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Abstract

The complex and challenging process of construction supply chain management can involve tens of
thousands of egineered components, systems, and subsystems, all of which must be designed in a
multi-party and collaborative environment, the complexity of which is vastly increased in the case of
megaprojects. A comprehensive Advanced Construction Supply Nexus M@eN(A) was

developed as a computational and procgsmnted environment to help project managers deal

efficiently and effectively with supply chain issues: fragmentation, resource shortages, design delays,
and planning and scheduling deficiencies, all biolv result in decreased productivity, cost and time

overruns, conflicts, and tireonsuming legal disputes.

To mitigate the effects of these difficulties, four ngnatotypesystemsarecreated: a frorénd

planning tool (FEPT), a construction value keging system (CVPS), an integrated construction

materials management (ICMM) system, and an ACSNM database. Because these components are
closely interdependent elements of construction supply nexus management, the successfully

developed model incorporatesossfunctional integration. This research therefore effectively

addresses process management, process integration, and document management, features not included
in previous implementations of similar models for construeteated applications. Thisugty also

introduces new concepts and definitions, such as construction value packages comprised of value

units that form the scope of vakaeded work defined by type, stage in the value chain, and other

elements such as drawings and specifications.

The gplication of the new technologies andthwals reveals that the ACSNM has the potential to
improve the performance and management of the entexpidsesupply chain. Through
opportunities provided by our industry partners, Coreworx Inc. and Aecon Grauthimelements
of the developed model have been validatét respect tamplementatiorusing data from several
construction megaprojects. The model is intended to govern current supply nexus processes
associated with such megaprojects but may be desrevagh for eventual application in other

construction sectors, such as multiit housing and infrastructure.
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Chapter 1

Introduction

1.1 Background and Motivation

Supply chain management and other similar terms, sulcttesisn Product DatabagéPD), network

sourcing, supply pipeline management, value chain management, and value stream management, have
become subjects of increasing interest to academics, consultants, and business management (Croom
et al.,2000. In the construction industry, gply chain management, which is interdisciplinary in

nature, has traditionally been callamhstructiorsupply chainmanagementCSCM) and is today a

separate and distinct discipline. Its definition is based on the nature of construction projects and
enconpasses the planning and management of most activities and processes related to a project. The
scope, role, and methods of CSCM may have changed over the years, but its purpose remains the
same: ensuring that the goals of a construction project are mitadnmioductivity and efficiency are

maximized.

In industrial construction, theoncept of materials management is closely rel@tedipply chain
management . I n t he Co GlHtsiheiGabdl Procurdmerd and Mategals| nst i t
ManagemenHandbook: An &5uide for Effective Project Executi¢R009), the key elements of

modern materials management are identified, and the related processes are defined in detail: (1)
personnel and organization, (2) materials requirement planning, (3) @ofpasition strategy, (4)
purchasing, (5) subcontracting, (6) expediting, (7) supplier quality management, (8) transportation
and logistics, (9) site warehousing and materials, and (10) planning for operations and maintenance.
A sub-category oftonstrucion supply nexus managemeéstonstructiomrmaterialsmanagement

which is defined in this thesis as the process of planning, allocating, and controlling resources and
value additions. The drive toward managing procurement and the supply nexus in alpaeedss
manner, enabled by information technology systems and with metrics for progress tracking, is
creating a compelling need for the development of an Advanced Construction Supply Nexus Model
(ACSNM).

The term Anexuso i s i iestofimedacas dinks) Aneongenultipee r ef er t o
stakeholders during the construction supply chai
management o is preferred over the more traditior

emphasize a close assomatiwith softwarebased models.

1



The inherent variability in construction is the basis for the significant challenges encountered in the
implementation of SCM techniques in the construction industry. Much of the uncertainty associated
with a project, howeer, arises from a lack of accurate, readily available information, such as the
status of materials at different stages within the construction supply network. In other words, the
construction industry generallydies supply network visibilityThe key tamproving visibility is the
sharing of information between supply network members (Christ@piteLee 2004; Deleret al,

2007). In this regard, ahCSNM systenoffers tremendous potential for improving supply chain
visibility and for providing possike solutions to future problems related to supply nexus and

materials management.

The vision of future supply nexus management contrasts with past conditions in several ways.
Because of the drift toward prefabrication, value is added earlier in the singphy(Sacket al,

2004. Improvements are also evident in informatieohnologyenabled, welbased collaboration,
automation, integration, product and process management, and project performance, with ACSNM
playing a key role.

1.2 Research Objectives

The construction industry is becoming increasingly concerned about the failure of construction supply
nexus management to result in the achievement of project goals in spite of the impressive
technologies available and the considerable resources alloSatsific gaps exist in the theoretical

and empirical research with respect to some aspects of advanced construction supply management,
especially the value package system, which should be integrated with other elements of the supply

chain, including the ntarial management system and contract management.

Bridging the gap between construction experts, engineers, manufacturers, and researchers requires the
development of a model and a framework that can be used by all stakeholders through a common
platform and using common terminology. The primary goal of the research presented in thisthesis

to develop an ACSNM usingfeont-end planning toolFEPT), a constructiomalue package system

(CVPS), and amtegrated construction materials manageni&iM) system. The developed model

serves as a computational and process environment that facilitates dewkiog processes for a

variety of levels and phases of a construction project in order to promote efficiency, effectiveness,

and objectivity.



The systemsrad tools created through this research enable the use of an ACSNM to provide
improvements in the performance and management of an entemessupply chain system. Such a
system has the potential to organize diverse activities by building a strotegjyaited framework for
effective supply nexus management and by providing common terminology and standard process
descriptions. The following sutibjectives guided the work that led to the completion of the primary

research objective:

1. Develop a frameworknd ontologyfor the integratiorand automabn of the congruction
supply nexus processes. Tdengruction supply nexus should improtreintegraton of the
design, procurementonstructiorandmaterials management procesgéss model must
also increassupply chain visibility.

2. Develop a fronend plannindFEP)systenfor the management and facilitationtbé
strategic planning process. The FEP phmaast involvea toolthat functionsas supportor
owners and major contraes who are engaged REP.

3. Develop aconstructiorvalue packaigg system. This systeshouldoperate asa tool for
improving the efficiency of theontractingprocess by decreasing the time required for a

decision and by generating optidhatmay not etherwise be identified.

4. Improve projectaterialsmanagement processes and direct owner control of the
procurement proceskrough developing an integrated material management sybhem
developed system shoulokmalizeand managéhe materials managentgmrocesseswith
the objective®f redudng inventory and waste with respect to site mater@atpediting
delivery, and proviohg increased control of materials, all of whiake instrumental in

decreasinghe cost of a construction project.

1.3 Research Scope

Several managerial systems are in use in other industries, but the theories, methods, and results
related to these industries cannot always be applied directly to the construction industry with the same
level of success. Although several valuable taold models have been developed, the literature

contains naeport of acomprehensive modér theplanning and managemaeuitconstruction

supply nexus processes, from FEP to the construction phase

The scope of this research focupesciselyon industial sector projects in the construction industry,

but the concepts and models developed are applicable to other construction industry sectors. In
3



general, the industrial construction sector involves projects such as power plants, refineries, and
processdicilities. It is characterized by a high concentration of participants, by owners who build
frequently, by the involvement of trades such as pipefitters and millwrights, and by a high level of
engineering and project management sophistication. The reg@asented in this thesisncentrates

on industrial construction and, in particular, on megaprojects. The characteristics of megaprojects and
other classes of construction projects are discussed in Chapter 2.

Because of time limstand other constraig for validation purposg the stegoy-stepverification
approach was used ftire development and implementatiortted modehls a whole with respect &
megaconstruction projeciThis research was coordinated @hemodel was validated in €o
operatiorwith Coreworx Inc., headquartered in Kitchener, Ontario,witid Aecon Group Inc.
Industrial Division in Cambridge, Ontario.

1.4 Research Methodology

The methodology of this research is shown schematically in Figlir&he model presented in this
thesisis based on an iterative process of literature revigmucture developmeraind eventually, the
deploymenof and experimentation wittlata fromfull -scale constructiomegaprojectsThis process
required seven steps in order to acheethe research gsaThe first step was a review of the

literature concentratinggn construction strategic management, construction management tools and
methodsjnnovativetechniquesthe supply network, work packaging, construction bidding processes

and construction ntarials management.

The literature review, which is based msearch reports, journals, books, and other souressly
identifies knowledge gaps that should be filled if the construction supply chain process is to be

improved.



Introduction and Literature Review
Chapter 1 and 2

A 4

Research Vision
Chapter 3

v A 4 A 4
Front-End Planning ( Value Package System h Integrated Construction
Tool (FEPT) (VPS) Materials Management (ICMM)
Chapter 4 Chapter 5 Chapter 6
. J
| |
v
a Ny
Database Integration
Chapter 7
\ 7
v

Conclusions and
Recommendation for
Future Work
Chapter 8

. J

Figure 1-1: Research Components

1.5 Structure of the Thesis

Chapterl summarizes the research problem and describes the motivation, objectives, scope, and
methodology of the researciiong with the structure of the #ig Chapter 2 provides the literature
review, including a comparison sfipply nexus managemenbls and modelwith previousmodels
with respect taheir ability to producstreamlined communicatiomtegrationand accelerated
response timed.hedetaled review of the literatureelated toall of the researctopicsassociated

with the development of the modehs the basis for the determinatiortted most feasible means

throughwhich new technologiesnd tools couldeused forthe model

Chapter Jresents the overall research approach and an overview of all elements of the model
presented in this thesis, which addresses the knowledge gaps related to the lack of a comprehensive
supply nexus model.he ACSNM developed in this researchn beused tchelpintegrate design,
procurementand materials management processes and to facih&tptimization osupply chain

5



processedn other words, thCSNM encompasssimportant processemcludingdesign,
procurementbidding, materials flowJogistics purchasinginventory flow scheduling and control

transportation systas operation, and some parts of infrastructure management.

Four core elements of the model developed in this research are then described in Chaptéhe4

first elemen of the model is th&ront End Planning TooFEPT). Chapter 4 explains its components,
therecommendationthat guided its development, its implementation, and its validation based on its
application for three megaprojects. Generally, once all of tiest&ps are completed, the

construction value packages can be developed; however, the completion of some packages also
requires design information. The concept of the construction value package is defined in Chapter 5,
which describes the construction valpackaging system (CVPS) that was developed for this
research.

The CVPS could not have been developed without strong and structured strategic planning based on a
robust FEPT or without aimtegrated Construction Material Managemd@MM ) system, whichg
animportant elementf the new modeln Chapter 6,His system is presented as part of a

construction packaging approach for the procurement phasesifuction megaproject$his

chapter also identifiethe taxonomyaccording tavhich thelCMM is used to formalize the materials
management processéisushelping toassure the quality and executiafithese processéxy forcing

consistency, repeatability, responsibility, and accountability.

Chapter 7 discusses the requirements of the ACSNM databdgeesents an analysis of the
findings. The final chapter of this thesis includesabrclusionsaandcontributions along with

recommendations for potential futurerestigation of improvements to the model. Additional

materials (forms, software codingUls , contractorb6s sample informat.i

included in the appendices.



Chapter 2

Literature Review

This chapter provides a review and summary of the scholarly works whose concepts inform the
research presented in this thesis. The discussion covers a synthesis of current knowledge and the gaps
between the existing construction supply chain practiceshendiesired model, as illustrated through

an integrated construction project management model for the industrial construction sector. The
material is arranged thematically so that it corresponds to the steps involved in this research. While
some articlesrad studies were more heavily drawn on than others, and some provided a direction for
reflection rather than actual concepts, all of the works cited provided insights that proved valuable in
the development of the model. The most significant outcome oétew was that it brought into

sharp focus the need for a comprehensive model.

2.1 Introduction

Construction projects typically vary with respect to type and size and involve thousands of workers,
millions of details, and countless complex variables, sutibasir, materials, weather, and

schedules. As a result, construction project managers constantly encounter problems such as
fragmentation, resource and labor shortages, design delays, project delivery issues (Miller et al.,
2000), and planning and scheéhd deficiencies (Thompson and Lucko, 2012), all of which lead to
low productivity, cost and time overruns, and conflicts that involve subsequent claims and time
consuming disputes (Hastak et al., 1996). Over the years, a variety of construction management
practices have been developed in an attempt to address these challenges; however, no single
integrated solution or model has been developed that addresses all of these challenges and their

respective interfaces.

Construction as a whole is usually dommat b yo fifolnepr oj ect s (lamdndon, 199
Koskela 2000; Tah, 2005). That is, no individual project is identical to another and can even be more
complex in different ways than any previously undertaken. This feature is relatively rare in other
industries and i s of-begahecer me dandHoosil@EOB.Bupplya mu | t i
chainmanagementSCM) is a popular operations paradigm that is used as the basis for coordinating
supplies and managing suppliers for a construction prajéoinack et al., 1990). SCM can be

defined as the integration of key business processes so that suppliers provide appropriate products,

services, and information and hence add value for clients and other stakeholders (Lambert et al.,
7



1998). The report of th€onstruction Task Force (Egan, 1998) concentrated on the need for the
construction industry to improve the efficiency with which it operates its supply network. Attempts to
enhance the current approach can take many forms, but current interest isc¢oiheration of new
methodologies and attitudes into the management of the construction supply néheamodel
presented in this study is focused on and addresses the knowledge gaps related to supply chain
domains such as logistics, information flow,ter@al and equipment management, workforce issues,

and other specific areas as further described in this thesis.

The Construction Industry Institute (CIl) and several scholars have found that approximately one
third of projects miss cost and schedulingéis and that a critical aspect of project

underperformance in the construction industry is related to construction delays, which often result in
legal claims and disputes (Anderson, 1990; YeoNind, 2002;Johnson2011). One potential

solution for thee problems is the facilitation and improvement of the construction supply
management process, which could help overcome classic problems related to the application of SCM

principles in the construction industry, such as-jugtme delivery.

Several scblars have focused on a number of aspects of SCM and have introduced new tools and
methods for improving current practices. For example, Tommelein (1998) was successful in
demonstrating the theoretical ability of pdliven scheduling as a means of enlagthe

performance of the pipe spool installation process by reduchksigi@material buffers. However, the
difficulty in applying SCM concepts to construction projects results from the fundamental differences
between manufacturing and constructiondfrj 2009). Somepractitionersand experts have striven

to apply manufacturing supply chain models and techniques to the construction industry. Although
these techniques have proven beneficial in establishing and maintaining construction supply chain
mocels in some organizations, the construction supply chain must still be reconstructed and

refurbished so that it incorporates the characteristics specific to the construction industry.

A key differentiator between construction and manufacturing indussriegated to the constraints
intrinsic to construction projects: weather, site conditions, site fabrication, the availability of
resources, and local laws and regulations. Such factors have a minimal impact on the manufacturing
industry but can have a ity unpredictable and variable effect on construction projects é¢Cal

2006). Overall, it is the inherent presence of variability in construction that has complicated the
application of SCM techniques for construction projects. For example, stacépiteaterial and

equipment are a regular sight on construction sites. In the case of industrial megaprojects, substantial

8



guantities of materials are accumulated indayvn yards and warehouses prior to construction. The

additional costs related to taecumulation and maintenance of these stockpiles can be enormous.

The development of a strengthened and reliable supply chain model requires that several driving

concepts and methods be addressed:-odtplanning (FEP) and other new construction t@ols,

work packaging system, an integrated materials management system, doaseglconstruction

project governance. Some of these tools and concepts have been identified as a result of systemic

i nnovations that requiretmmulrt ipploeespedcinalai €t ofr i
(Taylor and Levitt, 2005). Most members of the construction industry have yet to acquire a thorough
understanding of this type of innovation and the key prerequisites for its successful implementation.
Despite low ependitures on systematic innovations and other new products in the construction

industry, the significant technological improvements that have resulted from these innovations can
demonstrate best practices for the construction industry and provide #obasislar future projects.

The remainder of this chapter is structured to illustrate the foundation that was required for the
development of the supply chain model presented in this thesis. To provide a meaningful and
practical model, and in light of éhvast differences among construction projects, the scope of the
research needed to be defined, which in turn, required the adoption of a system for the classification
of construction projects. Section 2.2 presents an overview of some of the existiifigalass

systems for construction projects, followgan explanation of the classification system that was

developed for this study.

One of the research objectivisgo improve project strategic planning, which takes place during the
FEP stage of a pject. Section 2.3 provides a comprehensive summary of the published literature

related to improving FEP processes and identifies the knowledge gaps that exist in this area.

A primary focus of this researdétito develop an alternative to existingnstruction work packaging
systems, which would also effectively feed into the supply chain management system created through
thiswork. To this end, a detailed analysis of existing construction work packaging systems, their
strengths and weaknesses, #rr required improvements was conducted and is documented in
Section2.4. A detailed review of materials management methods and concepts, as related to the

construction industry, is then presented in section 2.5.



Finally, Section2.6 summarizes a reviesf web-based project management tools, which are used in
this research as the integration mechanism for the provision of effective and reliable lines of

communication among all parties involved in the developed supply chain management model.

2.2 Classification of Construction Projects

Theprimaryfunction ofprojectclassification is to allow scholars and experts to group construction
projects according to similar characteristiba.adequate description of the scope of the model
developed in this research tegpd the adoption of a system for classifying construction projects. This
section provides a summary of some of the most commonly used classification systems, followed by

an explanation of the system adopted for this research.

Classification of thevide rangeof types ofconstructiorprojectsis especially challenging because of
their oneoff nature. Fo each categorgf projects, he construction project management process must
provide the flexibility to choosa suitabldevel of planning and control for large, complex, higgk,

and new projectd-or examplebuilding informationmodeling(BIM) may not beappropriatdor the
budget and size of a small projethe grouping otonstruction projestplays a major rolén the
organization of thénformationrelated taspecificationsthe structuringof documentsandthe

calculation of costsTan and Lu (1993) grouped construction projects according to the type of

construction work as follosv

Group A: road, bridges, tunnés, railroads, rapid ransit
Group B: petrochemical refineries, pipelines, power glaatt.
Group C: steel plastautomobile plarg machinery shap etc
Group D: pharmaceutical planelectronic plarg, hospitals
Group E: foodplants textile plants water plans, paper mills
Group F:additionaltypes other than thodisted above

Construction projects also can be classified into three main categories: industrial, public works and

town planning, and buildingSéntana, 1990)

1. Industrial: nuclear power stations, solar power stations, steam power stations, hydroelectric
stations, mining complexes, factories, gas and oil pipelines, industrial facilities, military

establishments, industrial facilities, industrial pavement, water treatmemts,ptzhemical
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plants, offkiore oil rigs, oil drilling rgs, refineries, silos andmbge, power substations,
powerline laying

2. Public Works and Town Planning: airpors, roads and motorways, canals, caves and
underground wrks, public and administrativebuildings, railways, hospitals, earthworks,
hydraulic installations, maritime stations, port works, irrigation works, urban transport,
waterworks, dams, longpan bridges, harbours and dec&ewerage underground public
transport, tunnels

3. Buildings: shoppng centres health cemes education cengs, housing estates, monument
construction office buildings, housing, parking garages, sport facilities, prefabrications

The goal of a construction project has been the focus of a vafigpproaches that attgt to

address project complexit@ne propose project classification system that considers compléity
shown diagrammatically in Figure2(Shenhar and et.all996) The three levels of complexity
includeassembly, systerand array. Assemblgomplexty represents a projetitat includes

collection of components and modules combined into a single unit. Sgstapiexity identifiesa
projectthat consistef a complex collection of interactive elements and subsystems within a single
product and aray complexity signifies a programather than a single projed¢t. 2012, the CII

launched a research team to study project complexity. It is considered to be a project aspect driving

applicability of different management systems and processes such aatarfl supply nexus

management.
Program/Project
Management Scop
$ Increasing:
Increasing: Multi-System Planning
3. Array Size Systems Engineering
Program or Scope Control Systems Integration
Set of Projects Planning a Configuration Management
Subcontrcting Risk Analysis & Management
Documentation
2. m
P _Sy;st(?th Bureaucracy P > Increasing:
roject wi Techical Skills
Complex Set of P e Flexibility
- -
Interactive Elementd - - Development & Testing
1. Assembly P - Late Dfesign Freeze
Proiect - Technical Communication
.] R - Risk & Opportunity
Consisting of Low . . High
a Single Unit €= = - - - = = = Technological Uncenainty » m = == o= == == = e >
1
A B C D ~
Program or Mostly Advanced Highly Advanced
Set of Projects Established or Exploratory
(Classic Tech) (Medium tech) (Hi-Tech) (Super Hi-Tech)

Figure 2-1: Project Classification SystemsBasal on Complexity (Shenhar and et al, 1996)
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These types of categorization are advantageous, but construciiectp exhibinumerousattributes

or characteristics thabuld be used to define categorésl to classify projects withimandividual
category.This consideration creates difficulindresults in a lack of generally agreedpon
frameworkfor classifyingconstrugion projects becaus# their uniquenesand theirdifferences in

terms ofsize, time, investment, complexignd technological conterhe reality is that fully
categorizing construction projects is impossiblecause they include unknown factdrse

challenge is to select the most appropriate characteffistidefiningthe optimalcategories for
application ofa supply chain model. For this study, construction projects are classified based on the
published literature summarized above and with espetheir size, complexity, and risk tolerance.
The classification includes consideration of four classes that have some overlap but that each involve
a different level of detail:

1. Class | (megarojects):This class refers to projects that have budgets exceeding $1B and that
requireplanningand execution over a very long term (more than three years). It includes
government and national institutions, which have an enormous economic, social, and

ecologicalimpact.

