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ABSTRACT

In project management, a clear definition of the objective is required for the success of a project. Scope
management is a performance indicator used to ascertain compliance with predefined project boundaries.
The Work Breakdown Structure (WBS) is an essential part of the scope management process and a tool in
project planning. Although there is much research on WBS, there is a lack of information regarding the
relationship between the selection of WBS orientation and project completion time. In this paper, the
influence of alternative WBS orientations on project completion time is assessed. The Project Life Cycle
(PLC) and technology (T) WBS were applied across two projects—the construction of a Liquefied
Petroleum Gas (LPG) facility and the Renovation of an Office Complex (ROC)—using a top-down
decomposition methodology. The PLC-WBS and T-WBS were created utilizing Figma software. The
project duration was determined using the critical path method, which was implemented in the Python
programming language. Based on WBS selection, differences were discovered in the definition of the
project deliverables, network construction, and aggregation of work packages. These discrepancies had an
impact on the technological relationships between activities by reducing opportunities for parallel
processing. The LPG project was completed in 86 days using the PLC-WBS and in 80 days using the T-
WBS orientation. For ROC, the project can be accomplished within 128 and 126 days, using the PLC-WBS
and T-WBS orientation, respectively. This outcome suggested that there might be an association between
the WBS and the project objective. Therefore, an assessment of different WBSs in project scope
management demonstrated their potential influence on decision-making in activity planning and

scheduling, network construction, and project objectives.
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I.  INTRODUCTION

Scope Management (SM) is a performance indicator and a
significant component of the project knowledge area [1-2].
Performance metrics are essential for evaluating the
effectiveness of decisions taken to achieve organisational goals
[3]. SM is essential for obtaining a comprehensive
understanding of the tasks, limitations, and anticipated
results/deliverables of a project [4]. A lack of clarity in defining
and analyzing the SM process will have a direct influence on
the project's cost, duration, and quality [5]. Furthermore, a
deficient description of the scope could result in multiple
challenges occurring during the next phases of project
development [6, 7]. This sort of situation is often referred to as
scope creep. The occurrence of scope creep arising from
unplanned and uncontrollable changes is evident in project
completion time and cost overrun [8, 9]. Hence, to reduce the
frequency of project failures due to scope creep and other
factors, it is necessary to encourage transparent and consistent

communication between stakeholders team

members [10, 11].

and project

The SM process comprises the following steps: (i) planning
to define, validate, and control the scope, (ii) planning for
requirements and documentation, (iii) determining the scope
and stakeholders' needs, (iv) developing a Work Breakdown
Structure (WBS), (v) requesting approval from the project
owner, and (vi) assessing the performance of the scope [1-2].
The intention of developing a WBS is to generate a formal
statement of the project’s deliverables. The WBS presents
project deliverables in a structured manner, including planning
information such as the actual work needed, the impact on
resources and costs, and schedule details [12, 13]. A WBS is a
hierarchical breakdown of the work that the project team must
do to achieve the project objective and serves as a project
taxonomy. While the WBS is derived from the project scope,
different approaches (or orientations) used to construct the
WBS can greatly impact the objective of the project [14].

www.etasr.com

Odedairo: Assessing the Influence of Various Work Breakdown Structures on Project Completion Time



Engineering, Technology & Applied Science Research

Vol. 14, No. 2, 2024, 13773-13779 13774

A. WBS: Design, Orientation, and Decomposition

WBS is an essential document that establishes a direct
connection  between  project objectives and their
implementation through a continuous iterative process. In
Project Management (PM), WBS is a multilevel system
indicating logical connections among the work activities that
constitute a project. The WBS breaks down the project into a
hierarchical framework, enabling monitoring and control [15].
A comprehensive WBS supports the clear identification and
description of project deliverables [16]. Therefore, the
attainment of deliverables in a project can be achieved through
the implementation of a strong WBS [17]. In the design of a
WBS, measures such as man-hours, dollar value, and
completion time can be introduced to determine the
performance of the work packages [2, 18]. Work Packages
(WPs) are deliverables that exist at the lowest feasible level of
a WBS (i.e. work to be done to complete each task). An
inadequately planned WBS can result to unclear job
allocations, scope modifications, unsatisfactory deliverables,
prolonged project timelines, etc.

