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 Case Study 2
Groups Work. Duration 60 mnt. Scored Exam (included in the practical Part of the 
Exam)

Each group has a paper to review and analyze, then propose a PPT presentation (in 
the following format).

Presentations must be provided in defense format (10min / 5min discussion).

No presentation will be accepted beyond 60min.

Format of the presentation (defense)

 1. Context, Definitions, 

 2. Objective(s),

 3. Problem, solution, technique 

 4. Your opinion, conclusion

 5. What did you learn from this paper ?

In the following, the list of papers to study by group
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Group 1: Can Multidimensional WBS be the Solution for IT Project Issues?

Group 2: Hierarchical breakdown structures 

Group 3: Work breakdown structure (WBS) development for underground 
construction

Group 4: Applying the Work Breakdown Structure to the Project 
Management Lifecycle

Group 5: A framework for costing service oriented architecture (SOA) 
project using Work Breakdown Structure Approach (WBS) approach
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Can Multidimensional WBS be the Solution for IT 

Project Issues? 

 

By Asma AlFadha 

 

Abstract 

From small organization to large, IT projects are growing rapidly with the revolution of 

technology and expansion of systems. They worth the companies a lot and become very 

important while most of the organizations are moving toward digitizing and automation. 

Consequently, the need of good project management is necessary to achieve the goal without 

wasting time and cost.  

 

Work Breakdown Structure WBS has proven to be a powerful control, plan and monitor tool 

for projects. It decomposes the projects to manageable components. This helps to execute the 

project very well, estimate the cost and schedule, allocate and assign resources and track the 

project progress and performance. The result of all of these outcomes can hit the heart of the 

project success.  

 

Through this short paper, different models of WBS will be explored including a 3D WBS. 3D 

WBS was first introduced by Moine where he projected 3 types of tree structure and 

combined them together to form one cube model that make effective different in the project 

management field. The paper will also suggest, based on comparison and evidence, for IT 

project managers to adopt the 3D model as it proves its efficiency in other industrial fields.  

 

Keywords: WBS, Building Information Modeling, Multi-Dimensional WBS structure, 

Business Intelligence System, components, tasks, tree structures.  

 

1. Introduction 

From small to large organizations, IT projects exist in almost all the companies. The success 

of these projects reflects highly in the performance of the organization in general. 

Implementing Enterprise Resources Planning (ERP) systems, Document management 

systems (DMS) and others have lots of potential challenges in each and every implementation 

step and activity. One of the tools used to implement the project successfully and overcome 

the challenges is Work Breakdown Structure (WBS).  

 

Work Breakdown Structure WBS is a tool to decompose the project into smaller components 

(tree structure). It’s a project management tool that is important to establish a framework for 

better management control over the projects budget, schedule and scope. It is also defined as 

“an enumeration of all work activities in hierarchic refinement of detail which organizes 

work to be done into short manageable tasks with quantifiable inputs, outputs, schedules, and 

assigned responsibilities” 
1
   

 

                                                 
1
 See Tausworthe in the Journal of Systems and Software Vol. 1, pages 181-186. 

http://www.pmworldjournal.net/
http://www.pmworldlibrary.net/
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The WBS has been developed from being flat and covers only one perspective of the project 

to be multidimensional and more comprehensive by combining different types of tree 

structure. Construction projects are using multidimensional models since almost 50 years and 

these models are standardized for the construction and civil projects and can be up to 4 

dimensions. Recently, Moine
2
 developed an 8 dimensional model by combining many types 

of tree structures. 

 

The 8 dimensions model developed by Moine is basically based on the famous theory of Lisi: 

The unified theory of universe
3
. The theory was developed by a young scientist called Garrett 

Lisi who presents in this theory an 8 dimensional model of elementary particles which can 

answers all the big questions of the universe. Lisi said: “All fields of the standard model and 

gravity are unified as an E8 principal bundle connection”
3
. This claim can have a positive 

effect on WBS by assuming that the tasks (lowest component of multidimensional WBS) can 

have common fractals repeated from bottom to upper level building up a full project. The 

repeated fractal here is the star tetrahedron shape shown below which has the 8 questions: 

What, Where, How, When, Who, Why, How much and For What. The answers of these 

questions can be derived from a multidimensional database and they are the same questions 

repeated for each component in each level of the project and program. One note about the 

Lisi theory is that it’s not yet completed nor finalized. 

 

 
Figure 1 – Star tetrahedron project 

4 

Oil and gas field has also created and used a multidimensional standard coding model – 

Norsok – since 25 years ago. NORSOK Z-014 cost coding system consists of 3 set of sub-

coding systems: physical breakdown structure, standard activity breakdown and code of 

resources.  

 

Toward WBS standardization, construction industry started using a Building Information 

Modeling since the last decade. Building Information Modeling is the process of creating and 

developing virtual design and construction illustrating the whole project’s life cycle. Hence, 

Building Information Model (BIM) –produced by the building information modeling process 

– is a 3D digital representation of the building components and functional characteristics 

using consistent types of data and information. The BIM helped the construction industry to 

come over serious challenges like the increasing demand of labors versus the hourly cost.  

                                                 
2
 See Moine, J.Y. http://3d-wbs.blogspot.fr 

3
 See Lisi paper http://arxiv.org/pdf/0711.0770v1.pdf  

4
 See Moine, J.Y. http://3d-wbs.blogspot.fr 

http://www.pmworldjournal.net/
http://www.pmworldlibrary.net/
http://3d-wbs.blogspot.fr/
http://arxiv.org/pdf/0711.0770v1.pdf
http://3d-wbs.blogspot.fr/
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However, one of main issues that have been sorted out by BIM is scheduling. BIM can be 

used for scheduling and cost estimates, in fact 4D BIM is a schedule integrated BIM where 

you can see multiple dimension of Gantt schedule and instance drawings.
5
  

 

Illustrating the whole life cycle of an IT project is very useful achieving the project. In the 

early 2000s almost most of the biggest countries with the biggest construction projects has 

adopt BIM. However, this tool is still shy in IT field; the BIM along with WBS can build a 

very powerful multidimensional schedule. Imagine what useful information the project 

managers, project team and informed parties can get when WBS is used to build BIM – along 

with other information. One for instance and as mentioned previously is the multidimensional 

schedule. What WBS offers for BIM is a standard WBS codification. 

 

BIM is out of this paper scope however continuing with WBS and specifically what called 

3D WBS (multidimensional) model. Other than the ordinary “flat” WBSs which are currently 

used in IT projects, 3D WBS shapes a cube out of many tree structure types crossed each 

other and gives 6 faces or sides of views. How we are seeing the project from 6 different 

perspectives. A 3D WBS combines activities, zones and products so standardization can be 

generated from activities vs. products for any product line. The zones however will be 

different from project to another.  

 

IT projects are still without known standard codification system and didn’t publish any 

multidimensional model for WBS. The other business fields have been running projects 

successfully for their projects with standardization and in order to build one we need first to 

find the most appropriate model.  

 

The author in this paper is going to try to answer the following questions: 

 

1. Is a multi-dimensional WBS approach suitable or appropriate for use in software 

development and IT projects? 

 

2. Is there any comparison or analogies that can be drawn from the architecture and 

engineering of buildings using Building Information Modeling (BIM) to the 

architecture and engineering of software projects? 

2. Tree structure types 

There are many types of tree structure as following:
6
 

 

 ZBS (Zone Breakdown Structure) or GBS (Geographical Breakdown Structure) 

 PBS (Product Breakdown Structure) 

 SBS (Systems Breakdown Structure) or FBS (Functional Breakdown Structure) 

 ABS (Activity Breakdown Structure) 

 OBS (Organization Breakdown Structure) 

 RBS (Resources or Risks Breakdown Structure) 

                                                 
5
 Review Hergunsel, M. F. (2011) thesis BENEFITS OF BUILDING INFORMATION MODELING FOR CONSTRUCTION 

MANAGERS AND BIM BASED SCHEDULING  
6
 See Moine, J.Y. http://3d-wbs.blogspot.fr  

http://www.pmworldjournal.net/
http://www.pmworldlibrary.net/
http://3d-wbs.blogspot.fr/
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 CWBS (Contract Work Breakdown Structure) and many others. 

In IT projects, manager are mostly used ZBS, PBS and ABS and in this paper particularly we 

will concentrate on these types for flat WBS types.  

A. Zone Breakdown Structure (ZBS) 

 

The term Zone Breakdown Structure (ZBS) refers to the tree structure of areas, sites or the 

geographical parts of the project generally. For IT projects the ZBS can be: 

 

 Functional: System versions or releases. For each release, we add functionalities  

 Physical: can be categorized as: 

1. Web applications 

2. Desktop applications  

3. Mobile, tablets applications 

 Environmental: The operating system for desktop: Windows, Mac, UNIX or 

Linux. For the mobiles: iOS, Android, BlackBerry etc... For the websites the 

zones can be considered as the types of the browsers: IE, Firefox, chrome etc... 

 
Figure 2 – ZBS

7
  

 

B. Product Breakdown Structure (PBS) 

 

The product breakdown structure breaks the project into physical elements, products, systems 

or sub-systems. The system or the software usually is divided into multiple applications, 

programs that together they form the final system. Each one of those programs and small 

modules form a release or, what developers like to call, version of a system.  

                                                 
7
 See Moine, J.Y. paper titled 3D Work Breakdown Structure method. 2013, April  
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Figure 3 – PBS 

8
 

 

C. Systems Breakdown Structure (SBS) 

 

PBS is part of system breakdown structure (SBS); some called it Function Breakdown 

Structure. Figure 2 explain how the product is part of a system.  

D. Activity Breakdown Structure (ABS) 

 

Activity breakdown structure is the hierarchy of activities, phases and sub-activities. The 

activities are linked together to form processes. Activities are not tasks rather than actions 

that can be described with verbs.  

 
Figure 4 – ABS

9
  

 

                                                 
8
 See Moine, J.Y. paper titled 3D Work Breakdown Structure method. 2013, April 

9
 See Moine, J.Y. paper titled 3D Work Breakdown Structure method. 2013, April 
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E. 3D WBS 

 

Moine (2013) has developed a 3D WBS model after a railway project in Qatar. The model 

projects the flat types of WBS and combines them into one cube. Furthermore, Moine has 

figured out the activities (ABS) are deployed on products (PBS) which are constructed and 

deployed on geographical areas (ZBS) and came up with the 3D model.  

 

The 3 types are mixed together to form a dimensional cube where the ABS is the x-axis, PBS 

is the y-axis and the z-axis is ZBS.  Hence, a fourth dimension can be added which is the 

Organization Breakdown Structure, OBS, and this can be extended to Resources Breakdown 

Structure, RBS.  

 

The three tree structures: ABS, PBS and ZBS crossed each other to build the 3D WBS cube 

producing small cubes inside the big one; these cubes are the project’s tasks.  

