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ABSTRACT
The Performance measurement of maintenance function is a major issue for management, because
maintenance effectiveness is part of any organization's success. Maintenance seeks to reduce the
probability of failures by applying the preventive and corrective maintenances. This paper is
studying the performance of a Mechanical Maintenance Sectionof 34 water centrifugal pumps
within 5 stations from 2005 to 2011.The main issue in this study is the continuity of reoccurrences
of defects and the effectiveness of maintenance actions. Suitable performance indicators are utilized
to measure the performance and the current applied practices and actions are evaluated. This paper
shows that unavailability of standard procedures for maintenance actions based on the best
practices, and absence of a measurement process for maintenance performance are the hurdles in
front of the Section to perform efficiently and effectively. Extra training for maintenance workforce
to improve the efficiency of their work, as well to provide basic maintenance training for all
operational personnel to create the integration between operation and maintenance. There is a lack
of efficient communications between the different levels within the section and within the
maintenance department.
Keywords: Preventive Maintenance, Corrective Maintenance, Performance measurement.

1. Introduction
Maintenance is a supporting function in any organization. It is part of the production process that
transforms raw materials into final products(Arts, Knapp, and Lawrence, 1998). It is defined as
"The combination of all technical and associated administrative activities required to keep
equipments, installations and other physical assets in the desired operation conditions or restore
them to this conditions" (BSI, 1984; Pintelon et.al., 1997;Pintelon andVanPuyvelde, 2006), and if it
is utilized correctly it will save time, cost and effort. Tracking the performance of maintenance
activities and operations should be an important key management practice for successin any
corporation or organization. Therefore, the main purpose of maintenance management is to
minimize the adverse effects and number of breakdowns and to maximize productivity and
availability of the system at minimum cost (Hans Lofsten, 1999). The main purpose of this paper is
to assess the performance of the Mechanical Maintenance section and suggest proper solutions to
improve the current practices.
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2. Literature Review
2.1 Maintenance Function
The purpose of maintenance function is to reduce the adverse effects of breakdown and to
maximize reliability and availability at minimum cost (Hans 1999). Deterioration of manufacturing
or service systems occurs when the system is commissioned and little attention is given to
maintenance. In normal conditions, normal wear will occur if the system runs within specified
design limits, but if the system pushed to run above its design limits failure may take place due to
operational errors. Some of the operational errors outcomes will be quality problems, safety
hazards, or loss in production or service. These outcomes will affect the customer satisfaction,
productivity, continuity of services and company image as well, it will give a negative impact to the
reputation of the company. In order to keep the plant operating within required limits and ensure its
production meets the target, management should concentrate on the maintenance part of the plant,
and maintenance people should decide what are the maintenance objectives and strategies that
should be met (Peter, Liliane, Ludu and Harry, 2010).
Maintenance strategies and maintenance objectives must be determined and linked together to have
good maintenance, and both of thestrategies and objective should be derived from company policy
and manufacturing policy (Swanson 1997; Johnsson and Lesshamar, 1999; Swanson 2001; Pinjala
et al., 2006). According to some authors (Kelly 1989; MESA 1995; Tsang, 1999; Visser and
Pretorious, 2003), maintenance objectives are linked to fulfillment of production targetat
predetermined quality, and without breaking the constraints of the system operating condition and
safety. In addition, every resource available within maintenance section must be used efficiently
and effectively in order to keep manufacturing or service equipments in good condition, and the
plant must meet its design life, safety standards and energy consumption must be optimized
(Dekker, 1996).
2.2 Maintenance Importance
Impact of maintenance on any plant performance such as productivity or reliability has increased. If
there is any output loss even for one day due to unplanned shutdown will not be recovered without
cost being paid, for example overtime for people who repair the problem of the stoppage. It is very
important to realize the importance of maintenance function, because of its role to keep and
improve the availability, quality of products, environmental requirement and also performance
efficiency and total plant cost effectiveness at high levels (Al-Najjar, 1997, 1998, 2000a, b; Riis et
al., 1997; Mckone and Elliott, 1998).
Maintenance is still considered as a cost center, researchers has highlighted the impact of the
maintenance function on the overall plant performance, i.e. productivity and profitability (AlNajjar, 2000a; Al-Najjar et al., 2000b; Carter, 2001; Kutucuogluet al., 2001; Al-Najjar and Alsyouf,
2004).Stoppages and disturbances in production or service system due to maintenance or any other
causes will bring down the productivity and availability, and it will raise the product cost, at the end
it will reduce profitability.
"Maintenance has been considered as a necessary evil, but in fact it is a profit centre rather than just
unpredictable and unavoidable expense" (Al-Najjar et al., 2000b; Al-Najjar and Alsyouf, 2004).
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Through utilization of effective polices, failures can be minimized to minimum level, and due to
this minimization savings can be guaranteed. Maintenance has an impact on quality, safety, cost and
capacity as well.
2.3 Maintenance Approaches
A maintenance strategy consists of a mix of policies and or techniques, which vary from firm to
firm (Dekker, 1996;Zeng,1997). It depends on several factors like the objectives of maintenance,
the nature of the equipment to be maintained, and the work environment (Gallimore and Penlesky,
1988; Pintelon and Gelders, 1992).Usually, maintenance actions are generated with an aim to
reduce the consequences of failures of plant or equipment as much as possible. Breakdown and
preventive maintenance are examples of these actions. An example of preventive maintenance is
replacing parts at predetermined time based on historical failure data, or based on condition-based
maintenance (CBM) using condition monitoring techniques. In all cases, decision must be made to
select from applicable maintenance approaches the right policy for each equipment or part.
2.4 Maintenance Performance Measurement
Due to current global competition and increasing demands from stakeholders,improvement of
manufacturing performance becomes the basic business demand. The performance and
competitiveness of manufacturing companies is dependent on the reliability and productivity of
their production facilities (Coetzee,1997; Madu, 2000; Fleiser et al., 2006).The equipment
maintenance and system reliability are very important factors which affect organization's ability to
deliver the required quality and timely services to customers. Therefore, the sustainability of the
performance for any plant is linked with the maintenance function of this plant.
Performance measurement is a fundamental principle of management, it is important in managing
maintenance function (Muchiri, Pintelon, Geldres, and Martin, 2010). Performance measurement is
the process to measure work accomplishments. In addition, it provides an important link between
the strategies and management action and thus support implementation and execution of
improvement initiatives (Kaplan, 1983; White, 1996; Neely et al., 2005).
Maintenance Performance measurement (MPM) has received a great amount of attention from
researchers and practitioners in the second half of last century's recent years due to a paradigm shift
in maintenance. The measurement of maintenance performance becomes a fundamental
requirement for any industry today. "Performance measurement (PM) has become one of the most
popular subjects over the last two decades for the researchers and managers from the industry. The
efficiency and the effectiveness of the maintenance system play vital role in the organization's
success and survivability" (Aditya and Kumar, 2006).
Performance measurement can help maintenance managers to concentrate on maintenance staff and
resources to particular areas of the production and service systems that will affectsystem
performance.Here in this work the concentration of performance measurement is on the quality of
maintenance services,corrective or preventive maintenance, conducted to the machinery equipment