Before deciding on the direction of the decomposition
process, it is necessary to determine the WBS orientation or
pattern. The design of a WBS orientation can be established by
considering the following factors: (i) the product or deliverable,
(i) the stages of the Project Life Cycle (PLC), (iii) the
technology involved, (iv) the geographical aspects, and (v) the
underlying processes [19]. A Deliverable WBS (D-WBS) is a
systematic grouping of components required for the
manufacturing of a product or the successful completion of a
project [2]. A PLC-WBS facilitates the procedure of converting
a concept into a tangible outcome. The PLC-WBS can be
planned or change-driven. If change-driven, the degree of
change can be predictive, iterative, or incremental [20].
Furthermore, the utilization of the PLC strategy in designing
the work breakdown structure facilitates the efficient tracking
of significant project milestones. Nevertheless, its utilization is
uncommon [21]. The Technology WBS (T-WBS) is preferred
for projects with a high level of specialization, functional
hierarchy, and discrete technology. Additionally, the T-WBS
facilitates centralized project control in the presence of diverse
technologies. For a Geography-based WBS (G-WBS), the
project is divided into homogeneous subprojects with similar
activities. For example, a project involving the construction of
similar structures in three regions may require three project
managers. Therefore, the culture, language, and legal system
associated with the project's execution may have an impact on a
G-WBS. The Process-WBS (P-WBS) involves breaking down
a project into discrete steps, work activity phases, and
functions, with each level having specific deliverables [17]. A
decentralized system supports the use of a P-WBS.

Decomposition, also known as disintegration, is a planning
technique in which the scope of a project is divided into
manageable segments or elements [22]. This involves the
division and further subdivision of the scope into smaller
entities. Decomposition facilitates the analysis of a project at
both the work package and organisational levels. A guideline in
the decomposition process is the 100% rule. According to this
rule, the subsequent breakdown of a WBS element, also known

as a child, must encompass the entire previous task, referred to
as the parent [23]. In the literature, there are two decomposition
approaches: bottom-up and top-down [2]. The top-down
strategy is recommended for centralized decision-making and
the division of a project into subprojects. In the bottom-up
approach, the project framework is constructed starting from
the work package level. A bottom-up strategy is preferred for
projects with a high level of complexity [24]. Hence, the
selection of a WBS technique is subjective and typically relies
on factors such as the project manager's expertise, the project
team's composition, the management approach, consideration
of alternative methods, and the nature of the project.

B. Related Literature

The utilization of the WBS, a fundamental tool in project
scope management, has been associated with the level of
project success [19, 25]. Specifically, scheduling, network
planning, resource allocation, and cost allocation require the
WBS as a point of reference [26]. In [27], it was demonstrated
that it is possible to use several WBS approaches to break
project activities into tasks and work packages. In addition,
several organisational structures can be utilized during project
conceptualization and implementation. The design and
integration of WBS have received much attention in the PM
literature. Using neural networks, authors in [12] designed a
WBS as a decision support system. The authors in [29] created
a comprehensive decision support system that utilizes building
information management and WBS. Authors in [17] integrated
the cost breakdown structure and WBS to enhance decision-
making in construction projects. For corporate events, a WBS
was created in [29]. Authors in [30] examined the relationships
between critical success factors and PM techniques in the
construction sector of Malaysia. Their analysis revealed the
limited use of PM tools and methods. Authors in [31]
interviewed 40 professional staff members at a university
planning department. They observed that the WBS is a
statistically significant tool for determining the successful
completion of a project based on its scope. Nevertheless, the
literature on methods for comparing different work breakdown
structures and the expected impact on project completion time
is sparse.

C. Research Objective

In traditional and modern projects, the choice of a WBS
orientation is different. For example, the type of PLC and
organisational structure is different in construction and IT
projects [32]. Invariably, a discrepancy between the WBS and
organisational structure may delay or hinder the success of a
project [33]. The WBS has not been given sufficient attention
in the literature [27, 34], although, it is considered a
fundamental and reliable instrument for planning and
specifying work packages. Furthermore, information is sparse
regarding the relationship between the selection of different
WBS orientations and project completion time. The current
research aimed to assess the influence of the PLC-WBS and T-
WBS on project completion time.