2. Class Il (large and uniquelheinvestment in this class of project involvesre thar§100M
as well adongterm planning and executigmore than two years). These projects can share
many of the class | features but are unique, with complicatethgement and
implementation systems. Numerous contractors, specialists, and consultants are employed,

and the most advanced technologies are used.

3. Class lll (complex)This classrequiresmiddle-level planning and executiamithin a shorter
time frame(one to three years). These projects usually have budgets between $10M and
$100M. A complex project is not unique, and the problems involved are not complicated.
Most industrial projects and many public works are categorized as corSletaga, 1990).

4. ClasslV (basic and normal)An investment ofip to $DM would be considered for this class
of project. The projects are carried out with one year of planning or one budget period, with
the use of measurable targets. Projects such as housing, earthworksgdusdd roads can

be considered class IV construction projects.

Throughout this research, when the terms fAprojec

megaprojecto ar e uspeofectisanplied. ass | project (mega
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2.3 Front-End Planning (FEP)

A condruction project can be defined as a sequential activity that relies heavily on detailed planning
and programming (Briscoe et al., 200Depending ottheir classconstruction projects are pronedo
variety ofrisks during strategic planning. In factany experienced managers consider construction
supply nexusnanagement to be essentially the aihifating, defining, andnanaginghe strategic
plan.In most cases, loatprm strategies for a new construction megaproject are established during
the FER which is influenced by a number of constraints, such as resource limitations, government
regulations, and environmental restrictions. This section introduces the concept of Fxplares

the knowledge gaps evident based on the existing literature, slowhich have been addressed by

the model presented in this thesis.

In construction, the strategic planni(feEP)process is associated with feasibility studies, sets of
priorities, and timing considerations with respect to the initiation of all of the activities that will
enable the overall objectives of the project to be met. This process may sound straightburtithed,
research shows that many companies have overlooked the important aspect of aligning project
performance with their strategic plans (Gibson et al., 1995; Bates, 1995; Cheah et al., 2004; Cheah
and Chew, 2005; Whittington et al., 2009).

A study condcted by the City of Edmonton in which more than 200 capital construction projects

were examined with respect to estimation accuracy revealed that only a small portion of projects
actually fall within the desirable range of accurééipouRizk 1998 AbouRizk, 2000).

Traditionally, construction managers and decision makers have lacked the ability to appropriately

plan, estimate, and execute projects in a consistent, efficient, effective, and reliable manner. The
statistics related to cost and schedule awerrclearly indicate a general inability to accurately plan

and estimatéAbouRizk 1998 AbouRizk 2000). The task oplanning, prioritizing, and allocating

funds is complex (Ariaratnaand MacLeod, 2002) and should be performed primarily during the
FEPphase. For the research presented in this thesis, an attempt was made to shed light on how the use
of a highlevel engineering tool can enable project managers to conduct and manage the FEP phase

more efficiently.

Researclin theareaof construction proet pl annipregpr o ech @3¢ amningo (Fo
and Voyer, e2@02adifngeont Steoady pl 2006 ngoandvi ifr al
Samset, 2010 as validated thhypothesighat effort spent on strategic project planning pays off in
better project results and performance. Cll research also confirms that FEP is a key factor in

13



improving project performance (Cll, 2006). These studies show that managing a construction project
well, based on a comprehensive strategic ,peads to succefi completion on schedul&vithin

budget and most importantly, within safely guidelines and with a minimal impact on the

environment. Industry research also demonstrates that projects with rigorous FEP perform more than
10 % better in terms of cost, 7 Bétter with respect to schedule performance, and 5 % better relative

to change orders than projects with little or no FEP (Gibson, 2010).

As mentioned with respect to the construction industry in generéalymFEPstrategiexan ever be

exactly alikebecausef the dominanbneoff nature of therojects(Londonet al, 1998; Vrijhoef,

2000; Tah, 2005) and the differentiation created by numerous constraints: weather, site conditions,
site fabrication, and the availability of resources. Local lawsegualations can also be highly

inconsistent and variable (Cox, 2006). For this reason, care must be taken to ensure that any model is
flexible enough for use in most construction projects, given their specific characteristics and
constraints, and any gagigt exist with respect to the execution of the model must be addressed.

One of thefocusesf the literature review conducted for this research was the definition ofdHEP.

defines it as Athe process of dwhicheolvmerscang suf f i

address risk and decide to commit resources to

1995). The emphasis is on creating a strong, early link between the needs or mission of the business
and the strategy, scope, cost, and daleassociated with the project and on maintaining that link
unbroken throughout the project life cycle (CllI, 2008). Cleland and Ireland (2002) have expanded on
this definition by stating that FEP is the process of thinking through and making explpitiseand
strategies required in order to bring a project through its life cycle to a successful conclusion when the
project process is an appropriate part of the
critical process for revealing yrinknowns that might arise during a project. The main deliverable of

the FEP phase is an adequate level of design that enables the project team to prepare cost and
schedule estimates and to identify risk.

Once project funding is approved, the FEP dedigiverables become the primary input into the next
phases in the project life cycle: procurement and detailed design. FEP gates and other life cycle
project phases are shown in Figur2. A gate is defined as the existence of the discrete information

anddefinitions required for a decision that will determine whether to proceed.

14
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1. Feasibility 2. Concept 3. Detailed 4. Procurement 5. Design 6. Construction 7.Commissioning 8. Operations
Scope

)

|

Front End Planning Gates

Figure 2-2: Front-End Planning and Project Life Cycle

The CllI organized a planning research team whose assignment was to investigate the importance and
value of FEP, to assess the resources required to perform the process effectively, and to make a draft
of the rules that signify key sytrocesses. They fourtdat the FEP process resulted in savings that

more than offset the level of investment required in systems, people, and other resources (Griffith et
al., 2001). For capital construction projects (approximately >$1B total installed value), the execution

of FEP represents a major effort that involves many thousands of documents and a large team and that
cannot be effectively managed through traditional spreadsheets, printed materials, and meeting
minutes. Because FEP is a practice involving a diverse &einadin interactions, information

sources, and integrated processes, companies often fail to execute it consistently even when they
commit to it. A strong need hence exists for a comprehensive engineering model or tool that
addresses the requirements assediavith this phase.

During the last decade, a revolution has occumrether industries: business processes have been
automated and enforced via the implementation of workflows embedded in corporate and institutional
computing systems. Workflows areagsmost effectively for critical business processes that are

subject to time constraints and to scrutiny for compliance with respect to regulated industry processes
and human authorization. Examples include human resources management and product support
processes. The construction industry is now catching up, and electronic product and process
management systems are being developed that will enable the implementation of the workflow

concept (Shokri et al., 201 MWVorkflows can be used to facilitate FEP.

Understanding the tools and methods used for managing the FEP projectguhases clarification

of the terminologyIn a number of industry segments and locales, practitioners have referred to these
tools asFrontEnd Engineering DesigirEED) tools. A reiew of the related literature reveals that a
number of companies use FEED as a descriptor for a wide variety of planning objectives and define
FEED based on the specific objectives of their company. For this study, the ter@ndgrianning

tool (FEPT) vas therefore selected in order to avoid confusion with other types of FEED tools.
15



The FEPT, the development and validation of which as described in Chapter 4 of thih #sesis,

been the only practical tool that has been applied for managing FEPgeictdew companies have
developed software models for directing and operating this phase of construction projects. For
specialistgreenfield projects, Kentz Integrated Solutions (KIS) providelti-discipline engineering
services, including FEED (KENT2012). Tenaska Trailblazer Partners, LLC contracted with Fluor

to complete a FEED study for the carbon dioxide capture portion of a project (Tenaska Trailblazer
Partners, 2012). KBR Inc. has been awarded a contract by Saudi Aramco to furnish a FEBRRtsyste
the Shaybah field. KBR provides FEED for the creation of the process design and layout, the
development of equipment and material specifications, the preparation of bid packages, and the
estimation of construction work with respect to several projetdsed to the Shaybah NGL Program
facilities (KBR, 2011) A Korean research team supported byNtieistry of Land, Transport and

Maritime Affairs of the Koreagovernmentevelopedanintelligentprogram management
informationsystem ({PgMIS). This sygem incorporates and integrates unit modthescan be used
duringthe FEP phaseostduration managemerapntract managementsk management

performance managemegteenVE/LCC, change management, and confti@ithagemenEmerson
delivers a multdisciplinary approach with FEED, in which the FEED document is the definitive
technical and business project summary that includes all of the FEED deliverable documents to be
used by the project team. The Emerson FEED systenvieselarly design work performed after the
conceptual business planning and prior to the detailed design (Emerson Process Management, LLLP,
2005). The Chiyoda FEED method, an efficient vergamtording to claimsthat causes few changes
during theEPC(Engineering, Procurement and Construc}iphase enhances project performance
(Chiyoda Corporation, 2012). Bentley offers a FEED solution that provides the flexibility needed for
construction projects while still ensuring interoperability among the muligdtevare products that

are based on ISO 15926. The Bentley FEED tool has been helpful for major chemical companies such
as Mitsubishi Chemical (Bentley, 2008). However, none of these models is comprehensive, and they
all customarily focus on one or onlyfew aspects of FEP. While they have contributed significantly

to the FEP phase and have satisfied their clients, they are entirely custordqirojecioriented,

which means that some were employed only as a module for supporting a specific pdfedt the
approach, with the remaining FEP being managed through either traditional approaches or existing

partial models.
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2.4 Construction Work Packaging

An appreciation of the research presented in this thesis requires a careful review of a number of
important cacepts, including work packaging. A work packaging system is an inclusive process
flow that involves entire detailed packages. In turn, defining construction packages and packaging
systems also necessitates clear terminology. Scholars and practiticmergier of industry

segments have defined work packages in a variety of ways.

As is clear from the literature, work packaging is not a new concept: a number of companies and
scholars have used the term Awork packageo as
defined based on the objectives of their specific pr¢i&an and Ibbs, 1995; Raz and Globerson,

1998; Choo et al., 1999; Gray and Hughes, 2001; Chan and Kumaraswamy, 2002; Sriprasert and
Dawood, 2002; Machin et al., 2007; Wegener, 2008; Ibrahim et al., 2009; Sadeghi et al., 2010).
However, regardless of anyngaular viewpoint, a work packaging system can be seen as providing a

framework for productive and progressive construction.

The literature contains a number of definitions of construction work packages. In their\iéqibert,
Packaging for Project Conttpa research team organized by the CIl recommended breaking projects
into manageabl e work packages. This team al so
defined scope of work that terminates in a deliverable product(s) or completion of a $&aglte.

package may vary in size, but it must be a measurable and controllable unit of work to be p@rformed.

To complete a work package, one or more tasks will be performed. Thus, a work package may

d e

encompass the work of mo®88). ThehCanstruction®Owrerse w or st af

Association of Alberta (COAA) also proposed the following definitions for different types and levels
of work packages, including the Construction Work Package (CWP), the Engineering Work Package
(EWP), and the Field Installah Work Package (FIWP):

1. The Construction Work Package (CWP) is HfAan
defines in detail a specific scope of work and should include a budget and schedule that can
be compared with actual performance. The scope df ismuch that it does not overlap
another CWP and can be used as a scoping document for Requests for Proposal and

Contracts. 0

2. The Engineering Work Package (EWP) is nfAan

CWPs and that defines a scope of wrlsupport construction in the form of drawings,

17

e

e .

n

{



procurement deliverables, specifications and vendor support and that is released on an agreed
upon sequence consistent with the CWP schedule. The scope of work is typically by

di scipline and area. 0

3. TheFied I nstall ation Work Package (FI WP) is AfAa
elements necessary to complete the scope of the FIWP are organized and delivered before
work is started to enable craft persons to perform quality work in a safe, effedive a
efficient manner. Generally the scope of work associated with the FIWP should be small
enough that it could be completed by a singl:
(COAA, 2007).

The COAA model diverges from the CIl model in that it doesrecommend a hard connection to
project controls.

The research presented in this thesis deals with issues related to the management of the construction
supply chain using work packages, a topic with respect to which, despite some pioneering research,
significant gaps exist (Jaselskis and Ashley, 1991; Choo et al., 1999; Vrijhoef, 2000; Miller et al.,
2000; Raz and Globerson, 1998; Cox et al., 2006). This research concentrates on industrial
construction, which involves projects such as power plantsgrids, and process facilities. This

sector is characterized by a substantial concentration of participants, by owners who build often, by
the involvement of trades such as pipefitters and millwrights, and by a high level of engineering and
project manageent sophistication. Much of what is learned in this area can be generalized to

include other construction sectors.

2.4.1 Work Breakdown Structure

An important approach that should be addressed in the development of construction work packages is

the work breakdwn structure (WBS). The WBS evolves through the process of breaking down a
construction project into individual components arranged in a hierarchical structure. In other words, it

is the process of taking the project apart to the level of the construatimmpackage. The project

schedule, on the other hand, lists all of the tasks required in order to complete the deliverables. As one
authority says about the result of this process,
stakeholders on a project tiew the project in the same manner, to speak a common project language

for the first timeo (Fleming and Koppl eman, 199¢
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critical, and the project team must avoid both defining tasks too specificalbo(high a level of

detail) and defining too large a task.

The breakdown of the work can be illustrated as a hierarchical structure. Fgpreddes a
general illustration of how a large project can be broken down into subprojects and then developed
into value packages. Each piece of the puzzle shown in the figure represents awgpeeifioitthat

then becomes part of a value package.

Project

L 2 N I 2 T ¥

Subproject 1 Subproject 2 Subproject 3 Subproject 4 Subprojectn
|

Figure 2-3:Work Breakdown Structure for the Value Packaging Concept

The Project Management Institute advises that WBS development should progress in increasing detail
until a level is reached that makes available the insight and vision required for effective project
management (PMI, 2002). Since one value unit includesiaty of types of work items, the number

of value units thus rapidly increases as a WBS is subdivided into one or two additional levels
downward. Care must therefore be taken to achieve an appropriate level of detail in an organized
manner. The level ofedail in a WBS is related to the class of the project and its cost, duration, and
complexity. It should be noted that each individual construction companynaitlyyears of

experience and multiple experts might have its own specific structure for defiriNgBS.
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Hendricksordefines the principles behind difference approaches (Hendrickson Z0@0)WBS must

therefore be flexible enough to provide suitable features for a variety of users.

2.5 Materials Management

Construction raterials management can bestleéined agithe planning and controlling of all

activities necessary for ensuring and confirming that the correct and accurate quantity and quality of
materials and equipment are appropriately specified in a timely manner, are obtained at a reasonable
cod, and are available when need¢dfi Busi ness Roundt aAbeviewoof exidtirgg8 2 ; Cl |
construction materials management systems reveals that the current practices fosmaterial
management of sites or fahops needs improvemeBemiintegratedand ineffective construction

materials management systems are evident in a number of projects and generate considerable wasted
time and money (Thomas, 2005). In typical construction pijdet cost of materials constitutes 50

% to 60 % of the total cosf the project (Stukhart et al., 1985; Cll, 1988; Akintoye, 1995; Wong and
Norman, 1997; Andraw, 1998; Iddomaid, 2002; Caldas, 2004) and their management affects 80 %

of the project schedule (Kerridge, 1987). An integratealtime materials managentesystem for
construction projectis therefore strongly needed. Materials management systems are the subject of
numerous requests for the development of new applicagodshe enhancement or amendment of
existing ones that, as important and complexfions of a project, require substantial improvement
(lbn-Homaid, 2000).

A materials management system should be aiwgrated tool that can perform a variety of

functions related to inventory control, the bill of materials (BOM), the supplier histem inquiry,

pricing services, and the purchasing process. The last item is a key element that usually involves tasks
such as selecting and awarding suppliers, analyzing proposals, delivering purchases, inspecting goods

supplied, and maintaining a vety of purchasing records (Dobler, 1996).

The addition of an integrated and seamless construction materials management system should be

carried out over a reasonable period and duringrtbet End PlanningHEP) phase (Chapman et al.,

1990). Materials mamge ment i s al so affected by t-he previou
organi zationo (Koskel a, 1997), or domination by
and Koskela, 2000; Gann and Salter, 2000; Cheng and Li, 2001), that is charactetistic of

construction industry. As with other construction systems, a construction materials management
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system should therefore be flexible enough to meet the materials management requirements for a

wide variety of projects.

The introduction of new systems imet construction industry has not kept pace with the progress
experienced in other industries (Pries and Janszen, 1995; Lin and Chen, 2004). However, construction
materials management is a muisciplinary field that is appropriate for and can build a th

cooperation between construction processes and some aspects of the manufacturing industry that
entail a variety of activities for the largeale conversion of raw materials into finished products.

Because EPC&Ngineering, Procurement and Construgt@md construction companies cannot

perform all required project tasks-site, construction managers (experts) have tended to use-staged
fabrication technologies whereby operations traditionally performegitertave been moved to a
manufacturing envirament. Staged fabrication represents one segment of the broad spectrum of
contemporary innovative techniques that are appearing in the construction industry. It offers an
opportunity to overcome some of the challenges associated with a project, sucabsetive of site
inventories, demanding schedules, lacloofl skilled labour, permit requirements, and adverse site
conditions. These technologies can be helpful in the production of a wide variety of buildings and the
construction of an equally wide vety of industrial projects, such as nuclear power plants and

pipelines (Canadian Encyclopedia, 2012).

An advanced construction supply nexus management model cannot improve the materials
management processes for EPCs and construction companies withgnattimgeoffsite (staged
fabrication) and osite systems. To provide an understanding of theit#fsegment of the system,
the stagedabrication method is addressed in the next section, followed by a discussion of site

materials management.

2.5.1 Staged Fabrication (Off-Site)

The application of stagef@dbrication principles to construction supply nexus management is
beginning to show benefits with respect to quality, time, and cost sakirg$raditionalconstruction
supply chain modemost farication activities and tasks occur-site. Staged fabrication is a method

of working with contractors so that products such as pipe spools and precast concrete elements are

delivered more quickly to a construction site.

Thistrend towardstaged fabridégon has the effect of addinge earlier in the supply chain (Sacks

et al, 2004). The processs based on a concept that can be utilized in construction materials
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management and that includes consideration of the particular specifications for seadi plaject.

An understanding of staged fabrication requires clarification of sdree terminology and

concepts: preassembly, modularization, and prefabrication. Prefabrication is defined as the transfer of
a stage of construction activities from the field to arstiff production facility (Tatum, 1986).

Implementation of prefabriti@n requires the collaboration of clients, developers, designers,

contractors, manufacturers, suppliers, government agencies, advisors, and researchers. Prefabrication,

preassembly, and modularization systems have been addressed by ClIl in an exaiflennsiucted

in 1998. This method can help improve site safety because it results in a cleaner and tidier site
environment, it can enhance quality, and it can reduce the total amount of work that must be redone at
the construction site. With respect tongportation considerations, prefabricated elements have a

higher added value than bulk materials. A variety of prefabricated building components are

commonly used in the construction industry, including the following (Tam et al., 2007):

1. Semiprefabrication comprises nestructural prefabrication applications such as facades,

curtain walls, losform systems, and ciwall systems.

2. Comprehensive prefabrication consists of structural prefabrication applications, such as
staircases, slabsplumns, and beams. Most comprehensive prefabrication-finjsieed at a

fabrication site prior to installation.

3. Modular, or volumetric, building technology is the ideal solution for most modern
construction projects and is fully finishedsffeasa fi-ehepd syst em. Pipe

industrial projects are a typical example of modular construction.

The Center for Construction Industry Studies report from the University of Texas at Austin (Haas et
al., 2000) resulted from a survey of 29 managensfacross the United States. Based on their
responses, it was estimated that prefabrication and preassembly increased by approximately 86 %
from 1984 to 1999. The implications of modularization for the management of the construction
supply network are retving increasing attention in the literature related to purchasing and supply
management (Voordijk et al., 2006). The initial implementation of prefabrication was not viewed
positively; however, its use has been increasing during recent decades, anwvitisital

component of most capital projects, particularly in the industrial sector.

