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ABSTRACT

This research evaluates the maintenance and reliability of pedestal cranes
in the Indonesian oil and gas industry, which is heavily affected by the
harsh marine environment. The main objective is to improve operational
efficiency through appropriate maintenance strategies. Based on
operational data from January 2023 to October 2024, the initial reliability
of the crane only reached 36.79%, with an MTBF of 272.89 hours. After
implementing a lognormal distribution-based maintenance strategy,
reliability increased to 42.88%, and Availability increased from 91.78% to
91.84%. This research identified the hydraulic system, running gear, and
engine as the systems or components with the highest failure rates,
accounting for more than 85% of the total downtime. Implementing a
preventive maintenance strategy focused on critical components
successfully reduced the MTTR from 24.44 hours to 24.25 hours. These
results show a significant improvement in reducing downtime and
extending the operational life of the crane.

© 2025 Journal of Sustainable Innovations

1. INTRODUCTION

operations, pedestal cranes lift and move heavy
equipment and materials to and from the

Pedestal cranes play an essential role in the oil drilling platform, ensuring the workflow
and gas industry, especially in offshore drilling remains smooth and safe. In the oil and gas
activities and logistics operations that support transportation and logistics sector, these
the supply chain. This type of crane is cranes are also essential components in the
specifically designed for use in marine loading and unloading process, both at offshore
environments with harsh conditions, such as and onshore facilities, thus accelerating the
strong winds, high waves, and corrosive material transfer process and increasing the
exposure to seawater. In offshore drilling efficiency of the supply chain [1].
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However, pedestal crane maintenance in this
environment is not easy. The harsh marine
environment accelerates the corrosion rate of
crane components, affecting component life and
increasing the risk of mechanical failure. In
addition, fluctuations in workload and high
frequency of use increase the level of wear on the
crane system. These conditions require
companies to implement an effective
maintenance program with the right preventive
maintenance strategy to reduce the frequency of
failures and expensive downtime [2, 3].

The operational reliability of pedestal cranes
dramatically affects the overall process efficiency
and worker safety. Crane failure can resultin high
downtime, disrupt production schedules, and
increase operational costs. Furthermore, sudden
component failure can endanger worker safety,
especially in challenging operating conditions
offshore. Therefore, optimal maintenance and
appropriate reliability strategies are needed to
ensure that cranes can operate continuously with
minimal risk of failure. This research analyzes
maintenance and reliability strategies that can be
applied to pedestal cranes in the oil and gas
industry, focusing on improving operational
efficiency and occupational safety. In modern
industries, reliability-centered maintenance
(RCM) and reliability analysis have become
essential elements to improve efficiency and
reduce operational risks. Previous studies have
discussed implementing reliability strategies in
complex systems in diverse industrial
environments. For example, Yang et al. (2023)
focused on the overall line efficiency (OLE),
which is the center of maintenance priority, by
considering the operational reliability of the
equipment [4]. Meanwhile, Zhang et al. (2023)
studied a system with interdependent primary
and supporting components and measured the
influence of the relationships between these
components on the system's overall reliability
[5]. A similar approach was applied by Song et al.
(2023), who used functional modeling to identify
critical maintenance elements in the context of
RCM in manufacturing systems [6].

Several other studies have focused more on
silence and safety in the context of transportation
systems. Igder et al. (2021) discussed improving
the accuracy and safety of zero-emission ships
through the RCM approach, which is relevant for
the transportation industry, which is increasingly

concerned about the desire [7]. On the other
hand, Jafarpisheh et al. (2021) developed a
hybrid RCM strategy for mining transportation
machinery, focusing on operations in extreme
mining environments [8].

Studies by Yang et al. (2022) and Koutsoyiannis
(2022) adopted an accuracy-based mission and
asset performance management (APM) approach
to improve the effectiveness of RCM in multistate
production systems and offshore production
environments, in line with the extreme
environmental challenges in the oil and gas
industry [9, 10]. The analysis of performance
performance in offshore environments was also
studied by Cevasco et al. (2021), who focused on
the trends of Availability, Availability, and
maintainability (RAM) in offshore wind energy
applications [11].