such as pumps.
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2.5 Maintenance Performance Measurement Approaches
Measurement of maintenance performance becomes an essential requirement for the industry of
today, because the efficiency and effectiveness of the maintenance system play a common role in
the organization's success and survivability" (Parida and Kumar, 2006).There are some approaches
proposed for measuring maintenance performance that can help analyzing maintenance
organizations.Ben-Daya et al. (2009) suggest some important factors as a framework for evaluating
and measuring maintenance productivity. These factors should be incorporated with the strategy at
different hierarchal levels in the organization in order to have comprehensive picture. The
framework contains six parts, value created by the maintenance; allocation of resources; health,
safety and environment; knowledge management; new trends in operation and maintenance
strategy; and change in organizational structure. These are covering most important parts of the
maintenance productivity but not all aspects.
The organization strategies at different hierarchal levels should be considered for designing
measurements. Some examples of these measurements areunplanned maintenance tasks in
functional level, availability at the tactical level, and the Overall Equipment Effectiveness (OEE) at
the strategic level. This model ensures the information flows smoothly within organization and
creates automatic evaluation of the measurements.
Parida (2006) suggests a framework which is based on factors influencing the maintenance
effectiveness. Parida identified factors and divided them under seven criteria, the factors are
presented with examples for each criteria, the hierarchical level is presented as well.The framework
covers maintenance as a whole, therefore some adaptation is required to fit the corrective
maintenance specifically.As per Parida (2006), "there is no standard reference for the performance
measures proposed". It is part of the organization to set their goals and keep measuring the
performance, this is a basis for organization continuous improvement.
Campbell and Jardine (2001) propose a framework which expresses the most important categories
that must be measured in order to achieve the overall goals of a maintenance department. There are
six main categories according to Campell and Jardine: maintenanceproductivity; maintenance
organization;efficient maintenance work;maintenance cost;maintenance quality;and overall
maintenance results.
Peter, Liliane, Ludu and Harry (2010) propose a conceptual framework that satisfiesmaintenance
function towards performance demanded by manufacturing objectives. Their framework directs the
maintenance efforts to achieve the required performance as well as continuous improvements of the
production equipments performance. The first section seeks to align the maintenance objective with
manufacturing strategy, the performance requirements for the manufacturing system can be defined
by reviewing stakeholders requirements, once these requirements are defined the maintenance
objectives is derived also. In the second section,the authors proposed leading indicators for the
maintenance process, and in the third section they proposedlagging indicators for the maintenance
results since they are known after the maintenance is done. The proposed leading indicators for the
maintenance process section include four categories: work identification; work planning; work
scheduling; and work execution.
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For work identification, maintenance should identify the potential failures and it should try to
prevent the causes of failures. An example of the indicators for work identification is man-hours for
the precautionary work over specified period. Planning and scheduling are important processes in
order to maximize maintenance efficiency. For work planning, the percentage of planned work
indicator and percentage of work orders requiring rework indicator are some of the important
indicators. For the work scheduling, an important indicator for this process is scheduling intensity
(percentage of scheduled man-hours to the total available man-hours). The execution work
indicators help in monitoring the effectiveness such as quality of work and efficiency like
manpower and resources utilization. Percentage of reworks and percentage of completed task over
all received tasks are some indicators for measuring work execution process.
The lagging indicators are used to measure the maintenance results in terms of equipment
performance and maintenance cost. The results of maintenance process such as reliability and
availability are important elements that maintenance seeks to measure. It is important to note the
maintenance crews trying their best to achieve their objectives at an optimal cost, so it is essential to
measure cost effectiveness of the maintenance activities. Measures of equipment performance
include: number of failures; failure frequency; mean time between failures (MTBF); availability;
and OEE. Measures of cost performance include: direct maintenance cost; breakdown severity;
maintenance intensity; equipment replacement value; maintenance stock turnover; percentage cost
of personnel; subcontractors; and suppliers.
2.6Maintenance Performance Indicators (MPIs)
Developing maintenance performance indicators and implement them to the entire organization is a
way to measure maintenance performance. MPIs are linked to the reduction of downtime, costs and
wastes, and the enhancement of capacity utilization, productivity, quality, health and safety (Arts et
al., 1998;AdityaParida, 2006). The maintenance performance indicators can be used to monitor the
performance of employees, health, rating of safety and environment (HSE), overall equipment
effectiveness (OEE) and customer satisfaction when it is linked with financial reports.
Campbell(1995) classifies the commonly used measures of maintenance performance into three
categories based of their focus, the first category measures equipment performance such as
availability, reliability and overall equipment effectiveness. The second category measures the cost
of performance like operation and maintenance labor cost and maintenance cost. The third category
measures process performance like the ratio of planned and unplanned work. The first and second
categories are the main measures utilized in this project in order to measure the maintenance
performance of the Mechanical Section, the third category requires information which are not
available.
Some examples of maintenance performance indicators aremaintenance budget, system availability
targets, meantime between failures(MTBF) and mean time to repair (MTTR), maintenance
reliability and downtime. The establishment of a link between the lagging and the leading indicators
helps to monitor and control the performance of the process, and the indicators to be linked are
selected in line with the chosen maintenance strategy (Kumar and Ellingsen,2000).The selection of
maintenance performance indicators depends on the way in which the maintenance performance
measurement is developed. When designing MPIs, it is important to relate them to both the process
inputs and the process outputs. If this is carried out properly, then MPIs can provide or identify
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resource allocation and control, problem areas, the maintenance contribution, benchmarking,
personnel performance, and the contribution to maintenance and overall business objectives (Kumar
and Ellingsen, 2000).
3. Water Transmission Directorate
3.1 Historical Background
Since 2005 an integrated Computerized Maintenance Management System (CMMS) was introduced
within the directorate in order to reduce the huge paper work which was the normal practice before
year 2005 for reporting defect, its number, priority, date of failure, location, equipment name, type
of failure, time of failure, and reporter name. Thisinitial informationis significant and essential for
maintenance sections to understand the nature of defect and plan for rectifying it.After completion
of work by maintenance section, many other information are added like defect repair date, time
consumed, man-hours utilized, material consumed, cost of manpower, equipment utilized and
approver name.The data collected from differentsources, first source of data is for the failure data
which collected from localized CMMS including all information from issuing the defects' cards
until its clearing and cancelations. The second source is for PPM tasks data,which was collected
from PPM cards from Planning Section.The last source of data is for history of pumps’ overhauling,
which was collected from Mechanical Maintenance Section.
3.2 Reasons for Selecting Mechanical Maintenance Section
The data collected from MMS for all the five stations covered in this study, shows that the majority
of defects belong to the Mechanical Section, the summary of the different sections defects andtheir
percentages are listed inTable 1 hereunder.
Table 1 - Summary of defects for each maintenance section