The application of ofkite techniques has already resulted in a profound change in the development of

the construction industry worldwide. The value of such techniopeisdes the possibility of
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enhanced quality control, improved design details, compressed schedules, and reduced reliance on
site labour. These benefits come at an increased cost for some projects, but the additional cost could
decrease over time, as thanstruction industry becomes familiar with the prefabrication process
(Yeung et al., 2003). The materials to be delivered are, in fact, manufactured products with value
added by a separate workforce, and the percentage of the total costs represeptatbyri

required for direct labour and materials for a project may thus change if additional prefabricated units
are incorporated into the construction project (Hendrickson and Tung, 1998).

2.5.2 On-Site Materials Management

Not only can productivity be ineased if an efficient materials management system is put in place at

a construction project, but other benefits accrue as well, including the avoidance of procurement
delays, a reduction in the number of rteours needed for materials management, andreaks in

the costs associated with delays and wasted materials. Thomas and Sanvido (1987) have investigated
the amount by which productivity is reduced because of inefficient materials management. They
considered a number of materials management factrsahld potentially affect productivity on a
construction site: disruptions, work content, environmental issues, constructability, construction

methods, and management aspects.

It should be noted that an effective integrated materials management systeberfully supported

by project management, site management, and craft personnel, while its successeffettiost
operation depend on the presence of experienced personnel capable of handling multiple job
responsibilities in the head office or iretfield. The home office is the source of a significant portion
of the work related to site materials: the identification, requisitioning, purchasing, and expediting of
all materials. In other words, site materials management extends beyond the acfivéoesving,

storing, and issuing materiglgll, 1999).The site activities described in thiesisare therefore well
planned and executed; however, they must also be an orderly and logical continuation of an overall

materials plan that includes therhe office component

Elzarka and Bell (1995) stated thatsite materials management systems must be integrated with the
computer systems that are used for design and scheduling. They developgettoriented

methodology (OOM) data structure for atergals management system. The attributes of materials
management systems that contribute to the success of a project were identified by Bell and Stukhart
(1986). They associated their findings related to the attributes of materials management systems for

mega and complex industrial construction projects with the control of the functions related to quantity
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takeoff, vendor evaluation, purchasing, expediting, receiving, warehousing, and distribution. Their
work showed that lack of proper management of thasetions leads to shortages and surpluses of
materials and to cash flow problems. Robust planning and communication were also examined as
vital components of an effective materials management system. In another study, Bell and Stukhart
(1987) presented@uantification of the costs and benefits of materials management systems. They
also quantified the savings in the areas of improved labour productivity, reduced surpluses of bulk
materials, fewer manpower requirements for materials management, and erdaanciolv.

Surpluses of bulk materials were reduced from a range of 5 % to 10 % of the amount purchased to
about 1 % to 3 % of the amount purchased. This study also showed that an efficient materials
management system can reduce the-hwms needed for aterials management: in the absence of a
materials management system, craft foremen spend up to 20 % of their time searching for materials
and another 10 % tracking purchase orders (POs) and expediting delivery.

Strong evidence shows that an optimizedemals control systeran-sitecan ensure the availability

of sufficient quantities of materials and equipment for construction needs and the minimization of
surpluses at the end of the project (Cll, 1999). CHeMaterials Management Handbo@&ll, 1999)

lists elements that can cause shortages of materials: lost or damaged materials, materials required but
not purchased, materials purchased but not received, errors in material takeoff, variances in additional
material requirements, and materials that ssaed to crafts and are not used or installed. With the

cost of materials representing 50 % or more of the total construction cost, it should be evident that
efficient materials management is crucial and that a materials management plan and the commitment

to carry out that plan are critical for the success of construction projects.

The foregoing review shows that a successful construction supply nexus model must integrate both
the onsite and offsite aspects of construction materimanagement. It shoulie noted that the

complex system presented in this thesis has been developed for tfidi€es. While some

construction compaes may use #nouse or commercial systems to meet theirtdeday materials
management needs based on their specific requitsiraur research shows that no model aith
appropriatedegree of integration has yet been developesiggestd in the literature. The following
sections include a discussiontb&important concepts and characteristiglated toconstruction

materids management that were used extensively in the development of the model presented in this

thesis.
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2.5.3 Concepts and Characteristics of Successful Materials Management Systems

This section provides a review of the characteristics and concepts related talsnat@nagement
systems based on the relevant published literature. These concepts formed a significant basis for the
development of the integrated construction materials management system as an element of the

construction supply nexus model (Chapter 6).
Planning and Control

Enormous cost overruns can be caused by shortages of materials resulting from lack of proper
materials planning and control. Improper material planning and control resihi¢ iabsence of

adequate statistics related to the availgbdf the materials, a shortage of funds for procurement
(budgeting), inadequate transportation capacities, excessively long average waiting times and
vagueness about the delivery of the materials ordered, and uncertainty about the availability of some
materials (Okpala, 1988). To address these deficiencies, among the goals of materials management
are the provision of improved control of materials, the ability to forecast delays, enhanced reliability
of information, and an increased ability to adjust toxpeeted conditions (Cll, 1999). Materials
planning integrates and combines the functions of vendor enquiry and evaluation, project planning
(Cll, 1988), purchasing, material takeoff, transportation, field materials control, and warehousing.
The large inveisnent in construction materials provides an opportunity for the development of a more
efficient system that can reduce surpluses, increase productivity, provide cash flow savings, enable

guantity purchasing, and minimize costs and the impact of changedalBla et al., 1989).

As mentioned, two of the most important elements of any effective construction materials
management system are planning and communications (Cll, 1986). All of the maitdaited
responsibilities of the engineer, owner, contracad subcontractors must be clearly defined early in
the project. These responsibilities are often delineated in such a way that the owner/engineer is in
charge of the engineered equipment (major items that are given unique importance within the project
design), and the construction manager, contractor, and/or subcontractor are in charge of the bulk

materials.

Engineered materials and equipment are the costliest, most visible, and most critical aspects of a
project and usually drive the project schedulanRing for bulk materials is more complex because
they usually involve large quantities and because the evolution of the design results in the continual

updating of bulk requirements. No exact quantity is therefore available for bulk materials until the jo
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is completed. It is important that the expediting process include sufficient information to enable

alternative plans to be evaluated when problems arise.

The schedule of the entire materials program is critical if project deadlines are to be metldMateria
schedules are as essential as those for engineering and construction, with their scope covering all
phases of the project, from the definition and approval of the requirements to purchasing,
transportation, vendor lead time, and site management (&%) 18ransportation planning should
include consideration of cost, safety, timely delivery, and hazardous materials content. During the
project planning phase, the owner (main contractor) must define for the contractor of the project any
constraints, suchs laydown areas and/or restricted areas, that may affect the cost and scope of the
materials management functions. To aid in the coordination and execution of all of these functions,
the integration of software systems is usually required. A materiatfispon and coding system

must first be establishedifhandling bulk materials. Testablish accurately from the design which
materials are required, a materials takeoff (MTO) is created. The MTO provides a base list of all the
bulk and engineered itesmequired for the project. However, the creation of composite items requires
that they be quantified and arranged based on their relationshipBjlsofaMaterial (BOM) must
therefore be created from the MTO in order to define the requirements vp#trés project

materials.
Labor Productivity and Cost

A Cll study (1986)n productivityshowed that the unavailability of materials on construction job

sites increases craft labor productivity by up to 6 %, and at the same time, the execution of
computeized materials management systems provides an additional gain of between 4 % and 6 % for
construction megaprojects. Assaf andHdjji (2006) demonstrated the interconnection of labour
related causes and issues with feasible overrun times for SaudirAcalistruction projects. Based

on their observations, the unavailability of materials and resources negatively affected craft labour
productivity by increasing the related amount of time spent on craft labour activities. According to a
st udy b ylog9)tBaime spantby electrical workersn materials handling and prepton

is almost 42 %, while just 32 % of their working time is dedicéguoductive activities. Research
conducted by Borcherding and Sebastian (1980) showed that craft laldierd7.7 % of the time
because of the unavailability of the required quantity or quality of materials, and costly labour delays
then result due to an inefficient materials management system (Bell and Stukhart, 1986). An

advanced construction materialamagement system can therefore clearly improve labour
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productivity and should be considered during the development phasg construction management

system.

The costs associated with developing and implementing materials management systems are both
substantial and debatable. Growing evidence shows that an efficient materials management system
can ensure that the quantities of materials available are sufficient for construction needs and can
minimize surpluses at the end of the project, thus leadingge tost savings (Cll, 1999). Such a

system creates an interface between the most important contractors and the suppliers, which can
decrease the average cost of materials by up to 10 % (Asplund and Danielson, 1991; Jarnbring, 1994),
and the appropriate parvision of the flow of materials may also play a substantial role in enhancing
the effectiveness of a contractor (Polat, 2005). The research conducted by Pettang (1997) describes
an approach aimed at helping project decision makers and other participants, such as the client,
builders, property developers, subcontractors, and the municipality, with the challenging task
involved in forecasting the cost of materials for urban housegmj

The report provided by Foed1993) presents a detailed study of the cost management of both
concrete and steel materials, and provides details of materials management work in countries that
include USA, Canada, France, Japan, Norvemd Sweden. Manavazhia and Adhikarib (2002)

linked materialgelated factors to probable cost overruns in construction projects in Nepal.

All of the reports mentioned, along with other related research, demonstrate that the absence of
materialson-siteis one of the most commonly experienced causes of delays in construction projects
and a significant driver of overrun costs (Arditi et al., 1985; AliRlathman and Alidrisyi, 1994; Ibn
Homaid, 2002). In addition to these studies, the procurement guidelinestiiche US and Canadian
armed forces also emphasize the choice ofeffsttive construction materials (Reiche, 1970;
Gansler, 1974).

Waste of Materials

The minimization of waste with respect to construction materials is a significant issue in many
countries. Experts recommend that when they are preparing designs, designers employ a system that
has less potential to produce site waste (Ekanayake, 2004)teOnaterials management thus should
emphasize a waste management plan for each construtdidg@eventry et al., 1999). A

comprehensive materials management system has the potential to address all materials management

challenges associated with waste management except tarieated issues (labor) and
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environmental aspects. Construction expeaigehestablished a set of waptevention strategies for
construction projects. These strategies involve primarily the effective coordination of materials
management: the wedirganized purchase and proficient ordering of materials, an effective delivery
schedule, effectual storage, the maximization of reuse, the prevention of rework, etc. (Fishbein,
1998). The implementation of an integrated materials management system would provide a valuable
opportunity to reduce the amount of materials wasted andresise the recovery of those that would

be otherwise be wasted.

Bill of Materials

A bill of materials (BOM) is one of the principal elements of any materials management system.
Several significant pioneering research studies have been conducted withteehpacBOMSs are

prepared and used. In general, a BOM is a document that specifies how a product is built up from its
individual components (Hegge and Wortman, 1991), which may, in turn, have their own BOMs. A
BOM system constitutes a major component efittput for the planning and control of manufactured
products; it contains a hierarchically arranged network of product relationships, in which the top tier
indicates a product that is not a component of any other. Products that do not have a BOMlare calle
primary products. Between the primary products and the top products is a category termed
subassemblies (Chung and Fischer, 1994). In construction, the concept of subassemblies is related to

stagedfabrication.

Because it contains the parts lists for the subassembly or assembly products, the BOM has been used
for product design, procurement, manufacturing, production scheduling, and maintenance. Outside of
construction, a BOM is commonly used for prodifetcyde management and for enterprise

information systems as a means of communication during product development. Hegge and Wortman
(1991) proposed a generic BOM that would describe all variants of all components and that would
make it possible to construct pegific BOM for a specific product variant. Similar components could

be grouped as one generic component, so that each component description would exist only once in
the generic structure, but the variant set of a component would be described indepedtsamtlgt

al. (1997) created a generic BOM system that prompts the user to select the specifications for the
generation of the required variant. Their new BOM also applies any constraints related to specific
variations of a product and deals with the ésetia large number of similar BOM structures based on

a customepriented philosophy.
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Jiao et al. (2000) designed a generic-tifitimaterialsandoperation (BOMO) by unifying the BOM

and then routing data into a single set in order to synchronize mylédpectives related to a

variety of factors, such as customer ordering, product engineering, and operations planning. The
reported merits of the generic BOMO for integrated product and production data management are
related to order processing, enginegrchange control, production job planning, cost accounting, and
integrated materials and capacity planning.

To address issues such as the failure of previous systems to provide complete parts data for the
department of procurement and sales, Zhang €@l1) designed an auparts data management

system based on the BOM. Lee et al. (2012) integrated the BOM with the designaiftfitipg

equipment and showed that the architecture of a BOM can be used to define the relationships among
parts, assemias, and an overall view of a BOM that evolves with ship design.

The concept of BOM management plays a critical role in the development of the Integrated
Construction Material Management (ICMM) system of the resganesented in this thesis. BOM
managemensystem as well as its optimization and automation are further discussed in Chapter 6 of

this thesis.

2.6 Web-Based Project Management and Project Interfaces

Integrating all of the elements and systems of a construction project becomes possible witbfthe use
web-based project governance. Sites, headquarters, suppliers, construction managers, and
stakeholderalreadyemploy a variety of communication methods such as fax, eamaitelephone,

soa construction supply nexus modélould incorporateveb facilties to enhance prompt
communication and to improve the integration of the different systems in the model. As presented in
this section, the literature related to the use of web technology was therefore reviewed, and the

required interfaces were investigd.

Biggs (1997) categorizes poor communication as the root cause of most project failures and indicates
thateven early welbased solutions couldduce the frequency of peopkdated difficulties and
communication problems that lead to project failuldse web and associated technologies can be

used for the managemieof construction projects, concept widely acknowledged by practitioners

and often referred to as a wbhsed pract management system (WPMS)WRPMS enhances

construction project documtation and control and can reengineer the way in which a construction

project team manages work processes. These systems have also been given other names: a document
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management system (DMS), a project extranet, a project web, a project bank, sspeojict

website, a document pool, a project information management system (PIMS), and a virtual project. A
WPMS can be defined as an electronic project management system conducted through an extranet,
which is a private network that transmits informatiomotigh internet protocols, network

connectivity, and possibly the public telecommunication system. A WPMS is accessible only by a
project team, but team members can be located in different organizations (Nitithamyong and
Skibniewski, 2004). Such a systenhémently establishes a centralized, accessible, and reliable means

of transmitting and storing project information

Web-based project management technologies can be a gateway for the exchange of construction
project information and for thelimination of difficulties resulting from different geographic

locations. Using this type of system, project managers can also manage the exchange of documents
between members of the project team. During project design and implementation, each team membe
must receive the correct documents at the correct time, such as the latest version of drawings,
specifications, and requirements. Using vialsed project software during this stage can provide the

following (Alshawi and Ingirige, 2003) benefits:

1. Reducton in the risk of errors in and the necessity for the rework of processes by ensuring

that everyone on the project team is working with the maximum number of documents

2. Time savings in the query and approval process by enabling the design engineerauip mark

and comment on drawings and other documents online

3. Elimination of the risk of losing important files because of the hgckind maintenance of

all current and past versions in one central location

4. The abilityto permitteam members to raise and resptindueries in a structured way,

thereby improving team communication

5. Facilitation of an audit trail through the maintenance of a complete log of all communications

for tracking purposes

6. The ability to allow clients and other participants to view thbuils project through the

incorporation of virtual models that can denote the status of a project at any point in time

7. Provision of an environment through which diverse participants can collaborate online
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This review shows that the development of an advaogastruction supply nexus model requires the

use of web facilities in order to ensure the promptness and accuracy of communications through the
definition and clarification of all interfaces and channels of information. In other words, the central
relationships in the modeling of construction processes are the associations between the processes and
the tools and systems through which they operate. In a construction supply nexus model, the nexus
represents the linking of the independent/dependent partias/éoiety of purposes. This linking, or
integration, of information activities can be defined as the exchange of information between multiple
nodes for the efficient creation and use of construction process details. It should be noted that large
reengineringactivities that help integrate information processes should take into account any effects
the project management process has on the organization of the overall process (Bjork, 2002).

No standard fAone size f it sprogdtihtérface malboxbForseverel at e d
small projects, the project team can manage effectively with a tool as simple as an Excel spreadsheet,
coupled with frequent faem-face contact and extensive meeting minutes that include precise action
items. All mgor capital projects involve complex interface interdependencies among diverse
contracting parties, which create challenges with respecttionenand orbudget project

performance. Without consistent control over these interfaces, project risk esmadhthe potential

for project delays, cost overruns, and other negative outcomes increases. Collaborative work
processes and search capabilities can empower project stakeholders by providing the information they
need in order to complete their requireciface activities on time and to mitigate risk throughout the
entirelife cycle of a project. Several models and software applications have been developed for this
purpose. For example, the industry partner of the research presented in this thesis xGocevars
developed an interface management system that reduces the cost of inédatadeproblems in

complex, megaapital projects. This study therefore included consideration of the concept of

interface management, whichineluded inthe developd model The Coreworx interface

management solution is used as a means of facilitating the interfaces among parties with respect to
roles and responsibilities, required dates for providing interface information, and identification of
critical interfaces early in project. The interfaces may be between internal divisions of a single
company or between companies that have no connection other than through the work coordinated by
the software. In general, interfaces can be categorized as physical, contractuahipatiogal

(Pavitt and Gibb, 2003):
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1. Physical interfaces are the actual, physical connections between two or more building
elements or components. In any construction project, physical interfaces are inevitable and
occur either between two elements of lugaunit (Appendix A) or between different value

units; however, their number and complexity are dependent on the detailed building design.

2. Contractual interfaces occur during the development of value packages (Appendix A), which
create interfaces betwe#re value units normally associated with specialist contractors.
Contractual interfaces between value packages must be agreed upon before the construction
phase begins and should be managed throughout the project.

3. Organizational interfaces represent thieractions among the various parties involved in a
construction project and can therefore include many different companies and subdivisions of
companies. Efficient management of the relationships among these parties is essential for the
successful complin of a project (Gibb, 1995).

Based on the above definitions, interface management as a whole can thus be defined as the
management of communication, coordination, and responsibility across a common boundary between
two interdependent value unit providdcontractors, suppliers, or vendors), value units, or value

packages. It therefore affects all relationships among the stakeholders of a project.

In recent yeardlectronic Product and Process Management System (EPPMS) has emerged as the
new generationf web-based project management systémihie construction industnAn EPPMS
links project stakeholders over a range of distances via the internet and system ¥dénilerselated
systems include building information modeling (BIM), integrated coostn project management
systems, enterprise resource planning (ERP) systems, and generic electronic document management
systems (EDMS), an EPPMS is uniquediffers from a generic EDMS, because it directly expresses
the project delivery mechanism angbpessedn the construction industry, EPF8\olutions are
usedto facilitate the executioand knowledge management on mega construptigects Coreworx
Inc. is a pioneer EPPMS provider in the mega capital project domain, and the sponsor and a main
supporter of the research presented in this thesis. The functionalities of Coreworx EPPMS, including
processvorkflows, webbased collaboration mechanisraaddocument and information
managemengystemswere exploited in the development of the various aomepts of this research.
The developed model in this researefquires some servicagich can be provided b§oreworx

EPPMS. However, several construction software companies have provided similar products.
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2.7 Summary

This chapter has summarized the relevant research with resgieetctanstructiorfiront end planning,
work packaging, material management, and-tvebed project managemenhhe material was
arranged thematically so that it corresponds to the steps iaviolegploiting the developed model

as presented in the following chapters of this th@sie review of the literature demonstrated that
there is a strong need to improve the integration between different components of construction
materials managemer@pecifically,the Bill of Materials (BOM) optimizatiomand automatiomvere
identified as a tool that coukignificantlyimprove the processes related to the construction supply
chain managemerfinally, a review of theveb-based projeananagemertbolsindicated a need for
an efficient, reliable and scalabigegation mechanism for providing the requirgammunication
among all parties involved in the developed supply chain management ifloelelext chapter
presents the knowledge gaps evident froelitierature as well as the research vision, approach, and

structure.
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Chapter 3

Research Vision

This chapter presents the vision of this research with respect to the developthe#/tdsianced
Construction Supply Nexus Model (ACSNMased on the eels and knowledge gaps identified
through the literature reviewh€elements of the developddCSNM are also addressed: theont
End Planning Tool (FEPT)he Constructiorivalue Package Syster@{PS) thelntegrated
Construction Material Management (ICNJMystem, anthe ACSNM databaseThe approach taken
during this study is also explained.

3.1 Knowledge Gaps ldentified in the Literature Review

The review of the literature indicates that when construction on a megaproject nears its peak level of
activities,several hundred highly paid skilled craft workers are typicatigite as well as a

significant number of subcontractors. The project manager and subcontractors are related through
complex contractual agreements and management structures that nsiabbghed quickly, must

operate smoothly throughout the construction phase, and must then be dismantled when the project is
completed.Laydown yardsand project warehouses contain thousands of engineered materials that
must be managed, including valvpige spools, and instrumentation. Pending their installation, key
engineered components such as turbines even require regsige omaintenance, such as regular

rotations and lubrication.