However, most of this literature focuses more on
multistate systems, transportation equipment, or
other offshore applications and does not focus on
pedestal cranes in the oil and gas operational
environment. More relevant research in the context
of heavy conveying equipment in the oil and gas
sector was conducted by Kumar et al. (2020), who
reviewed the RAM analysis on draglines [12], and
Ropero-Gaona and Lucas-Marmol (2023), who
focused on mechanical pumping units in the oil
extraction industry [13]. However, these studies
have not included an in-depth analysis of pedestal
cranes and the crucial maintenance factors in lifting
operations in the oil and gas environment.

Meanwhile, research by Rebaiaia and Ait-Kadi
(2022) developed an integrated maintenance
strategy for optimizing maintenance costs of
production systems [14], and Shahraki et al. (2020)
and Vita et al. (2023) studied predictive
maintenance to improve reliability in the context of
stochastically dependent and distributed system
components [15, 16]. However, there has been no
approach that specifically examines pedestal
cranes in the offshore oil and gas industry, which
has unique maintenance challenges such as
corrosion and high safety risks. This research aims
to fill this gap by focusing on the maintenance and
reliability of pedestal cranes in the oil and gas
environment. This research is expected to provide
comprehensive insights into improving operational
efficiency and work safety in the offshore oil and
gas industry by utilizing reliability analysis and
reliability-based maintenance strategies.
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2. THEORY
2.1 Reliability and failure distribution

Failure distributions are used to model the time
to failure of components in a system, such as a
pedestal crane, so that operators can understand
and predict component failure patterns. The
following are the main distributions that are
often used [17, 18]:

a. Normal distribution

The normal or Gaussian distribution is
generally applied when a component failure
occurs due to symmetrically distributed wear
around a specific time mean. This distribution
may apply to components that exhibit slow
and consistent degradation in a pedestal
crane, such as structural components. The
normal distribution is helpful for determining
the optimal maintenance time based on the
standard deviation of component failures [19].

b. Lognormal distribution

The lognormal distribution is often used for
components whose failures increase over
time. In this distribution, failures usually begin
after a particular service life and increase
rapidly. In the context of cranes, corroded
cables or mechanical components may follow
alognormal distribution, as these components
tend to degrade slowly at first but then
experience significant failure [20].

c. Exponential distribution

Exponential distribution is often used for
components with a constant failure rate over
time. In this distribution, failure tends to be
random, without the influence of age or time.
Exponential distribution is often applied to
electronic components on pedestal cranes that
are not affected by material degradation or
wear but by unexpected external factors [21].

d. Weibull distribution

The Weibull distribution is flexible and
suitable for various failure patterns, whether
experiencing early wear, stability, or wear in
the final phase. The Weibull parameter, shape
parameter (), determines the shape of the
failure curve [22, 23]:

If B < 1, the component experiences early failure.
If = 1, failure occurs randomly (similar to the
exponential distribution).
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If B > 1, failure increases over time
(degradation).

Probability distributions applied to cranes can
help identify specific failure patterns for each
component or system, allowing the maintenance
department to plan maintenance before failure.

2.2 Maintenance strategies

Maintenance strategies are designed to ensure
that equipment operates at maximum reliability.
In the oil and gas industry, three main
approaches to maintenance are [24, 25]:

a. Preventive maintenance (PM)

Preventive maintenance is performed
periodically action before failure occurs,
based on a predetermined time or usage [26,
27]. In pedestal cranes, this maintenance
includes inspection and replacement of
components prone to failure, such as cables
and bearings. Preventive maintenance aims to
reduce unexpected downtime and prevent
failures that could impact operational
efficiency [28].

b. Corrective maintenance (CM)

Corrective maintenance is maintenance that is
performed after a component has failed. In the
context of cranes, corrective maintenance can
include the immediate repair or replacement of
components that have failed due to sudden
failure. Although effective in restoring function,
corrective maintenance can cause long
downtimes, so it is only applied to non-critical
components or in urgent situations [29].