Rank
1
2
3
4
5
6
7
8
9

Maintenance Section
Mechanical
Instrument
Electrical
Civil
Process
Tanks
Operations
Trunk
Planning
Total

No. of Defects
1098
1057
967
618
350
241
63
8
4
4406

Percentage (%)
24.93
23.69
21.95
14
7.94
5.5
1.43
0.18
0.1
100 %

The total number of defects for all stations is 4406, this covers all types of defects for all
maintenance sections, and almost 25% of defects are registered to mechanical only. Deep filtration
is conducted to all data from MMS to extract the defects related to pumps and any defects for any
equipment connected to pumps, this process reduces the number of defects to 1139. Main
information related to each defect is recorded whether they relate to the pump itself or its
accessories, information like: types of defects; the concerned maintenance section; frequency of
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defects; cost of repairing defects; and time to repair defects. Table 2shows these data categories for
the different maintenance sections.
Table 2 - Summary of frequency, time and cost for pumps defects for each maintenance section

Defects details

Maintenance
Section

Frequency
(Nos.)

Frequency
(%)

Time
(Hrs)

Time
(%)

Cost
(BD)

Cost
(%)

660

57.95

10784.69

67.01

52,976.72

60.62

164

10.8

2250.55

4.63

19,575.00

3.36

123

14.4

745.92

13.98

2939.31

22.4

192

16.86

2313.78

14.38

11,899.44

13.62

Mechanical
Maintenance
Electrical
Maintenance
Instrument
Maintenance
Electronics
Maintenance
Total

1139

16094.94

87,390.46

60

60.62

70

57.95

80

67.01

Furthermore, the percentage of each section (defect frequency, time and cost) was plotted
separately to show which category should have to be focused on. The above table and Figure 1
below show that most of defects, time and cost were mainly exercised by Mechanical
Maintenance Section (MMS) and these evidences guide us to concentrate on Mechanical
Section rather than other sections.

50
frequency (%)

10

13.62

14.38

16.86

22.4

14.4

Time (%)
Cost (%)

3.36

20

4.63

10.8

30

13.98

40

0
Mechanical
Maintenance

Electrical
Maintenance

Instrument
Maintenance

Electronics
Maintenance

Figure 1 - Percentage of pump's defect frequency, time and cost for each maintenance section

3.3 Preventive maintenance data of pumps
Preventive maintenance activities generally consist of inspection, cleaning, lubrication, adjustment,
alignment, painting, and replacement of some parts if required. Obviously, preventive maintenance
involves a basic trade-off between the costs of conducting maintenance and replacement activities
and the cost savings achieved by reducing the overall rate of occurrence of system failures.
Designers of preventive maintenance schedules must weigh these individual costs in an attempt to
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minimize the overall cost of system operation. They may also be interested in maximizing the
system reliability, subject to some sort of budgetary constraint.
Summary of PPM cost and duration of visits for all stations
Every individual pumps PPM data is collected from the planned preventive maintenance sheets
including:the total number of PPM visits, duration of visits, number of man hours, and cost of man
hours for individual pumps or individual stations. These are very important data to monitor the
PPM activities, it show if the preventive maintenance task is done in an effective, correct way and
within planned schedule and proper timing or not. Table 3 below contains the all information
related to the conducted PPM tasks.
Table 3 - Average number of visits, cost and time per year for each individual pump

No. of Pumps

No. of PPM visits

Hamala A2
GFS

5

132

6.6

2730.2

136.51

262

13.1

20.68

Hamad
Town BS

8

201

4.18

3127.75

65.16

294

6.13

15.58

Hamad
Town DS

2

47

3.92

715

59.58

70

5.8

15.19

West Riff'a
#1 BS

12

271

3.76

3916.05

54.39

405

5.63

14.46

7

154

3.66

3042.6

72.44

295.5

7

19.79

Total

34

805

Station

visit pump /

West Riff'a #
2 BS

Avg.
Avg. no. of

Total man

Avg. cost

Total visits

hours per

hours

(BD) per

time for

pump /

Year

cost (BD)

pump / Year

PPM (Hrs)

Year
(Hrs)

13531.6

Avg.
cost /
visit
(BD)

1326.5
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4. Data Analysis of Mechanical Defects

Suction Header

Discharge Header

This section concentrates on mechanical defects that are directly related to the pumps and the
equipment related to it. The figure below shows the main pumping system related to this study
which consists of main pump, suction and discharge valves, non-return valve and finally both
suction and discharge header.