II. METHODOLOGY

This section focuses on the assumptions made during
project selection, the framework that connects the work
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breakdown structure to the project objective, the process of
selecting WBS, and the estimation of the project completion
time.
A. Assumptions

The following assumptions guide the selection of projects
for this research:

e The project scope remains constant throughout its entire
duration.

e The cost of materials and resources remains constant
throughout the project duration.

=D

Select a project,

v

e The equipment will be fully functional during the project’s
implementation.

e The project's quality is assured.
e Organisation breakdown structure is assured.

B. Framework for Determining the Relationship between

WBS Orientations and Project Completion Time

In Figure 1, the framework for assessing the influence of
the selected WBS orientations on the project completion time is
presented.

Compare project
completion time
for WBS
design/orientation
i=1.Y

Obtain WBS
orientation with
minimum
completion time

: : Select a WBS Decompose project Schedule project
Remizz perc:-]ect design/orientation using selected WBS m using critical
p ie WBS (i =1..Y) orientation path method
Identify critical
path and obtain
project
completion time
Fig. 1. Framework for assessing the influence of alternative WBSs on project completion time.

C. Project Selection

Data were gathered from two projects. The projects involve
building a Liquefied Petroleum Gas (LPG) facility and the
Reconstruction of an Office Complex (ROC). The LPG and
ROC are denoted as m = 1 and m = 2, respectively. The aim is
to minimize the time required to complete these projects.

D. Selection of WBS design and Orientation

The design and orientation of the WBS were based on the
PLC and T pattern using the top-down decomposition
approach. In the design of the WBS, the following frameworks
were considered: (i) the 100% rule, (ii) work package naming
and coding, and (iii) sizing. The relevant tasks in the project
were identified and classified at the parent and child levels.
Subsequently, PLC-WBS and T-WBS were designed. The
design of the WBS was achieved using Figma software [35].

E. Determination of Project Completion Time

In a project, three fundamental objectives are common: (i)
maximizing the use of limited resources, (ii) using allocated

resources within the specified time frame, and (iii) delivering a
product or service within the agreed quality or standard
requirements. Minimizing project completion time (or
makespan) is the most researched objective in the literature.
The development of the Critical Path Method (CPM) and
Project Evaluation and Review Technique (PERT) advanced
the use of network diagrams in project scheduling. The use of
CPM assumes unlimited resource availability with time
restrictions (i.e. a project has an imposed date to be completed).
In this work, the project completion time was determined using
the CPM methodology implemented in Python v3.10.9.

II. RESULTS

A. Project Decomposition

In Figure 2, the PLC-WBS is presented for the LPG project.
The parent elements are start-up/design (1.1), procurement
(1.2), execution (1.3), quality control (1.4), and finishing (1.5).
In Figure 3, the PLC-WBS is presented for the ROC project.
The parent elements are design (1.1), procurement (1.2),
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equipment/procurement (1.3), start-up operations (1.4), and
training and retraining (1.5). In Figure 4, the T-WBS is
presented for the LPG project. The parent elements are
plan/schedule (1.1), site preparation (1.2), construction (1.3),

procurement (1.4), operations and maintenance (1.5), and

finishing (1.6). In Figure 5, the T-WBS is presented for the
ROC project. The parent elements are planning and scheduling
(1.1), construction (1.2), procurement (1.3), maintenance (1.4),
operations (1.5), and human resources (1.6).