 

 
Figure 5 - 3D WBS cube 

10
 

 

For IT Projects this model is very powerful. Instead of having linear WBS with one 

dimensional, more components can be considered while breaking the projects. Most of the IT 

systems are in fact a collection of small programs and this is the reason behind why PBS is 

widely used in IT. More, there is an orientation toward “phases” and dividing the project into 

defined phases. However, all of these models have shortages as we will explore in later 

sections.   

 

3. Develop WBS for IT Projects 

There so many approaches used for WBS in IT projects. The project managers are usually 

mixing 2 types of tree structures to come up with a suitable one, a mixture of product and 

activities is often used to form 2D WBS. Here are two models of WBS: 

 

1. Product – Activities model: Activities (ABS) are deployed for each product (PBS) 

where level 1 is PBS, level 2 is ABS. the figure below illustrate this model for 

Business Intelligence System (BI).  

                                                 
10

 See Moine, J.Y. paper titled 3D Work Breakdown Structure method. 2013, April 

http://www.pmworldjournal.net/
http://www.pmworldlibrary.net/
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Figure 6 - 2D WBS for BI system 

11
 

2. Phases model (ABS): The second is the purely activities group by phases. This one is 

commonly used in IT projects, activates are set as the highest level of the structure 

and they are applied to each product and version. The same previous example –BI 

system – will be used for this model also.  

 

 
Figure 7 - ABS for BI system 

12
 

                                                 
11

 AlFadha, A. (2014) 
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4. Developing 3D WBS for IT projects 

The trend now is going toward the multidimensional structures.  

 
Figure 8 - 3D WBS cube 

13
 

5. WBS Comparison  

Comparing between the 3 above WBSs, below is a list with advantages and disadvantages for 

each model. 

 

1. Product – activities breakdown structure (by products): 

 

Advantages:  

o It gives quite comprehensive look about the project and what’s required to be 

done by products 

o The level of details is Fair 

o Flexible cost estimate product wise 

Disadvantages: 

o It doesn’t give a comprehensive image by releases (ZBS) 

o Easy to report the higher levels however it will become more difficult to report 

to the client when you go more deeply in work  

o Difficult for resources assignment  

 

2. Activities breakdown structure (by phases): 

 

Advantages: 

o Easy for resources assignment  

Disadvantages: 

o Un- comprehensiveness 

o The level of details is bad 

o Progress report is not optimal  

o Not good for cost estimate 

                                                 
13

 AlFadha, A. (2014) 
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3. 3D WBS 

 

Advantages: 

o Excellent level of details 

o Comprehensive, covers all aspects of the project structures 

o Progress report can be easily prepared 

o Optimal for cost estimate 

 

6. Discussion: Multidimensional WBS (3D WBS) for IT project  

This short paper discusses the WBS for IT projects in general however the author would like 

to highlight the 3D WBS and multidimensional models particularly. As previously defined 

3D combines 3 types of WBS, this helps to better understand the projects and manage them 

more efficiently. Furthermore, the Responsibility Assignment Matrix (RAM) can be 

represented in the 3D WBS and this allows assigning the smallest components in the 3D 

cube, the tasks, to OBS (organization breakdown structure) and resources. Instantly where 

pure ABS (phase’s structure) lacks of deep details of the project, 3D WBS gives an excellent 

details up to tasks and their resources assignment (this can extend 3D WBS to more 

dimension up to 8). Unlike flat WBS, 3D WBS has flexible report preparation by any aspects; 

progress report can be prepared by products, zones (versions) or activities which suit any 

decision makers and stakeholders from any discipline.  

 

3D WBS introduces what it called logical links which build interfaces between the structure’s 

smallest components. Those interfaces get produced when two tasks are linked together 

building a network inside the WBS. The types of relationships -links- between the tasks are 

the classical: Finish to Start (FS), Start to Start (SS) and Start to Finish (SF) however the 

natures of these logical links are Zones, Products and Activities. For instant, FS can have the 

three coordinates - zones, product and activities - but each logical link will have one 

dominate coordinate. Each task has a start and finish dates off course and with these links a 

flexible and complete schedule can be created perfectly. Accordingly, the interfaces are the 

period or distance between each tasks in the WBS and this helps a lot in identifying the risks 

of the projects. 

 

One of major issues with IT projects is expansion of functionality where the requirements 

goes beyond the scope and the customer requests and expects more from the software, system 

or application. Expansion of functionality will lead to cost overrun and delay in project 

schedule, one of the ultimate solutions to solve this problem is a robust and good WBS. 3D 

and multidimensional in general allows for better cost estimate based on products, versions or 

activates. For that the 3D WBS defines the tasks better than any models as it, in other words 

3D WBS says:  “activities for a product that is implemented in certain version of the system”.  

 

Looking at the other experience with multidimensional WBS, multidimensional models have 

been adopted from quite long time in construction and oil and gas projects. The different 

models including Omniclass and Norsok have up to 4 dimensions. Omniclass has developed 

to classify the information used in engineering and construction fields. This classification 

standardized all the organization information and it’s contributing in building BIMs for 

constructions projects. 

 

http://www.pmworldjournal.net/
http://www.pmworldlibrary.net/
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The Omniclass has defined tables to cover all projects’ aspects. The struggling with the IT 

projects to find suitable model to breakdown the projects.  

 

7. Conclusion 

The paper showed different types of WBS and it presented the 3D WBS – type of 

multidimensional WBS- as a suitable model for IT projects. IT projects suffer from many 

issues starting from inaccurate cost estimation to insufficient master project schedule and 

WBS is one of the powerful tools to come over such issues. The advantages of 3D WBS 

showed how useful it is in the IT field and IT project managers need to start adopting this 

trend in order to practically evaluate it and cope up with other fields which already start using 

it.  

 

Flat WBS (or flat file database) are used currently by many IT managers however they have 

deficiencies and people are still debating on what’s the best to be used in IT. 

Multidimensional in this case can be a more suitable option to invest on. How 

multidimensional can link information together and facilitate reporting, will bring different 

stages of an IT project together. As discussed earlier in this paper, an ERP system – for 

example - will be more manageable if we link the phases of the project together.  

 

The important of standardization in IT project becomes obvious day by day. To have one 

standard model for WBS is needed to end up the market mess in this significant field. 

Imagining that each company / contractor has their own model and method to carry out the 

projects will definitely results in difficulties in measuring the quality, carrying out the 

projects implementation and evaluates them.  

 

One last note, All WBS types need dictionaries to briefly define the components of the 

structures. The dictionary can define many types of information like resources, component 

codes and contract references. It’s an important enclosure with the WBS to have a common 

understanding and good communication between the project team.  

http://www.pmworldjournal.net/
http://www.pmworldlibrary.net/
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Abstract

Hierarchical structures can be explored, visualised, and understood through appropriate
decomposition — or ‘breakdown’ — and graphical representation, as practised in the domain
of project management.

1 Introduction

Hierarchy — ιεραρχία [Gk], the function of ιεράρχης [Gk], sacred ruler — indicates a rank or order of
holy or sacred beings, starting with heavenly entities such as angels (Oxford Dictionary of English,
2010) and extending to the government of church (Webster’s Revised Unabridged Dictionary, 1913).
Across various cultures, it is this particular term that is chosen to identify any ranking or order in
almost every context — from the military to academic institutions, to civil society, to information
technology. Common graphical representations of hierarchy can be found, for instance, in the
form of organisational charts to display administrative ranks, and computer filesystems to display
directory ranks and pathways — Figure 1.

texmf

doc fonts metapost tex

generic latex plain

source metafont bibtex texdoc

Figure 1 Hierarchical structure of a TEX filesystem in three tiers
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2 Tree typology

Practically, hierarchical breakdown structures are ‘trees’, or non-directed graphs — although alter-
natively they can be directed graphs (also known as ‘digraphs’) such as concept maps (Perdicoúlis,
2012a) and reverse blueprints (Perdicoúlis, 2012b). Tree diagrams can be visualised with various
techniques, which may be chosen on the grounds of aesthetics, space availability, tradition, or
facility of visualisation. The following examples illustrate common styling options: Figures 2 to 5
are alternative visualisations of a common tree structure, while Figure 6 is merely a tree lookalike.

Node A

Node A.1

Node A.1.1 Node A.1.2 Node A.1.3

Node A.2

Node A.2.1 Node A.2.2 Node A.2.3

Figure 2 Hierarchical tree with straight edges

Node A

Node A.1

Node A.1.1 Node A.1.2 Node A.1.3

Node A.2

Node A.2.1 Node A.2.2 Node A.2.3

Figure 3 Hierarchical tree with bent edges

Node A

Node A.1

Node
A.1.1

Node
A.1.2

Node
A.1.3 Node A.2

Node
A.2.1

Node
A.2.2

Node
A.2.3

Figure 4 Hierarchical tree in the style of a mindmap

Technically, a nested list is not a tree, as it has no edges: the hierarchical relationships between the
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Node A

Node A.1

Node A.1.1

Node A.1.2

Node A.1.3

Node A.2

Node A.2.1

Node A.2.2

Node A.2.3

Figure 5 Hierarchical tree in the style of a file directory

‘nodes’ are implicit — Figure 6.

• Node A
– Node A.1

∗ Node A.1.1
∗ Node A.1.2
∗ Node A.1.3

– Node A.2
∗ Node A.2.1
∗ Node A.2.2
∗ Node A.2.3

Figure 6 Nested lists in lieu of a hierarchical tree

3 Breakdown structures in project management

Explicit reasoning and communication requires the representation of the information regarding
hierarchical structure: the system elements, their order, and their links — often after a preparation
through exploration, analysis, or decomposition.

Project management has developed an interesting variety of diagrams through the decomposition —
or ‘breakdown’ — of hierarchical structures. Adoption by practice tends to make these de facto
standards, focussing on aspects such as work, risk, product, and organisation (Project Management
Institute, 2013).

3.1 Work (WBS)

The work breakdown structure (WBS) is a hierarchical representation of the work to be executed by
the project team, usually represented in a ‘top-down’ orientation — Figure 7. Thus, higher levels
of the WBS represent more general information, while lower levels represent increasingly detailed
definition of the project work (Project Management Institute, 2013, p.125). The deliverables and
work-packages of the WBS organise information to be used in the Gantt chart (Perdicoúlis, 2013).
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Project

Deliverable 1 Deliverable 2 Deliverable 3 Deliverable 4

Work Package 4.1 Work Package 4.2 Work Package 4.3

Deliverable 5

Figure 7 Sample WBS with three tiers: P–D–WP

The branching of a WBS varies to suit the complexity of each project, and/ or the needs and
preferences of each project team. Some of these breakdown variations include the sequences
indicated in Table 1, involving combinations of distinct semantic categories.

Typology Content

P–D–WP project, deliverable, work package

P–Ph–D–WP project, phase, deliverable, work package

P–SP–D–WP project, sub-project, deliverable, work package

P–D–D–WP project, deliverable, deliverable, work package

Table 1 Variations of WBS structures

3.2 Risk (RiBS)

The risk breakdown structure (RiBS) is a hierarchical representation of the aspects of the project
that may be the cause of potential risks (Project Management Institute, 2013, p.325), although
the risks themselves may not be expressed as such — Figure 8. Practically, the preparation of
a RiBS helps to be systematic in the identification, organisation, and display of the risk sources
(Perdicoúlis, 2015). As with all the other breakdown structures, the configuration and content of
the RiBS must be decided by the project team.