Suction Valve

Centrifugal Pump

Check valve
Discharge Valve

Figure 2 – Main pumping system within stations

There are some other components related to the above pumping system but cannot be shown
because they are built within the pump itself such as bearings, shaft, stuffing box and drain valve or
air valve. Valves also have small components like gland packing. It is important to mention that
motor's bearings monitoring is part of mechanical maintenance task, if there is any deviation in
vibration and temperature from normal limits, Electrical Maintenance must be notified to take
necessary action either to repair or to overhaul the motor.All data related to mechanical defects
wascollected and summarized in Table 4 below showing all mechanical defects, the real repair time
and cost of repair.
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Table 4- Mechanical defects, their time and cost for all stations
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The three main categories for analyses are the frequency of defects, the time of repair and the
cost of repair. The analysis of each category is covered hereunder.
Analysis of repairing cost, repairing time and frequency of defects

60%

Coupling cove to be refixed

Cost (BD)

5000

Relieve valve is blocked
Suction / discharge valve is
jammed
Inboard bearing grease is coming
out
Pump is not sucking water

10000

Inboard bearing temperature is high

15000

Check valve is leaking
Drain
valve
is
blocked
/leaking/broken
Gland packing of the pump is
smoking
Coupling is damaged
Outboard bearing temperature is
high
Outboard bearing is noisy
Gland packing of the discharge
valve is leaking
Gland packing of the suction valve
is leaking
Shaft is jammed

80%

Motor inboard bearing is noisy

20000

Casing is leaking from pin hole

100%

Gland packing of the pump is
leaking
Check valve is not working
properly (Passing or Hummering)
Inboard bearing is noisy
leakage from discharge line
(Header)
Motor outboard bearing is noisy

25000

0

40%

20%

Cumulative cost %

The cost of repairing all mechanical defects is related to the manpower and material cost. The
total cost for corrective maintenance is BD 52976.725, and the total cost of preventive
maintenance is BD13531.6, both types of cost cover the period from year 2005 up to year
2011. The analysis which based on the cost will be limited in the coming sections since the
budget allocated to Mechanical Maintenance Section (for both corrective and preventive
maintenance) is large compared to the actual cost of corrective and preventive maintenance.
The budget allocated to the Mechanical Maintenance Section is BD 242,000 for year 2011.
The actual corrective maintenance cost for the period studied (seven years) is representing
around 22% only of the allocated budget for year 2011, and the actual preventive maintenance
cost for the seven years period also is representing 5.6% (the total percentage of both costs for
both types of maintenances is 27.6 %). Pareto chart of mechanical defects and their cost is
shown in Figure3 below.

0%

Mechanical Defects
Vital Few

Cumulative%

Figure 3 – Pareto chart for the types of mechanical defects and their cost

The first six types of defects are costing 81.87 % of the total repairing cost.The major
repairing cost is for the repairing of leakage from the gland packing which represents 37.4%
of the total cost, this defect has the highest number of frequency as well.
For the repair time which is defined as "the time consumed by technicians to restore the
equipment to their operating conditions", the total repair time of mechanical defects for all
stations is 10784.69 hours, and this is only the real repair time taken to conduct actual repair
works. The indirect time, which is the time taken by the technicians to reach the stations from
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their office, is not considered, but it can be assumed that an average of 0.5 hour is needed to
reach any station and also 0.5 hour to return back to office, therefore one hour can be added to
each repair time for any defect. For example for the first defect, which is the leak from
discharge header, the frequency is 76, which means that 76 hours can be added to the actual
repair time, which is 1460.94 hours. So the total time to repair the leak in discharge header is
1536.94 hours combining the trip time with actual repair time.Repairing time of defects will
be addressed since it is related to the mechanical maintenance team which is common for all
stations. Each station can be considered as an independent system, each one has its own
pumps and operators, but all stations’ defects are repaired by the same maintenance team.
Focusing on repair times can lead to know which main defects consume more time and how it
can be reduced. Pareto chart of mechanical defects and their repair time is shown in Figure 4
below.
4000

100%

80%

Pump is not sucking water

60%

Coupling cove to be refixed

Inboard bearing grease is coming out

Suction / discharge valve is jammed

Inboard bearing temperature is high

Shaft is jammed

Relieve valve is blocked

Outboard bearing temperature is high
Gland packing of the discharge valve is
leaking
Outboard bearing is noisy
Gland packing of the suction valve is
leaking
Coupling is damaged

Casing is leaking from pin hole

Gland packing of the pump is smoking

Motor outboard bearing is noisy

500

Drain valve is blocked /leaking/broken

1000

Motor inboard bearing is noisy

Repair time (Hrs)

1500

Check valve is leaking

2000

leakage from discharge line /valve
Check valve is not working properly
(Passing or Hummering)
Inboard bearing is noisy

2500

Gland packing of the pump is leaking

3000

40%

Cumulative repair time %

3500

20%

0

0%

Mechanical Defetcs
Vital Few

Cumulative%

Figure 4 – Pareto chart for the types of mechanical defects and their repair time

The first seven defects are representing 83.73% of the total repair time of all defects, here
again the leakage from gland packing of pumps is the major defect with a value of 31.8 % of
the total time, and the second one is the leakage from discharge header.
The frequency of defects is the most important factor for analysis of all stations, the
mechanical team is the common link for all stations and they are responsible to repair the
mechanical defects in all stations, if the number of defects reduced the number of visits will
be reduced as well as the time and cost of repair. The main question is how to reduce the
number of defects or how to eliminate them from occurring in order to reduce their effects.
There are 660 defects distributed over all stations, Figure 5 below shows the main defects that
has major frequencies.
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60%

Coupling cove to be refixed

Suction / discharge valve is jammed

Pump is not sucking water

Inboard bearing grease is coming out

Shaft is jammed

Casing is leaking from pin hole

Coupling is damaged

Frequency

50

Outboard bearing temperature is high

100

Relieve valve is blocked
Gland packing of the discharge valve
is leaking
Inboard bearing temperature is high