For nuclear projects and most mega construction projects vieofecomplexity is multiplied by the
requirements related to positive materials verification throughout the entire process of their
fabrication and movement through the supply network. Then, once the construction phase has ended
and starup is completethe documentation of the project in the form of tens of thousands of
documents, electronic files,-asilt models, and specifications must be transferred smoothly to the
owners and operator. Such complexity creates a tremendous challenge with regfmchabion

control related to the management of the supply nexus process.

Previous studies have shown that addressing the individual challenges connected with the
implementation of supply nexus materials management is becoming increasingly feasible due to
emerging technical and technological advances, which have motivated a large number of research

initiatives in this field. However, the lack of integration between prd@al systems has limited the
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data exchange capabilities between these systemgjmggunumber of highly labotintensive
processes. These manual processes not only reduce the quality and consistency of the data but also

prohibit any sort of reaime project monitoring or reporting capabilities.

Therefore, despite the success of-off initiatives that use separate and often pregpecific
systems to address individual challenges in the construction industry, a strong demand now exists for
a robust supply nexus management system that can provide a framework for integratistatitsse

of information and workflow processes.

Finally, the growing size and complexity of mega construction projects in recent years have
underlined the fact that poor definition and ineffective management of project intdefad¢s
delays,budgetoverruns, increased project riskndmiscommunicatios and misalignmentmong
stakeholdersAn effective supply nexus management system should therefore be able to support a
structured approach to handling and managiegarojectinterfaces beginning withfrontend

planning (FEP)gNnd progressinthrough construction to commissioning (Appendix Khe supply

nexus management system should also be capable of identifying the interfaces very ealifg in the

cycleof a megaproject, when the opportunity tordese project risk is greatest.

3.2 Model Development

The importance of industrial facilities (e.g., power plants, refineries, factories, and mines)
economic prosperity artie quality of life is well accepted. Effective planning, desigmd

constructiom of these facilities requireomprehensive construction supply nemanagement.
However, the projedupply nexusnanagement of the construction of individual facilities is
particularly complex and challenging. A typical facility may incorporate tetisonfsands of
engineered components, systems and subsysterobydidich must be designed imaulti-party;
collaborative environment. Components are procured and mahggeeans o& supply network

that extends from local fabricators and vendors to ¢jsigapliers. The development of thAdvanced
Construction Supply Nexus ModéACSNM) presented in this thesis was therefore undertaken with
the goals ofmproving schedulesredudng costs and enhancing treupplynexus procesthroughthe
projectlife cycle. The following chapters demonstrdbee impact of the model on construction supply
chain processes and, ultimately, on construction project performance. The four elements of the

ACSNM are depicted in FigureB afrontend planningtool (FEPT), acongruction \aluepackage
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system CVPS), anintegratectonstructionmateriab management (ICMM) system, and the ACSNM

database.
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Figure 3-1: Elements of ACSNM

In contrasto existingconstructionsupply chainmanagement modeltheemphasis in thACSNM is

on its integrated nexus structuFégure 31 shows a simplified illustration of ACSNM, in which

many interrelated systems and processes are embedded. These integrated systems interface with one
another throgh the ACSNM database.

The ACSNM can be used to formalize procurement processes, to integrate design and materials
management processes, anénbancahe visibility of the supply nexus for construction projects.
Formalizing procurement processes helgsigstheir quality and execution by enforcing consistency,
repeatability, responsibility, and accountability @tsbprovides a framework for management
processedAs presented in this thesiBCSNM facilitates this formalizatiofor several processes

through its process mapsprkflow diagrams RASCI charts, and visualization tools.

Building on the formalization of the processes, the activities and communications of the stakeholders
can bentegrated with the desigprocurementand materials managemearbcessesThe ACSNM

provides formalized process channebsthe Coreworx EPPM®r managinghe stakeholder

exchange of electronic products and design docum@imis.resulting streamlined communications,

reduced data rentry, and accelerated respotisges add significant value to the supply chain
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management procesehe ACSNM alsofacilitatesenhancedisibility because it managédsr all

project stakeholdeithe communicatiorof the status ofhedesign, fabrication, finishing, and
transportation througtine sharingof design documents, document revisions, shipping manifests,
invoices, and other project management documeigare 3.1 shows the major forms of input to the
model: project budget, seurces, governmental legislation, contractor availability, and transportation
constraints. Thenputof the model isised in Front End Planning (FEfEilitatedby the FEPT, the

first element of the model.

The FEPT was developélaroughcollaboration wih theindustry partneas part of a larger research
project whose goal was the applicatiorsoftware technology in order to address the unique
characteristics of the planning process and to provide the construction industry with an adequate
process margeement tool to support FER softwaretool wasdevelopedinddesignate@an FEPT,

which manages the execution, monitoring, and control of the work activities associated with planning
in order to ensure that all deliverables are completed efficiently. FERE is ausefultool thathas
beendeveloped in this research with consideration of all aspects of FEP in order to provide a widely
applicable and comprehensive electronic process management &yspeaject planningThe

integrationof the FEPT with dter model components importantand enables construction value

packages to be developed once all of the FEP steps are completed.

Theconstructiorvalue packaging syster@{PS) is a coreantributionof this research. The
development of the ACSNM requiéhe definition of a new concept: the value unit. Value packages
are considered to be comprised of these value units, whose scope includesigdellievork defined

by the type of activity; its stage in the value chain; and other elements, such as damgings
specifications. Through the application of the value packaging concept and its associated new
technologies and methods, B¥PS can improve the performance of the construction supply chain

process.

Once construction value packages have been prepanedive improvements should occur during

the next phase. This step is dependent on the early collaborationmijeet management teathe
contractorsand the other stakeholders in the projeetause the knowledge provided by specialists

and eyerts and the information stored in the historical database are highly useful during this stage. It
should be noted that each construction package may contain more thah afim@ateriak (BOM);

however, assigning only one BOM to a construction paclagmre desirable and manageable.
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Oneof theimportant elementsf this model is a integrated construction materials management

(ICMM) system.The ICMM was developed with the goal of overcoming the manual and inefficient
nature of the order process by blirg the identification of the appropriate BOM whose total cost

and primary product availability results in the procurement of the moseffestive alternative for a
particular product. The ICMM system is tailored for the internal parties relategrégegt, such as

the site management team, warehouses, the financial department, and the purchasing department, as
well as for external parties, such as suppliers, fabricators, and transportation companies

TheICMM is presented as part of a constructiatuepackaging approach for the project

procurement phasés potentialfor improving construction supply managenigrocesses can lead to
enhanced project performand®it itmust be integrated witie other elements of the mod@lhe

ICMM is based onansideration ofthe majority ofactivities associated with the procurement of
materials: the processing and administratieated tgourchase requisitions, purchase ordeternal
supply requests, materials contracts, the expediting of materials,rghippd cost The ICMM
systemaddresseboth construction and manufacturing processes. To provide an understanding of the
manufacturing segment of the ICM&§stem, the stagefdbrication method (offite) is also

discussed in this thesis, followed by adlission of osite materialsnanagement and the design,

implementation, and integration tifeICMM system.

Thefourth element of the model presented in this study, the AC8hlisbasehas been developed to
be compatible with every other component ofritael. It is workflow driven and helps to integrate

all of thesystemsn the model.

The ACSNM output typically fitswith the moded structure and talsdnto account the size, location,
andscheduleof the project as well aanycash flow constraintshe owneb philosophy, andhe
overall project strategiesall of which are discussed in the following chapt&ame of information
output by the model is shown in Figure 3.1.

For models related to the construction industry, validation can be defiagorasessf judging how
well a modelworks for managing construction projeetidh respect to thetructure and anticipated
outcomeslt mustbe determineavhether the model implemerasyassumptionsiccuragly and
whetherthe assumptions are reasonakith respect t@real systemAs a result, the model may have
different levels of validity for different parts of the systaamoss the full spectrum of system
behaviar. Analysisbased omealrather than theoreticahse studies is the most reliablel an

preferredmannerof validaing such amodel. In practice, however, thisethod can bdifficult to
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employbecause the model is new and evolving. Assumptions, input values, output values, workloads,
configurationsand system behawio should all be conderedwhen the expected performance of the

model is articulated

For the purposes of this research, a validatipiparts strategy was adopted. The FEPT validation
involved data from threprojects supplied through our research partner, Coremexwho
approved the use of this data conditionatteremoval ofany informaton identifying the projects
and confirmatiorthat their customenserecomfortable with this approach.

Two Aecon megaprojects were alssed in order to validathe CYPSand its algorithmsvith

respect to the developed work processgkwithin the context of the ACSNM he validation clearly
demonstrated the advantages of usingd¥e'S andalso pointed out its limitationhapter 5)
Because it providedssurancef theefficacy ofthe CVPS and its algorithmandfunctioned as a
guidelinefor amendments, theatidationadded value tthis study Other benefits includkthe
acquisition ofknowledge and experiengéth the useof best pactice techniques and processes; the
identification of anyfunctional errors; the evaluation of the impact of the model limitations; and

finally, the investigation of potential improvements to the model.

3.3 Research Structure

The most significant contribution of the research presented ithésss is the development of a
comprehensive model for the improvement of construction supply nexus management processes.
Figure 3.1 addresses the four important elements of the ACSNM: the #EeRIVPS, the ICMM,

and the ACSNM database. The next fourpthes present the FEPT used for managing the FEP phase
of construction projects; thHeVPS and its algoriths) the ICMM and its BOM optimization

algorithms; and the integration component of the model, the ACSNM database, which provides the
platform for comining the data from all of the other components and for interfacing with other

stakeholders and systems that may be involved in a construction project.
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Chapter 4
Front-End Planning Tool

This chapter discusses tfient-end planning (FER)hase of a constructionegaproject and its
requirements with respect &am Advanced Construction Supply Nexus ModeCSNM). A front-end

planning tool (FEPTIs then introducedsoneof key elements of the ACSNM for managing and

meeting theequirements of thEEP phase. Figar41shows the ACSNM inputs, its core elements
including FEPT ConstructioriValue Packaging Syster@YPS), and Integrated Construction

Material Management (ICMM) system, and the improvements that can be achieved through the use of
the system.

Inputs Outcomes

" Database

- Environmental .
— Improvement in
restrictions
- Construction method
T - Workflow processes
- Legislation
- Schedule
- Contractor P
R - Process accurac
availability ess aceu y
. - Contract execution
- Transportation
3 - Budget performance
constraints o
- Logistics
- Resources "
- Budget ete.

S ICMM
- Project risks w
- etc.

Project Progress

>

Figure 4-1: FEPT and Other Elements ofthe AdvancedConstruction Supply NexusM odel
(ACSNM)

A review of the literaturéndicated thatefficient FEPleads tahigher levels of project performance

but thatthe executin of numerous activities and the production of deliveradolesequiredn a

compressed time period. Schedule and budget limitations create pressure to minirsesedcthst

time spent in planning. Existing IT systems contribute little that can adtiesss pressures. By

facilitating collaboration among stakeholders in diverse locations with the use of wogkikdvied

processes, such pressures can be reduced, and the overall process and results of FEP can be improved.

To achievehese goalanFEPTmodel has been developédroughcollaboration with th&€Coreworx
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companyas support for owners and major contrac(&BCs)who are engaged FEP. The tool is
based on workflows implemented in BlectronicProduct andProcessManagemenBystem
(EPPMS) Thischaptemresents thdeveloped-EPTmodeland describes howdan beused for
construction megaprojects in the nuclear power, oil and gas, and mining industriesaptes
begins with the definitions related to and an explanation of the gemecalss for implementing and
applying the FEPT and then describes and analyzesbtime of the components BEPTwere
appliedin anumber of mega construction projectbe results indicate that the FER3s the
potential toincreasd-EPefficiency and e#ctiveness for themegaprojects in the construction
industry.

Recent customer dateofn CoreworxInc. show thathe bulkof the project costs, the major risks, and
the interfaces are defined during tHeP stageUsing appropriate tools tacilitate informed

decisions early in the processtiserefore critical so that measurable improvements can be realized
with respect to the cost, scheduling, and change orders for the overall project. The largest and most
challenging-EPdeliverable is a level of dagi sufficient to enable the project team to prepare cost
and schedule estimates. While the work involved in drafting the design materials is significant, the

process is well understood and is executed by experienced engineering professionals who use

estabished tools. Despite this advantage, the requirements associated with FEP design activities for a

major capital project cagntail significant challengeassociated with the following

1. Collaboration between the owner and the engineering contractor(s)

2. Hundeds or thousands of design and planning documents transmitted, archived, and indexed

for use by a variety of stakeholders who have differing needs
Timely review and authorized approval of all deliverables
Full information handover to procurement and dethdesign teams at completion
Little time or budget allocated to the implementation of hardware or software technology to
support this process

6. Identification and communication requirements with respect to the relationships béteeen
scope of work fomultiple activities and the physical and Aoimysical interfaces between
organizations

7. Risk identification and assessment

For capital construction projects, the engineering contrasteellyproduces the design under the

supervision of and in consultatigvith the owner. The partieshouldwork according to a common
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plan and structure so that the mountain of documents and correspondence is controlled and accessible
to each party. If project funding is approved, the design deliverables from the FEPT ltleeome

primary input into thesubsequernphases of the project life cycle, which introduces an additional set

of information indexing and handover requirementsrder tomake the FEP deliverables useful to

theprocurement or detailed design teams.

With eachrevision requiring review and approval, the FEP team faces an enormous challenge, given
that the FEP schedule spans only a few months from start to finish. The tight schedule typically also
makes many of the options that the FEP team may have conside@siblewith respect to software

and hardware implementation for managing information and processes. In this resgasicleration

of these challenges led to the development of an information techr{®l9gystemand servicdor
supportof FEPactivities The FEPTmodelwas thus designed to be andemand solution that

addresses the specific needs of owners and contractors who are engageeirdfanningThis

tool alsoneeds taneet the requirements of an ACSNWVhe FEPT is comprised of a sdtservices,
processes, and access methods for managing planning activities and deliverableg-@&igihie

author contributed primarily to the design and definition of the processes and access rmkthods.

part of research was preformed through calfabion with Coreworx team. Phase 3 of the FEPT

particularly has been designed to meet the devel
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Figure 4-2: FEPT Components Implemented in theSystem

Since all of the activitiesral deliverables in FEP involve documents, strong document management
and search services (bottom row of boxes in FigeRefacilitate the archiving and retrieval of
documents and metadata, along with workflow services that support the process automation
requirements. Integratidieatues enable the exchange of data, such as the schedule and the work
breakdown structure, with other project systems.

Proces®lementgmiddle rows of boxes in Figu#e?2) are critical for efficiently routing information
through the activities related to planning. These are the integrated processes implaiitietiveduse

of the services described in the preceding paragraph, which link together a series of relatied activit
and shared data so that the planning work can be executed in a consistent, efficient, and predictable
manner. User interfaces (top row of boxes in FiguB® provide easy access that facilitaties

coordinationand monitoring of planning activitiesid deliverables.

In FEP initiatives, time allocations normally include neither allowances for implementing significant

softwareor hardware infrastructure nor significant budget amounts for IT resources. Considering that
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the FEPT life spamatches that ahe FEP itselfand isusually no longer than a few months even for
the | argest projects, the FEPT is provisioned
web browser and login in order for users to participate. Further details about thgements are

provided in subsequent sectiohrsthis research, the required services, proceasesss methodsd

other components for developing the FE#& modeled on an EPPMS platform provided by

Coreworx Inc,, the partner in this researthe following section illustrates thaevelopmentkey

functions and components of the FEPT.

4.1 FEPT Development and Implementation

The FEP process sets the priorities and timing for the initiation of a capital construction project in a
way that will meet the overatibjectives of the owner or main contractor, and requirements of the
developed ACSNM. The FEPT can be used for managing three FEP phases: feasibility, concept, and
detailed scope. These phases are described briefly in the Chapter 2, but the next sewdiilens p

detailed definitions, followed by an explanation of the development of the FEPT sysiese.

phases tend to be primarily owner driviirshould be noted that this parttberesearch

contributego the improvement of the feasibility and concepages; howevethe maincontribution

was developing a structure for the detailed scopephase si der i ng t he ATSNMOG s
provides a foundation for applyirige Construction Value Packaging System (CVPS) which is

explained in the next Chajpte

4.1.1 FEP Phases

In Phasel, thefeasibility analysis, all potential options should be developed and documented. In
other words, this phase is a preliminary investigation into the potehtiades associated with a
construction project. These options should then be evaluated against a set ofipgreesiteria. The
report resulting from this phase also recommends a course of action and a realistic estimate of the
range of the total end costs difd cycle costs of the project. All factors that could affect a desirable
outcome, such as the resources availabldjritesframe any outsourcing strategy, the facilities, and

any environmental issues, must all be addressed and analyzed.

In Phase2, theconcept developmeor perception phase, each of the alternatives contained in the
feasibility report is analyzed based on mission requirements or business objectives, thetbeope of
project with respect to fulfilling the mission or objective, dmel justification for the project. In other

words, once all potential options have been developed and agreed upon by the client, the project team
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endeavors to create, analyze, optimize, and specify the many aspects of the process parameters,
philosophiesand equipment, thereby developing a basic definition of the project. The options
identified in the earlier feasibility phase are developed by the project team to a degree of definition
that enables project budgets to be accurately assessed and implemaoctedules to be set. When

all the alternatives have been analyzed and the best option determined, the basic project definition,
i.e., the concept report, is then completed, in readiness for the next phase.

Phase 3thedetailed scope developmeimtcludes an outline of the main featuredfu# project: the

general design, approximate benefits and costs, sources of funding, risk factors involved, the basic
organizational structure, interfaces, and a preliminary execution plan (the initial estimate, initi
schedule, and safety strategy). In this phase, the defioititthre scope of the project is finalized, and

the cost/schedule estimate is prepared. Utility requirements are also identified, governmental and
environmental restrictions are documented, améhitial site plan is formed. The main output of

phase 3 of the FEP consists of a strategic plan for the construction project, which is used as the basis
for selecting contractors, defining a work breakdown structure, developing work packaging,

identifying work packages and contractor interfaces, considering risk management (Stephen et al.,

2007), and beginning the detailed design and other construction project phases.

Lack of a comprehensive strategic plan may lead to a fragmented supply chain afibacates
significant problems (Konukcu et al., 2008). The strategic plan and other reports produced during this
phaseahusenable the project team to ensure that the project progresses smoothly to the execution

phase. The deliverables for this phasglde a strategic plan as well as the following:

Cost estimation and execution strategy in readiness for the final investment
Risk drivers associated with the project

Categorical definition of the physical and Aoimysical interfaces (80 %)

P O N PE

Effective regorts presented in a reattyuse formathat will facilitate the selection of the
contractors (Laryeand Hughes, 2011)

Investment cost estimate associated with the corresponding FEPT documentation
Reports detailing instrumentation, civil, electricaldaiping requirementssuch asa piping
and instrumentatiodiagram (P&ID)

7. Detailed scope of work to be used for defining work packages

Phase 3 represents the majority of the time and deliverables required, so the FEPT developed in this

research was desigd primarily to address the requirements associated with this phase. An
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understanding of thesmhases and of FEP fundamentals was the first step in the development of the
FEPTmodel

4.1.2 Development of the Front End Planning Tool

The ACSNM requirementanalysisis the firststepin the developmergrocess. Since theomponents

of theFEPT could becustomized according to principleéthe ACSNM all alternatives should be

evaluated during this phageor the most desirable featuresbe determinedhe FEPTincorporated

the opinions of management and the project team experts with respect to costs, technical features, and

system benefits.

Once theACSNM characteristicsvereanalyzed, he FEPT design phase then illustrates how the

FEPT can fulfill these requements. The FEPT design then pladséo a fully operationaRCSNM,
beginning with the transformation of tR&CSNM specifications and requirements established during
the ACSNM characteristics and features analysis. The automation of the document conttiohf

was alsgerformed in this phase and includaetadata population, package creation and integrity
checking, version control, approval workflows, exception alerting, and transmittal receipt/generation.
Following this step, the test plavasthen deelopedto ensure that the system is ready to be used and
that itcan be formally accepted. The test pleasreviewed and evaluated by expddsnstruction

project managersi order to verify that the proposed model is appropriate for the specific types of
application required.

4.2 Key FEPT Functions

The FEPT has beanodeledas an online system that addresses the specific needs of the owners and
contractors who manage FEP infation deliverablesThe FEPTis designed tdink to thework

breakdown structuraBS) and the baseline schedule from Primavera P6 in order to establish the
scope of work and individual work packages. With each work package, the FEPT associates
configurdle milestone sequences, planned start and finish dates, and planned hours. Each FEP
document deliverable is then assigned a weight within a package, along with the planned, actual, and
forecast dates for each document milestéingure 43 summarizes thEEPT elements that organize

and monitor the schedule with respect to scope, packages, deliverables, and milestones.
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Figure 4-3: FEPT Scope, Packages, Deliverables, and Milestones

With this configurationn place, based on the milestones achieved for the deliverdigdsEPThas
the potential taneasure the engineering earned value and schedule performance at each level.