Project

Technical issues

Specs Technology Capacity

External factors

Suppliers Market Weather

Management

Planning Control Comms

Figure 8 Sample RiBS ending with the ‘risk sources’
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3.3 Resources (ReBS)

The resource breakdown structure (ReBS) is a hierarchical representation of the resources likely
to be required in a project. This may or may not include human resources — see § 3.5. The
ReBS hierarchy generally contains categories and subcategories, thus giving varying levels of detail
regarding the project resources such as materials, equipment, and supplies — Figure 9.

The value of ReBS lies in the varying aggregation of the resources, ranging from global views to
fairly detailed views. This information can be complemented by resource calendars for acquisition,
assignment, etc., and resource requirement lists, similar to ‘shopping’ lists (Project Management
Institute, 2013, p.164).

Project

infrastructure

housing

hardware

networks

consumables

electricity

paper

pencils

Figure 9 Sample ReBS tree in a vertical orientation

3.4 Products (PBS)

The product breakdown structure (PBS) is a hierarchical representation of the outcomes of a
project, which may be physical products and/ or services (Project Management Institute, 2013,
p.122). The hierarchy permits an aggregation–detailing of the product (and, practically, also of the
services), of value similar to that of ReBS (Figure 10), which can also help identify the deliverables
for the WBS (Figure 7) and the Gantt chart (Perdicoúlis, 2013).

Project

product line 1

product 1.1

product 1.2

product 1.3

product line 2

product 2.1

product 2.2

product 2.3

Figure 10 Generic PBS tree
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3.5 Organisation (OBS)

‘Organisation’ may refer to just about anything, but organisational trees (or diagrams, charts, or
‘organigrams’) traditionally refer to human resources — cf. § 3.3. Thus, the hierarchical tiers of
organisational breakdown structures (OBS) typically expand through departments, units, teams,
and individuals (Project Management Institute, 2013, p.21), showing positions or functions and
their relationships — Figure 11. This information can be complemented by roles and responsibilities,
typically delivered in the form of text, tables, or matrices.

CEO

supervisor

clerk A clerk B clerk C

PA accountant driver

Figure 11 Sample OBS of a small enterprise

4 Discussion

The visualisation of hierarchical structure is a sine qua non interface of reality. To get to know the
risks of a particular project, for instance, we must at least know their sources and their relative
position or importance in the total set of possible risks. Then — and only then — we can start
doing the really important work of risk assessment and mitigation. The same applies for all aspects
of project management — namely, tasks, resources, and products or services.

The styling of tree visualisation may make a difference in the perception and understanding of
the relative importance, context, and relations of system elements. Further experimentation with
spatial arrangements of tree diagrams can be sought with specialised graph visualisation software
such as GraphViz (website) or Omnigraffle (website).

5 Conclusion

Hierarchy can be expressed graphically as styled ‘trees’, or non-directed graphs, to facilitate the
organisation of information, reasoning, and communication. This has applications in project
management through the perspectives of work, resources, risks, and products.
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A work breakdown structure (WBS) can prove to be pivotal to successful project management planning. There
are few published studies about the methodologies or tools to develop the appropriate WBS for a project, and
those that are available are limited to the specific areas of construction such as apartment-building construction
and boiler manufacturing. This research has an emphasis on developing a methodology with higher generaliz-
ability, which has the capability to be customized to complex underground projects. To address this issue, a
newmethodology that employs hierarchical neural networks to develop theWBS of complex underground pro-
jects is presented. This methodology has been applied to several tunnel case studies and it has been shown that
for a real project, the model is able to generate theWBS and its activities that are comparable to those generated
by a project planner. Consequently, it is concluded that thesemodelingmethods have the capacity to significantly
improve theWBSs for complex underground projects and improve key project tasks, such asworkload planning,
cost estimating and scheduling.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

A comprehensive efficient work breakdown structure (WBS) can
prove pivotal within project management planning processes by
partitioning projects into stages, deliverables and work packages. Con-
sequently, it can positively impact other projectmanagement processes,
such as activity definition, project schedule, risk analysis and response,
control tools or project organization [1].

The planning of undergroundwork andWBSs is different from other
civil construction, when one considers the complexity, uncertainty and
large number of activities involved [2]. An experienced complex under-
ground project manager knows that despite detailed planning and exe-
cution, there is always the possibility of errors,mishaps and unexpected
outcomes on the horizon. Developing the work breakdown structure of
a complex underground project in a systematic, thorough, andmethod-
ological manner will decrease the potential for unwanted possibilities
while providing a baseline for planning, estimating, scheduling and
effective project management.

Despite such significance and repercussions, there is a dearth of
research concerning methodologies or tools for the development of
appropriate work breakdown structures (WBSs) for a project. The avail-
able research is mostly limited to a given range of construction projects,
and therefore, the generalizability of the research remains limited to

specific conditions. However, more recent research utilizing case-based
reasoning (CBR) methods offers valuable material while providing a
model for the acquisition and reuse of specific planning knowledge.

FASTRAK-APT, which was developed by Lee et al. [3], offers an im-
portant case- and constraint-based project planning tool for apartment
construction. FASTRAK-APT relies on the fact that a human expert
project planner uses previous cases for planning a new project. Despite
the evident use of CBR methods for planning, the applicability of the
system is limited; in contrast, the proposed methodology is applicable
to domains that have available data and structured knowledge, such
as apartment construction.

Dzeng and Tommelein [4] proposed a case-based expert system,
CasePlan, based on a product model that describes and reuses the
existing boiler erection project in power plant construction for planning
a new project. The researchers believe that CasePlan will prove viable
for projects with distinct components; thus, it may not be applicable
for complex underground projects, which have no distinct component.
Ryu et al. [5] developed CONPLA-CBR, a case-based reasoning planning
tool with greater applicability. However, its applicability has not been
evaluated for complex underground projects. More recently, some
researchers have emphasized the use of neural networks in the
development of planning systems [6,7]. Hashemi and Emamizadeh [8]
proposed a decision tool that employs a modular neural network to
plan the WBS of a limited project domain. The author cited the vast
amount of knowledge required in generating a work breakdown
structure as the primary reason why the use of neural networks is a
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preferable alternative; however, the proposedmethodology is applicable
to small-scale projects. For large-scale complex underground projects,
the number of possible work breakdown structures and activities can ex-
pand rapidly and a bigger size of neural network should be employed.
Therefore, designing and training of the neural network will be more
complex and time consuming. Sharifzadeh et al. [9] formulated an
approach forWBSdevelopment in tunnel projects using neural networks.
Large-scale tunnel projects were tested by their proposed model;
however, their model had the similar disadvantage, and hence the
accuracy of the predicted WBS was decreased by increasing the number
of WBS elements.

There is not a good process to objectively determine the WBS of
complex underground projects and correlate them with the projects
nature. With this in mind, this paper is going to introduce a process
which helps a planer to make a more informed choice of WBS compo-
nents and structure regarding project attributes. The outcome of the
process is a hierarchical neural network, which has been implemented
to develop the WBS of complex underground projects. First, the main
concepts, including the work breakdown structure of a complex
underground project and its attributes, are described, followed by
detailed description of the proposed methodology. Finally, the results
of applying the proposed methodology to several case studies are
discussed.

2. Complex underground project attributes

Underground construction necessitates firm commitments and obli-
gation to comprehensive and complicated procedures. Underground
construction demands high management expertise to address complex
and challenging eventualities. Lack of understanding of a number of sig-
nificant factors, such as the unique contingent features and ensuing in-
terrelated complexities, can increase the difficulties of underground
construction endeavors [2]. Thus, complex underground construction
projects are characterized by a large number of variables that can unfold
in various quantities and combinations, including participating parties
and individuals, a sundry ofwork packages at play, requirements, draw-
ings, plans and reports, in addition to budget items and the time plan.
Factors that affect project management may be enumerated as follow
[2,10]:

1. Underground structures are a necessity of modern life, and such
necessities cannot be disregarded.

2. Consideration of the needs of the general public as the major
stakeholders is critical to the success of such projects.

3. Urban underground projects are constructed in dense, complex, and
restrictive environments.

4. Public policy, public relations and the effective use of media can
positively impact the construction of tunnel projects.

5. Underground construction is capital intensive and reliant on a high
injection of initial capital expenditures.

6. Underground projects take considerable time to conclude.
7. Underground construction is carried out under conditions of

geological uncertainty.
8. Underground construction is risky.

It is important to understand the key attributes of an underground
project before the creation of the project WBS. Project stakeholders,
for example, affect some of the main characteristics of the WBS such
as the level of details. In larger projects such as subway tunnels, politi-
cians, owners, nearby resident and public might be the stakeholders.
On the contrary, smaller projects such as a diversion tunnel might
have only one or two stakeholders including themembers of the parlia-
ment and environmental organizations. It should be noted that these at-
tributes vary in different underground projects in different countries.
Other factors have more or less similar effects on WBS development.
However, the complexity arises from the variation of these attributes
in different underground projects. Geological conditions might be

highly variable for a certain project while it is almost constant in anoth-
er project. The expectation of an underground project client might be
too high so that weekly reporting is required, whereas a client of anoth-
er project needs monthly reports. A few millimeters settlement during
the construction of an urban tunnel might be the concern of the nearby
residents and hold the project for months, while larger settlements are
acceptable in other projects [11]. All of these attributes affect the main
characteristics of the work breakdown structure and they should be
well understood before the development of the WBS.

3. Work breakdown structure (WBS) of complex underground
projects

Work breakdown structure (WBS) is the process of dividing a
project's overall work to several moremanageable hierarchy structured
tasks. The level of details should represent the overall scope of the pro-
ject while keeping the tasksmanageable [1,12]. TheWBS is typically de-
signed through a top-down procedure. The upper levels of theWBS are
decomposed into logical groupings of work, followed by the next level
down and so on. Thus, the lowest-level component of WBS can be
scheduled, and its cost can be estimated, monitored, and controlled.
Fig. 1 illustrates thework breakdown structure of ametro tunnel project
as an example.

There are many different methods that can be employed to create a
WBS.While there is general agreement that theWBS is the fundamental
managerial component upon which many project management pro-
cesses are based, there is surprisingly little agreement on the bestmeth-
od for creating the WBS [1]. One of the main questions in this regard is
how the optimalWBS can be identified from all possible structures. The
Project Management Institute [13] stipulated that “a quality WBS is a
WBS constructed in such a way that it satisfies all of the requirements
for its use in a project”. When applying this quality principle, the opti-
mal WBS in a complex underground project is a high-quality work
breakdown structure, wherein specific content and the type of WBS el-
ements appropriately address the full set of needs of the project. Exam-
ples of a quality WBS characteristic in a complex underground project
are as follow:

• Contains specific types of WBS components necessary for a complex
underground project.

• Provides “sufficient” detail for communicating the scope of a complex
underground project.