150

Motor outboard bearing is noisy
Gland packing of the suction valve is
leaking
Outboard bearing is noisy

80%

Inboard bearing is noisy
Gland packing of the pump is
smoking
Motor inboard bearing is noisy

200

leakage from discharge line /valve
Drain valve is blocked
/leaking/broken
Check valve is not working properly
(Passing or Hummering)
Check valve is leaking

100%

Gland packing of the pump is leaking

250

0

40%

20%

Cumulative frequency %
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Figure 5 – Pareto chart for the types of mechanical defects and their frequencies

The first seven defects covers around 83.94 % of the total defects, the major defects is the
leakage from gland packing of the pumps with a value of 36.1%, and the second one is the
leakage from the discharge header. More analyses for the defects and their frequencies will be
conducted in the coming sections.
4.1 Common Major Defects of Stations
Table 5 shows comparisons of the major defects among stations. In this table the first seven
major defects are listed in descending order of their frequencies for each station. Each type of
defect is shown in the table to compare its position in the defects list among the stations. The
total percentage of frequency is shown at the bottom of the table for each station. Each station
listed defects are representing more than 80 % of the total defects associated with that station.
Some types of defects are common in all stations with different percentages. These common
defects are discussed in the following paragraphs.
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Table 5 - Comparisons of major defects among stations
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4.2 Analysis of common types of defects for all stations
There are many mechanical defects raised for repairing in all stations covered, some types of
these defects are common among stations and some others are not. Collection of all defects in
one table is done in Table 6 for easy analysis and to have wider picture about the main causes
that affect the reliability of these pumps.
Table 6 - Final list of defects for all station including frequency, frequency percentage, time and cost

Total Summary
No.

Description of Defects

Frequency
(Nos.)

Frequency
(%)

Time for
repairing
(Hrs.)

Cost of
repairing
(BD)

1

Gland packing of the pump is leaking

238

36.06

3421.28

19818.03

2

leakage from discharge line (Header)

76

11.52

1460.94

4813.92

3

63

9.55

512.83

1530.56

58

8.79

1335.58

7018.02

5

Drain valve is blocked /leaking/broken
Check valve is not working properly
(Passing or Hammering)
Check valve is leaking

45

6.82

610.42

1553.55

6

Inboard bearing is noisy

45

6.82

1136.39

6730.37

7

Gland packing of the pump is smoking

29

4.39

292.74

1302.62

8

Motor inboard bearing is noisy

29

4.39

517.03

1590.09

9

Motor outboard bearing is noisy
Gland packing of the suction valve is
leaking
Outboard bearing is noisy

14

2.12

293

2875.43

9

1.36

98.99

243.48

9

1.36

160

540.19

8

1.21

61

144.6

7

1.06

178

505.27

14

Relieve valve is blocked
Gland packing of the discharge valve is
leaking
Inboard bearing temperature is high

6

0.91

41

146.15

15

Outboard bearing temperature is high

6

0.91

191

598.31

16

Coupling is damaged

4

0.61

95

1023.61

17

Casing is leaking from pin hole

4

0.61

226

2118.8

18

Shaft is jammed

3

0.45

56.5

153.54

19

Inboard bearing grease is coming out

3

0.45

35

93.46

20

Pump is not sucking water

2

0.30

13

46

21

Suction / discharge valve is jammed

1

0.15

35

101.725

22

Coupling cove to be re-fixed

1

0.15

14

29

660

100 %

10784.7

52976.725

4

10
11
12
13

Total

The above table shows the type of defects in descending order of their frequencies. The
"gland packing leakage" is the most common and major defect with the highest frequency,
time and cost, therefore it will be discussed and analyzed in details to know the cause behind
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this defect and the relationship between planned preventive maintenance and corrective of the
gland packing.
The gland packing leakage has shown a frequency of 36.6 % of the total defects and
percentages of repair time and cost of 31.73% and 37.41%, respectively. Discussion will be
focused on defect of the gland packing leakage for studying the performance of the
MechanicalMaintenance Section.
4.3 Gland packing leakage analysis
Gland packing is part of stuffing box, the main function is to protect the pump against leakage
at the point where the shaft passes out through the pump pressure casing. It prevents air
leakage into the pump and also prevents water leakage out of the pump. The gland is a very
important part of stuffing box, it gives the packing the desired fit on the shaft. The main
reasons behind using stuffing box because it's cheaper than mechanical seal and it is easy to
replace, despite these advantages, there are some disadvantages of using the gland packing
such as it needs frequent adjustment, it tends to wear the shaft or bush, and a slight leakage is
always required for cooling purposes. It is important to mentionthat all the pumps covered in
this study are provided with gland packing because of their age.
After focused discussion with the mechanical maintenance officials, they attribute repetition
of this leakage from the gland packing to the following reasons and factors:









Packing not properly installed
Packing not properly adjusted
Shaft or shaft sleeve worn
Degradation of the packing
Fear to change the type of gland packing
Misalignment or excessive vibration of the pump
Lantern ring improperly located in the stuffing box
Water quality is damaging the packing

Reliability of gland packing
To measure the equipment performance there are many indicators used, for the gland packing
motioned above the best indicators available are




Number of failures for the period studied (7 years)
Mean time between failure in hours (MTBF)
Availability in percentage given by
Availability= [MTBF / (MTBF + MTTR)] x100 ----------------------------------- (1)
where MTTR is the mean time to restore.

These are the main indicators that help to identify the reliability of the packing used for the
pump in water transmission assets. Three pumps are selected from each station which has
high frequency of defect in gland packing, except for Hamad town distribution station where
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only one pump is selected. All data related to this type of defect is calculated such as, MTBF,
MTTR, availability and failure rate for each pump. MTBF is extracted using Weibull
distribution graph. Summary of the data is shown in Table 7.