2.3 Reliability performance measurement

Reliability performance measurements are
essential to assess maintenance effectiveness and
operational reliability. Three key metrics are
[30]:

a. Mean time between failures (MTBF)

MTBEF is the average time between successive
failures in a component or system. This metric
indicates the reliability of the equipment. The
higher the MTBF value, the more reliable the
component or system is. In pedestal cranes,
MTBF is useful for planning component
replacement schedules to minimize downtime
[31, 32].
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b. Mean time to repair (MTTR)

MTTR is the average time required to repair a
component after a failure. A low MTTR
indicates efficient repairability. In crane
operations, a low MTTR is critical to minimize
the impact of downtime on production and
logistics processes [33].

c. Availability

Availability measures the percentage of time
that equipment is available compared to total
operational time. The formula for calculating
Availability is [34, 35]:

_ MTBF
A= MTBF+MTTR

(1)

In the context of cranes, high Availability
indicates the readiness of the equipment to be
used at any time, which is essential in the oil and
gas industry, where operational delays can cause
significant losses.

2.4 Pareto principle

The Pareto Principle, also known as the 80/20
rule, states that 80% of the impacts result from
20% of the causes. In the context of pedestal
crane maintenance, this principle helps operators
focus on the most critical components or
problems contributing to the most failures or
losses. By applying Pareto analysis, operators can
prioritize maintenance on frequently failing
components, improving overall reliability [36].

2.5 Failure mode and effects analysis (FMEA)

FMEA is a risk analysis method used to identify
and evaluate potential failures in a system and
their impact on operations. The steps of FMEA
include [37]:

a. ldentify Failure Modes

Determine all possible failure modes for each
crane component, such as cable failure, drive
system wear, or electronic control problems.

b. Failure Impact Evaluation

Assess the impact of each failure on the crane
system. This impact can be downtime, safety
risks, or decreased operational efficiency.

c. Risk Assessment and Prioritization

Use metrics such as severity, occurrence, and
detectability to assess the risk of each failure

mode. It helps determine maintenance
priorities by focusing on the most vulnerable
components that impact crane reliability.

d. Mitigation Action Development

Based on the risk analysis, mitigation actions or
maintenance strategies are developed to reduce
the likelihood of failure or its impact, such as
scheduled component replacement or additional
inspections of vulnerable components.

3. METHODOLOGY

This riset begins with the focus of the riset, namely
improving reliability and reducing downtime
through preventive, corrective, and imperfect
maintenance strategies, with the Object to be
analyzed, namely the pedestal crane. Then, collect
data such as operation and maintenance patterns,
the current maintenance strategy's effectiveness,
and the pedestal crane's reliability. Furthermore,
the reliability analysis uses a probability
distribution to find the reliability value, MTBF,
MTTR, and availability. The next stage is to carry out
simulations and iterations by implementing the
right maintenance strategy by referring to the
maintenance time interval with a comparison of the
crane's condition before and after the
implementation of the new maintenance strategy to
see if there is an increase in reliability, MTBF, MTTR,
or availability. Furthermore, FMEA and the Pareto
Principle should be applied to identify and group the
risks of failure in each component, determine
mitigation actions, and prioritize components with
the highest risk level to improve overall
maintenance effectiveness. In addition, a discussion
of the main findings of each analysis of how the
strategy contributes to reducing downtime and
improving operational reliability is better. Finally, a
conclusion that links the analysis results with the
research objectives is presented, and a summary of
how improvements are achieved in reliability and
maintenance performance is provided.

4. RESULTS AND DISCUSSION

4.1 Operation and maintenance data on
pedestal cranes

The following is the operation and maintenance
data on pedestal cranes obtained from the
maintenance division and the results of
interviews with operators and mechanics who
are on duty at the work location along with those
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collected from maintenance and operation
records from January 1, 2023, to October 31,
2024, at oil and gas companies in Indonesia:

Fig. 1. Pedestal Crane.