1.0 LPC: PLANT
1.1 Startup/Design 1.2 Procurement 1.3 Execution 1.4 Quality Control 1.5 Finishing
111 11.2 Sitelocation 121 Sand/Stone/ 131 Column 1.'3.2 Block Work 1.3.3 Roof beam 1.41  Mechanical 1.4.2 Electrical works 1.5.1 Scaffold for rendering
Planning | design Gravel Syueture 1321 Construct 1331 Casting of Column /Lintel orks
11,24 Clearing 321 Construc 9 1417 MetalGates) ~ %:4-21Conduit design
1111 of site 1.2.2 Cement 1.311 Concrete I footing for Blockwork 1332F « for Roofb fixin 15.2 Rendering
Budget Plan 1122 Trench Biscuit 1.3.2.2 Blockwall -4 Framework for Roofbeams Door fixing 1.4.2.2 Distribution board
P jon 33 Block J I In Foundation 1.3.3.3 Reinforcement for Roof Beam ) 133 Roofing
112 Evacuation 13 1.3.2.3 Filling of i 1.41.2 Welding 1.4.2.3Fitting of Electrical 1 Plasterin
Cost Analysis 112-3 Establish .24 Iron Rod Binding of Column | Blockwall in FON .3.3.4 Casting of Roof Beam 1413 Plumbing installations T 9
b s Benchmark % & Wooden Plank Bases 13.2.4 Backfilling with laterite 155 Celling finishes
et 1.1.2.4 Digand ! . 1.41.4 Install PG pump
Prepare Scope smoothen  1.2.6 Water Tank 1313 1.3.2.5 Compacting of the 156 Clearing for Tiles laying
of Work column bases ) Framework for FDN lateritic soil
1114 1.2.7 Roofing Sheet Column 1.3.2.6 Hardcore in foundation 1.8.7 Tiling
AL Supplier )
Mobilise | .pp . 1314 1.3.2.7 Casting of sub-structure 1.5.8 Windows
N 1.2.8 Tiles Supplies pI ‘s floor
Machinery acement of Starter 159 Doors
129 Wi A jes Columns Reinfs
- 1.3.2.8 Removal of formwork e
1315 1510 Painting
- 1.3.2.9 Blockwork at Groundfloor
stlmg of Column Bases
1316
Placement of Column  1.3.2.10 Blockwork to roof
Bases
1317
Casting of FDN Columns
Fig. 2. PLC-WBS for LPG project.
1.0ROC
11 Design 1.2 Gonstruction 1.3 Equipment Procurement 1.4 Start-Up Operations 1.5 Training and Retraining
1|n Planning 112 Logistics L: Raof beam 121 Design Infr 1.2.2 Implement 1.31 Identify Suppliers ;41 i 1.4.2 Movement Lja Maintenance 1[,1 Organise Training
ommunication
. 1.2.2.1 Build Office 1.4.2.1 Hire Removal 1.4.31 Network Maintenance Plan
AL Detige 1i3-:31 Casting of Column Lintel 1.211-/\dantity MadFcstion 13.2 Fumiture 14,11 Communicate Company | 1.2 Organise Security Tralining
Feairemant 1.3.3.2 Framework for Roofbeams 1212 Hire Contractorfor 11222 Install Electrical works : Details 14.2.2 Identify Lie2 computsr Mantenance Plan. |
2 1 ificati 133 Phone Accessaries 1412 send Mailto Equipment to Move 1,433 Office Maintenance Plan 153 Qrganisa Fire Dril Exarcise
1333 f B 12.23 Install C Network
Appaint Overseer {orROOTERaM 1213 Design Floor Plan s"::em:’""”""' SOk 1 3.4 Computer Systems I customers, 1423 Moveanamaig
1:3.3.4 Casting of Roof Beam 2 Suppliers | Furniture
1.Z1.4 Design Electrical System 1.2.2.4 Install Phane Network 13.5 Security Systems 1433 1.4.2.4 Move and Setup i i
13 Modificition Upaate Contict | Computer 1.4.3.5 Arrange for Cleaning Services
Set Budget 1215 ag:dig'n :unz system 1.2.2.5Others 136 Stationeries Details. 1425 Removal of BOXes 438 Racycling Need
ification
1114 1215 Dy Mg Mocficats 137 Key/Badges/Cards  1.41.4
Prepare Schedule R adticon Nolify Post Office 1426 Cleanup 1334 "Hhioh Disposci blan
1217 Design Security

System Madification

PLC-WBS for the ROC project.