A document management systeas presented in Chapter 7 of this thesaspurely catrols all
information associated with the FEP and includes features for managing metadata, revisions,
relations, and the audit histolith limited time and resources, the FEP team must adopt a proven
procedure for projedbased document control. The FERcludes preconfigured document metadata
templates based on ASME standards for design, correspondence, and plan do@e&EST uses

a collaboration website where thew n eFEP team and the design contractors can interact.

As explained previous)yFEPT was developed based on a$athle EPPMS solution through
Coreworx Inc, which is a completely secure,sitéh user login accounts and permissions that enable
each party to quickly access the planning information required for their specifig.ralegmple

page is shown in Figure 2
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Figure 4-4: FEPT Collaboration Site

A standardized work process increases the efficiency of the engineering team during the FEP design
phaseThe use oh preconfigured workflowalsoincreases the rigor that is applied to the work
process of design reviews and equips the engineering team to accurately track the resolution of

comments regarding nonconforming itefggure 45 illustrates a portion of thigrocess.
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Figure 4-5: Partial Map of the Design Review and Approval Workflow Process

Inbound transmittalas one of important components of the FEiRdvide an automated process for

the controlled exchangd documentsandverification rules. The transmittal is a zipped (.zip) file that
contains both document deliverables and a transmittal cover sheet. The FEP design contractor uploads
the transmittal to a preonfigured folder on the collaboration web sit@e files are then imported

into a controlled archive, which incorporates additional validation in order to ensure that the files and

49



met adata comply with the or gharefarezhastthie potedtialtoF E P

generate outbound trangtals and send them to the FEP contractor or other stakeholders.

The FEPTmodelincludes a change management work process that adds control and visibility to
changes in FEP activities and information. All changes must be reviewed and approved by the
appropiate authorized individual3.o keep activities and deliverables on schedule, the FEPT
provides progress tracking and performance measurement tools. As each document deliverable
progresses through its life cycle stages, from allocation to submissioprtivaband issue, the FEPT
can provide the functionality neededaiastomatically trigger milestones, providing the highest level
of accurately reported progress. Repo#sprovide realime visibility for team members and other
stakeholders, including kalated progress and performance metrics. FEP teams and stakebaiders
have the capability to generatefar EP S c o r e ol-&)todndnitdr the oyanatl thedule
performance index (SPI) for each elemefithescope of work. The FEPGan thereforenable the
selection of which scopef-work elements (aligned with the WBS codes in the schedule) to include

in the scorecard. The SPI is calculated for the scope of work for each work package.

Project Scorecard
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Figure 4-6: FEP Scorecard

As work progresses and incremental deliverables arrive from the FEP contractors, theasEieh

the potential taleterminewhich aspects havehanged from one submission to another (Figtre
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Figure 4-7: Comparison of Deliverables Report

The FEPTcanalso provide a report that identifies any disparities between the plandexttual
delivery dates (Figuré-8).

COREWORX

Deliverables Discrepancy Report
Sunday, March 28, 2010 2:59:44 PM

Deliverable List: MCP-CWX-DD5S-CWH-00022
Current Revision: ADE ariginator: CW
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_m-““-ﬂl
sM11 WAT-001-BP-ELECTRO001  ap3  Planned 01/27/2010  02/25/2010 03/11/2010
Sandra Mac 1.1
Actual 03/28/2010
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variance -60
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Actual 03/03,/2010
Foracast 03/04,/2010
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Figure 4-8: Discrepancies in Deliverables Report
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The FEPTmodel alsdncludes a schedule slippage report for monitoring document deliverables that
have either a late start or a late finish (Figth®). The document details in each packegestitute

the criteria 6r monitoring planned versus actual start and finish dates for each document deliverable.

Schedule Slippage
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Figure 4-9: Schedule Slippage Report

4.3 FEPT Advantages and Challenges

This section discusses the advantages of BT and the challenges associated with its

implementation.

4.3.1 Advantages of the FEPT

The FEPTmodel has the potential teelp with the management of FEP activities and deliverables
with a focus on control and compliance, transparency, and efficiency. Thesgages are detailed
in the following sections.

The adoption of a frorénd planning tool sets a high quality standard for information integrity during
both FEP and the balance of the project through the application of consistent treftveny

deliverable with regard tq1) archiving and access; (2) naming and numbering; (3) versions; (4)
metadata values; and (5) milestone achievements, rules of credit, and the trackimgeations with

other information items. The tooan potentiallyenforce ggernance and compliance with workflow

task assignments and sequence and ensures valid authorization for the execution of tasks and for
access to reporting information. Each information item is subject to identical processes (e.g., change
management approlyand audit history, so authorized users can rely on a single view that
incorporates all events and interactions that have affected the information during its full life cycle. If
the information managed by the FEPT continues to be used during subseqjgshighases, then

organizations will benefit from the extended management of information relationships and history.
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Frontend planning is characterized by a large volume of documents that must be captured,
transmitted, validated, reviewed, and approvéis process has traditionally been accomplished with
the use of a mix of printed copies, emailed messages, couriered document packages, and handwritten
mark-ups, with spreadsheets to keep track of all of these matdifasugh a fulscale EPPMS

system such as Coreworx EPPM&gtFEPT can quickly move electronic versions of this

information between participants and stakeholders, and includes verification that correct document
versions have been provided, thus reducing the chances of error and tké@ynfragwork. The
FEPTcanalsoprovide electronic design review and mak tools that improve the efficiency of the
engineering team without the requirement for special software. Workflow timeouts, delegation, and
escalation policies function to keep activities on schedule, and thE &EiRs the appropriate
controllers to take action when bottlenecks occur. The entire system is autasiageservices such

as the workflow enginand is hosted on servers.

The FEPTcanhelp balance and optimize work and resources. Work items areexssigalation to

the critical path so that each participant prioritizes work according to the requirements of the
schedules. The FERTModel of this researciisosuggests the application afporoject Responsible
AccountableConsultedinformed (RACI) matrixin order to ensure that the workflow structures
automatically direct activities to authorized team members, and that associated reports provide
oversight with respect to the appropriate assignment of users to the correct authorized roles and
activities. kgure4-12 shows a partial RACI matrix, according to which documents are routed based
on their discipline and document type. Metadata values and authorization levels are associated with

team roles (e.g., approver, reviewer, consolidator, and informed).

DISCIPLIME - Discipline | DOCTYPE - Document Type

Work Group Assignment
Engineering Reviewers
Engineering Approver
Engineering Manager

Froject Managers

CRR RPT R |R A M
CRR RPT c
CER * Bl A M
CER " c

Figure 4-10: Subset of a Sample RACI Matrix
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Compressed schedules for fraamtd planning force the project team to closely monitor progress and
performance. The FEPTodelintegrates with the schedule dataasao provide performance metrics

and also calculates the earned value based on configurable milestones for each work package and its
related deliverables. Estimation activities and executive decisions demand that a level of completion
be associated witlné deliverables before all planning is completed, so the FEPT provides summary
and detaidreports broken down by scope of work, contractor, information type, or other criteria.
Reporting alsdacilitates the identification gfroblems as they begin toae, which enables

immediate action and helps measure the impact of actions in real time.

Owners and contractors draw a clear distinction between the planning phases and the execution of the
project after it has been approved. This distinction usuatludies entirely different teams and

partners who use different systems. Project execution teams, such as procurement and engineering,
often rely on the data frothe FEP phasi® serve as a baseline for their activities and deliverables.

For this reasonhe handover of planning data is critical to the success of a pfDjEdtEPT enables
information handover packagtsbe assembleaiore efficienly, in either hard copy or electronic

format, because the details have all been archived electronicallyg dueifirst three phases of the

FEP.

4.3.2 Challenges Associated with the Implementation of the FEPT

The lack of communication and the resistancehtange that ighherent in traditional approaches to
the construction industry have a direct effect on the ¢xbemwhich new methods are adopted. The
main barriers to the implementationtb€ FEPT includebut are not limited tathe following:

1. Schedule constraints: even the largest megaprojects rarely have FEP that extends beyond 24
months, so the time requiréar implementing and learning a new tool is often prohibitive.

2. Budget limitations: FEP budgets are commonly set at 1% of the total installed value of a
project, which may not accommodate FEPT licensing, implementation, and support.

3. Contractual terms and tm®ds: Owners and engineering contractors may not agree on the

systems and tools required for executing the FEP work.

4.4 Example Projects

The developedFEPT model offered effective functionality, including collaboration, document
control, workflow, and integice managemerecause of the constraints involved in validation of the

developed FEPT model, the performance of the different components of the model were evaluated on
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a number of major capital projects in collaboration with Coreworx Inc, the reseatolrpaf this
project.It should be noted that FEPT model, as designed for the ACSNM framework of this research
was not implemented on these projects, however, the functionalities and capabilities that were
exploited in developing the FEPT model for ACSNi& very similar to those used by FEP tools in
these projectsAlthough this method does not providecamprehensive validationt wastaken as
evidence that theomponents of the modeEhave effectively.

The FEPT has been usedrldwidefor major capial projects that are driven by the need to
accelerate the completion of tREPstageand to improve the quality dfie FEP deliverables. This
section presents three case studies that were conducted in order to verify the effectiveness of the
components ahthe potentials for the successful implementation oFtBRTmodel Due to
confidentiality restrictions, the actual names of neither the construction companies nor the projects
can be included.essons learned from the case studies are presented onSEebtof thischapter

4.4.1 Project 1: Oil Sands - 2010

This project is located in northern Alberta, Canada. During the planning stage, more than 40
subcontractors worked directly under the main contractor. The project has a 20&@artieewith
productionexpected to reach 200,000 barrels per day once all phases have been built and are
operational. A number of activities occurred prior to the official initiation of this project, providing
much of the business requirements and subsequent solution detigimin proof of concept;

demonstrations, and workshops.

Proof of Concept | Demonstrations Workshops

L wAug-Sept 2008 . uDec 2008 \ uwFeb 2009

Figure 4-11: Activities Prior to the Official Initiation of FEPT

In 2009, the project owner engaged the research and developmdd {&&8n to provide an FEPT to
support the collaboration and document control needs at the planning stage. A primary requirement

was that the FEPT function as part of an integrated project information management system. The
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integrated system would providdedge between the information developed in the FEP stage and the

deliverables to be managed during the execution of the project.

The FEPTiramework was used to manatipe engineering documents, deliverables (technical and
norttechnical), and datasheetxcluding loop humbers, piping isometrics, and specialty piping
deliverables. The tool enabled the migration (bulk importing) of albfjoeated engineering
deliverables and interfaces and included a wisrogress area where users of the system could
access both a personal workspace and sharedpawés The multiple functional teams utilized
several other features: contact lists, links to web pages, shared document areas, news feeds, and

forums.

The contractor completed the FEP for Phase 1 ofribjeqt and obtained the necessary approvals

from the Government of Alberta, the Environment Department, and the Energy Resources and
Conservation Board (ERCB) so that the project we
stated that the overall dosstimate for Phase 1 of the project decreased by almost $1 billion during

the course of the design optimization, and the project was also set to achieve a solid sustainable

economic return based on current market conditions for Phase 1.

4.4.2 Project 2: Deepwater Gas Field Development - 2010

This case studyroject, a partnership between two major oil companies in North America and Asia, is
located in the South China Sea at an average water depth of 1,300 m.

In 2010, the owner partnership signed an agreenpexifging the key principles of cooperation for

the funding and operation of the degpter gas field development. The owner partnership and

Project Management Contractor (PMC) then awarded lump sum contracts for the scope of three major
packages. FEP wasmpleted, and the overall development plan was submitted to regulatory
authorities in 2011.

The owner partnership initially intended to use
inadequacy of these systems. Instead, neferreda cradleto-grave application that would record
documentation in the planning stage and consistently track and manage it throughout the execution

and into the operational phase. Evidence of lost information was the primary driver leading to this

decision.

The project empgyed thebasicFEPTframeworkfor the management olew engineering documents

and deliverables (both technical and +technical) from the three primary EPCs, project
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correspondence, existing FEP documents, and interface documents. The transmittabfitpction

the FEPT facilitated the exchange of information with the contracting parties. Workflows provided
control of the review and approval of the deliverables. The vendors were overseen hyfsgope
managers, and administrators granted the parfisient access privileges to enable them to
exchange information with the project team. It should be noted that 2,800 to 3,500 documents were
generated and managed using the FEPT processes.

To enable the initial use of the system as quickly as postiel&EPT functions were rolled out in
controlled implementation phasekta storage, vendor documents, and enhanced functionality. Phase
1 (data storage) was focused on moving all project data from the legacy project information system
into the FEPT, witlthe goal of making it easier for project team members to find information. This
phase included the migration of the most recent version of the documents as well as any project
correspondence. Phase 2 (vendor documents) was concentrated on the mandgemeént o

documents, including inbound transmittals, review/approval workflows, and vendor data storage.
Phase 3 (enhanced functionality) included the functionality for managing technical queries to and
from vendors, interface management agreements, cheggests, and enhanced processes for

reviewing deliverables through the use of comment sheets and forms.

In 2012, the owner partnership reported that the project was advancing as planned, with the
completion of the initial major component and the negihificant components scheduled for the
second quarter of 2013. The fraemd engineering and design work for the development of the next
gas field is underway. The development is on target for the first production to occur in late 2013 or
early 2014.

4.4.3 Project 3: Gladstone Liquefied Natural Gas (GLNG) - 2010

A major North American EPC contractor has utilizifflerent levels of FEP tooler dozens of

major projects around the globe. This contractor was awarded theErofEngineering and Design

(FEED) cortract for a major portion of the Gladstone Liquefied Natural Gas (GLNG) upstream
project, one of the wor | d-6eam dasto lguelet nataralggs.elloet s f or
contractor's scope of work for this contract included the prepardtam execution plan and a cost

estimate for the engineering, procurement, and construction of the upstream facilities required in

order to deliver coateam gas from coakeam gas fields in northeastern Australia to the proposed

GLNG liquefaction facilityto be located in Gladstone.
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The contractor used the FEPT with more than 150 offshore experts from its United States

headquarters. The FEP stage was completed in late 2011.

4.5 Lessons Learned

This section presents the results of the most recent case stadissmmarizes the lessons learned
from theexperts andhe FEPT users. These observatiansderived from experience with more than

10 projects:

1. For a multibillion dollar project, a typical FEP duration is 12 to 24 months.

Approximately 106150 peoplecan be involved ainygiven point, about 50 of whom are
commonly the owner staff, batrule of thumbthatshould be applied toimprove
decision making by using enough owner expekxtigk thecapacity to challenge what the
engineering contractqutsforwardduringthe FEPprocess

2. Becausehe goal of FEP is to obtain sanciiogfor the project to move forward as
quickly as possible, based on a detailed scope of work, cost estimates, etc., organizations
fail to allocatesufficienttime forthe implementation dhformation systems such as the
FEPT. An FEPT system mustereforeprovide a quick path to valuation with minimal
implementation requirements.

3. Before starting FEP, the project team must clearly communicate thefhaedEPT and
other IT infrastructure and systems.

4. Atthe end of the FEP stage, the project managers normally conduct a gate review, called
a AProject Readi ness Assessment, o which is
which assures the owners in advance of gtganctioning that the project can be
executed within expectations.

5. The ability of the FEPT to integrate with a full project information management system
enhances its value by providing consistency throughout the project life cycle, by building
a traceale relationship between the FEP and the execution deliverables, and by

preventing the loss of information.

Theperformance of construction megaprojects can be improved with the implementdtieR of
However,the FEPprocesss normally constrained by tiglschedules and limited resources. The main

FEP deliverables are a level of design sufficient for the preparation of cost and schedule estimates

58



that will then be used to determine authorization for project expenditures. Using a&EPT
potentially behelpful in increasing the efficiency and control of the FEP process. The FEPT
presented in thithesisprovides rapid implementation of a solution that can accommodate a
compressed schedule while supporting an enhanced level of control and quality withtceBp&
deliverables.
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Chapter 5

Construction Value Packaging System

In recent years, the construction work packaging systems have been investigated by many researchers
who have employed a variety of methods and concepts. Some of thesewtudiegplained and

discussed in Chapter 2. This Chapter preséet€instructionvaluePackagingSystem (CVPS)as

an alternative to the existing construction work packaging systems, based on requirements of the
Advanced Construction Supply Nexus Mod&IQSNM). Through the application of the value

packaging concept in construction projects, the CVPS can improve the performance of the

construction supply chain process.

In large construction projects, optimally dividing and then packaging the work amaingotors and
suppliers is challenging-his procurement processtigically executediuringthe preconstruction
phase by a project leadership teavhorely on their experience and judgmentaking itdifficult to
demonstrate that the results are optimal or to explain the ratiafitedthe fact Addresing these
problemsrequires a auditable and robust methtidhtstill incorporaesthe expertise of the project
leadership teamThis part of ourresearch threfore included the creation otamprehensive
ConstructionvValuePackagingSystem (CVPS}hat serves as a computational and process
environment for helping project leaders increase the efficiency, auditabiliyeffectiveness of the
procurement proces The development of this system required the definition of a new concept called
the construction value unit (CVU)hose scope covers vakadded work defined bipetype of
activity, its stage in the value chain, and its specifications. Constructiom patkage€CVPs)are
comprised of CVUsThe esearch resuligresergdin this thesishow that the CVPS hase

potential to improve the contract management of an entenpiieeconstruction supply chain.

The scope of knowledge required for conductmg planning phase is influenced by the context of

the type of project and the job situation (EdEptwe and McCaffer2000). The development of the

CVPS therefore incluadkconsideration of the size, location, and schedule of the project as well as any

caqh fl ow constraints, the ownerds philosophy, an
discussed in the following sections. Nevertheless, the model created through this research is not based
solely on one specific type or location of facility bvas developed from the perspective of breaking

down projects into controllable and practicaGMPs
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In this approach, a project is broken down i@tinstruction value packagféSVPs)during thework

breakdown structura{BS) phase. Théront-end planmg tool FEPT) and the WBS processes

provide all the elements and information necessary for developirigptisructionValuePackaging

System (CVPS)which is obtained from an analysis of the construction work and its separation into

discrete work packagehat cover a scope of work appropriate to be awarded to a contractor, vendor,

or fabricator. Figur®-1 gives a snapshot of the basic architecture, components, and data flow of the

system. The size of a CVP should be suitable for execution by a contractor. In other words, the scope

of work associated with the CVP should be large enough that it could benpediising the services

ofa contractor. APrevious research has been devot
construction work packaging concept and applying it as a general managerial tool. Only limited

attention has been paid to theuwaet | construction packaging process:{
phase of the project entails the greatest risk because it represestistihgpoint of dealings with

the contactors and other external parties involved in a project. The following sexttams

effective guidelines for managing this phase through the CVU concept and for then selecting reliable
contractorsThe system algorithm incorporating the Construction Value Units (CVU) will

subsequently be provided in Section 5.1 of this Chapter.

Inputs Outcomes

- Environmental Data’base Improvement in
restrictions \—/
- Construction method - Workflow processes

- Legislation - Schedule

- Contractor - Process accuracy
availability 1| - Contract execution

- Transportation —/| - Budget performance
constraints - Logistics

- Resources -ete.

- Budget

e ICMM
- Project risks v
- etc.

