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Abstract. Currently, lack of preventive measure is the problem that implicates poor maintenance
outcome. Scheduled maintenance is claimed as a maintenance strategy to tackle the problem.
However, the effectiveness of scheduled maintenance can be greatly influenced by the length of
predetermined maintenance interval. Thus, this paper aims to study the relationship between length
of predetermined maintenance interval and maintenance performance. The literature review
identifies the length of predetermined maintenance interval as an importance characteristic of
scheduled maintenance strategy. A quantitative approach is adopted and carried out through
questionnaire survey. Subsequently, descriptive analysis and correlation analysis are used to analyse
the collected data. Then, research result demonstrates that the length of predetermined maintenance
interval is significantly correlated to the maintenance performance. The length of predetermined
maintenance interval must be considered in maintenance planning and execution. The research
recommends continuous monitoring or regular inspection of building systems and components to
identify their condition and update the length of predetermined maintenance interval regularly.
Consequently, the effective maintenance execution helps to avoid systems failure occurs and
optimises maintenance performance.

Introduction

In Malaysia, ineffective planning of maintenance strategies and low service quality are the issues
of poor maintenance management [1,2]. Public always neglects the importance of building
maintenance as a result of the massive costs required for maintenance operations [3]. Many of the
buildings implement reactive maintenance strategy, which perform repair works only after failure
occurs. Indeed, lack of knowledge about the maintenance strategies, inadequate performance
standard, lack of building performance monitoring data, as well as failure to provide appropriate
advice on design and planning based on overall performance are the factors that lead to the issues.

Explicitly, lack of preventive measure is currently the problem that implicates poor maintenance
outcome. Whereby, numerous researches introduced and recommended the scheduled maintenance
as a strategy to tackle the issues [4-6]. However, the effectiveness of the maintenance strategy can
be jeopardised by the inappropriate or inaccurate routine of inspection and maintenance [7-10].
Long interval between the maintenance tasks leads to the growing of deterioration rate and hence
affects the efficiency of building and its systems [11]. Oppositely, often interruption of the building
system or temporary disabling the system for part replacement and system testing may affect the
normal operation of the system. [12,13]. Therefore, this paper seeks to study the relationship
between length of predetermined maintenance interval and maintenance performance.

Predetermined Interval for Maintenance

In order to achieve the optimal operation of building systems, scheduled maintenance works are
performed at fixed intervals regardless of other information [13,14]. Nevertheless, Mann, et al. [15]
claimed that the scheduled maintenance is based on the use of statistical and reliability analysis of
system and component failure. Specified interval where the component will out of function is
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estimated [12]. Then, the fixed maintenance interval to replace or overhaul parts or components is
established to achieve minimal maintenance expenditure while maximum the performance.

The interval of maintenance activities is vital, as inappropriate predetermined maintenance
interval affects the maintenance outcome. Whereby, scheduled maintenance requires an intrusion of
the system [12,13]. It can only be back into operation upon completion of the maintenance. In some
cases, often intrusion of the components may affect the effectiveness of the system. Moreover,
Narayan [16] revealed that unavailable or delayed action to perform maintenance task at the right
time may cause further damages to the system components. It is necessary to apply appropriate
preventive maintenance treatments at the right time to extend service life of the components [17].
However, Yang [18] argued that the scheduled maintenance programs might not be able to avoid
the risk of failure from occurring in system components before the fixed replacement time. This
problem occurs due to unknown condition of the system components.

Direct maintenance cost will increase with a tight maintenance interval; while downtime and
remedial cost due to system breakdown may be expensive with a loose maintenance interval
[19,20]. According to Bahrami, et al. [21], if scheduled maintenance activity is performed rarely,
downtime due to sudden breakdown will increase. On the other hand, if scheduled maintenance
work is performed too frequently, downtime due to maintenance interruptions will increase.
Moghaddam and Usher [22] further explained that frequent maintenance or replacement enhances
the reliability of a system, but it is costly at the same time. Thus, it is advisable to obtain an optimal
maintenance interval that minimises the cost of maintenance tasks [23].