1. Plan/Schedule

111 Budget Plan

11.2 Cost Analysis
113 Prepare Work Scope

11.4 Mobilise Machinery

1.2 Site Preparation

1.21 Clearing of Site

1.2.2 Trench Evaluation

11.4 Establish Benchmark l

1.1.3 Dig and Smoothen
Column Bases

Fig. 3.
1.0 LPG PLANT
1.3 Construction

1.31 Column Structure 1.3.2 Block Work Lis Roof Beam
1.311 Concrete 1.3.2.11 Concrete Footing for  1.3.3.1Casting of Column and Lintel

Biscuit Blockwork | .
1512 Binding of 1522 Blockwall ih 1.3.3.2 Formwork for Roof beams

Column Bases Foundation 1.3.3.3 Reinforcement for Roof

1.3.2.3 Filing of Blockwallin | Beam

1.31.3 Formwork for FON 1.3.3.4 Casting of Roof Beam

FDN Column

1.4 Procurement

1 Sand, Stone and Gravel

1.4.2 Cement

1.5 Operations and Maintenance

151 Mechanical 15.2 Electrical works
Works
1511 Metal Gates/  1,5-21 Conduit design

Door fixing

1.5.2.2 Distribution board

1.3.2.4 Backfilling with Laterite

1.3..4 Placement of

1.3.2.5 Compaction of the Filled

Starter Column
Reinforcement Latestiic sol

1.3.1.5 Casting of 1.3.2.6 Hardcore in Foundation
Column Bases

.6 Placement of

1.3.2.7 Casting of Sub-structure
Floor

Column Bases

1.3.2.8 Removal of Formwork

1317 Casting of FDN

Column

1.3.2.9 Blockwork at Ground Floor

1.3.210 Blockwall to Roof

Fig. 4.

w

Building Block

Iron Rod

©

Wooden Plank

Water Tank

~

Roofing Sheet Supplies

1.4.8 Tiles Supplies

1.4.9 Window Accessories

T-WBS for LPG project.

‘IJ.'.Z

1513 Plumbing

Welding

installations

1514  Install PG pump

1.
155.2.3 Fitting of Electrical

16 Finishing

161 Scaffold for rendering

16.2 Rendering

.3 Roofing

16.4 Plastering

1.6.5 Ceiling finishes

1.6.6 Clearing for Tiles laying
167 Tiling

168 Windows

16.9 Doors

1610 Painting
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1.0 ROC
1
11 Planning/Scheduling 1.2 Construction 13 14 1.5 Operations 1.6 Human Resource

1.5 Identify Equipment to Move

111 Planniny 121 Design 122 i 1.41 Maintenance Plan for Network

] 312 Ske Prapacation ig 131 Identify Suppliers ) 161 Designinfrastructure ~ 1.6.2 Organise Training

1.5.2 Move and Build Furniture

1111 Define 11.21 Contact Realtor 1211 Identify Modification ~ 1:2:21 Bulld Office . 342 Maintenance Plan for Computer. 1611 Identify Modification 1821 Organise Phone Training

1. urniture

Requirements 1.5.3 Move and Set up Computer |

161.2 Design Floor Plan

1.43 Maintenance Plan for Office
3 Phone Accessories | Facilities
1.4.4 Arrange for Insurance

11.2.2 Get Potential Site  1.21.2 Design Floor Plan 1.2.2.2 Install Electrical works 16.2.2 Organise Security Training

12 11.2.3 Select Best Site 1.2.2.3 Install Computer Network 1.5.4 Organise Removal of Boxes
Appoint Overseer |

Systems

| 1623 1]
1213 Design Electrical 134 Computer Systems |J_|3 Design Electrical Organise Fire Dri

11.2.4 Negotiate lease/Sale | SystemModification 5 VSR 145 Arrange for Cleaning Services 155 Clean up Old Offices | System Modification
113 1214 Design Phone system | 135 Security Systems 161.4 Design Phone system
St Budget 11.2.5 Sign lease/Sale | Modfication 1235 Grhirs B 146 Plan for Recycling 1 Modification
1114 1215 Desigh Network 1.47 Plan for Trash Disposal 1615 Design Network
Modification 137 Key/Badges/Cards Modification
Prepare Schedule 1.21.6 Design Security 1616 Design Security
System Modification | System Modification

1.6.1.7 Window Accessories

Fig. 5. T-WBS for the ROC project.

B. Project Completion Time

The impact of the two WBS orientations on project
completion time (in days) is presented in Table I.