Project Progress

>

Figure 5-1. Value Packaging System andOther ACSNM Elements
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Before beginning this phase, the project team should identify the scope of work to be carried out

under individual contracts and madsoarrang t he prequal i fication form f
scope of work for each subproject to be subcontrdétppgendix A) The contractors, fabricators, and

vendors should provide the information requested and any suppoatiticularsnecessary for a

complete analysis of their quotation, such as special tools and lift fixtures, technical services, field

service representatives, shipping/transportation, instruction manuals, and operating/maintenance spare

parts(Appendix B, C)

As mentioned, the detadescope phase results in the identification of the components required for the
design phase, which begins during and after the-adtplannindFEP) During the former phase

and, in some circumstances, the latter, the value units are defined, witlecatisn given to the

WBS and other outcomes of tREPprocess. CVUs can regularize and integrate all plaamtaged
processeso that thalelively of all tools, equipment, and required informatan occuprior to the

start of the bidding and execori processes. This phase of a project incorporates a CVU basaed on
definition of the process. Thigork presented in this thesixluded an attempt to define a CVU

based on its components, a definition not found elsewhere: The value unit is a specified scope of
work defined by methods, stages, and places of fabrication. A value unit is usually associated with the

following:

1. Alist of potential contractorsa sample of which is shown Figure5-2, which isa snapshot

of a contractorsd6 |ist in the proposed syste
2. The location and method of the woekg., onrsite, offsite, fabshop, etc.
3. Drawings
4. A detailed description of the scopéthe work

5. A detailed bill of materials (BOM) that specifies all quantities that make up the scope of the

work
6. Human resources information
7. Alist of fixtures, fittings, and equipme(ExampleAppendix G)

8. A process schedule that details the commencearehtompletion dates and also includes
detailed schedules and spreadsheetsntiatatethe tracking, monitoring, and closing out of

all activities from the start to the completion of each process
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9. An inventory policy

10. A plan of all movement osite

11. Techrcal requirements, references, and information

12. Quality assurance (QA) for auditing all materials and modules (Raymond, 2002)
13. Transportation issuaslated tgootential module deliveries
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. Genersl | Contacs |  Additiona
st ‘ Genen! | Coniscs | Addiionsl information | Documents
[, —] First Name Last lame Job Bonding
P Reference Documents:
["]Protected Contracting Party Single Project Bond Limit g
Dms Documents (0) Deskiop Files (0)
Corporate Address Document Number Titte Revision Added By
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[ il
Country. State/Pr Country: ﬁ
[ B B | \
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Home Telephone: Office Teley | L ‘
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Figure 5-2: Snapshot of theProduction of a List of Potential Contractors Using the

Developed System

Significant changes, learning, adaptation, and growth are inevitable vdogistauction value unit
(CVU) is implemented. The evaluation of the contractor is a vital component sf/#temand is
related to risk and risk management (Jaselskis and R199& Russell et al1992; Kumaraswamy
1997). During the bidding and negotiating process, selectengekt contractors with respect to the

relevant CVUs is highly critical for the overall success of the entire project. To select the best
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contractors for the CVUs and to prepare the most realistic and accurate bid proposals, the experts
must be aware of ldinancial, technical, and general information about the packages. A number of
converging studies and technical advances contribute to the ability of the prepstsedo increase

the feasibility of meeting this challenge; however, the method and ptvepgresented in this

research differ from thosa previously developedystems

During the bidding process, a significant risknsffectivepartnership strength, which occurs when

the relationships between managers (decision makers) and conteaettws personal: most

decisions are affected by such connections. While this kind of personal selection practice has
associated benefits, such as stability, mutual trust, and reduced transaction and search costs, it also
entails problems. For the developn of thesystemduringthis phase, a critical recommendation is

the avoidance of any unsystematic tendencieseiahce, instead, o systematic method for
designating a contractor. However, the experts ultimately make the final choices, syst¢hean

only approach the ideal optimal decisions.

Thesystemdeveloped in this researcandomly generates a feasible option set of CVPs and then
ranks them with respect to their assigned score. The feasible option set createsl/biethie

presented tdecision makers (project teamanagergas a creativity set. This part of thgstemwas
creaked based on interviews with a number of scholarsaatidconstruction project managers who

are in charge afiumerousnega projects in North America and Southwisiti. A landscaping job

for a residential backyard caerveas an example. A construction engineer undertaking such a
project may initially think of 10 feasible options. However, once friends and experts respond to a
request for ideas, a number of opSanay surface thdave nopreviously everbeenimagined. A
comparison of this simple example with a mega construction project reveals the complexity of this
decisionmaking process and demonstrates why experts would support the development of the
proposd system Obviously, asystemcan never make a final selection and should be considseed
creativity tool that generates feasible option sets. The proposed tool should be viewed as a guide for
improving the efficiency of the bidding decision processibgreasing the time required for making a

decision and by generating optidhatmay not normally be considered during this process.

The selection of the best contractor for each job influences not only the success of the construction
project but also th quality ofthe results produced lany model based on those decisions as input. In
particular, during the bidding process, the optimal selection of the contractors is vital because it

results in an accurate and realistic bid proposal for each Bifhg this phaselecisions aréocused
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at the managerial level, the point at which public officials and designated decision makers have the
power to accept or reject a contractor for a speciitstruction value unit (CVWased on
managementevel consideratins. As presented in the following sections, the algoritbuelopedor

the newsystemincorporats these factors.

5.1 System Algorithm

A randomization algorithris used irthe system developed this research as a means of presenting
to the owner of the pject a series of possible distributions of value units withévalue packages.

The algorithm enables the tool to facilitate the contracting preigsiicantly,because the options
generated can be ranked according to their weighted score, and 2@ediop,000 arrangements can

be displayed in descending order and then presented in-fiandty Excel spreadshedt.the

project managers/experts involved in the bidding proaessiot satisfied with argf the options,

they can simply run the toalgain, which will generate a different set of combinations for them to
view. The layout of the hierarchy andepossible combination of value packages is shown in Figure
5-3.

Value Units Methods Contractors
’-__— —————— P --..\\
[ \‘
Value ¢ M1 c1 }
Package o g www
—-‘-___-p o - = —— - - -
l'——--
U
I M2 2
\
\
\
‘\‘ ---------
Possible arrangement Mn Cn
for Value Package n

Figure 5-3: Value Unit DevelopmentProcess
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The MATLAB programming language was used to create the randomization tool (Appendix D). It

allows a simple interaction with Microsoft Excel spreadsheets because it can extnactrémaate

the data as well as maintain theexing established within the spreadsheet. MATLAB also enables

fast numerical computations; in a little over one second, one thousand different combinations can be
generated for the site owner to view. Fight#¢s hows t he out put-céblt, dhenvar
which each row represents a different combination of the value packages.

4\ MATLAR 7100 (R20104) - = | B
File Edit Debug Parallel Deskiop Window Help
TS 4RE9 ¢ & B | @] CurentFolder ChUsers\ose Cardona\Documents\MATLAB v E].Q
Shortcuts [2] Howto Add 2] What's New
Current Folder * 0 2 x | CommandWindow M bl Workspace R BT
Py « MATLAB » -0 & "’l‘ New to MATLAB? Watch this Video see Demos, or read Getting Started. x| E‘I @ :,] H%} wSe\ed datatoplot
Name >> finalcell by Value
2 TotalstationPipelinesjulyld s - e 3
inalcell =
\%]tna\‘(sv 1
% | trial_schedule_january_thesisxls 4
ey i D1 i1 e i1 e e e 1
= trialmatrixads a1 - D1 D1 .1 D1 Rl Al Al Al 1
H truepipelocationjulyld, mat ‘2 ica ‘R e ‘R e ‘A ‘B3 ‘et 'h3 [14.710]
) uigetfilepathsm L5 LI Yo% L of L Yo% K Tor S o6 LN o5 RN Tof £ s KO Toi 1 <12 struct>
% uigetfiles.dil 'ca' 'B2' 'ca' 'c2' rcat rca' 'B2' 'c2! 'c2! 'c2! (] contractors <12 cell>
’au\getﬂlesm ‘D3’ ‘D3’ ‘D3 D3 D3 ‘D3 'D3! 'D3' 'D3' 'D3' [0]] def <1 cell»
1] Untitled.m 'c3 'c3' 'c3r 'B3' 'car 'ca 'ca ca =t 3 [ direct ‘ChlUsers\ose Cardo..
) untitled1 fig B2' D2* D2* D2* D2* 'B2' "B2! 2! 'B2' 'B2' L] dig title ‘Input Number
1] untitled.m st st oma oam| o oase o omae ot nm s g exportcell <1600 cell> 3
1 Untitled? pi D&t D3 'ps' a3t D' 'Zst Dt A3t D3 tAs filemats <12 cell>
%] updated schedule 30-Oct-2010.x1s 51t 181t 1Bt g1t g1t 151t 1 e 310 a1 files <12 cell»
] Updated_schedule 30_oct 20105 DI' DI* DI 'DA' 'DA* pi D' D1 Dl 'pat 3 finaleell <1000:40 cell>
. < >
15| upsched30-Sep-2010.s ‘a2t 'De*  'A2' UD2* ‘D' 'A2'  'R2'  'D2'  'D2' ‘D@ %ﬁ”al"m 31)(1000 Stfuct
£ i
& UWE_Processed Data_Tablexs 3 3 13 3 3 3 e e e e i ik
] UWSJPtm(essediDataiTab\Q‘x\s 11 e oo o o o o o - e iif b
ij uwbdataprocessing asv 2t 2t ezt 1Dzt et et et et et et ] estincex 0
uwbdataprocessing.m Tl Tl o e e el e el el el -
bl e e c2 c2 cz cz c2 c2 c2 cz2 cz2 cz E num lines 1
’ﬁuwbdatazmussmgz:m 'B3' 'B3' 'B3' 'B3' 'B3' 'B3' 'B3' 'B3' 'B3' 'B3' I{_:‘A)F‘a”’;“ < cell»
uwbdataprocessing3.asv e e e o e e o e e i ()] prompt <1d cell>
] uwbdataprocessingd.m Azt At e2! e2! a2t e el iy i Lab] templ ‘valuepackages work..
uwbdataprocessingh.asv I3 ‘B2 B2 'B2'  'B2'  'B2' A2 'B2' B2 B [ temp2 Casers\Jose Cardo...
fﬂ uwbdataprocessingd.m 'c3' 'c3' ‘D3’ D3’ D3’ 'c3! 'D3! 'ca! 'c3! 'c3! i tempnum 3
| uwbfusiondata.xs = ‘D3t 'c3t ‘D3’ ‘D3’ ‘D3 'c3t 'c3' 'c3! 'c3 ‘D3 )] tempvar <10 cell»
e W2t 'B2' B2 'B2T 1B2' 'B2' 'B2' 1B2' 'B)1 1B} Ilvi\mrkmsran RO
femoiet o OYATLAT Rerb! ¥ [E T LT T L TR LR T LR TR T TR 1 ! il !
exportcel(altern-+sindex(s) Hlengthifinalvect(ind(i). A3 rcart A3l Rcart A3 bl gy @t e e Commend History
vpvect(y).matl)+1) = 3t 3t 3t 3t 3t 3t el 3 3 53 s
/02/12
vector2cellfinalvect(ind(j) vpvect(.matl); car car car D2* 2t n2* 2! 2! 2! 2!
rca' 'B2' 'R2' 'Rz car 'R2' ce e e 'R2'
'BI'  'A1' 'BI'  'A1' 'AI' 'BI'  AI' 'BI' ALY ALY
et D3' D3 'pat 'par D3 D3 D3t D3t ‘D3 B3-- 14/02/1
'B3! 23" 'B3! 'B3! 'B3! 'B3! 'B3! 'B3! 'B3! 'B3' finzleell
'ca 'car 'car rcar rcar rcar 'ca e 'c2 ‘B2 iele |
f{ ‘D2 'D2' 'D2' 'D2' 'D2' 'o2' 'D2' "oz’ 'D2' 'o2' o wfinaleell -
|4 Start R

Figure 5-4: MATLAB ScreenCapture

The algorithm starts by extracting the criteria matr{cdescribed in the next section of this thesis)

from the usesspecified folder, which it detects the number of contractors potentially available for
eachvalue unit. The user is expected to inpobbjective evaluation for each criterion in the value
packaye that is associated with an individual contractor. Each contractor and method must also have a

separate criteria matrix, as shown in Figb+®
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Figure 5-5: Snapshot of theFolder and File Formatting for Criteria Matrices

Each matrix is then normalized and multiplied by an established weighting vector. A vector

containing the objective function values for each value unit is obtained for each contractor. The data
are then stored within a frable in order to obtain a numerical measure of the proficiency of a
contractor with regard to a specific value unit. The approach for calculating the score is detailed in the

next section.

The randomization process begins with the generation of theityuafrvalue units per value package
and the storage of that quantity within a variable. Next, the value packages are arbitrarily distributed
so that the capacity of each value unit is filled. The user is then prompted to specify the number of
methods avitable for all value units. For each value package, one method is selected at raodom.
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example, for piping activities two methods can be considered:legddconnections and traditional
welding systemsd.astly, a contractor is selected at random fromlist of contractors who can

perform the value unit using that method, and the entire combination is stored. This description
covers a single iteration of the algorithm. The sequence of operations is looped one thousand times,
with the results being sted in a variable and then exported as an Excel file. The layout of the
algorithm is shown in Figurg-6, and the score calculation process is discussed in the next section.

Generate
Criteria Matrices Effectiveness of <
Value Units

h 4

Arrange VUs within

Weighting Vector

VPs
A 4
Select a Method for )
Number of Methods Each VP Loop 1000 Times
A
A 4

Select a Contractor
Who Performs the

Method for Each VP
\ 4 A 4
S Comb After Concluding Loop,
. . tore Combination Rank Them in
Constraints Applied f=———> S Vo Descending Order and
within Variable
Output Top 20

Figure 5-6: Flowchart of the Selection ProcessAlgorithm

5.1.1 Value Unit Score Calculation

Because of the limited time intervals in the bidding process, simple but effective methods of
contractor selection are importamith respect taneeting the needs of the construction industry.

Some of the existing methods and approaches can be complex and difficult to apply in practice. For
this research, the Simphadditive Weighting (SAW) method was selected for the calculation of the

score foreach value unit in combination with its method and an assigned potential contractor.
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The SAW approach is probably the bksbwn method of MultiAttribute Decision Making

(MADM). In the SAW approach, the overall score of an alternative is determined dratieel

weighted sum of all attribute valugShurchman and Ackoff ,1958acCrimmon, 1973Hwang and
Yoon,1981Hipel, 1992,Chen and Klein,1997;Wenhui, 2004; Phuoc Nguyen and Boukhatem, 2008;
Ravanshadnia, etal.,,2010) The fAr an ki n golem id 8AWtakds iefled éspeociallyd pr o
when the attribute values of alternatives are very similar (Tran and Boukl28@&). The score for

each alternative is obtained through the addition of the normalized contributions of each value
multiplied by the assiged importance weight. The selected interface is then as follows:

- ;

Almaxgd w; 3, | 1)

4 ]
J

g
1
[

The main steps in the SAW decisioraking approach are as follows: normakzecision matrix
andcalculatethe weight of the attributes using the entropy weight method in order to calculate the

function F. For these steps, we assumea;pqt 0.

Normalized Decision Matrix

With the SAW method, m alternatives (options) and n attributes/criteriassumed, and a score is

assigned for each option with respect to each criterion. If option i has a scgneithf respect to

criterion j, then a matrix X is an mxn matrix (decisimatrix, Figures-7). It should be noted that the
project management teamust adjust the attributes to correspond to the requirements fovadaeh
unit within the project class and specifications because the attributes selected should have a direct

effect on the performance of the VU.

Cl c2 . .. Cn
Al X1l X12 . e Xln
A2 X21 X22 . X2n
Am Xml Xm2 . .. Xmn

Figure 5-7: Structure of the Alternative DecisionMatrix
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A is a possible CVU (alternative i) in a group of potential CVUs from which decision makers must
choose a specific CVU, ard ;Is criterion i based on which alternative performances are measured.

The variablex; is the rating of alternativé with respect to criterioer . The evaluation attributes

are selected based omeaderation of the objectives and interests of the project team. The partial

attributes/criteria Cl,...,Cj) can be changed from one project to another in order to accommodate

the oneoff nature of the construction industry. However, some mamb criteria for selecting the
best contractor are employed in most construction projects (Jaselskis and A88ley\l edbetter
1994; Herbsmarl995; Herbsmarl997; Working Groupl997; Hatush1998; Mahdi et a].2002;

0O 6 Co n n g2004eSinghaath Tiong,2006). The attributes for developing the decision matrix in
this study include but are not limited to the following:

1. Price(potential bid price)

2. Financial status, which is usually assessed based on ratio analysis and an examination of bank
refererces, credit references, and turnover history (Holt et al., 1994)

3. Number of years in businesgppropriateness of experience and performance of work of the
same general type and on a scale not less than 50 % of the amount of the proposed contract

4. Adequacy bthe supply chain with respect to appropriate and expeditious support for the

work

5. Previous performance: type and scale of projects completed in the past three to five years,
guality of work in past projects, percentage of previous work completed otusehand

guality of relationships with past project owners (Hatush and Skitrh®8%)

6. Project management organizati@awvailability, qualification, and level of experience of

project manager and professional technical staff; project management structure
7. Technical expertiseappropriateness of technical ability

8. Familiarity with local working culture
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9. Relationshipsrelatiors with subcontractors, industrial relations, occupational health and

safety, and claims and dispute history

10. Ability to perform and marge a variety ofonstruction value units

After the decision matrix is established, the various attribute dimensions must be transformed into
non-dimensional attributes, which allows comparisons across criteria. The raw data are normalized to
eliminate anoralies with respect to differg measurement units and scales. In general, the results
produced by the SAW method do not depend on the normalization technique. The scores or data are
normalizedwith the use obne of the following alternative procedures:

1. Vectorial normalization: This normalization uses one of the formulae

— X _ % . .
Equationzz M T 9" T ) =1...mi=1..,n
ax, a X
i=1 j=1

2. Normalization by linear transformations: For the maxinariterion J , the formula used is

Xij max —
Equation3: = X R _m‘%x”

and for the minimum criterioH , the formula used is

X;
Equationd: i =1- xmax

One can also use the following normalization formulae for a maximum criterion and for a minimum

criterion, respectively:

— leax ) Xij min

Equation5: = WX = mjln X;

X. - lein

— 1) 1

Equations: i = A
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3. Normalization by alternative linear transformations: This normalization uses the following

formulae for a maximum criterion and for a minimum criterion, respectively:

X

Equation?: = xmax

Equation8: i ~ X

where N are normalized values of decision matrix elemewisen the normalization is corrected, it

shouldalsobe noted thagJ ¢ N ¢ l.

Calculation of the Weight ofhe Attributes Using the Entropy Weight Method

Shannondéds entropy method is one approach that we
for each criterion when a suitable weight cannot be obtained based on the preferences. After all the
evaluationindex factors have been confirmed, the entropy weight is calculated according to the

nor malized decision matrix. The original proced.dt

as a series of steps (Shannon, 1948):
h
Step 1) Compute entropy as

— hoam - _ _
Equation9: h=-hay P n P , : ],...,n’ whereho is the entropy constant and is equal to

.l _
(Inm)™ S0P NPy is defined as 0 i =0,

Step 2) sd =1 hi, P=10 s the degree of diversification.

J— | H—
Step 3) Set (EquatiotD: W 4" d 1= L...,n) as the degree of importance of attribute I.

1= S

[y

Step 4) If there is a weight vect()o?: .:--8m hased on a historical database or on the presumption
of experts, the entropy weight is then the comprehensive weight matched with the ith index factor, as

follows:
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Equationl: Wi =———+—,1 =1...m

d :l' hi |:1,,n

Step § Set™ as the degree of diversification
_ 4
Step 6) Set (Equatiah W= ar d ! —ZL...,n) as the degree of importance of attributes i.
1= S

Step 7) If there is a weight vectéa?: %,---8m nased on a historical database or on the presumption
of experts, the entropy weight is then the comprehensive weight matched with the ith index factor, as

follows:

_oactw =1
Equation3: Wi = ama3w = m Thus, the comprehensive weight vector is:

Wi = (VVLV\@!’\NJ)

Calculation of the Function F

A is the finite set of alternatives. The firszore of each alternative calculated as follog;and they

arethenranked.
—_ _ = . s _ _ e
Equation4: fi=1(A) _.T—’lo;l ¢n ’ hcq W, —1’ then f.=1(A) _a_. w;r,
avw, =1 j=1

j=1

The case studies presented in the following sections illustrate in detail how value packages are

developed.
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5.2 Case Study 1: Pipe Installation at the Portland Energy Center

The Portland Energy Centre is a recently constructed thermal power plant located on the waterfront
near downtown Toronto, Ontario, Canada. The plant will be able to generate as much as 550 MW of
electricityfrom two turbines. The project was largeith a very tight schedule. Taking into account
thedissimilarity ofmost value packages with respect to scope, size, and other factors associated with
the nature ofthework, the project encompassed close to 2000 construction packages. The research
wasfocused on the massive pipiagstem whose complex piping work was split into more than 10
(valueunits), each about 20 ft wide, 115 ft long, and 70 ft high. The possible methods of creating
each module included modular (complete mosgjulerefabricatedgmall module), and stiekuild

(on-site). The names of the contractors and all details associated with the contracts have been kept
confidential and may not be made public. Capital letters have therefore been used as anonymous
designations for contractowll bidding documents for this project, including the drawings, designs,
plans, specifications, models, reports, and other documents are alsoatrifitigntial, and in

accordance with the terms of the confidentiality agreement, publication is notteerm

The initial investigation includethe examination of several factors, for which the process was typical

of most such projects: the stages, types, and places of fabrication.-$iefahbricationequipment
consisted of mainly lightluty tools thatvere considered to be lower in efficiency than the heavy

duty equipment located in the fahop and at the assembly site (Figbs®. The time consumed for
fabrication on the site was generally three times greater than that required inghegdbr he same

unit. The operating environment in the fsltoop or at the assembly site was superior to that in the

power building. Power generation structures are often not conducive to smooth operational access for
crews and equipment. However, when units aik éiuan offsite assembly site, a crane can work

around the module, and crews and equipment have easy access.
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Pipe Pipe

Material Component Module T
In Fab-Sho At Assembly In Power
P Site Building
¢ Capable machine ¢ Light tools and equipment
¢ Spacious environment ¢ Intricate environment
¢ Crane works around 360° ¢ Limited spatial access

¢ Easy to access

Figure 5-8: Comparison of Operating Environments

With consideration of the above issues, three methods were defined for eaclvalipengnit
modular, prefabricated, and stibkild. In this project, these three methods can be considered for
each piping module CVl(tonstruction value unit)rhe pipe mdule shown in the photograph in
Figure5-10was part of the project and included racks, pipes, hangers, and widues. 59 shows a
value chain for building such a pipe modgperts and planners can analyze and simulate the
project by developing diffrent alternatives, taking methods, stages, and places of fabrication into
account. Each alternative can then be a potential value unit. For examplaptieelines in Figure
5.9show one potential value unit; multiptelor-line areas can be createdadternative possible
value unitsHowever, it would be an ideal practice if astage (that addmnyvalue)is considered as
a value unitFor example, &x>Shop 1, PainShop 1, and Assembly in Modu¥éard are potential
value units Thisidealapproach ig€hallengingo implement in practice, although it is feasible,

accurate and efficient.
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Value Unit Example

Supplier

Module
Installation
Assembly in
A Module-Yard

Spools
Assembly
On-Site

Figure 5-9: Example of theValue Unit DevelopmentProcess
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Figure 5-10: Example of theValue Unit: Piping Module

For site work, thie predominant causes of delay are design changes, poor labor prodietivity,
weatherand inadequate planniniglany of thesealelays can be mitigated through the use of staged
fabrication méhods, which help increase labor productivity and reduce both the amount of materials
stockpiled orsite and the manpower required to manage tReafabrication, preassembly,
modularization, and ofite fabrication (PPMOF) decisions are complex and uevolany factors
which can be evaluated using existing tools (Haas, 2000). When such tools have been used by project
experts, the results can inform the CVU performance estinMtgkiles and preassemblies need
special consideration because of the levelesign andheamount of materials required. Some
projects can involve hundreds of modules, which must be reflected sgdtesm In the future, the
lack of skilled workers and the inability to meet compressed schedules because of the time required to
conplete the entire process-gite will encourage the extensive adoption and utilization of staged
fabrication systems. However, when value units are developed, all methods must be considered, and
in some circumstances, a traditional method may prove toebeeist option.
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Value units are mutually exclusive. Depending on the size, complexity, and number of value units
involved, the set of feasible CVUs can be acquired either manually or through an automated process.
Developing value units requires that sciffint information be obtained from a number of experts at

the very beginning of the project. This phase can be bothdimsuming and cdgt However, since

most of the risks associated with a projectratated toareas where interaction occurs between

parties, the earlyecognitionof important interfaces between packagestapeddentificationof

unqualified contractors will significantly help reduce the overall risk.