A balance between direct maintenance cost and downtime maintenance cost is necessary to be
obtained, as it influences the expenditure on building maintenance. Meanwhile, a compromise
between the downtime due to maintenance interruptions and sudden breakdown is required [21]. In
order to achieve the balance and resolve the problem of under-maintaining or over-maintaining of
systems, an adequate maintenance interval must be identified and performed [8]. For example,
Pascual, et al. [24] demonstrated the maintenance interval as one of the variables in decision making
model to enhance maintenance performance and maximise profit of core business.

Maintenance Performance

Amaratunga and Baldry [25] stated that the development of performance measurement in
management is to improve quality and service, as well as meeting cost parameters. Measurement of
maintenance performance is an assessment that helps to identify the pros and cons of the
maintenance activities. Besides that, the result of performance measurement indicates the
effectiveness of existing strategy. Subsequently, the management team is able to plan and make
appropriate decision for future maintenance strategy.

The measurement of performance indicates the level of success or failure in terms of schedule,
cost and functionality [26,27]. Groote [28] further explained that the measurement of maintenance
performance should not only focus on quantifiable aspect, but the quality of maintenance works as
well. Salonen and Deleryd [29] also argued that maintenance management should not only consider
about the cost and budget, impact of poor quality would cost even more in most circumstances.
Thus, maintenance performance is indicated by time, cost and quality [30,31]. This study measures
the maintenance performance in terms of the following:

(@) Time variance for maintenance work
(b) Cost variance for maintenance work
(c) System breakdown rate

(d) Number of complaints received

Research Methodology

This research adopted quantitative approach with reference to the research undertaken by Ali
[30]. In order to get a high response rate, the questionnaire should be short and simple. It would not
take much time for the respondents to answer too. So, close-ended questions were drafted in 5-point
Likert scale and multiple choices. Simple random sampling was adopted to identify relevant



respondents who have been or are currently involved in building maintenance management in
Klang Valley, Malaysia. Meanwhile, the respondents were required to answer questions based on
their experience or involvement in maintenance management for high-rise office buildings. The
buildings must have a minimum of seven storeys, which is defined as high-rise building under
Uniform Building By-Laws 1984, because the high-rise buildings are usually equipped with more
complex systems like HVAC system, lift system, and fire fighting system. In addition, the research
studied on those buildings that were more than two years old because the maintenance requirements
of new buildings are different from the older buildings. Generally, the maintenance tasks to be
implemented for a new building are less compared to old building [32]. Questionnaire survey
necessitates a minimum response rate of 30 percent to produce reliable and convincing results [33].
In this research, a total of 300 questionnaires were distributed to the building manager, building
executive and supervisor, technician and other maintenance personnel within Klang Valley. Out of
113 responses, 101 were complete and valid for the analysis. The remaining 12 questionnaires were
incomplete or invalid for some reasons. Therefore, a response rate of 38 percent was achieved. The
demographic profile of respondents is shown in Table 1. 83 percent of the respondents were
building managers, executives, and supervisors. They have considerable expertise in the planning
and implementation of the maintenance strategy. Commonly, they understand the importance of the
criteria of building technicians through organising, coordinating, supervising, and monitoring the
technicians in maintenance execution. In addition, 85 percent of the respondents have more than
five years working experience in maintenance management (see Table 2). Thus, the collected data
were deemed reliable.

Table 1: Demographic profile of the respondents

Position Percentage (N = 101)
Building manager 50
Building executive/ supervisor 33
Building technician 10
Others 7

Table 2: Working experience of the respondents

Working Experience Percentage (N=101)
<6 years 15
6-10 years 49
11-15 years 19
>15 years 17

Findings and Discussion

In this research, an associative test using Spearman rank correlation coefficient analysis
establishes the relationship between the length of predetermined maintenance interval and
maintenance performance as shown in Table 3. This study expects significant relationship between
the length of predetermined maintenance interval and maintenance performance in the analysis
outcome.