Table 1. Pedestal crane maintenance data (January 1,
2023 - October 31, 2024).

Maintenance TBF TTR
Action (Hours) | (Hours)

PM boom system
(lubrication) 205 16
Main hydraulic pump
repair (leakage) 355 80
PM engine (tune-up) 390 16
Replacement of anti-
two-block wire rope 273 32
(broken cable)
PM mechanical
system (lubrication
of swing gear, pulley,
etc.)
Replacement of
hydraulic hose (line
control valve to
winch due to fatigue)
PM running gear
equipment (visual
inspection of hook, 210 16
wire rope, pulley,
etc.)

No | Type

1 PM

2 CM
3 PM

4 CM

140 16

200 24

PM work equipment
(visual inspection of
hook, wire rope,
pulley, etc.)

Main hoist wire rope
replacement (cable 254 24
broken)
Total 4912 440

17 PM 152 8

18 | CM
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Table 1 shows the data on the number of
incidents, as many as 18 incidents during the
data collection period, the type of maintenance
carried out consisting of PM and CM, the cause
of failure and corrective actions, the duration of
operation before failure (TBF) and the duration
of downtime for corrective actions (TTR).
Based on the operation and maintenance data,
the initial or current conditions were obtained
using the exponential equation, commonly used
for initial reliability analysis [38], 39] at t =
MTBF.

MTBF= 22 2)
Nfailure
MTTR= 218 (3)
Nfailure
1 1
A= mter OF A= MTTR (4)
R(t) =e (5)

Table 2. Results of initial condition calculations for
pedestal crane.

R A MTBF MTTR A
36,79% | 0,0037 | 272,89 24,44 91,78%

In Table 2, the initial condition of the pedestal
crane is R =36.79% with A = 0.0037 and an MTBF
value of 272.89 hours, an MTTR of 24.44 hours,
and an A value of 91.78%. Next, a reliability
analysis will be carried out using a probability
distribution.

4.2 Reliability analysis with the probability
distribution

Searching for the appropriate distribution and its
parameters for previous operation and
maintenance data using the help of Minitab 18
software [40]. Selection of distribution (Weibull,
exponential, lognormal, and normal) using
maximum likelihood concerning the smallest
Anderson Darling (AD) value [41]. The search
results are shown in Figure 2.

Figure 2 shows that the smallest AD value in the
lognormal distribution in TBF and TTR data with
values 1.005 and 1.227 is known. Therefore, a
reliability analysis will be carried out using
lognormal distribution. Before conducting the
analysis, a search for the scale parameter (s = «)
and location parameter (tmed) was carried out.
The search results are as shown in Figure 3.
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Fig. 2. Probability Plot for TBF and TTR.
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Fig 3. TBF and TTR data parameters are lognormal
distribution.

Figure 3 shows that TBF data has parameter
values s = 0.358966 and tmed = 255.95. TTR data
has parameter values s = 0.640403 and tmed =
19.7508. After obtaining the parameter values,
the next step is calculating reliability, MTBF,
MTTR, and Availability. The calculation results use
the formula in equation 1 for Availability, while for
reliability, MTBF and MTTR are as follows [42-44]:

1 t
R(t)=1-(3x In- d) (6)
me 52
MTBF = MTTR = t0q X e(7) (7)

The calculation results are shown in Table 3 as follows:

Table 3. Results of pedestal crane calculations using
the lognormal equation at t = MTBF.

MTBF MTTR A R
272,98 24,25 91,84% 42,88%

[t can be seen in Table 3 that there is an increase
in MTBF time, A and R values, and a decrease in
MTTR time. Analysis positively impacts reducing
downtime, increasing availability, and increasing
reliability. However, the R-value is still at
42.88%. Furthermore, further simulations were
carried out to confirm the optimum value of the R
and A conditions of the pedestal crane.

4.3 Simulation and iteration for maintenance
schedule optimization.

In the lognormal equation, a simulation is carried
out to obtain an ideal schedule for implementing
maintenance on the pedestal crane. The following
are the results of the simulation and iteration that
carry out the implementation starting at t = 152
hours and multiples of 8 hours for TBF and 24
hours for TTR. Implementing t = 152 hours refers
to the lowest TBF value of 152 hours.