In this phase, fivalued is assigned to each val ue
the value unit providers as measured against the value packages. Value is considered to be the amount

a desired value package is worth relative to di@sible value packages. The value is usually

presented as lowering the cost. However, as mentioned in the previous section, several tangible (e.g.,

price and financial status of the CVUs) and intangible (e.g., familiarity ofaloe unit provider

(VUP) with the local working culture) criteria must be assessed in order to determine the value of the

work packages.

The set of feasible value packages with the best value is the optimal solution, one in which all the
CVPs selected add up to the entire projantl eaclvUP cannot perform more than one value

package. When computing 10 optimal solutions is impractical, the user must settle for a good (but not
necessarily optimal) solution. This part of the CVPS helps decision makers look at a variety of

combinaions of value units more effectively, efficiently, and objectively.

This projectinvolvedapproximately 1000 value units. Initially, wanrthesystemonly for piping

modules soa trial run of the algorithm was implemented for a scenario of 10 value units, all of which
can be performed by three contractM&/Ps)using three different methods. For this example, the
criteria matrix generated (Figugel0) consists of five criterial'he layout of the input data is shown

in Table 1.

Table 1: Data Input Layout for the Trial

Number of Piping Module (unit) 10
Number of Contractors 3
Number of Methods 3
Number of Criteria 5
Possible Options 3,486,784,401
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As explained, the proposagistenuses the information from Tableto run the decisiomaking

process. The criteria matrices were tif@me set up so that Contractor A was best suited for VBs 1
Contractor B was best suited for VUs86and Contractor CD (contractor C with contractor D) was

best suited for VUs 9 and 10. The objective was to evaluate whether the software would demerate t
desired combination within a set number of loop iterations. The output of the algorithm provides the
20 best alternatives for the evaluated objective function values, arranged in descending order. Figure
5.10shows the top three alternatives: for aligive 1 contractor B with method 2 will perform VP1,
including VUG, VU8, and VUS9for alternative 2¢ontractors C and D with method 2 will perform

VP2 (VU7 and VU10); antbr alternative 3contractor A with method 2 will perform VP3 (VUL1,

VU2, VU3, VU4, and VUS5).

Alternatives| Value Package | Contractor | Methods Value Units
VP1 B 2 VU9, VU6, VU8
Alt. 1 VP2 CD 2 VU10, VU7
VP3 A 2 VU1, VU2, VU4, VU5, VU3
Alt. 2 VP1 A 1 VU2, VU5, VU4, VU3, VU1
VP2 CD 1 VU10, VU8, VU9, VU7, VU6
Alt.3 VP1 CD 3 VU7, VU9, VU8, VU2, VU10, VU6
VP2 A 3 VU3, VU5, VU4, VU1

Figure 5-11: Top Three Alternatives for Case Study lasOutput by the Randomization Tool

In reality, defining value units and the selection of the best value package providers involves a

numberof constraints and limitations, including the availability of the value unit providers

(contractos) gi ven

t he

projectos

requirements,

t

Union (CCWU) and other unions, governmental issues for mega prdfeetsapacity of the VUPs,

the necessity of avoiding the placingao¥UPin a monopoly position, and inconsistency in

performance with respect to different VUPs. As mentioned, a set of feasible value packages is

he

comprised of a unique aggregation of valués that sums to the total value added that is required in

order to complete the scope of work under consideration. Stated simply, the work is split into value

units, and the value units then merge into a set of feasible value packages that incanzorate of

alternatives for performing the same tasks. The set of feasible value packages with the best total value

is then the optimal solution: one in which all thelRs selected add up to the entire project and each
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VUP cannot perform more than onewa package. When it is impractical to compute an optimal
solution, the user must settle for a good (but not necessarily optimal) solution. The final decision is

based on intangibles and judgment.

This part of the CVPS helps the decision makerssidera variety of combinations of value units
more effectively, efficiently, and objectively. For this optimizatiom e ar o0 p fthe whjeztiget i on o
function is the max project scores value, with the follovdegome of the suggested constraints:

1. A contractoris not used more than once for any one value package.
2. The production capacity of the contractors must not be exceeded.
3. A VUP must not be placed in a monopoly position.

4. The contractor must be available for a specific VU.

During the Portland Energy Centripe installation project, although Contractor A was the best VUP

to run pipe for the component fabrication and module assembly, that contractor was assigned for only
five pipe modules. The other five modules were given to Contractor B and avibiRewWhile the

bidding information for the project was and still is confidential, the results show that numerous

factors are involved in the making of such decisions. These factors can be considered as the
constraints in the decisiemaking process in th#evelopedystem If the actual bidding contracts are
compared with the output of tisgstem alternative 1 matches exactly the actual decision. However,

the decision is always made by experts rather than by a system, and we therefore cannot expect that

the initial running of thesystemshould produce the optimal solution.

5.3 Case Study 2: Northland Power Spy Hill Generating Station

The Spy Hill Generating Station is a 100 megawatt (MWjfiyad, simple cycle power generation
facility located in Saskatchewan and owned by Northland Power Inc. ($700 millictobdggower

plant). Construction started on the project in 2009 (Figek2). The facility is being constructed

through a joint venture between two Canadian companies. The relevant scope of work for this
research is the installation and furnishing of two glycol water heaters (turbines) and associated
accessories, which are cotesied to be two value packages. The turbines were installed on a massive
concrete pad, 6 m wide, 23 m long, and 1.5 m thick. The project included approximately 300 value

packages; however, this research concentrated on two significant and strategic.modules
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Figure 5-12: Northland Power Spy Hill Generating Station Project

Each of these twwalue package&ubprojects) was broken down into seven vahiés (1) thermal

fluid heating system, (2) complete skid mounting, (3) mag drive pump, (4) burner front enclosure, (5)
burner house, (6) pump skid pipe insulation, and (7) surface preparation to meét SBe.GVe

used the original names of the value urdtthough these names do not provide a clear description of
the scope of the job associated with each value unit. FigliBshows sample parts of thessue

units
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Figure 5-13: Sections ofthe Spy Hill Generating Station

Due to issues of confidentiality, tleatirespecifics of the data acquired for this project are not
available for publication. This project involved a number of activities and requirements, including
drawings and enginee@q; transportation; electrical enclosure assemblies; piping/tubing; welding
(welding of carbon, low alloy, and stainless structural steel); pr@adt countryspecific

requirements; and control design and equipment. A spare parts estimate shoulg tmaled

because it would supply desirable assistance during the operational phase. Actual spare parts were
selected during the engineering phase of the project in order to ensure that they comply with the

specifications.

An evaluation project teawf seven people who are frequently involved in the contract management
process, selected the main criteria for this project. Five main criteria were considered in this study,
four of which are quantitative, and one of which has a qualitative value: (1) casnd2§3) field

service and engineering rates, (4) experience, and (5) the financial stability of the contractor. As
mentioned in section 5.1, the criteria selection and the provision of the criteria weight vector are the

strategic input for thdevelopedsystem

The criteria weight vector describes the degree to whi€ardnt alternatives approach one another

with respect to a specific criterion. Based on the nature of the project and the opinion of the experts,
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the weight vector (Wj) calculated for ghproject is [(cost) 0.4, (time) 0.2, (field service &
engineering rates) 0.1, (experience) 0.2, (finar
iti meo is the most i mportant criterionctof or this
acknowledges that the owner relies on the contactor's timely performance in completing the value unit

as scheduled in the bid document (sectio. 3.Be contactor should therefore provide a detailed

baseline schedule that encompasses all activimscated with the value unit and also needs to

provide work progress repoffiar the value unit, as the owner may request from time to time. If the

owner notifies the contractor in writing that the work is not progressing as scheduled, the contractor
mustimplement appropriate corrective measures immediately after receipt of the owner's notice and

will be solely responsible for any costs incurred in order to implement corrective measures.

Thesystemwas run twice for this project: first without any consttaand then with a constraint. The
result of the first run shows that Contractor A1 could be awarded the contract for VP2, including four
value units: thermal fluid heating system, complete skid mounting, mag drive pump, pump skid pipe
insulation, and stiace preparation to meet SSPGP6. Contractor B1 may be awarded the contract

for VP1, including two value units: burner house and burner front encl@omnéractor C1 would be
awarded the contract for VP3, including one value unit: mag drive pummurhleer one subscript

after A, B, and C indicate that only one method was considered for each value unit in this part of the
project (Figures-14).

Because the partners in the joint venture (owner) would like to deal with one contractor for this
specific poject, thesystemshould be run with this constraint. The bid evaluation results for the
glycol water heaters show that contractor A is the best contractor. Contractor A was therefore
awarded the contract based on their ability to comply with the tectspieeification, to offer the

lowest cost, and to meet the July 2010 schedule.
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Alt_1

VP1 Burner House Burner Front Enclosure
Bl Bl
VP2 Thermal Fluid Heating Syster Option to meet SSPC —SP6 Surface Prep. Complete Skid Mounting Pump Skid Pipe Insulation
Al Al Al Al
VP3 Mag Drive Pump
C1
.|
Alt 2
VP1 Pump Skid Pipe Insulation ~ Mag Drive Pump
C1 C1
VP2 Thermal Fluid Heating Syster Complete Skid Mounting
Al Al
VP3 Option to meet SSPC—SP6 51 Burner Front Enclosure Burner House
Bl B1 Bl
-]
Alt 3
VP1 Burner House
Bl
VP2 Option to meet SSPC—SP6 St Complete Skid Mounting Thermal Fluid Heating System
Al Al Al
VP3 Burner Front Enclosure Pump Skid Pipe Insulation Mag Drive Pump
Cc1 C1 b

Figure 5-14: Top Three Alternatives for Case Study 2asOutput by the Randomization Tool

It should benoted that this research included proprietary information from the following categories:
guotation pricing (supplemental product pricing tables and equipment pricing), technical documents
required with the quotation, technical services (field servicelyatgland shipments, subcontracting,

the schedule, a business interruption plan, exceptions to the request for quotation (RFQ), payment
terms, letters of credit (from an approved bank), submittals, agreements, contractor's representations
and status, inveing and payment, lists of materials, an intellectual property contradit®ftorage
agreements, etc. The process of extracting the required data and information feodothasents,
including hundreds of papers and teh&xcelspreadsheets, tookame than 15@vorking hours,

which should be added to the time allotted for normal bidding process activities such as
correspondence, contacting preliminary (potential) bidders, and bid clarification. If an owner is

willing to reduce the time needed for thentract management process and to increase future
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accuracy, we therefore suggest that a comprehensive database anyg defimed workflows for the

bidding process be available.

5.4 Summary

Value packaging constitutes a new modeling paradigm especidby $ar the complex and dynamic
processes in a mega construction project. It is based on a set of value packages that is an optimized
aggregation of value units. Developing value packages requires the early collaboration of the
architect, the comactors,and the other stakeholders in the project, because the information stored in
the historical database and the knowledge provided by specialists and experts are of great value

during this process.

Decisions made during the bidding process are concenttateel managerial level, the point at

which public officialsanddesignated decision makers have the power to accept or reject a contractor
for a specific CVP based on managerrentl considerations. However, the proposgstem

enhances efficiency and pammance for all contracting parties involved in construction projects. This
systemrandomly generates a feasible option set of CVUs and then ranks them with respect to their
assigned score. The feasible option set created lsy#temis then presented tdecision makers

(project team experts) as a creativity set. The propegsdmshould thus be considered a creativity

tool to be used as a guide for improving the efficiency of the bidding decision process by decreasing
the time required for a decisiamd by generating options which may not otherwise be identified. The
systemalso creates an audiatirthat can provide aexplanation othedecisions. The results of the

case studies and the opinions of experts indicate thaygtemwill be a valuabd tool for

construction project management. The results also suggest that care should beingkevéathe

CVPS in a systematic and logical way with the use of a benchmarking approach.
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Chapter 6

Integrated Construction Materials Management

An Integrated Construction Materials Management (ICMM)systemmodel ispresented asne of

the key elementsf the ACSNM (Figure 61). Its core Bill of Material (BOM) management system is
implemented and demonstrated with project case studyTded CMM system has the potential to
improve construction supply management processes and thereby lead to enhanced project
performance. ICMMelps toensure that selected materials are delivered to the construction site, in a
manner that adheres to thejectrequirements such as price, ldade, cash rebates, supplier
performance, and preferred supplier early payments. The goal of developmgdakvas to reduce
inventory and waste with respect to site materials, speed up delivery, and provideeithcaarol of
materials, all of which will decrease the cost of a construction project.

AT

- Environmental

restrictions w Improvementin

- Constructionmethod

- Legislation - Workflow processes
- Contractor - Schedule
availability - Process accuracy

- Transportation - Contract execution
constraints - Budget performance
- Resources - Logistics

- Budget -etc.
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- >
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Figure 6-1: Integrated Construction Materials Management §stem andOther ACSNM

Elements

The timely flow of materia is a central concern of construction project managers. The need for an
integrated materials management system has been previously reviewed in this thesis, along with a
discussion of the fundamental concepts related to construction materials managstems, sy
including their benefits and deficiencies.€Tiextsection provides a detailed introduction to the

critical role of the ICMM system as part of ACSNM.
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6.1 ICCM System Development

In the ICMM system supply chamode| projectmanagementan view and farcast the anticipated

arrival date of goods and are then presented with consistent and clear shipping documentation so that
they can successfully complete the receiving processintdred of thdCMM systemis to control

inventories in a consistent mannpeith quick and efficient retrieval, anldusenable the material to

be traced from receipt to release for use or return to the warehouse.

As mentioned previously, the construction value packaging system is a new modeling paradigm

suited to the complexna dynamic processes inherent in a construction project. Once construction
packages have been prepared, iterative improvements should occur during the subsequent phase. This
process requires early collaboration betweerctmstruction project teanand oher project

stakeholders in the project because the knowledge provided by specialists and experts and the
information stored in the historical database are extremely useful during this step. It should be noted
that each construction package might contaimenthan one BOM; however, assigning only one

BOM to a construction package is more desirableeasikr to manage.

The ICMM systenmodelcreated as part of this research was developed with the goatmiually
overcoming the manual and inefficient m&tof the order process by enabling the identification of

the appropriate BOMbr which thetotal cost and primary product availability leads to the most cost
effective alternative for a particular product. The ICMM systeintended to bsuitable forinternal

parties related to a project, such as the site management team, warehouses, the financial department,
and the purchasing department as well as external parties, such as suppliers, fabricators, and

transportation companies (Figureh

Figure 63 illustrates the components of the developed (ICMM) system model. It should be noted that
the four of the main components of the system, including Labour Productivity and Cost, Planning and
Control, Waste of Materials, and Workflow Management systemshtiee extensively explored by

other researchers in the Construction domain, a summary of which was presented in section 2.5 of
this thesis. Despite the development of these discrete systems, there is a strong demand in the
construction industry for a systethat is capable of providing the much needed integration between
these various components. The BOM Management System model seeks to provide this integration
through automating and optimizing the BOM management process. This model is presented in the

nextsection.
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6.2 BOM Management System

Personnel responsible for the supply chain deitex requirements from a number of sources:

materials may be identified by a request, a planning inquiry, a schedule review, or a restocking
demand. The purchasing (supply chain) department can employ the developed system as a means of
ensuring that timgland coseffective procurement practices are followed and also that appropriate
tasks are addressed proactively prior to procurement: determining shipping requirements and costs,
creating and maintaining accurate BOMs, ensuring established warehowestupesat the facility,
ascertaining procurement requirements, determining whether materials are stocked, establishing a
process for evaluating critical items, and setting up a procedure for verifying and coordinating the

availability and cost of materiaterough monthly system updates.

An important functions of the ICMMystenthat has been implemented is softwargeoerate the

best possible procurement strategy for a particular product. For any large BOM, obtaining the most
costeffective and timely aangement of primary products requires extensive labour. Both the
guantities and priced primary products in stock fluctuate over time and require constant updating.
Manually updating these records as well as each individual corresponding BOM canxrevely
time-consuming. Time constraints can add to or subtract from the value to be derived from obtaining
an item from a particular supplier, and experience with a specific product source and the possibility of
bulk discounts can change product valtégs ICMM system eliminates the necessity for manually
updating an optimized BOM and takes into account both cost and time constraints along with any

other criteria that should be evaluated.

6.2.1 BOM Optimization Process

Thesoftware that has been implementedtfe BOM optimization process in the ICMM maodel
processes all information relevant to the optimization of a BOM, including updated supplier
information, generic BOM structures, and criteria weighting facfamaunderstanding of the system
first requiresclarification of some of the terminology and concepts: the generic BOM structure, the
decision criteria, and the criteria weighting vectosimplified workflow of the ICMM system is
depicted in Figure-4@.
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Figure 6-4: Simplified Workflow of the ICMM System

Figure 65 illustrates the flow and sourcef requiredinformationfor the ICMM system As

mentioned in the previous Chapttite generic BOM (s) is one of the components of the ealcie

package. The software initialshecksthe existing database informatitmcheck ifthere are at least

three potential suppliers assigned to each itetheBOM.1 f A Yesd no further acti
andif ANooO t he pumustumbdedahe lisef paential supplidrs and then assign no less

thanthree suppliers to each itahrough market investigations

The Criteria for evaluating potential suppliers and also the weight of individual csitenidd be
providedby the project managment teanprior to procurement procesgeption A further

requirement is the purchasing department ofitétiated by site manager/supervisomhich

indicates the required quantity of a target product. This number is multiplied by the amount fisted fo
that product in the generic requisition order so that a final requisition order can be produced for the
acquisition of materials for a specific project. A detailed discussion of this process is provided in

subsequent sections.
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Figure 6-5: Simplified Workflow of the ICMM System

Figure 66 illustrates how the BOMptimizationprocesoperates for ginglevaluepackageThe
Simple Additive Weighting (SAW) method was used in the BOM optimization processletdits

of the SAW method are presented in Section 5.1 of this thesis. Although the context in which this
method is deployed in this chapter is different than that presented in Chapter 5, the underlying

principles and methodology remain the same.