• Achieves a “sufficient” level of decomposition for effective complex
underground project management.

Therefore the best method for creating the WBS of complex under-
ground projects is a method that could find the optimal work break-
down structure with all necessary components, sufficient details and
sufficient level of decomposition. One might ask what the exact defini-
tion of “sufficient” is in this context. Considering the varying attributes
of a complex underground project, the real answer is that it depends.
The attributes of a complex underground project entail the use of
project-specific WBS characteristics. A specific WBS may prove highly
appropriate for one project while failing completely for another. In
fact, considering the variability and complexities of underground pro-
ject management, it is not surprising that specific standards for WBS
characteristics of complex underground projects are difficult to find.

4. Methodology

The overall process of the proposed methodology is presented in
Fig. 2 under the headings ‘State Problem’, ‘System Design’, ‘Verification’
and ‘Validation’. The ‘State Problem’, ‘System Design’ and ‘Verification’
steps are presented in the following sections, while the ‘Validation’
step and results are discussed in Section 5.
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Karaj Metro Tunnel

Delivery of Site Mobilization Construction

Access tunnel Excavation & Initial
Support

Final Lining

Crown Bench

Part1 Part2 Part1 Part2

Level 2

Level 3

Level 4

Level 1Demobilization

Instrument

Part3

Fig. 1. A metro tunnel project WBS.

State Problem

System Design

Tunnel Projects Data Collection

Artificial Neural Network
(ANN) Modeling

Verification

Validation

Project WBS

Describing tunnel projects by
attributes vector

Representing tunnel project
WBS by levels vector

Projects Attributes

Project related features

Characteristics of tunnel

Ground conditions

Acceptable

yes

No

Fig. 2. The overall procedure of proposed methodology.
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4.1. State problem

The main problems of developing WBSs for complex underground
projects have been detailed in previous sections. The main purpose of
this study is to propose a specific methodology to model the relation-
ship between the attributes of projects and WBSs. This task relies on
the premise that the optimal WBS of a complex underground project
could be related to the attributes of the project. Previous studies have
shown that this relation is very complex and cannot be represented by
the classical methods of knowledge representation. However, a sub-
stantial number of case histories of previously constructed projects
and their WBSs are available. Therefore, artificial neural networks
(ANNs) were used to extract the unknown, complex and implicit
knowledge of underground projects experts in WBS planning. A brief
introduction of this method is provided below.

Artificial neural networks (ANNs) employ amassive interconnection
of simple processing elements that are capable of performing a signifi-
cant number of parallel computations for data processing and knowl-
edge representation [14,15]. ANNs imitate some of the brain's creative
processes, albeit in a simplistic way, that cannot be imitated by existing
conventional problem-solving methods [16]. The attractiveness of

neural networks comes from their ability to learn and generalize [14].
The artificial intelligence of neural networks is provided by combination
of several simple computations at neurons level [17,18]. Each neuron
receives inputs, and associated with every input is a weight that corre-
sponds loosely to electrochemical impulses and synaptic connections
in the brain [19]. The synaptic weights are determined as the ANN
learns. The method used in this study, supervised learning, uses an
actual output for each input pattern guiding the learning process. One
of the most widely used supervised algorithms is the feed-forward
back-propagation network (BPN) [20]. A BPN consists of an input
layer, an output layer and one or more hidden layers. In this type of
network, the data are fed forward into the network without feedback.
The development of ANNs in this study constitutes a cycle of three
phases that will be presented in the following sections.

4.2. System design

Themain objective of system design is to determine the structure of
ANN and learning rules. This phase also involves data collection and
partitioning the data into three distinct subsets for use during the
training, testing and validation processes. Theperformance of the neural
networks strongly depends on the quality of the training data; thus the

Table 2
Structure of the proposed neural model with optimum networks parameters.

Networks parameters WBSL1 WBSL2 WBSL3 WBSL4 WBSL5 WBSL6

No. of input layer
neurons

90 195 832 905 678 664

No. of output layer
neurons

105 742 815 597 574 882

No. of hidden layer
neurons

49 73 57 52 35 62

No. of hidden layer 1 1 1 1 1 1
Training algorithm BPN BPN BPN BPN BPN BPN
Training mode BT BT BT BT BT BT
Stop criteria CV CV CV CV CV CV
Learning rate (η) 0.9 0.9 0.5 0.1 0.5 0.9
Momentum (μ) 0.5 0.1 0.5 0.9 0.9 0.5
No. of training
epochs

107 109 107 113 113 111

MSE 0.00172 0.00234 0.00095 0.00723 0.00651 0.00096

BPN: Back-propagation.
BT: Batch training.
CV: Cross validation.
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Fig. 3. Structure of the proposed neural network model.

Table 1
The specification of attributes to describe the projects.

Project attributes Type of quantity Bit space ID

Project related feature
Client expectations Lexical 2 A1
Contractor expectations Lexical 2 A2
Project stakeholders Lexical 9 A3
Location of the project Lexical 2 A4
Land possession Lexical 2 A5
Time Numerical 8 A6
Cost Numerical 17 A7

Characteristics of excavation
Purpose Lexical 2 A8
Shape Lexical 3 A9
Diameter Numerical 11 A10
Length Numerical 15 A11
Depth Numerical 10 A12
Construction method Lexical 5 A13

Ground condition
Surrounding rock/soil Lexical 3 A14
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sufficient amount of data from previous successful complex under-
ground projectswith a qualityWBS should be collected to train the neu-
ral networks. A dataset of 20 tunnel projects (including 3433 activities)
was accumulated. The selected projects are the most successful under-
ground projects constructed in Iran according to tunneling experts,
and the project WBSs are high quality. The maximum number of levels
in theWBSs of the selected projects is 6. Also the selectedWBSs (devel-
oped by project contractor) contain 3433 activities in total. The data
from 18 projects were used in the verification process, while data
from 2 projects were used in the validation process.

The generalization of theANNmodels to unseen datawill be affected
by the size of database. Training data should be sufficiently large to
cover the possible variation in the problem domain. Database size can
be expanded by obtaining new data. In this study data enrichment
was not possible; hence, the leave-one-out method [21] was used for

developing the neural networks. In this method, a network is trained
on M-1 (i.e. 18-1) example, and is tested on the one hold-out example.
The process is repeated M times. The solution of M network is then
averaged to obtain a solution with higher generalizability.

The projects data contain values for project attributes and theirwork
breakdown structures. Project attributes are a limited set of variables
that should represent the general nature of a complex underground
project. To this end, three major sets of project attributes were defined.
The first is the project-related features, which include the total amount
of time, total budget and location of the project. The second set is the
characteristics of the underground excavation, such as the size and
construction method. The third set is ground conditions.

The attributes of project set can be defined by A = {Ai}, (0 b i b 14).
The members of A are arranged in a column vector. Then, the values of
the project attributes are assigned to the related rows of the resulting
vector. Therefore, there are 20 column vectors that will be considered
as the inputs for the training, testing and validation patterns. Project
attributes are assigned by a combination of lexical and numerical values.
As the inputs and outputs of a neural network should be numerical,
binary code is assigned to each assignable lexical value. Furthermore,
the equivalent binary forms of the project attributes are used for distinct
quantities. Table 1 shows the specifications of the complex under-
ground project attributes.

AWBS consists of elements fromdifferent levels. Regarding the large
number ofWBS elements in complex underground projects, the collect-
ed WBSs were decomposed into vectors according to the component
level to show WBS in the outputs. The vector of the WBS level can be
represented by Ll = {w1, w2, …, wnl}, where Ll is the level vector of the
WBS at level l, l is the level ID, wi is the component and nl is the maxi-
mum number of components at level l. Therefore, 20 level vectors
with the same size for each level of the WBS are created. These
vectors will be considered as the outputs of the training, testing and
validating examples.

This study employs feed-forward neural networks with back-
propagation learning algorithms, also known as a back-propagation
network (BPN). The proposed model is a hierarchical neural network
consisting of six different BPNs,which are used to establish the relation-
ships between project attributes and their work breakdown structure.
Six BPNs are used due to the hierarchical structure of WBSs. Each BPN
has a different configuration, which is used to infer the complex under-
ground project WBS and activities from the project attributes. Fig. 3
shows the structure of the proposed neural model. As shown in Fig. 3,
the inputs of WBSL1 only consist of project attributes. This BPN should
establish which components should be implemented in the first level
of the WBS with respect to the project attributes. Therefore, the output

Table 3
The project attributes for validation datasets.

Attribute ID Project 1 Project 2

Attribute value Input neuron value Attribute value Input neuron value

A1 High 00 Low 01
A2 High 00 High 00
A3 Members of the parliament 100000010 Members of the parliament 110111000

Environmental organizations Politicians
Owners
Nearby residents
Public

A4 Neutral 10 Positive 00
A5 Difficult 0 Difficult 0
A6 42 01010100 11 01000000
A7 18820 001000011001001000 22500 110000010100100000
A8 Diversion tunnel 11 Metro 00
A9 Horseshoe 010 Horseshoe 010
A10 830 01111100110 830 01111100110
A11 870 011001101100000 3070 011111111101000
A12 200 000100110 15 001100000
A13 Drilling & Blasting 0000 NATM 10100
A14 Rock-Moderate 100 Soil-Cohesive 001

“Golabar” diversion tunnel
project

Project start

Mobilization

Diversion tunnels

Excavation

Consolidation
grouting & support

Diversion tunnel
plug

Project delivery

Closing

Tunnel B input structure

Tunnel B outlet structure

Tunnel B lining

Tunnel A input structure

Tunnel A outlet structure

Tunnel A lining

Diversion tunnels outlet

Diversion tunnel

Tunnel A plug concrete

Tunnel B plug concrete

Level 1
Level 2

Invalid component

Possible component

Valid component

Fig. 4. Developed project WBS for project 1.
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of WBSL1 is a row vector whose columns are linked to the individual
elements of the first level of the project's WBS. If any columns take a
value of 1, the related element can be employed in the first level of
the project'sWBS. Next, the L1-vector and the vector of the complex un-
derground project attributes are considered as the inputs of WBSL2.
This network establishes which components should be implemented
in the second level with respect to the project attributes and the
upper level of the WBS. Therefore, the output of WBSL2 is represented
in the second level of the project WBS. Similarly, WBSL3 establishes
the third level, WBSL4 establishes the fourth level and so on. As
shown in Fig. 3, a six-level complex underground project WBS can be

realized through the learning process. Six networks are used for the
identification of the six levels because the maximum level number for
the collected WBSs is 6.