Table 4. Simulation and iteration of pedestal crane
maintenance time.

t=TBF t=TTR A R
152 24,00 86,36% | 92,67%
160 24,00 86,96% | 90,47%
168 24,00 87,50% | 87,96%
176 24,00 88,00% | 85,16%
272 24,00 91,89% | 43,27%

MTBF =272,98 | MTTR=24,25 | 91,84% | 42,88%
280 24,00 92,11% | 40,12%
288 24,00 92,31% | 37,12%
344 24,00 93,48% | 20,51%
352 24,00 93,62% | 18,74%
360 24,00 93,75% | 17,10%
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Simulation and Comparison Graph of MTBF, A and R
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Fig. 4. Simulation and Comparison Graph of MTBF, A
and R.

Based on the iteration and simulation results
shown in Table 4 and Figure 4, it is known that t
at MTBF (272.98 hours) and MTTR at 24 hours
can increase the A value by 0.06% and R by
6.09%.

4.4 Application of FMEA and Pareto Principle

The scoring of the Severity (S), Occurrence (0),
and Detection (D) criteria is as follows:

1. Severity (S): Describes the severity of the
failure's effect on safety and operational
performance.

Value 9-10: Failure that impacts safety or causes
operations to stop completely, for example, wire
rope failure that can cause accidents.

Value 7-8: Failure that has a major impact on the
system's main function, such as a hydraulic pump
leak that causes failure in the boom or hoist
function.

Value 5-6: Failure that has a moderate impact,
such as engine problems that affect efficiency but
do not cause operations to stop.

Value 3-4: Minor failure that does not affect the
overall operation too much, for example, lack of
lubrication that only reduces the efficiency of a
small part of the system.

Value 1-2: The impact of failure is very small or
has almost no effect.

2. Occurrence (0): Describes the frequency or
likelihood of failure.

Value 5: Failure often occurs, for example,
components that wear out quickly due to
intensive use.

Value 4: Failures occur frequently, but not every
cycle of use, such as a hydraulic pump that may
leak due to age.

Value 3: Failures, such as cables, experience
material fatigue over time and occur occasionally.
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Value 2: Failures, such as a load moment
indicator error, occur infrequently due to
incorrect settings.

Value 1: Failures occur very rarely.

3. Detection (D): Describes the ease of detecting
failures before they impact operations.

Value 5: Failures are difficult to detect before
they impact operations, such as internal leaks in
a hydraulic system that are only visible when
severe.

Value 4: Failures are difficult to detect, such as
wear on internal components that are difficult to
observe without disassembly.

Value 3: Failures can be detected by routine
inspection or monitoring, such as visual
inspection of cables.

Value 2: Failures are relatively easily detected by
simple testing or direct inspection.

Value 1: Failures are very easily detected by
monitoring or automatic indicators.

Here are the results of FMEA and Pareto with S,
0, and D values and integrated downtime data.

Table 5. FMEA and Pareto with S, O, and D values and
integrated downtime data.

No Component/ Failure Mode S|10|D
System
1 Hydraulic Hydraulic pump 8 |2 |4
System leaks, hose leaks
Running gear
and mechanical
Running system
2 Gear deformation 913 3
(bent, broken
wire, worn, kink)
. The engine is not
3 Engine . 6 |2 |3
optimal
Anti-two block
wire rope
4 Safety device | broken, LMI 8 2 3
accuracy
reduced
Boom Lack of
> System lubrication 7 1 3
Downtime Downtime Cumulative
No RPN Contributi
(hours) on Percentage
1 96 160 36,36% 36,36%
2 81 144 32,73% 69,09%
3 54 72 16,36% 85,45%
4 48 40 9,09% 94,55%
5 21 24 5,45% 100,00%
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Fig. 5. Pareto principle based on RPN value.