19

Average

HT BS
(8 pumps)

DW
pump #1
HTD
pump#2
GW
pump#2

12
6

26 out of
49

8

Average
HTD
(2 pumps)

Tower
pump #1

2

2 out of 2

Average
West
Riff'a #1
BS
(12
pumps)

DW
Pump #1
East
pump #2
East
pump #1

4
19

33 out of
57

10

Average
West
Riff'a #2
BS
(7 pumps)

DW
Pump #1
Tower
pump#2
Tower
pump#3

11
11
8

Average

30 out of
49

Availability
(%)

59 out of
81

MTTR
calculated
(Hrs)

22

Failure rate
(failures/ho
ur)

No. of
defects
covered

Number of
defects
18

MTBF
Weibull
(Hrs)

WR
pump #1
WR
pump #2
WR
pump #3

MTBF
Calculated
(Hrs)

Hamala
A2 GFS
(5 pumps)

Pump
name

Station

Table 7- MTBF, failure rate and availability for gland packing

3253.33

3400

0.0003

17.16

99.5

2605.09

2600

0.00038

9.82

99.6

2363.38

2200

0.00043

14.17

99.4

2740.6
(3.8 M)

2733.33
(3.79 M)

0.00037

13.72

99.5

3836

3600

0.00026

19.13

99.5

5764.8

4000

0.00017

11.3

99.8

7176

6400

0.00014

9.87

99.8

5592.26
(7.76 M)

4666.67
(6.48 M)

0.00019

13.43

99.7

8844

5700

0.00011

8.5

99.9

8844
(12.3 M)

5700
(7.9 M)

0.00011

8.5

99.9

13740

7400

0.00072

8.5

99.9

3124

2400

0.00032

7.74

99.7

5191.2

5000

0.00019

7.03

99.8

7351.73
(10.2 M)

4933.33
(6.85 M)

0.00041

7.75

99.8

4898.2

5000

0.0002

6.03

99.8

5085.8

5100

0.00019

17.55

99.6

5697

5500

0.00017

10

99.8

5227
(7.25 M)

5200
(7.22 M)

0.00018

11.19

99.73

Lumped analysis of MTBF:
From Table 7 it is noticed that the number of defects in gland packings for Hamala A2
station is higher than the other stations because of the reasons mentioned above. The
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calculated average MTBFfor the gland packingsof the three pumps at Hamala A2 GFSis
2740.6 hours (3.8 months), while the average MTBF from Weibull distribution chart is
2733.33 hours (3.8 months). This means that the packings in this station should be attended
every 3.8 months since both figures are identical to check its situation (for example to be
adjusted, add extra packings, replaced or it needs more tightening). The same analysis can be
conducted to other stations of similar practice.
Notice: In West Riff'a #1 BS, there is big difference between the calculated MTBF and the
MTBF from the Weibull chart for Distillate Pump#1, this is due to the few number of defects
(only 4 defects) that cannot give a good estimate of MTBF, and in the Weibull chart, it is
difficult to draw best fit line for three or four points only. The same explanation is valid for
Hamad Town Distribution, it has only two defects, these two will not give realistic MTBF
neither for the calculated one nor from the graph.
All Weibull plots show that the failure rate λ is decreasing with time (except for HTDS, for
this station there are only two defects, it is difficult to decide upon the behavior of the failure
rate based on two values only.)
From all the above it is noticed that each station has its own lumped mean time between
failure for the gland packings, the value vary from 2740 to 8844 hours for the calculated
MTBF, and 2733 to 5700 for the graphed MTBF. All of the above results are obtained from
calculations and by using Weibull distribution chart, but there are some data collected from
the actual practices done by maintenance staff, and it is analyzed here under.
Further analysis of MTBF:
This study covers 7 years from 2005 to 2011, this means 84 months, In Figure 6 belowfor
each pump in the study the gland packing defects are shown with their dates and the dates of
actual corrective maintenance done to repair the leakage. The dates of overhauling and the
dates of preventive maintenance tasksareshown as well.Other details are shown which will
help for the analysis related to the corrective maintenance to see the difference between the
calculatedand actual parameters. (for the calculated parameters all defects will be considered
in the calculation of the durations between maintenance visits, as real defectwhether they are
correct or not, but for actual parameters, the wrong defects will not be included in the
calculation of the durations between maintenance visits to repair gland packing leakage, this
is the main difference between calculated parameters and the actual parameters)

Date of PPM

Legend:
Overhauling of pump Year
- Month
XX – XX - 20XX
(Type of repair for defect)

Date of defect

XX – XX - 20XX

(Type of repair for defect)
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Generally,the following corrective actions for the gland packing leakage will be considered
for the actual parameters calculations as follows:Replace gland packing; Adjust gland
packing; Tightening the gland packing; Add packing; Leak secured.These are the major
corrective actions taken to repair the gland packing, the remaining actions like cancelled or
duplicate will not be considered because it is part of error or wrong request from operation
side.
In Hamala A2 GFS, for West Riff'a pump # 1 there are 18defects raised from field operation
section, 16 of these are real and correct requests for a maintenance action to be carried out and
two of them are false requests i.e. wrong, to calculate the average visits of maintenance to
repair the gland packing by dividing the total period of study (84 months) by the real number
of requests (16 number) the answer will be 5.25 months, this means that the maintenance
should visit this pump every 5.25 months to check and repair the gland packing not 4.5
months as calculated in Table 8below,which also shows the values for remaining pumps
selected from other stations, as well as the averages for the five stations.
Table 8 - Average visits for repairing gland packing compared with calculated and graphed MTBF
No. of
defects
Station

Pump name

raised by
field
operation

Hamala
A2 GFS

No. of real
correct
corrective
action

between visits by

Calculated

Graphed

maintenance for

MTBF

MTBF

individual pumps

(Months)

(Months)

(months)