4.3. Verification

Verification involves training of the proposed neural model using
the training and test subsets and simultaneously assessing the network
performance by analyzing the mean squared error. The leave-one-out
method [21], which is an extreme form of multifold cross-validation,
was used to minimize the impact of data dependency on the result.
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Excavation & Initial support

Excavation & Initial support
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& concrete

Roof insulation

Excavation (Chainage to roof)

Wall reinforcement, casting &
concrete

Invert reinforcement, casting
& concrete

Drawings approval

Excavation (floor to chainage)

Wall reinforcement, casting &
concrete

Invert reinforcement, casting
& concrete

Level 3

Level 4

Tunnel type A

Tunnel type B

Tunnel type C

Valid component

Possible component

Invalid component

Fig. 5. Developed WBS for project 2 — Levels 1 to 4.
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Accordingly, the data from 17 projects (i.e., 18-1) were used to train a
model to establish the model parameters, while the hold-out example
was used to test the generalization capability of themodel. This process
was repeated 18 times, with a different example being left out for
verification during each run. The squared errors were then averaged
over the 18 rounds of training.

BPN training requires the selection of proper values for network
parameters. In this study, the optimal values of the network parameters
were determined through three stages. In the first stage of simulation,
16 different combinations of learning rate (η) and momentum (μ)
within [0, 1] are investigated. Each combination is trained with the
same set of initial weights. At the end of stage 1, the model with the

Main tunnel construction
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Reinforced concrete invert Reinforced concrete ring

Part 1

Part 2

Part 3

Part4

Part 5

Part 6

Part 7

Drawings
approval

Excavation

Installation of lattice griers

Installation of wire mesh

Shotcrete

Excavation

Installation of lattice griers

Installation of wire mesh

Shotcrete

Excavation

Installation of lattice griers

Installation of wire mesh

Shotcrete

Excavation

Installation of lattice griers

Installation of wire mesh

Shotcrete

Excavation

Installation of lattice griers

Installation of wire mesh

Shotcrete

Excavation

Installation of lattice griers

Installation of wire mesh

Shotcrete

Excavation

Installation of lattice griers

Installation of wire mesh

Shotcrete

Part 1

Part 2

Part 3

Part4

Excavation

Installation of lattice griders

Installation of wire mesh

Shotcrete

Lean concrete for invert

Excavation

Installation of lattice griders

Installation of wire mesh

Shotcrete

Lean concrete for invert

Excavation

Installation of lattice griders

Installation of wire mesh

Shotcrete

Lean concrete for invert

Excavation

Installation of lattice griders

Installation of wire mesh

Shotcrete

Lean concrete for invert

Part 1

Part 2

Part 3

Part 4

Part 5

Part 6

Part 7

Part 1

Part 2

Part 3

Part 4

Reinforcement

Casting

Concrete

Grouting

Reinforcement

Casting

Concrete

Grouting

Reinforcement

Casting

Concrete

Grouting

Reinforcement

Casting

Concrete

Grouting

Level 3

Level 4

Level 5

Level 6

Level 5

Level 6
Level 5

Level 5

Valid component

Possible component

Invalid component

Level 6

Fig. 6. Developed WBS for project 2 — Levels 5 to 6.
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minimum error is selected for use in the following stages. In the second
stage of simulation, 10 independent models with different initial ran-
dom weights are trained with the optimal learning parameters found
in the previous stage. Finally, the optimal size of the hidden layer is
determined by a search of the possible structures. This search begins
with a certain number of nodes, which are the minimum value of a
calculated hidden node number based on several rules of thumb that
are available in the literature [22–24]; in this manner, the model is
trained and analyzed. Each time, the number of hidden nodes is in-
creased by one. Again, cross-validationwas used to determine the prop-
er size of the hidden layers. Table 2 illustrates the structure of the
proposed neural model with the optimum network parameter values.

5. Validation and results

In verification, the proposed model was tested against the test data
during the training process. Furthermore, for the purpose of enhanced
rationale, the proposed model was validated for its generalization
capability. In this phase, the capability of the proposedmodel to respond
accurately to projects that have not been used in network development
is confirmed. Two tunnel projects were considered in the validation
subset. Their attributes and WBSs demonstrated that both projects
were substantially different from those used in the training and testing
subsets.

Fig. 4 shows the calculatedWBS for project 1 (Golabar diversion tun-
nel, with attributes per Table 3). The attributes of project 1were entered
into the model. The L1 vector from WBSL1 was calculated with respect
to the project attributes. First level of theWBS in Fig. 4 represents the L1
vector. The attributes of the project and the L1 vectorwere then entered
to theWBSL2, and the L2 vector was calculated. Second level of theWBS
in Fig. 4 represents the L2 vector. Subsequently, the outputs of WBSL3,
the L3 vector, were calculated, and a similar process was conducted
for L4, L5 and L6. In this case, the outputs for L3 to L6 vectors were
zero. Thus, the calculated WBS has only two levels.

The same procedure was used to calculate the WBS of the project 2
(Karaj Metro Tunnel). The attributes of the project (Table 3) were
entered into the model. The L1 vector from WBSL1 was calculated
with respect to the project attributes. The attributes of the project and
the L1 vector were then entered to the WBSL2, and the L2 vector was
calculated. Subsequently, the outputs of WBSL3, the L3 vector, were
calculated, and a similar process was conducted for L4, L5 and L6.
Figs. 5 and 6 show the calculated WBS for project 2. Developed WBS is
illustrated in two individual Figures (Figs. 5 and 6) due to the large

number of the WBS elements. Fig. 5 depicts levels 1 to 4 of the WBS,
and levels 5 to 6 are presented in Fig. 6. Furthermore, in order to make
a better representation of the whole WBS, several elements of the
level 3 and 4 also are illustrated in Fig. 6.

Three types of element outlines can be recognized in Figs. 4 to 6.
Each line dash type represents the validity of WBS element which will
be discussed further in the following.

The outputs were validated by comparing the calculated vectors and
equivalent level vectors of the actual WBS of the project. The vectors of
the WBSs were compared by the values of their elements. For this pur-
pose, three validity indiceswere defined. Each element of the calculated
vectors (wi) was assigned to one of the following validity indices:

(1) Valid: the related component is a part of the actual WBS of the
project.

(2) Possible: the related component is not a part of the actualWBS of
the project (or the component that should be a part of the project
WBS, while it is not been produced by themodel), but it could be
valid with respect to the judgment of experts.

(3) Invalid: the related component cannot be a part of the actual
WBS of the project (or the component that should be a part of
the project WBS, while it is not been produced by the model).

The second level of the calculated WBS and actual WBS of project 2
are illustrated in Fig. 7. “Ramp B” in Fig. 7.b. is a valid component, be-
cause it is a part of the real WBS of the project. “Ramp A” takes a value
of 0 in L2 vector (Fig. 7. b); hence, it is not a component of the calculated
WBS. However, the real WBS includes the “Ramp A” component in the
second level. “Ramp A” is therefore an invalid component.

“Possible” index were assigned to the project's WBS elements
according to the tunneling project management experts. “Type I&II tun-
nels” component in Fig. 7a, for example, was not calculated by the
model. However, this project specific component can be excluded
from a tunnel project WBS according to the project manager's decision.
“Valid”, “Possible”, and “Invalid” components of the calculated WBS of
projects 1 and 2 are presented in Figs. 4 to 6. In Figs. 4 to 6, rectangular
shapes with solid line represent the “Valid” elements, with dashed line
“Possible” elements, and with dot line the “Invalid” elements.

The entire model and its networks were validated by calculating the
statistics of the validity indices that were assigned to the validation pro-
cess outputs. The outputs of the networks were validated by dividing
the total number of calculated vector elements (wi) that were validated

Construction

Ramp A Ramp B Type I&II tunnels Instrument Temporary
delivery

Demobilization ClosingLevel 2

Project2, L2={1,1,1,1,1,1,1}

Construction

Ramp B Instrument Temporary
delivery

Demobilization ClosingLevel 2

Project2, L2={0,1,0,1,1,1,1}

a) Second level of the actual WBS and its equivalent vector

b) Calculated level vector for the second level of the WBS

Fig. 7. Second level of the calculated WBS and actual WBS of project 2.
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by a particular index to the total number of elements of the calculated
vector (nl) for each project. Then, the average of the three validity
percentages within all projects was calculated to obtain the overall
validity of each network. Table 4 shows the results of the average valid-
ity percentages of the model and its networks.

The validity of the model was estimated with respect to the quanti-
ties in Table 4. The valid and possible components of the calculatedWBS
percentages were found to be 60% and 16.1%, respectively. Therefore,
after entering the attributes of a tunneling project, it is expected that
76.1% of the WBS and resultant activities are certainly or possibly valid.

In addition to the relatively accurate recognition of the project WBS
elements, several important characteristics of the project WBS were
determined by the model. The correct number of WBS levels was
identified (for example, two for project 1, and six for project 2). A com-
bination of process-oriented and deliverable-oriented structure was
produced for both projects by the model. Project 1, for instance, was
decomposed to the processes in levele1, while the second level was a
deliverable-oriented decomposition. The level of details for project 1
was two, and levels were decomposed to 8–10 elements. Moreover,
the model produced 6 levels for project 2, and several levels were
composed of more than 60 elements. Furthermore, in the proposed
methodology, different management approaches can be employed to
develop the WBS of the project. For instance, the developed WBS by
the model for project 2 subdivides the tunnel bench and crown to sev-
eral parts in level 6, then decomposes the parts into the processes in
level 6 such as “Excavation” and “Shotcrete”. Alternatively, another
management approach might subdivide the processes to parts in level
6. Therefore, the proposed model was able to recognize the structure
of the projects WBSs.

6. Conclusions

A new methodology was proposed to plan the WBS of complex un-
derground projects, which assists a planer to make a more informed
choice of WBS components and structure regarding project attributes.
A hierarchical neural model with 6 BPN networks was developed;
each with a different configuration. The outputs of first 5 networks
were connected to the inputs of the others, to enable the inference of
project structure with respect to the hierarchical structure of the WBS.
The proposed methodology focused on two important requirements
of generating theWBS of a complex underground project: First, model-
ing the relationship between the attributes of a project and WBS; and
second, to minimize the complexity of the model. This was due to the
large number of components of WBS in complex underground projects
and various possible structures.

Validation of the results revealed that the proposed neural network
model presents a powerful tool for modeling the complex relationship
between the attributes of complex underground projects and their
work breakdown structures. The approach was demonstrated to be

capable of recognizing the components and structure of the WBS with
a sufficient degree of validity that are comparable to those generated
by a project planner. Neural networks learn from examples; thus, the
performance of the proposed neural model strongly depends on the
size and quality of the training data. Due the vast amount of knowledge
required for WBS planning in a complex underground project, the pro-
posed model can foster effectiveness in WBS development. In other
words, the greater the number of different underground projects that
are used to train the networks, the more extensive the data, and the
higher the quality of the data used to train the networks, the higher
the quality of the resultant overall WBS will be.

Although the neural models herein were developed for the purpose
of planning theWBS of a complex underground project during the con-
struction stage, the neural model concept can be extended, particularly
to preconstruction stages. The proposed methods for representing the
values of project attributes and theWBS can also bemodified. Examina-
tion of different neural networks structures, other than BPNs, is also a
potential topic of future research.
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Applying the Work Breakdown Structure to the Project Management Lifecycle 
 

Shelly A. Brotherton, PMP; Robert T. Fried, PMP; Eric S. Norman, PMP, PgMP 

 
Introduction 

Today, Project Managers are more frequently finding high value in the creation of Work 
Breakdown Structures (WBS) as they begin the process of project management. Project success 
may be attributed specifically to use of a WBS (Halli, 1993). 
 