In Figure 5 and Table 5, the hydraulic system
has the highest RPN value (96) and the largest
downtime (160 hours). Failures in this system
(internal leaks and damage to the inside of the
pump) are difficult to detect (D = 4). Mitigation
of the hydraulic system is to conduct periodic
inspections of the hydraulic system with a focus
on areas prone to leaks. Running gear has a
high RPN (81) and a major operational safety
impact. Visual inspection of wire rope and
periodic replacement are the main mitigation
steps. The engine has a high RPN value (72),
requiring standard maintenance to maintain
operational performance. With the
combination of these three systems, more than
85% of downtime comes from three main
categories: hydraulic system, running gear, and
engine. Analysis shows that improving these
three categories can significantly reduce crane
downtime. Although safety devices and boom
systems have lower RPN and downtime, they
still need to be maintained to avoid a domino
effect on crane operations.

4.5 Discussion

The results of this riset show significant
differences compared to previous studies
related to the maintenance and reliability of
pedestal cranes in the oil and gas industry. This
research uses a reliability analysis based on
lognormal distribution, which differs from
previous studies that use exponential or
normal distribution approaches and Weibull
The analysis results show an increase in
reliability from 36.79% to 42.88%, which is
higher than several previous studies that only
achieved an increase in reliability below 40% in
similar environmental conditions.

Previous studies often focus on time-based
maintenance methods that rely on routine
schedules without considering the actual
condition of the components. In this riset, the
reliability-centered  maintenance  approach
proved to be more effective. For example,
applying a preventive maintenance strategy
based on a lognormal distribution reduced MTTR
from 24.44 hours to 24.25 hours, while previous
studies showed a less consistent decrease in
MTTR when using the exponential approach.

Another prominent finding is identifying critical
components such as the hydraulic system,
running gear, and engine, which account for more
than 85% of the total downtime. The analysis
differs from previous research results that
generally focus on structural component failures
without paying more attention to dynamic
aspects such as hydraulics, mechanical systems,
and prime movers. With a maintenance strategy
focused on these components, this riset managed
to increase availability from 91.78% to 91.84%,
slightly higher than the average results of
previous research in the offshore environment,
which tends to be stable at 90-91%.

In addition, this riset adopts the Failure Mode and
Effects Analysis (FMEA) method and the Pareto
principle, which have not been widely reviewed
in previous research. As a result, this riset
provides more focused guidance to reduce
downtime by prioritizing repairs on components
with the highest RPN (Risk Priority Number)
values, which is an important innovation in the
context of maintenance in the offshore oil and gas
environment.

Overall, this riset confirms the effectiveness of a
reliability-based maintenance strategy and
shows a greater increase in operational efficiency
compared to traditional approaches, making a
real contribution to maintenance optimization in
the oil and gas industry sector.

5. CONCLUSION

The main findings of this study highlight the
importance of focusing on critical components
such as hydraulic systems, running gear, and
engines, which are responsible for more than
85% of downtime. With a more planned
preventive maintenance strategy, companies can
reduce the risk of major failures that can disrupt
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operations while improving safety and
performance. This research provides evidence
that reliability-based maintenance can be an
efficient solution in facing the challenges of the
harsh offshore environment. With the results
obtained, this study offers valuable guidance for
oil and gas companies to optimize maintenance
strategies, improve operational performance,
and reduce future risks. In addition, this study
successfully identified critical components on
pedestal cranes operating in the oil and gas
industry environment. Using a lognormal
distribution-based reliability analysis and FMEA
approach, this study provides insight into the
importance of a planned preventive maintenance
strategy. The implementation of the strategy
successfully increased reliability and availability
values, although there is still room for further
improvement, especially in the aspect of
operational reliability, which is still low. For
further research, it is recommended to focus on
implementing predictive maintenance and the
economic impact of downtime and repairs. In
addition, it is also possible to conduct
comparative research on maintenance strategies
that compare the effectiveness of reliability-
based maintenance strategies with predictive
maintenance methods to see which strategy is
more efficient in the context of the oil and gas
industry.
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