TABLE L QUANTITIES IN DPS
WBS orientation
. PLC [ T
" Project Name Completion Time
1 LPG 87 80
2 ROC 128 126

The LPG project (m = 1) can be completed in 86 and 80
days wusing the PLC-WBS and T-WBS orientations,
respectively. For the ROC (m = 2), the project can be
completed in 128 and 126 days using the PLC-WBS and T-
WBS orientations, respectively. The use of the T-WBS resulted
in a 6-day and 2-day reduction in the project completion time
for the LPG and ROC projects, respectively. The CPM
implementation in Thonny 4.1.4 with Python version 3.10.11 is
presented in Figure 6. The scheduling procedure utilized to
derive the outcome presented in Table I was assumed to be
deterministic, meaning that it involved planned activity
duration. Clearly, the project completion time will vary when
the actual duration of activities is utilized to calculate the
project completion time. In practical scenarios, the total float
acquired can be utilized to minimize time deviation.

HS\HP Pavilion Doc\PART A\Thonm\CPM LPG FINAL WORKING CODE 27022024py @ 16:90

WORKING CODE 270220240y
V. _az,

y_44, activity 45, activity 46,

y a8,

y_50, activity 51, activity 52, activity 53,
ity 54, activity 55]

reverse_1= activity_data[:-1]

for activity in a
predecessor
if predecessors

: Predecessors =
: Earliest start
: Earliest start
: Earliest start
: Earliest start
: Earliest start =
: Earliest start = 11 : Earliest
: Earliest start = 12 : Earliest
= Duratios : Predecessors Earliest fi
ctivity No = 10 :Duration = 1 : Predecessors = [1, 2, 3] : Earliest start = 5 : Earliest finish= 6

Fig. 6. CPM implemented in Thonny 4.1.4 with Python 3.10.11.

: Predecessors
: Predecessors
: Predecessors
: Predecessors
: Predecessors

: Predecessors
: Predecessors

1
2
2
2
3
3
1
3
1

C. Discussion

The use of WBS in planning a project is significant;
therefore, based on a WBS selection, differences in project

deliverable definitions, network construction, and work
package aggregation were discovered. These discrepancies
impacted technological relationships between project activities,
especially by constraining parallel processing between some
activities. In Figure 2, using PLC-WBS for the LPG plant, the
WBS element "startup/design" (i.e. 1.1) was subdivided into
two work packages (1.1.1 and 1.1.2), with 4 sub-elements for
each package. In Figure 4, the T-WBS for the LPG plant shows
that the WBS element "startup/design” (1.1) need no additional
decomposition but includes four sub-elements. This suggests
that PLC-WBS orientation allows for more breakdown in this
circumstance. Therefore, scheduling the LPG plant using the
PLC-WBS further added more precedence relationships among
the activities occurring before WBS element 1.2. The result
supported the reason why PLC-WBS is not commonly used as
stated in [21]. Also, the aggregation, decomposition, and
development of the project network appear to influence the
complexity of the scheduling process and project completion
time as shown in Table I. Therefore, due to the possible
mismatch that may arise from different WBSs, a one-size-fits-
all organisational structure may not be possible in aligning
WBS with the organisation breakdown structure. This supports
the research findings in [5, 27, 31]. Clearly, the use of
alternative WBSs can enhance completion time decisions
during project scheduling. Additionally, technology-oriented
WBSs appear effective for construction projects.

IV. CONCLUSION AND FUTURE WORK

The Work Breakdown Structure (WBS) serves as a
descriptive representation of the overall work packages entailed
in a project. The WBS enables the project team, customers, and
other stakeholders to have concrete interactions with one
another and follow the progress of a project from the initiation
to the completion stage. In this study, two WBS orientation
designs were applied to examine their influence on project
success, with an emphasis on project completion time. The
scopes of a Liquefied Petroleum Gas (LPG) plant and the
Renovation of an Office Complex (ROC) were obtained, and
through a top-down approach, the projects were decomposed
using the Project Life Cycle (PLC) and Technology (T) WBSs.
For the LPG and ROC projects, 8% and 1.5% decreases in
project completion time, respectively, were achieved using the
T-WBS orientation. The use of different WBSs in project scope
management can reveal an effective approach to minimizing
project completion time. Hence, our study employed the
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decision-making procedure illustrated in Figure 1 to evaluate
the impact of WBS on project success by analyzing the time
taken for completion.

Nevertheless, previous research claimed a relationship

between the two factors, but the approach to support this
assertion was sparse. In further work, the impact of multiple
WBS orientations on the completion time of modern projects
(e.g. research, new products, and software development) can be
researched.
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