
Standard Manual. Prentice Hall, Upper Saddle River, 

N.J. 

• Telsang, M. (2001). Industrial Engineering and 
Production Management.  New Delhi: S. Chand & 

Company Ltd. 

• Wireman, T. (1998). Developing performance 

indicators for managing maintenance. New York,USA: 
Industrial Press (First edition). 

• Yin, R.K. (2002). Case Study Research Design and 

Methods. New Delhi, India: Sage Publishing. 