As an essential element of the Planning Process Group outlined in the PMBOK® Guide - Third 
Edition, everyday practice is revealing with increasing regularity that creation of a WBS to define 
the scope of the project will help ensure delivery of the project’s objectives and outcomes. 
 
Moreover, the more clearly the scope of the project is articulated before the actual work begins, 
the more likely the success of the project – ―…the intelligent structure of work breakdowns is a 
precursor to effective project management.”  (Homer and Gunn,1995, p. 84).  Specifically, the 
Planning Process Group begins with three essential steps – Scope Planning (3.2.2.2), Scope 
Definition (3.2.2.3) and Work Breakdown Structure Development (3.2.2.4).  (PMBOK® Guide - 
Third Edition).  The following discussion will examine the current trends and practice regarding 
Work Breakdown Structures. 
 

The Importance of the WBS 

Experienced project managers know there are many things that can go wrong in projects 
regardless of how successfully they plan and execute their work.  Component or full-project 
failures, when they do occur, can often be traced to a poorly developed or nonexistent WBS. A 
poorly constructed WBS can result in adverse project outcomes including ongoing, repeated 
project re-plans and extensions, unclear work assignments, scope creep or unmanageable, 
frequently changing scope, budget overrun, missed deadlines and unusable new products or 
delivered features.  
 
The WBS is a foundational  building block to initiating, planning, executing, and monitoring and 
controlling processes used to manage projects as they are described in the PMBOK® Guide—
Third Edition. Typical examples of the contribution the WBS makes to other processes are 
described and elaborated in the Practice Standard for Work Breakdown Structures–Second 
Edition. 
 
To explain, there are many project management tools and techniques that use the WBS or its 
components as input (PMBOK® Guide—Third Edition, Chapter 5, Section 5.3). For example, the 
WBS utilizes the Project Charter as its starting point. The high-level elements in the WBS should 
match, word-for-word, the nouns used to describe the outcomes of the project in the Scope 
Statement.  In addition, the Resource Breakdown Structure (RBS) describes the project’s 
resource organization and can be used in conjunction with the WBS to define work package 
assignments. The WBS Dictionary defines, details, and clarifies the various elements of the WBS. 
The Network Diagram is a sequential arrangement of the work defined by the WBS and the 
elements of the WBS are starting points for defining the activities included in the Project 
Schedule. 

 

The WBS is used as a starting point for scope management and is integral to other PMI 
processes, and as a result, the standards that define these processes explicitly or implicitly rely 
on the WBS. Standards that take advantage of the WBS either use the WBS as an input (e.g., 
PMI’s Practice Standard for Earned Value Management (EVM) and the Practice Standard for 
Scheduling) or incorporate the WBS as the preferred tool to develop the scope definition (e.g., the 
PMBOK® Guide—Third Edition, OPM3®). 
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WBS Concepts 

A WBS, as defined in the PMBOK® Guide—Third Edition is ―a deliverable-oriented hierarchical 
decomposition of the work to be executed by the project team to accomplish the project 
objectives and create the required deliverables. It organizes and defines the total scope of the 
project. Each descending level represents an increasingly detailed definition of the project work. 
The WBS is decomposed into work packages. The deliverable orientation of the hierarchy 
includes both internal and external deliverables.‖ 

With this definition, it is clear the WBS provides an unambiguous statement of the objectives and 
deliverables of the work to be performed.  It represents an explicit description of the project’s 
scope, deliverables and outcomes—the ―what‖ of the project.  The WBS is not a description of 
the processes followed to perform the project… nor does it address the schedule that defines 
how or when the deliverables will be produced, but rather is specifically limited to describing and 
detailing the project’s outcomes or scope. The WBS is a foundational project management 
component, and as such is a critical input to other project management processes and 
deliverables such as activity definitions, project schedule network diagrams, project and program 
schedules, performance reports, risk analysis and response, control tools or project organization. 

 

Defining the WBS 

The upper levels of the WBS typically reflect the major deliverable work areas of the project, 
decomposed into logical groupings of work. The content of the upper levels can vary, depending 
on the type of project and industry involved. The lower WBS elements provide appropriate detail 
and focus for support of project management processes such as schedule development, cost 
estimating, resource allocation, and risk assessment. The lowest-level WBS components are 
called Work Packages and contain the definitions of work to be performed and tracked. These 
can be later used as input to the scheduling process to support the elaboration of tasks, activities, 
resources and milestones which can be cost estimated, monitored, and controlled. 

A few of the key characteristics of high-quality Work Breakdown Structures (Practice Standard for 
Work Breakdown Structures–Second Edition) are outlined below:  
 

 A central attribute of the WBS is that it is ―deliverable orientated‖ (Berg and Colenso, 
2000). The PMBOK® Guide—Third Edition defines a deliverable as: ―Any unique and 
verifiable product, result, or capability to perform a service that must be produced to 
complete a process, phase or project.‖ In this context, ―oriented‖ means aligned or 
positioned with respect to deliverables, i.e., focused on deliverables. 

 An additional key attribute of the WBS is that it is a ―…hierarchical decomposition of the 
work…‖ Decomposition is ―a planning technique that subdivides the project scope and 
project deliverables into smaller, more manageable components, until the project work 
associated with accomplishing the project scope and deliverables is defined in sufficient 
detail to support executing, monitoring, and controlling the work‖ (PMBOK® Guide—Third 
Edition). This decomposition (or subdivision) clearly and comprehensively defines the 
scope of the project in terms of individual sub-deliverables that the project participants 
can easily understand. The specific number of levels defined and elaborated for a 
specific project should be appropriate for effectively managing the work in question. 

 The 100% Rule (Haugan, 2002, p 17) is one of the most important principles guiding the 
development, decomposition and evaluation of the WBS.  This rule states that the WBS 
includes 100% of the work defined by the project scope and, by doing so, captures ALL 
deliverables—internal, external and interim—in terms of work to be completed, including 
project management. The rule applies at all levels within the hierarchy: the sum of the 
work at the ―child‖ level must equal 100% of the work represented by the ―parent‖—and 
the WBS should not include any work that falls outside the actual scope of the project; 
that is, it cannot include more than 100% of the work.  

 The WBS can be represented in a variety of ways including graphical, textual or tabular 
views. The form of representation should be chosen based on the needs of the specific 
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project. Exhibits 1 through 3 below illustrate the very same WBS elements represented in 
Outline View format (Exhibit 1), Organization Chart format (Exhibit 2) and in the Tree or 
Centralized Tree Structure (Exhibit 3): 

 
1.0  New Product Release 
 1.1 New Product Inventory 
 1.2 Product Documentation 
 1.3 Product Training Materials 
 1.4 Project Management 

 

Exhibit 1 – Outline View. 

 

 

1.0

New Product 

Release

1.4

Project Management

1.3

Product Training 

Materials

1.1

New Product 

Inventory

1.2

Product 

Documentation

 
 

Exhibit 2 – Tree Structure, or “Organizational Chart” Structure. 

 

 

 

 

1.0

New Product 

Release

1.4

Project Management

1.3

Product Training 

Materials

1.1

New Product 

Inventory

1.2

Product 

Documentation

 
 

Exhibit 3 – Centralized Tree Structure. 
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It is clear the WBS is the starting point in the planning process for many other essential project 
management processes such as Estimating, Scheduling and Monitoring/Controlling.  However, 
applying the WBS effectively to these processes remains a difficult task for many project 
managers.   
 

Transitioning from the Deliverable-Oriented WBS to the Project Schedule 

Frequent complaints about the relevance of deliverable-oriented Work Breakdown Structures are 
attributed to the absence of clear guidance about the methodology used to apply this scope 
definition to other project processes, tools and tasks. 
 
In particular, the lack of helpful information about the processes used to apply deliverable-
oriented Work Breakdown Structures to project scheduling is seen as the primary obstacle 
project managers face when attempting to use deliverable-oriented Work Breakdown Structures 
as a basis for scope management and schedule development.  The difficulty they encounter… 
making the logical association and transition from WBS to project schedule, drives their 
reluctance to adopt the practice.  In fact, much of the available documentation (e.g., (Pritchard 
1998); (Rational Unified Process, 
http://www.ts.mah.se/RUP/RationalUnifiedProcess/manuals/intro/im_diff.htm) for applying Work 
Breakdown Structures to project scheduling actually suggests the development of ―task-oriented‖ 
or ―process-oriented‖ Work Breakdown Structures to ease the transition from WBS to project 
schedule.    
 
 
Demystifying linkages between the Deliverable-Oriented WBS and Project Schedule  

To correct and counter this confusing instruction, key guidance to assist project managers can be 
found in the PMBOK

®
 Guide—Third Edition, Chapter 6.  This chapter, Time Management, 

contains much of the information required to explain and resolve the deliverable-oriented WBS – 
to – Project Schedule transition challenge.  Though somewhat obscured by other important 
concepts presented in this chapter, the core elements that show the linkage between the 
deliverable-oriented WBS and the project schedule are present.  The elements, extracted from 
the chapter, that explain the transition include Activity Definition, section 6.1; Activity Sequencing, 
Section 6.2 and project Schedule Development, section 6.5 are examined in detail and contain, 
specifically, the fundamental concepts required to simplify the process.    
 

 Activity Definition (section 6.1) describes the inputs, tools, techniques and outputs 
necessary to create the listing of activities that will be performed to produce desired 
project outcomes.  The Project Time Management Overview (figure 6-1, page 140) and 
the detail found in this section clearly show the Scope Statement, WBS and WBS 
Dictionary as inputs to the Activity Definition process.  Tools for development of the 
Activity List, Milestone List and remaining outputs of the process include Decomposition, 
Rolling Wave Planning and others.  Illustrated simply, this can be described as: 
 
     Input                                Process                  Output 

                       WBS & WBS Dictionary  Decomposition  Activity/Milestone List 
 

 Activity Sequencing (section 6.2) explains how the project’s activities, milestones and 
approved changes are used as inputs to the activity sequencing process, while the tools 
for developing the outputs are described, including the Project Schedule Network 
Diagram, updated Activity and Milestone Lists include various network diagramming 
techniques, such as Precedence Diagramming Method (PDM) and Arrow Diagramming 
Method (ADM).  As above, a simplified view would be;   
 
  Input                                Process                         Output 

               Activity / Milestone List  Network Diagramming  Project Schedule Network Diagram 
 

http://www.ts.mah.se/RUP/RationalUnifiedProcess/manuals/intro/im_diff.htm
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 Schedule Development (section 6.5) describes how these two processes are used to 
produce the end objectives of the process – the Project Schedule, Schedule Model, 
Schedule Baseline and other related schedule components.  Here, the chapter explains 
how the outputs of the two processes above are incorporated as inputs to the scheduling 
tools and scheduling methodologies to produce the project schedule.  Simplified, this can 
be illustrated as: 

 
Input                                Process                         Output 

                 Activity List / Network Diagram  Scheduling Method/tools  Project Schedule  
 
 
Summarizing the information found in these sections: 
  

 The core elements that enable the elaboration and development of the Project Schedule 
begin with the Scope Statement, WBS and WBS Dictionary.   

