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Introduction

Resource management is one of the most challenging tasks to accomplish during project implementation, particularly in
construction and engineering projects. This leads to overbooking, underutilization, loss of productivity, time, and costs exceeding
the budget [M. To overcome these challenges, resource leveling offers a technique of equalizing resource demand to avoid
situations when resources are utilized at very high or low levels. Primavera P6 is applicable for the resource-leveling technique
because it has many features in resource management 1. Resource usage analysis can be done through software tools that detect
conflict and resource leveling. These techniques are discussed in the following sections: when they are applied, where they fit
within the other planning processes, and their impact on the project performance measures. By so doing, the project managers
are well-placed to offer better resource-leveling strategies that will improve project delivery using P6.

Literature Review

Resource leveling has been widely discussed in the project management framework, and most of the studies have been devoted
to the effectiveness of various software like Primavera P6. Other areas are reported to be better in P6 than in different project
management software; they include resource management with features of resource profiling, histogram, and leveling algorithms
11, These studies said that while P6 has more tools for managing resources than the general project management software such
as Microsoft Project, using those tools is possible, provided there is knowledge of the tool and how to apply it.

The research on resource leveling in multi-story building projects helps explain how P6 is employed in construction projects to
level resources. Other research also demonstrates how the resource-loaded P6 can be used to optimize the labor and equipment
resources in construction phases, refine the resource usage profiles, and reduce project time 4. Such applications are usually
based on P6's automatic leveling and fine-tuning based on construction knowledge. That is why, in some cases, specific
systematic identification of building project resources has been described in works pointing at the effectiveness of its application
and higher parameters of project performance [, These studies help emphasize the necessity to clearly define resources'
necessities and limitations when using P6's leveling algorithms, as the software's reliability is based on the input data quality.
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The literature review on the causes of delay in industrial
construction projects shows that resource management is
likely to cause a delay if resources are interdependent [,
These findings suggest resource leveling as a preventive
measure for schedule delay, making P6 useful in sound
project control processes if well applied. A paper on the
financial management of BOT projects demonstrates
resource leveling with the help of financial planning using P6
as the scheduling tool [, This paper also shows how resource
leveling impacts a project's cash flows and risk factors; this
analysis shows that the resource management tools in P6
enhance the project's efficiency and financial performance.

Problem Statement

Several problems related to resource management in projects
that employ P6, including Some of these challenges, are as
follows: Lack of adequate resource-leveling. The following
challenges were noted: Resource leveling is not done
consistently. Here, resource leveling is done without
understanding the project's characteristics. Resource leveling
does not consider the resource or the time available for use.
Resource leveling does not consider resource skill level and
productivity . In addition, resource leveling algorithms in
P6 start with some assumptions about the resources that are
not always accurate, especially when there is uncertainty or
dependency on the resources . The typical approach of the
software for resource-leveling mostly entails crashing
activities within the available float, which is hardly feasible
in a real project environment. However, many organizations
do not maintain proper and accurate records of data in P6,
thus negating any leveling technique, however good it may
seem on paper Bl. All these factors imply that there is much
to be learned about P6's resource-leveling capabilities and
how they may be utilized depending on the type of project.

Solution

Resource leveling in P6 should be executed in a complex way
that includes using the program'’s features and other planning
methods. The solution starts with creating resource data such
as resource availability calendar, resource skill level, and
resource production rate 2. This foundation ensures that the
resource estimations of P6 are based on real conditions of a
project rather than the best-case scenario. The standardized
procedure for maintaining the resource data concerning the
changes in the availability and capabilities of the resources
should accompany an effective resource management system
81, Resource leveling in P6 should involve critical path
determination, identification of resource-constrained
activities, the definition of leveling goals, and enhancement
of the leveled schedule Bl. While P6 offers the project
managers different tools for automatic leveling, the best
approach should involve automation of the initial level. In
contrast, the final level should be done manually, considering
project characteristics.

Uses

Resource leveling in P6 is applicable in different projects and
project phases; it is most suitable for industries that require
many resources. In the planning stage of construction
projects, P6's resource leveling helps create practical plans
considering resource limitations from the beginning ©. This
helps avoid the development of schedules that are
theoretically possible but practically impossible to
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implement, which would require a lot of adjustments in the
future. In multi-project situations, P6 has the enterprise
capabilities to level resources at the portfolio level, allowing
organizations to level resources across projects M. This
enterprise view is especially useful for organizations with
resources used in parallel by many projects, such as
equipment or personnel with certain expertise.

In fixed-price contract preparation, P6's resource leveling
helps contractors create a competitive resource plan that is
also cost-effective to make the project deliverable B, It is
possible to identify how contractors can eliminate waste of
time, minimize overtime, and sequence their work to ensure
that they meet their schedules while delivering value. For
projects with spatial constraints, such as a workspace or
equipment positioning constraints, the resource leveling in P6
can be done concurrently with spatial planning to make the
resource-leveled schedule physically realistic 1. This is
especially so in renovation projects, construction of new
buildings in urban areas, and industrial plants where space
constraints play a crucial role in resource management.

Impact

The resource leveling techniques that are applied to P6 have
a positive impact on the project in regard to several aspects
of performance. According to the research, it is established
that projects that use systematic resource leveling have
resource-related delays reduced by 15-20% more than those
projects that do not use resource leveling Bl These are
benefits in terms of time that, in the long run, are translated
into cost savings in terms of overhead costs and optimal
utilization of resources. The effects of resource leveling are
not confined to the amount of money required in the project.
Research on BOT projects shows that effective resource
profiles can decrease financing costs by 5-8% due to the
better correspondence of the spending to the financing (1.
This benefit is most applicable, especially in large projects
where the cost of finance is usually a large fraction of the
project's total cost. From the resource management point of
view, proper leveling in P6 results in a more balanced
demand for resources and less use of extra workforce and
overtime [, Systematic resource leveling has been said to
reduce idle time and balance workloads in construction
projects by up to 12 percent of the total labor cost. It also
enhances quality outcomes and safety performance by
relieving the pressure to go faster during resource peaks.

Conclusion

Resource leveling in Primavera P6 is an effective technique
that can be used to manage and enhance resource usage in
projects characterized by high resource utilization. The
resource management functions of the software give the
project managers a means by which they can easily address
and even automate the detection of resource issues within the
duration of the project. However, these capabilities depend
highly on the approach used to implement them, the quality
of the data input, and the flow of this information with other
project management processes. Applying P6's resource
leveling techniques involves using algorithms and human
intervention, accurate resource information, proper setting of
parameters, and integration of resource management with
other control processes. The organizations that invest in
developing these capabilities will likely reap big in terms of
schedule reliability, costs, and usage of resources.
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