Table 3: Correlation matrix between the length of predetermined
maintenance interval and maintenance performance

Maintenance  Maintenance System Number of
Downtime Expenditure  Breakdown  Complaint
Variance Variance Rate Received
Length of
Predetermined 0.199" 0.3017 0.144 -0.044

Maintenance Interval

™. Correlation is significant at the 0.01 level (2-tailed)
“. Correlation is significant at the 0.05 level (2-tailed)




In the associative test, null hypothesis is rejected at significance level of 0.05. In other words, the
probability of error in rejecting the null hypothesis is 5 percent. The null (Ho) and alternative (H,)
hypothesis are stated as follow:

Ho — There is no significant correlation between the length of predetermined maintenance
interval and maintenance performance.
H; — There is significant correlation between the length of predetermined maintenance
interval and maintenance performance.

According to the correlation analysis result shown in Table 3, the length of predetermined
maintenance interval is significantly correlated with:

e Maintenance downtime variance

e Maintenance expenditure variance

The length of predetermined maintenance interval is found to be significantly correlated to the
maintenance downtime variance at correlation coefficient of 0.199 (p < 0.05). The analysis result
supports the statement of Bahrami, et al. [21], pointing out that if scheduled maintenance is
performed rarely, downtime due to sudden breakdown will increase. In fact, the length of fixed
maintenance interval must be optimal to ensure that there are no over intrusions to the building
systems due to frequent maintenance works, or unwanted failure due to the delay on execution of
maintenance works.

Furthermore, the length of fixed maintenance interval is significantly correlated to the
maintenance expenditure variance, with correlation coefficient 0.301 (p < 0.01). The correlation
analysis result is in line with the statement of Narayan [16], which proved that delay or failure to
perform maintenance work at the right time may implicate further damages or defects to the system
components. Thus, additional repair and replacement costs are required to restore the system back
to its acceptable operation standard. Nevertheless, optimal maintenance interval must be achieved.
Although frequent maintenance is able to enhance the quality of a system, it is costly at the same
time [22].

Therefore, the result rejects the null hypothesis and accepts the alternative hypothesis. The length
of predetermined maintenance interval is a vital aspect to be considered in scheduled maintenance.
Planning of accurate predetermined maintenance interval ensures the parts of building systems to be
replaced and repaired on time, so that the conditions of building systems stay above the acceptable
standard and operate effectively to support the building purpose.

Since Yang [18] argued that the scheduled maintenance programs might not be able to avoid the
risk of failure from occurring in system components before the fixed replacement time, advanced
preventive action needs to be taken. Continuous monitoring or regular inspection is a proactive
recommendation to identify the condition of building systems and components timely [34]. It
ensures the planning of accurate maintenance interval prior to failure [35]. Consequently, it
improves the effectiveness of scheduled maintenance strategy.

Although the objective of this study is achieved, it is believed that there are more factors
influencing the maintenance performance such as the quality of spare parts, knowledge and skill of
maintenance personnel. Consequently, further explorative study is required to determine the
significant factors that influencing the performance.

Conclusion

In conclusion, the literature review identifies the length of predetermined maintenance interval as
an importance characteristic of scheduled maintenance strategy. The result of associative test
reveals significant correlation between the length of predetermined maintenance interval and
maintenance performance. Inappropriate maintenance interval implicates costly impact in
maintenance management. Therefore, the importance of predetermined maintenance interval must
be taken into consideration in the maintenance organisation. Accurate maintenance interval is likely
to optimise the maintenance outcome and expenditure. The research recommends the maintenance
management to carry out continuous monitoring or regular inspection towards the building systems



and components. For example, the maintenance personnel should frequently review the length of
predetermined maintenance interval based on the monitoring or inspection outputs. The
recommendation may further enhance the effectiveness of scheduled maintenance by updating the
maintenance interval to avoid failures of the building systems and components occur.
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