 

 These inputs are taken through a decomposition process to produce the project’s Activity 
and Milestone Lists.   

 

 These in turn, are input elements to Network Diagramming that produces the Project 
Schedule Network Diagram and updated Activity / Milestone Lists.   

 

 Finally, the Project Schedule Network Diagram, Updated Activity and Milestone Lists are 
then used as input to the project scheduling tools and methodology to generate the 
Project Schedule.  Illustrated in simplified process-flow form as before, the entire 
process can be summarized as follows: 

 
Input                           Process                Output 

   WBS / WBS Dictionary    Network Diagram    Project Schedule  
 

 
And again, this simplified view in block diagram form: 
 
            Input                  Process                                  Output 

 

 

Network Diagram Project Schedule
WBS / WBS 
Dictionary

 
 
                                   Exhibit 4 – WBS to Project Schedule Transition 

 
Putting These Concepts to Work 

To illustrate how this process would be put into practice, a simple example will be used.  We will 
presume for this discussion that the WBS elements listed in the outline below are a few of the key 
scope components derived from an initial home building contract.  Representing level 1, 2, 3 and 
4, the high-level scope elements include the components of the primary structure, the foundation, 
exterior walls, roof, plumbing, electrical and interior walls.  The component element list – without 
hierarchical structure appear to the project manager (from the contractor) as follows;   
 

 House Project 

 Primary Structure  

 Foundation Development 

 Layout - Topography 

 Excavation 

 Concrete Pour 

 Exterior Wall Development 
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 Roof Development 

 Electrical Infrastructure 

 Plumbing Infrastructure 

 Inside Wall Development: Rough Finish 
 
The WBS in Hierarchical Outline Form 

To organize this component list as it might be developed, the contractor might – and intuitive 
knowledge for even a novice would suggest that the following hierarchical relationship perhaps 
would apply.  For this example, we will presume this work is truly the correct representation.  
Working with the contractor, the project manager, then, would arrange the high-level deliverables 
for the House Project in the following manner: 

 
1.  House Project 

1.1 Primary Structure 
1.1.1 Foundation Development 

  1.1.1.1 Layout – Topography 
  1.1.1.2 Excavation 
  1.1.1.3 Concrete Pour 

    1.1.2 Exterior Wall Development 
    1.1.3 Roof Development 

 1.2 Electrical Infrastructure 
 1.3 Plumbing Infrastructure 
 1.4 Inside Wall Development: Rough Finish 
 

Exhibit 5 – House Project WBS Elements – An Illustration 
 
Here, in Exhibit 5, level 1 indicates the work called ―House Project‖ represents 100% of the work 
of the project.  All other scope (WBS) elements associated with the project would be subordinate 
to the House Project element.  At level 2, there are 4 major components that make up the House 
Project: Primary Structure, Electrical Infrastructure, Plumbing Infrastructure and Inside Wall 
Development.  Level 3 shows the key components of the Primary Structure: Foundation 
Development, Exterior Wall Development and Roof Development.  And finally the Foundation 
Development is decomposed into three work elements that become level 4:  Layout-Topography, 
Excavation and Concrete Pour.   
 
Granted, this is a highly simplified characterization of the work.  It is used here, however, to help 
illustrate the WBS hierarchical concept, not necessarily the proper breakdown of all the work 
required to construct a home.   
 
Identifying Dependencies between WBS Elements 

Looking at this particular breakdown of the work, contractors, project managers and homeowners 
alike would likely recognize that if this were the work to be completed, it would occur in a 
prescribed order, with some elements coming before – and being completed - before others 
begin.  For example, it would be very helpful to build the foundation and walls before constructing 
the roof.  Though it isn’t mandatory to do it in this way, building the foundation first and then the 
walls; establishing this order would allow the roof to be constructed on top of the walls – where it 
will ultimately be completed and integrated to secure the structure.  Certainly this is not the only 
approach to home construction – and the order can surely be modified to accelerate the building 
process, but for this illustration, we will presume a traditional home construction project, and the 
order would be: foundation, exterior walls, then roof.   
 
Once the foundation, walls and roof are completed (and assuming additional details such as 
windows, doors and exterior finish are part of the work), the construction can move to the interior 
of the home.  Here, it would make sense to complete the electrical and plumbing work before 
putting the interior wall material in place.  As before, this order is not mandatory, but common 
practice would indicate the simplest, quickest and easiest approach would be to first complete the 
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work that would be hidden by the interior walls, then apply the interior wall material.  Again, for 
this example, we will use that convention. 
 
Representing Scope Sequence and Dependency 

With the previous discussion in mind, a project manager could begin developing a very high-level 
representation of the work described by the scope (WBS) using nothing more sophisticated than 
pencil and paper to illustrate the dependencies described.  Beginning with the House Project 
element at level 1, and including all of the WBS elements required to show the implied 
dependency, one representation of the work might look like the set of interrelated elements found 
in Exhibit 6. 
 

Exterior Wall 

Development

1.1.2

Roof 

Development

1.1.3

Foundation 

Development

1.1.1

Electrical 

Infrastucture

1.2

Plumbing 

Infrastructure

1.3

Inside Wall 

Development – 

Rough Finish

1.4

 
 
 

Exhibit 6 – House Project High Level Scope Sequence  

 
This exhibit shows how the project manager would use a sequence representation – or an 
illustrated dependency map to indicate that Foundation Development (with its Work Packages, 
Layout-Topography, Excavation and Concrete Pour) must complete before the Exterior Wall 
Development can begin, and that Roof Development depends on the completion of the Exterior 
Walls.  Once the roof is complete, both the plumbing and electrical work can begin, but the 
Interior Walls would not start until the plumbing and electrical are complete.  (In reality, the word 
―complete‖ here could mean ―roughed-in‖ where wires and pipes are run to and from their 
destinations, but there are no fixtures attached to them.)  It is important to note, the work 
elements shown here are not tasks or activities, but rather significant scope components that 
logically lead and follow one-another.  Once these elements (Work Packages) are decomposed 
via the process described earlier, the resulting tasks, activities and milestones can be placed into 
the project scheduling tool. 
 
 
Taking the Process One Step Further – Introducing the concepts of Inclusion and the 
Scope Relationship Diagram 

To further ease the transition from the deliverable-oriented WBS to project schedule, we can 
refine the central process to more clearly illustrate the relationships between scope elements - 
before they are placed into the project schedule.   
 
In Exhibit 6 above, a scope sequence was used to show dependency between various WBS 
elements.  In this illustration, each element is shown in linear fashion, using a two-dimensional 
sequential format, with lines connecting the elements to show predecessor and successor 
dependencies.  To produce the network diagram, the two dimensions at the core of the process 
are order and precedence (or dependency).  While these two dimensions are critically important 
to development of a network diagram, in some cases they are not sufficient to enable the project 
manager to easily envision the project schedule from the network diagram.   
 
Absent from this linear depiction of scope is the addition of a third dimension to complement order 
and dependency.  To clarify – the concept/dimension of ―inclusion‖ can be inserted into the 
process to convert the linear, two-dimensional network into a diagram that would depict how 
individual WBS elements are related to one-another, as parent and subordinate elements, 
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reflecting in graphic illustration, how they are developed and listed in an outline, chart or WBS 
template.   
 
―Inclusion‖ as a dimension is used to show which elements are ―part of‖ larger work elements, as 
well as clearly articulating which WBS elements are not ―part of‖ the work of others.  Said another 
way, some work depicted by a WBS is intended to be seen as being ―part of‖ a higher-order work 
element, while other elements in the WBS are clearly not ―part of‖ specific higher-order elements. 
 
Using the example from the House Project above, we will take another look at the hierarchical 
outline for the work: 

 
1.  House Project 

1.1 Primary Structure 
1.1.1 Foundation Development 

  1.1.1.1 Layout – Topography 
  1.1.1.2 Excavation 
  1.1.1.3 Concrete Pour 

    1.1.2 Exterior Wall Development 
    1.1.3 Roof Development 

 1.2 Electrical Infrastructure 
 1.3 Plumbing Infrastructure 
 1.4 Inside Wall Development: Rough Finish 

 
Describing this outline using the concept of ―inclusion‖, it is easy to see that the WBS Elements 
1.1, 1.2, 1.3 and 1.4 – the Primary Structure, Electrical Infrastructure, Plumbing Infrastructure and 
Inside Wall Development are all ―part of‖ the House Project.  They are integral to the completion 
of the project and are ―included in‖ the work.  By the same token, it is clear from the outline that 
the elements 1.1.1.1, 1.1.1.2 and 1.1.1.3 are all ―part of‖ and ―included in‖ the work that makes up 
the Foundation Development WBS element (1.1.1). 
 
Our sequence diagram in Exhibit 6 shows the precedence and dependency between these 
elements, but does not clearly show which elements are actually ―part of‖ the scope of other 
elements.  In fact, if you examine Exhibit 6 carefully, you will notice that some of the elements 
have been left out of the diagram – for example, the level 1 WBS element House Project is not 
included.  Additionally, the first level 2 element, Foundation Development is excluded, as are the 
three level 4 elements, Layout, Excavation and Concrete Pour.  Why have they been excluded?  
Because including them in this drawing would be confusing and would disturb the illustration of 
the dependencies that are present.  How would it be possible in Exhibit 6 to represent the level 1 
or level 4 WBS elements without disturbing the logical flow of the dependencies between the 
relevant elements?  In truth, it is nearly impossible to properly include those elements in this 
illustration.  To correct this issue and explain, we will examine the Foundation Development 
elements closely.   
  
In Exhibit 6 the Foundation Development elements at level 4, Layout-Topography, Excavation 
and Concrete Pour were excluded to reduce the confusion about the dependency between the 
level 3 elements, Foundation Development (1.1.1), Exterior Wall Development (1.1.2) and Roof 
Development (1.1.3).  If we were to include them, however, they would also reflect their own 
natural or logical sequence.  For instance, the Layout of the foundation must precede any 
excavation – and the excavation must be complete before any concrete is poured.  Considering 
the dependency between these elements, they could be shown as a series of scope elements 
executed in sequential fashion, under the ―parent‖ element ―Foundation Development‖ at level 3.  
This concept is shown, as an excerpt from the House Project, in Exhibit 8: 
 



 © 2008, Shelly A Brotherton, PMP; Robert T. Fried, PMP; Eric S. Norman, PMP, PgMP - 9 - 

 Originally published for the 2008 PMI Global Congress Proceedings – Denver, Colorado 

 

Excavation

1.1.1.2

Concrete Pour

1.1.1.3

Layout – 

Topography

1.1.1.1

Foundation 

Development

1.1.1

 
 

Exhibit 8 – Foundation Development WBS elements from the House Project  
 
In this excerpt, it’s difficult to clearly envision or understand the relationship between the parent 
and children WBS elements other than the fact that we have told you the three elements at level 
4 are children of the parent element Foundation Development – which is not accurately 
represented in Exhibit.  If we were to link the parent, the Foundation Development would appear 
as simply another node in the sequence, when in actuality it isn’t.  In truth, the relationship 
between the Foundation Development element at level 3 and its children at level 4 is more clearly 
shown in the textual, outline form in Exhibit 9. 