WR pump #1

18

16

5.25

4.5

4.7

WR pump #2

22

19

4.42

5

3.7

WR pump #3

19

19

4.42

3.2

3

4.7

4.2

3.8

Average

HT BS

Average duration

DW pump #1

12

12

7

5

5

HTD pump#2

5

5

16.8

8

5.5

GW pump#2

8

8

10.5

9.9

8.8

11.4

7.6

6.4

HTD

Tower pump#1

Average
2

2

42

12.2

7.9

West

DW Pump #1

4

3

28

19

10.2

Riff'a #1

East pump #2

19

18

4.66

4.3

3.33

BS

East pump #1

10

10

8.4

7.2

6.9

13.6

10

6.81

West

DW Pump #1

11

11

7.63

6.8

6.9

Riff'a #2

Tower pump#2

11

9

9.33

7

7

BS

Tower pump#3

8

8

10.5

7.9

7.6

9.2

7.2

7.2

Average

Average
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Tables 8 can help the Mechanical Maintenance Section to develop and modify planned
preventive maintenance for each pump and for each station especially for the gland packing
maintenance since it is the major defect faced. For example, at Hamala A2 GFS, the actual
average duration between visits for repairing the gland packing is 4.7 months, and average
graphed MTBF is 3.8 months. These figures tells that the planned preventive maintenance
must be conducted for these pumps every 3.8 months (minimum value), the gland packing
must be inspected carefully during the PPM and rectified in case of any defect exists. The
other figures of averages are varying from 6.4 months to 13.6 months, but these values are
large numbers, and it is not recommended to keep the pumps without planned preventive
maintenance for more than 3 months which is the most common interval for the PPM.
Therefore the best schedule for applying PPM is every 3 months which is already
implemented for all stations except for Hamala A2 GFS where it is carried out monthly. But
this does not mean that the frequency of defects of the gland packing is acceptable with
current maintenance practice, this mean that the PPM practices should be enhanced and
improved to reduce the occurrences of defects.
Types and cost of repairs for the gland packing
The types of repairing the gland packing were mentioned in previous section, the packing is
either adjusted or replaced, these are the main actions carried out to fix any gland packing
problem or leakage. These two repairing works may contain either improper installations or
over tightening, packing typically requires some leakage in order to remain lubricated and
cooled. If packing rings are over tightened, friction between the packing and the shaft will
generate excessive heat which can destroy the packing and possibly the shaft. Since the
packing is in direct contact with shaft, it wears over time and this leads to an increase in
leakage rate. Improper packing installation leads to uneven compression of the rings or loose
fit between the packing and the shaft and these resultsin excessive leakage.
Every individual pump is analyzed and full details about the time of defect, the action done
and the cost of each action (Manpower and material) are represented in Table 9, this table is a
summary of actions taken by the Mechanical Maintenance Section and the cost of each action
for manpower and material.
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Table 9 - Summary of the cost related to replacement and adjustment of gland packing ( years 2005-2011)
Cost of

Station

No of
Pump name

Cost of man-

Cost of

material

No of

Cost of man-

material

replacement

hours for

related to

adjustment

hours for

related to

for gland

replacement

gland packing

for gland

adjustment

gland packing

packing

(BD)

replacement

packing

(BD)

adjustment

5

387.12

293

10

307.41

*

WR pump #2

5

130.76

20

10

465.32

86

WR pump #3

6

385.08

406.6

11

280.94

*

DW pump # 1

6

289.45

287

6

153.07

*

HTD pump #
2

2

12.15

-

3

109.03

*

GW pump # 2

4

129.63

439

3

71.25

*

DW pump # 1

1

42

-

2

28.3

*

5

28.8

20

12

147.5

*

1

81.3

161

9

272.53

25

DW pump # 1

1

21.6

-

9

147.8

*

4

426.51

448

4

70.38

64

2

64.63

32

6

123.05

*

42

1999.03

2106.6

85

2176.58

236

Hamad
Town BS

Hamala
A2 GFS

WR pump #1

West Riff'a
#1 BS

(BD)

West Riff'a
#2 BS

(BD)

East Tower
Pump # 2
East Tower
Pump # 1
Tower Pump #
2
Tower Pump
#3
Total

* Information are not available

The above table contains samples of pumps from four stations which have the majority of
defect related to gland packing, the number of adjustments (85 times) is almost double of
replacements (42 times), but the cost of man-hours is almost same with very limited variation,
the difference is only BD 177.55. The major difference mainly is in the material cost which as
expected is more costly for the replacement of gland packing.
It is recognized that there is no systematic approach or practice for replacing the gland
packing, it is replaced after one, two, three or up to five times of adjustments. It means that
the technician will start with adjustment only as a solution of the leakage, or add extra
packing or remove one packing, finally if the leakage does not stop the packing will be
replaced.
It is concluded that the replacement of gland packing is done if no other solution can be taken
to stop leakage which means it is in worst conditions. Also it is concluded that it is not only
the packing which is replaced, other parts also may be replaced due to their bad condition
affected by the gland packing such as lantern rings, sleeve and /or even the shaft. All of this
adds to the cost of replacing the gland packing. But in the case of adjustment, the cost of
material is very low, nearly nil for some actions, while the cost of man hours is high
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exceeding that of replacements. This may be due to inadequacy of experience resulting into
long time spent in trials to repair leakage and/or relaxation of maintenance crew in performing
their duties.
The Mechanical Maintenance Section must adopt a systematic approach to adjust or replace
the packing periodically at certain intervals to avoid the extra cost that may result from
damaging other parts in the pumps since the cost of packing material is cheaper than
replacing other parts which are more costly.
A maximum number of adjustments before packing replacement must be established for each
pump type or station. This upper bound on number of adjustments becomes a maintenance
practice to be strictly followed.
Mean time to repair for gland packing defects
Table 10 shows the MTTR for different pumps and different stations, the values are not
similar even though the technicians are the same. The lowest MTTR is 6.03 hours and the
highest is 19.13 hours, and the overall average is 11.33 hours. The reason behind the
difference between the lowest and the highest is the conditions of the pumps, for example, if
the pumps bolts and nuts are in good conditions without rust or corrosion, the task can be
done in a shorter time, but if the conditions are bad, it may take longer time to repair. Another
main important issue is the availability of the spares if some items got damaged like bolts,
nuts, gland follower…. etc. and if they are not available the time to repair the pumps will be
longer.
Table 10 - Corrective maintenance of gland packing (MTTR)
Pump name
Number of defects
MTTR Calculated (Hrs)
WR#1
18
17.16

Station
Hamala A2 GFS

WR#2

22

9.82

WR#3

19

14.7

DW pump #1

19.6
12

13.8
19.13

HTD pump#2

5

11.3

GW pump#2

8

9.87

Tower pump #1

8.33
2

13.43
8.5

DW Pump #1

4

8.5

East pump #2

19

7.74

East pump #1

10

7.03

DW Pump #1

11
11

7.76
6.03

Tower pump#2

11

17.55

Tower pump#3

8

10

10
149

11.19
147.33
11.33

Average
HT BS

Average
HTD

West Riff'a #1 BS

Average
West Riff'a #2 BS

Average
Total
Overall Average
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The high MTTR values shown in Table 10arenot reasonable and not acceptable. Discussion
with the mechanical technicians revealed that the normal adjustment time of packing is about
15 to 30 minutes, and about 2 to 3 hours for replacement of the packing. The remaining time
is for monitoring the packing performance to ensure that no smoke or excessive water leak.
The packing may require re-adjustment or re-fixing again based on the running conditions, the
mechanical technician must not leave the site until the situation is acceptable for both
maintenance and operation. This means the monitoring time for the gland packing is around
10 hours if average MTTR is the reference value for an adjustment case and 8 hours for a
replacement case. The monitoring time is more than ten times the corrective maintenance for
the adjustment and about 3 times for replacement of gland packing, which are high and they
need to be justified.
5. Discussion
5.1 Planned Preventive Maintenance
The initial observation about the PPM is the unavailability of a specific preventive
maintenance procedure for the main equipment of the system like pumps. There should be a
preventive maintenance procedure for major equipment showing detailed activities that must
be carried out for each equipment based on best preventive maintenance practices, frequency
of PPM based on the situation of equipment which should be identified from the condition
monitoring group. The standard readings like vibrations and temperatures based on the
manufacturer recommendation must be included in the maintenance procedure to know if the
equipment running within the limits or beyond.
Table 3 shows averages related to planned preventive maintenance pump visits per year, the
PPM frequency for most of the pumps is 4 per year except for Hamala A2 GFS which 6.6 per
year, the frequency is reasonable and acceptable and it is good practice. The reason behind
increasing the PPM frequency at Hamala A2 GFS is due to their importance and due to the
conditions of water.It was noticed during the PPM tasks for any pump, the technicians request
field operation staff to raise Work Request Cards (WRC) for any pump defect in order to
rectify it later. The defect will be repaired after one or two days not immediately because of
the Mechanical Maintenance Section other engagements and also on the priorities of defects.
The overall PPM cost of man-hours is BD 13531.6 for 805 PPM task conducted, this cost is
generated from 6 years of PPM man-hours cost for all stations except for Hamala GFS which
covers 4 years only. The cost of overhauling pumps is not included and it is not known.The
overall corrective maintenance (CM) cost is BD 52976.725 for 660 defects attended.The CM
cost is almost 3.9 times the PPM cost, and this totally unacceptable, it should be in the other
direction, because PM should reduce the amount of corrective maintenance.
The preventive and corrective costs may tell that the PM is not efficient and effective, and it is
not doing its purpose of reducing corrective cost. One of reasons behind this is the manpower,
most of the technicians have field experience without scientific background and they don’t
know why PPM is conducted, they trained to do the PPM task, fill the required information in
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the sheets and then file the information. People should be assessed and trained to understand
importance of PPM and how to do it efficiently, also they should know its role to reduce the
corrective maintenance cost and frequency.
5.2 Corrective Maintenance
Analysis of the corrective maintenance practice has shown that there is no specific corrective
maintenance procedure explaining how to repair certain types of defects based on best
maintenance repair practices such as gland packing defects, high vibration of bearings,
leakage from drain or discharge header.
The Mechanical Maintenance Section must adopt a systematic approach to adjust or replace
the packing periodically at certain intervals to avoid the extra cost that may result from
damaging other parts in the pumps since the cost of packing material is cheaper than replacing
other parts which are more costly.
The reasons behind why the Maintenance Section does not follow the best practices are:






Maintenance personnel do not have the maintenance skills to perform the work efficiently.
The maintenance work force lacks the discipline and directions to follow the best
maintenance repair practices.
There is a lack of communication between the different levels within Maintenance
Department, i.e.communication between technicians who perform the maintenance and
their engineers.
Absence of “Best Maintenance Repair Practices Manual” as a reference for the MMS.

6. Conclusion and Recommendations
a. Planned preventive maintenance
Standard planned preventive maintenance procedure to be introduced for every critical
equipment like pumps based on best preventive maintenance practices. Detailed PPM task
sheet to be created showing the recommended and allowable parameters for the equipment
and clear description of the status of the equipment parts.
The average visit time for each pump is reasonable, the frequency of PPM task is also
reasonable and acceptable, but every station should have its own frequency of PPM based on
the situation of pumps and based on the recommendations from condition monitoring group.
The average number of technicians attending PPM is large and must be revised. The current
practice of distributing technicians must be changed instead of three technicians conducting
PPM task on one pump, each individual can do the task on separate pump. The duration of
PPM visit and the number of technicians should be indicated in the preventive maintenance
procedure.
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b. Corrective maintenance
Corrective maintenance procedure explaining how to repair certain types of defects based on
best maintenance repair practices must to introduced to enhance the capability of the
technicians.
A minimum number for adjustments before packing replacement must be established for each
pump type or station including the standard time of replacing or adjusting the packing based
on best practices and experiences, the monitoring time of the packing after maintenance task
must be indicated as well. This upper bound on number of adjustments, repair times and
monitoring times must become a maintenance practice to be strictly followed.
To implement “Best Maintenance Repair Practices” some actions should be taken by the
Mechanical Section with management support,






Maintenance Section must identify the existing problems and track the repetitive
equipment defects, their causes and losses. It is important to identify the true
causes of defects and the best ways to eliminate them.
Maintenance Section must perform skills’ assessment to evaluate the technicians,
the workforce must have the required technical and practical skills to do the
required maintenance actions.
Maintenance Section should develop a plan to introduce a proactive maintenance
program with planned preventive maintenance, this will provide more time for
performing maintenance utilizing the best maintenance repair practices.
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