 
1.1.1 Foundation Development 

  1.1.1.1 Layout – Topography 
  1.1.1.2 Excavation 
  1.1.1.3 Concrete Pour 
 

Exhibit 9 – Foundation Development Outline from House Project  
 

Here, it is easy to recognize the parent-child relationship between the level 3: Foundation 
Development WBS element and the level 4 elements, Layout–Topography, Excavation and 
Concrete Pour.  Because of the indentation of the level 4 WBS elements under the parent 
element, this outline form communicates to us and clearly shows that Layout-Topography, 
Excavation and Concrete Pour are actually ―part of‖ and ―included in‖ the work that is called 
Foundation Development.  Showing this in graphic format (see Exhibit 10) using an alternative 
view to represent this parent-child relationship may help somewhat, but does not fully capture the 
true relationship between the parent and child elements. 
 
 

Excavation

1.1.1.2

Layout – 

Topography

1.1.1.1

Concrete Pour

1.1.1.3

Foundation 

Development

1.1.1

 
 

Exhibit 10 – Alternate Foundation Development Graphic from House Project  
 

In Exhibit 10, it is difficult to determine the true relationship between the parent and child 
elements.  Does ―Foundation Development‖ come before or perhaps after the child elements?  Of 
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course, neither of those would be correct.  Is Foundation Development above or below?  Neither 
of those would be correct.  Clearly, we need a better way to represent and communicate the 
relationship between these elements.  
 
To solve and illustrate how these relationships actually occur, a Scope Relationship Diagram 
will be used instead to clearly show the relationships detailed in Exhibit 9, as well as the order 
and precedence shown in Exhibit 8. 
 
The resulting Scope Relationship Diagram reflects the added dimension of Inclusion representing 
these same WBS elements as follows in Exhibit 11. 
 

  

Foundation Development

1.1.1

Excavation

1.1.1.2

Layout – 

Topography

1.1.1.1

Concrete 

Pour

1.1.1.3

 
 

Exhibit 11 – Scope Relationship Diagram from House Project 
     Foundation Development Segment  

 
Here, in this Scope Relationship Diagram representation, the Foundation Development WBS 
element – 1.1.1 is larger and visually includes the lower level elements 1.1.1.1, 1.1.1.2 and 
1.1.1.3.   
 
With the addition of arrows to show the scope sequence described earlier, we are now able to 
illustrate how scope elements are planned within the concept of inclusion.  In Exhibit 12 it is clear 
to see that the three elements at level 4 are executed in sequence ―within‖ or as ―part of‖ the 
scope of the parent element, Foundation Development.   
 

Foundation Development

1.1.1

Excavation

1.1.1.2

Layout – 

Topography

1.1.1.1

Concrete 

Pour

1.1.1.3

 
 

Exhibit 12 – Scope Relationship Diagram from House Project – With Scope Sequence 
Foundation Development Segment  
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Expanding this concept further to include all of the elements in the House Project, a Scope 
Relationship Diagram showing 100% (Core Characteristic) of the work defined in the eleven-
element outline version of the house project presented in Exhibit 5 would produce the visual 
graphic illustrated in Exhibit 13. 
  

House Project

1

Primary Structure

1.1

Foundation Development

1.1.1

Excavation

1.1.1.2

Layout – 

Topography

1.1.1.1

Concrete 

Pour

1.1.1.3

Roof 

Development

1.1.3

Exterior Wall 

Development

1.1.2

Electrical 

Infrastructure

1.2

Plumbing 

Infrastructure

1.3

Inside Wall 

Development – 

Rough Finish

1.4

 
 

Exhibit 13 – Scope Relationship Diagram for House Project 
 
 
With this illustration, demonstrating or describing which WBS elements are ―part of‖ others is 
easy.  The parent elements always include the child elements, and appear as nested 
representations of work within the Scope Relationship Diagram.  Moreover, it is easy to recognize 
which WBS elements are both parent and child.  Nesting the scope elements clarifies the true 
relationship between the elements, a representation that previously could be illustrated only in 
outline form.     
 
To take this concept further, while the Scope Relationship Diagram for the House Project enables 
the visualization of the work ―included‖ within the scope of each parent WBS element, it also 
allows a more direct and straightforward transition from deliverable-oriented WBS to project 
schedule.  This results from the additional clarity the Scope Relationship Diagram provides, as it 
represents the relationships between WBS elements graphically, showing how they interact within 
the entire scope of the project.  Added benefits are also derived from this WBS representation.  
As decomposition is performed against the WBS elements in this Scope Relationship Diagram 
(the lowest level being Work Packages), the resulting tasks, activities and milestones can be 
easily grouped in the same manner as the WBS.  These will be input to the Project Schedule and 
will facilitate the grouping of work that will be monitored and controlled during the execution of the 
project.   
 
Beyond the initial view in Exhibit 13, the various WBS elements can then be moved into a logical 
sequence.  Dependency lines can be added to illustrate how the sequence of each of the scope 
elements within the project (parents and children) relate to and depend on one another.  This 
reveals a logical representation of the sequence of the work to be performed.  Using the Scope 
Relationship Diagram from Exhibit 13, adding the dependency lines would produce the logical 
sequence shown in Exhibit 14. 
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House Project

1

Primary Structure

1.1

Roof 

Development

1.1.3

Exterior Wall 

Development

1.1.2

Electrical 

Infrastructure

1.2

Plumbing 

Infrastructure

1.3

Inside Wall 

Development – 

Rough Finish

1.4

Foundation Development

1.1.1

Excavation

1.1.1.2

Layout – 

Topography

1.1.1.1

Concrete 

Pour

1.1.1.3

 
 
Exhibit 14 – Scope Relationship Diagram for House Project – with Scope Sequence 
 
Using this approach, the project manager is able to use a step-wise process to create the linkage 
between the components of the deliverable-oriented WBS and the scope of the project, prior to 
further decomposition and development of the Project Schedule.  Most importantly, representing 
the WBS in this way may simplify the transition from WBS to a Project Schedule we described at 
the beginning of the chapter.   
 
To conclude this discussion, we want to be sure you are able to clearly see these two methods as 
reliable ways to transition from the deliverable-oriented WBS to the Project Schedule.  So to 
recap, a clear path can be drawn from deliverable-oriented WBS to Project Schedule, if that path 
is taken through a logical sequence of decomposition and network diagramming.  This concept is 
represented in Exhibit 15, which is a repeat of the concepts we discussed at the beginning of the 
chapter. 
 
            Input                  Process                                  Output 

 

 

Network Diagram Project Schedule
WBS / WBS 
Dictionary

 
 
                                   Exhibit 15 – WBS to Project Schedule Transition 
 
 
 
As we have described, once the WBS is complete, illustrated (documented) and placed under 
change management control, it becomes the foundation for other important aspects of the project, 
including the project schedule, risk management plan, budget and financial management plan, 
quality plan, resource management plan and others.  Beyond this, the WBS plays a vital role in 
the executing, monitoring, controlling and closeout phases of a project, and in so doing, 
transitions from being seen primarily as a planning tool, to an active role, where the WBS 
becomes the basis for decision making.  It establishes clear boundaries for the project during the 
initiating and planning phases, and provides a ready tool for ensuring those boundaries are 
protected during the remaining phases of the project.    
 
 

Summary 

In summary, applying the WBS to the Project Management Lifecycle is simply an outcome of 
effective scope analysis, WBS development and careful project management execution, 
monitoring and control by the project manager.  Applying a carefully articulated WBS and WBS 
Dictionary to subsequent project processes further utilizes tools such as the Network 
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Diagramming technique or Scope Relationship Diagram development and results in the creation 
of a baselined Project Schedule, drawn from the decomposition of Work Packages - which 
reveals key project tasks, activities and milestones.  Key attributes associated with effective WBS 
development are included below. 
 
An Effective Work Breakdown Structure:  

 Is a deliverable-oriented grouping of project elements 

 Is created by those doing the work 

 Contains 100% of the work defined by the scope or contract and captures all deliverables 
(Internal, External, Interim) in terms of work to be completed, including Project 
Management 

 Defines the context of the project, clarifies the work and communicates project scope to 
all stakeholders 

 Is expressed as an illustration, chart or outline, providing a graphical or textual 
breakdown  

 Arranges all major and minor deliverables in a hierarchical structure - and is constructed 
so that each level of decomposition contains 100% of the work in the parent level 

 Should contain at least 2 levels 

 Uses nouns and adjectives – not verbs 

 Evolves along with the progressive elaboration of project scope, up to the point of scope 
baseline, and thereafter in accordance with project change control - allowing for continual 
improvement 

 Employs a coding scheme for each WBS element that clearly identifies the hierarchical 
nature of the WBS when viewed in any  format 

 
To develop effective Work Breakdown Structures and apply them throughout the conduct and 
duration of projects, the project manager should take the guidance provided here and apply WBS 
construction activities independently of the project schedule or scheduling tools.  To do this, the 
project manager will reference a set of key documents to begin the development of the WBS.  
These include (and may not be limited to):  

 The project charter 

 The project problem statement or scope definition 

 Applicable contract or agreement documentation 

 Existing project management practice  
 
Armed with these documents as the basis for WBS development, the project manager will guide 
the project team through the development of a deliverable-oriented WBS, carefully relating all 
WBS elements to these foundational documents and associating work described by the WBS to 
specific scope boundaries defined by them.  These activities are typically performed by engaging 
the entire project team in ―brainstorming‖ or ―idea-generation‖ sessions, using affinity 
diagramming techniques and iterative decomposition to define the WBS elements - all 
independent of the project scheduling tool. 

 
Once complete, the WBS is placed under ―Change Control‖ and will be managed in accordance 
with the Change Management processes defined for the project - allowing for the expected and 
inevitable change that will impact the scope of the project.  When these changes occur, they are 
reflected not only in the project schedule and budget, but are documented as changes to the 
Scope Statement, Charter, contract, agreements and of course, the WBS.   
 
In this way, the project manger will have constructed a Work Breakdown Structure that directly 
links to sponsoring documents, provides a basis for project schedule and process management, 
yet is designed to grow and flex with the changes that impact the project in a controlled and 
controllable manner.   
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Created by the three experts who led the 

development of PMI's Practice Standard for Work 

Breakdown Structures, Second Edition, this much-

needed text expands on what the standard covers 
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implementing the WBS within the project life 

cycle, from initiation and planning through project 

closeout. 

 

Using a real-life project as an example throughout 

the book, the authors show how the WBS first 

serves to document and collect information during 

the initiating and planning phases of a project. 

Then, during the executing phase, the authors 

demonstrate how the WBS transitions to an active 

role of project decision-support, serving as a 

reference and a source for control and 

measurement. 
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