The first element which is involved in this process is the generic BOY¥eneric BOM is designed
during preparation of the construction packages as a means of descrilmogpgmentgor an
explicit constructiorvalue packageA generic BOM contains the genkdascription and quantity of
each item in a final produatshose purchasing strategy shothén be optimized based same

criteriasuch asvailability, lead timeandcosttaking thecharacteristicef the value package into
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considerationThe decisiomatrix in Figure 66 shows how potential suppliers are evaluated against

these criteria.

—

oy o Descripton ftem code] ity |Supplier ID) Item 1 rice (§) | Lead time Performance] ... |Criterion....
1 12" ¥H 1333 GRE SMLS DR 6684655 17 Supphier1 270 30 60% | s | e
3 [ELBOW 90LR2" XHA420WPLE 11678787 2 Supplier2| 197 &0 0% | e | aee
4~ [’BOW 90 15" THREADED AT s755767 5 - e | i | 3| B
5. [NIEPLEPRE 1S MH E5LONG ALOGB /63814686 | . 20 SUDD"ETI‘I e o e .
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8 [CenterHead 36687876 14 Decision Matrix
9 |ArchPunch et 67765467 27
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Figure 6-6: BOM Optimization Process

The decision matrix containing all the criteria for a particular item is taken from the supplier
information database. The decision criteria are important elements of the developed system and can
be changed from one project to another in order to accomentiiaoneoff nature of the

construction industry. The selected critdrjathe project tearfor the development of the decision

matrix developed in this study are:
1 price,

M leadtime,
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1 supplier performance, and
1 preferred supplier/early payment.

Once thedecision matrix is established, the attribute dimensions must be transformed into non
dimensional attributes, which allows comparisons acbssiteria. The raw data are normalized to
eliminate anomalies with respect to differing measurement unitscafessThe columns containing

each criterion are then normalized. Each row indicates that an item originates from a specific supplier.
The normalized criteria are multiplied by the weighting factors in order to produce a score for each of
these rows thanhcorporatecost, time, and ratind.he criteria weight vector determines the relative
ranking of the alternatives. Based on the nature of the project and the opinion of the experts, the
weight vector calculated for this study is [(1) price = 20 %; (2) tizad = 30 %; (3) supplier

performance = 40 %; and (4) preferred supplier/early payment = 10 %].

After calculatingthe scoredfor each itemagainstdifferent potential suppliers, the supplier scorecard
matrix is developedlhe row inde»of this matrixthatcontains the lowest score for a particular item

with the weighting factors taken into account indicates which supplier can provide the best alternative
if therewereno constraintapplied to the systerhlowever, for most work packagehere area

numberof constrains applied to the material management and procurement systamgonstraints
includeavoidingsolesourcepositiors by suppliersmanaging thénventoies and supporting trusted

suppliers

When inventories and other constraintsaplied, he itens arethen stored by the system for the
optimized requisition order template for that particsiaue packagelhis process is looped for
everyitemin each individual BOM. After the final requisition order for one unit of the BOM has
bee obtained, it is stored within the system. This processpisatedor each individual BOM stored

in the database. It should be noted that for each BOM structure, every item is optimized individually.

6.3 ICMM System Implementation

Thesystemis first launcked, thesystenmchecks for an existing BOM database file to load (Appendix

). A sample of the GUI of the system implemented for BOM optimization appears in Figule 6

no database file is detected, gystemprompts the user to create a database legised a folder for

each individual product one by one. For each folder selectegyshemprocesses every BOM within

that folder and stores the order lists for all primary products, along with the total cost of all products,

taking into account the varying quantities for each separate BOM. After the database has been created
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and detected, th&ystemnext creates a directory where all the optimized BOM selection files are

stored and then switches to the optimization GUI, as depicted in Figlire 6

B Untitled = ® )

BOM Materials Management

Software
Select the BOM to optimize
Product1 ¥ Optimize! J [ New Product

Figure 6-7: Optimization GUI for the BOM Optimiz ation Process

The second GUI is comprised of a simple ddggvn menu that lists every product within the
database, an optimization button, and a database expansion button (Appendix H). To obtain an
optimized selection of a BOM for a particuleem from the value packagehe user selects the

product from the droplown menu, presses the optimization button, and is then prompted to choose
the quantity of the specific product desired. Shstendetects the BOM with the minimum cost and
lead time from the dabase and outputs the order of primary products with the quantities adjusted

based on the desired amount of the product input by the user.

The codedystenis intended for use with a large BOM database so that any specific company can
generate an order igpkly and efficiently, without the requirement for manual browsing of BOMs and

a lengthy selection process. With the ICMM system, most of the detailed record keeping and updates
are automated, and project managers are notified about purchasing requirdneantsnt limitation

of thesystemis the necessity of obtaining a common unit for both cost and lead time, input that is
required for the system to produce an overall score for each BOM and thus to facilitate the

optimization process.

The optimization bthe BOM selection process requires the presence and processing of the
components necessary for the construction of an optimal BOM so that a database can be created. The

first element is an updated supplier information sheet, which should include tlé aqstrticular
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(or minimum) quantity of an item, the lead time, and a company rating, or experience, factor for that
specific supplier. The full product data are then extracted and stored in a variable in the same

structure where the parranged Excelleet is located. The next step incorporates all generic BOM
structures, which serve as a nskeletono for cons:¢
required for a particular project are extracted systemspecified format from each construction

work package.

For the ICMMsystem every generic BOM is placed in its own unique Excel sheet. A generic BOM

file contains the item name, item code, units, hierarchy, and quantity for all subassemblies and
primary products. The laGemenvoédndemewith awafue ofil hethgtheat es t
highestplaced subassembly for the particular product. Syis¢enfilters all subassemblies and

obtains the products and product quantities necessary for the completion of a requisition order for a
particuar BOM. This process is run for all BOMs imported intogkistem and a database of product

requisition order templates, complete with item quantities for each unit of that specific BOM, is

generated and stored.

The last step involves the extractiortloé userspecified Excel sheet containing the weighting factor

for each criterion in the updated supplier information sheet. If all data are present, the user should
open the GUI and start up thgstem Once the processing algorithm is initialized, theMB&ystem

loads the first GUI and then checks for an existing product as well as a materials list database. If none
is detected, the user is prompted to load every generic BOM structure sequentially for every product,
following which a product database i®ated. The user next selects the materials management
spreadsheet, which tlsgstenreads and stores within a new materials list database. Finally, the user

is prompted for the weighting factor spreadsheet, which is also then stored.

6.4 ICMM Validation

Thisr esearch was sponsored by one of Canadaéds | ar ¢
groups, who also provided the data used in this research to validate and optimize the proposed

system. Over the years, this group has been involved in the lpuildmf s ome of Canadads
important landmarks: the CN Tower, the 407 Express Toll Route, the St. Lawrence Seaway, the

Vancouver Sky Train, and the Montréaiudeau International Airport. The group suppdints

research due to the fragmented nature oftcoction materials management and the immense costs

involved in solving the associated problems. The ICMM system has therefore been devepared as
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of a costeffective solution to these challenges. The following case study provides an understanding
of the way the system can be developed and implemented for specific construction projects. Because
the names of suppliers and all details associated with the contracts must be kept confidential and may

not be made public, capital letters are used as anonyrasigndtions for suppliers.

In this case, the project included roughly 700 work packages, all of which had to be leased using a
BOM. For the purposes of this study, only the building of a complex piping module was addressed,
its construction is discussedtlwvrespect to the implementation of B®M management and
optimizationsystem as a means of illustrating the production of an automated final draftFogdee.

6-8 illustrates the components of a typical piping module.

Figure 6-8: Components of a Typical Piping Module

For themoduleused in this validatiarfive different potential suppliers of the required materials were
available. After the prevaluation process, three suppliers were refusedebgrttject management
team. However, the approach to selecting the best option was sophistmagtioklessand the

project management team wiased with aconstraintawarding contrack A at least five items as

this contractor is the trustedntractorandthey waneédto maintain their relationshig-igure 69

depicts a portion of the BOM structure for this project, showing the item name, item code, units,
hierarchy, and quantity for all subassemblies and primary products. The cost column in this figure

represents only the best cost option after the optimization process was run.
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Figure 6-9: SamplePortion of the BOM Structure

97

whether the item is a new or replacement material, a safegigmentedjuality material,

As mentionedreviously, when a request is issued by an authorized p@rgpnthe project manager,
superintendent, or project engineer), the required quantity of the product is multiplied by the

appropriate amounts listed in the generic BOM, and the first draft is prepared. This draft order must
then be compared with the wamise inventory stock. The warehouse component of the ICMM

system, which is specified to be integrated with the other elements of the system, is intended to record

measuring and test equipment (M&TE), a rotatable spare, or-diteaitemand whether it is



covered by the maintenance rule. The basic question is whether there is enough inventory on hand to
meet all demand requirements. If a sufficient quantity isl@vai, the demand requirements are

satisfied through the use of the inventory quantities, which are then delivered to the site according to
the plan. Otherwise, a demand requirement is processed for the procurement of new inventory in
sufficient amounts taneet the original demand requirement. This process requires a robust
warehouse system for the control and management of all activities related to the receipt, inspection,
storage, counting, distribution, issuance, and shipping of equipment and métetialsing this
comparison, the draft of the purchase order is ready, and the system is run in order to obtain the
optimal solution, which is the final purchase order. The running of the program and support for this
part of the system requires accurate limfation about suppliers, which must then be entered into the
proposed system. For the purposes of illustrating the developed process, one of the 700 critical
construction value packages is presented in this section. It should be noted that this process is
identical for all packages of this project. For this case, the information detailed in the following

paragraphs was provided by the purchasing department team (Appendix J).

Suppliers A, B, and C have almost the same characteristics, and their locativsamie locale as

the projectkitewould entailno deliveryfees. These suppliers also have knowledge of the policies and
delivery procedures used by the Canadian group
Approved Suppliers List (ASL) becauskyears of proven reliability in supplying several projects.

Other characteristics that were considered with respect to each individual supplier included quick

order turnaround time; consistently correct documentation accompanying shipments; immediate

correction of order problems by the inside sales contact; immediate correction of invoicing issues and
prompt issuing of credits; early payment discounts for payments made within the specified terms; and
status as a preferred supplier of the constructionpgcompanies involved, which entails valuable

yearend sales rebates.

The database information about suppliers D and F showed that neither of these suppliers is local, so
additional delivery fees would be charged. Suppliers D and F are also not on ther Agt_droup of

companies, which means that both suppliers would be required to complete an evaluation form and

submit it to quality control for review and possibly audit. The quality control department would also

have to evaluate and then approve or ddhgaterials, a process that can be quick or lengthy,
depending on the supplierbés certifications, qual

following factors were also applied and considered before the system was run: unknown order
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turnaround tire in spite of the requirement to submit documentation with orders, no guarantee that
documentation will accompany the order and donttae correct heat/lot numbetack of assurance

that problems with the order will be addressed as quickly as with suppliers A ko# Bf assurance
that invoicing issues will be corredas quickly as with supplier @p advarage for early payment

discounts,no status as a prefed supplier of this industrial group, with no ensuing yerad rebates.

After the system was run, using all of the processes explained previously, the score for supplier A was
determined to be 13.8; for supplier B, 12.7; for supplier C, 12.9; follisujip 3.9; and for supplier

E, 3.5. Fotthe optimal scenario consideration a combination of selected supfiieoref 13.9

was achievedThe system therefore suggested the combination as the best option: the materials
should be purchased from slipps A and B It should be noted that even after selecting best items

and initiating the purchase order, the purchasing department would still need to negotiate and finalize
the contract details with the successful supplibe following table summarizealr findings through
implementing the ICMMor this project.

Table 2: ICMM Information for the Case Study

Project Info. Number Description

Construction Value Units 200 Number of CVP may change during a project execution but it
must be less than 2%

Trusted Potential Suppliers 2350 |EPC has a acceptable experience with these supplier

Investigated Potential 600 Three potential supplier at least should be assigned for each

Suppliers item

Tota.l Items (materials & 78400 |Added up the items of all BOMs

equipment)

Bulk Item 25000 [Replicated items in different BOMs

Actual Item 45000 |Items for proceeding

o e el 2850 ZI:::;E supplier may prepare materials/equipment for different

For this case studypartial sensitivity analysishas beeperformed fotthe weightvector through
changng a parameter armmérunning the optimization routinkn other words, managers charige

weight of criteria and examine the impact that the change hasepstieed s r esul t s .

In practice, thdactors affectinghe purchasing decision process are changing from project to project.
Thus project managersancontroltheprocess throughlterationan theweight ofattributes. This

approach euld provide valuable insights into the robustness of purebasesions Different
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scenarios were considered for this study (Table 3). For example, Scenario 6 occurs when project

managers figure out the project execution is far behind the project schedule so that they increase the

weight of leaetime. Scenario 5 could mnsideredvhen project managedecideto purchase items

atlower pricesTabl e 3
change the results; however, the outcomes of some scenarios are identical for this specific study.

shows

Table 3: The Consequence Table in Sensitivity Analysis

t h e ddAnycdhangeginweighs of eritedarmiayo s 6

r

Case |Senario 1Senario 2Senario $ Senario 4 Senario 5 Senario 6
Price 0.2 0.25 0.3 0.4 0.3 0.5 0.2
Lead Time 0.3 0.25 0.2 0.4 0.3 0.2 0.5
Performance 0.4 0.4 0.4 0.1 0.3 0.2 0.2
Early Payment 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Awarded Supplier(s) | A&B | A&B |[A&B& ¢ A&B |A&B&FA&B&C&D&RA&B&C&D&

6.5 Conclusions

The ICMM systenmodelpresented in this chapter has the potenfifdilly implementedto

significantlyimprove construction supply management processes and thereby lead to enhanced

procurement performance. THevelopedystem is based on consideration of most activities

associated with the procurement of materials: the processing and administratichtoghatehase

requisitions, purchase orders, internal supply requests, materials contracts, the expediting of

materials, shipping, and costs. The design and implementation of an ICMM system for the efficient

procurement of construction materials has bezstidbed. The implementation of the system and the
associated case study results indicate that the systeitne potential tbe a valuable tool for project

managers. Despite the successful research effesented in this chaptehe system needs fueth

development and enhancemdfr example, veremainingchallenge is determining how to connect

the system to the materials management systems of the trusted suppliers (Appendix E), additional

automation and integration that may significantly improvesystem.
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Chapter 7
System Integration through an ACSNM Database

With the use of lectronicproduct andorocessnanagemengystemsand associated solutiorsjch as

the Advanced Construction Supply Nexus Model (ACSNM), islands of automation are becoming
integated via the internet at an accelerating rate. Enabling this integration are data standards and
interoperability initiatives that have been underway in the construction industry for more than 30
years. Examples include the Industry Foundation Classe} ift6Gels used in facility object

modeling environments, such as the various types of building information models (BIMs) and their
industrial equivalent, ISO 15298J4anagingtheinterrelationships or teractions among value units

for complex project canfacilitate the implementation of related techniquea diynamic construction
environmentLack of effective communicaticandpoorly coordinated and controlled boundary
conditionsduringa project causa number oproblems mismatched parts, system pearfmnce

failures, coordination difficulties, and site management conflicts.

Figure #1 shows how the ACSNM databassmprovide the integrating mechanidor overseeing
theentiredataand informatiorenvironmenf a mega construction projetitshould be noted that
what is presented in this chapter is a model for the ACSNM database, parts of which are implemented

in a hosted EPPMS solution provided by Coreworx Inc, the research partner of this project.

Inputs QOutcomes

- Environmental m Improvement in
restrictions w

- Construction method - Workflow processes
- Legislation - Schedule

- Contractor FEPT - Process accuracy
availability - Contract execution

- Transportation ::> - Budget performance
constraints CVP S - Logistics

- Resources -etc.

- Budget ICMM

- Project risks

- etc. w

>
Project Progress

Figure 7-1: ACSNM Database and Other ACSNM Elements
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From a construction supply nexus perspective, integration refers to collaborative practices that elevate
the communication environment to permit the unrestricted exchange of infannahatout the

elements of a project between the stakeholders and other participaatsla#fermthatmaximizes

the interoperability of informatiobetweendifferentelements of the model, the ACSNM database,

once fully implemented as presented in thiggtkr, is a core ingredient in the enhancement of such
integration for construction megaprojects. This chapter describes how data and information are
managed through the database and explains the database requirements and functions. The integration
of value packages with the use of the database and the associated advantages are also presented.

7.1 Data and Information Management in the ACSNM

The objective of the development of thdvanced Construction Supply Nexus Mod&CSNM)
databasenodelwas to provide amtegration platform for the developed supply nexus management
system, as a means of supporting the activities associated with the Front End Planning Tool (FEPT),
the Construction Value Packaging System (CVPS), and the Integrated Construction Materials
Management (ICMM) system. Effectively addressing the activities within the developed supply nexus
modelrequired the following functionalities:

1. Document Control: Secure document consigbportsevisions, flexible metadata vieyand
document handling. Thdocumentmanagemengystemmeetsthe distinct and varied
stakeholder needsith respect taccesmg, reviewing, trackng, packaing, and hanahg

over documents.

2. Design Review and ApprovaEfficiency and consistencgre improved through the
leveraging ofautomated business procesfmsthe selection ofesourcesthe assigment of
tasks andtherouting of documents for review and approvialdustry best practicare
employed for théracking and auding of document activitiesonducted bynternal and

external review participants.

3. Management Reporting and Dashboakdsibility and accountabilityare esural across
projectsthroughreal time data reportingith respect talocument access, workflopend

user activity.

4. Transmittals and Vendor Port&xternal participantssuch as vendoyrare provided witla

secure portal for project collaboration that supports inbound and outbound transmittals
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well asassociated document control proces$ashtly integrated, automatedndauditable

processesdrastically reduce time, efforand risk.

5. Document Viewer and Markupoolset: Poject membersanreview and collaborate aal
types of recorddrom MS Office documents to 2D and 3D CAD drawingghoutthe

requirement fonative applications.

6. Searchfunctions: Usersare enpoweedto find what they need, when they neediging
simple or attributdbased search functions across the entire project.

In addition to the above functionalities related to database management, a number ofrplateelss
functionalifes that are critical to the successful implementation of the developed supply nexus
management system are included: workflow management, document change management, and

maintenance of an auditable historical archive. Details are presented in the foBewiiogs.

7.1.1 Process Management Using Workflows

Workflows play an important role in providing integration and automation of supply nexus
management processes so that information can be communicated in a manageable way based on
proceduresThe ACSNM develged through this research is a wedsednodelthat utilizes

workflows for automatingnd integratinghe supply chain processebhe developed model provides
superior integration of document control, enhanced consistency, fewer errors, improved
communicabns, and automated supply nexus processes for construction megaprojects. The
electronicproduct andorocessmanagemengystens help control the delivery of tasks to the correct
people, provide a thorough audit trail, and send notifications if required.

Once the value packages (VPs) are developed during the construction and subsequent phases, all
information and data must be entered on the formshidet beercreated for facilitatinglata entry.

In this phase, the operasoenterthe data into the systerand the supervisors or other assigned
employees thenoheckall theapproved changes and rejected entaesyell aghe entry status report

which showsthe number of entries and dateBased on all of this inputthe system prades
monitoring reports foa variety ofmanagement level Data entryrequirementsappear as subtasks

that must be assigned tbe appropriatepeopleby the top management levédr the project. To

facilitate this processseveral reportmustbe developd, b&ed on the project requiremenasidthe

separate steps for approving #ié data enterednust alsabe consideredFigure 7-2). For example,

whenopemtor A enters specific data, operatomBistcheck and control #sedatg and supervisor C
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mustcheckthe dataor approval.Of course, the exact sequence is entirely deperaethie specific
characteristics and levels oktata
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Figure 7-2: Import W ork ProcessDeliverablesi Process (Actor: Project Team Member)

The design review and approval work process represents the automation of the standard design
review procedures that the owner has used when working witfroimé End Planning Tool (FEPT)

All documentghat are exchanged between the owner and the contractor and that are identified in a
controlled scope of work are automatically sent on taldsign review and approvatocess. It is

critical that this workflow be designed to coordinate with the FERAUme during the frorgnd

planning (FEP) phase, poor communication among and ineffective management by top managers and
experts (engineers) can result in substantial losses with respect to time and other resources.
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Figure 7-3: Flow Diagram of the Design Review and Approval Process

Theprimaryactivitiesin this workfloware inbound transmittal, approval, consolidation, and review:
1. Inbound transmittal initiates the workflonh&n documents are received from an external party
(or an internal teamjia an inbound transmittal. All validated documents are loaded into the
appropriate document archive, along with the metadata.

The approval process occurs when the approver mdkes determination with respect to

whether the value package is marked approved, in which case, all documents are accepted as
approved and requiring a response. The external party (or internal team) must then provide

disposition comments that satisfy tygprover before the value package receives final approval.
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3. Consolidation ensues when a VP is completetaedpproveris immediately sent an
approval assignment
4. During the review stageach reviewer is responsible faraluatingthe entire work.

A goodexample of a workflow process in the developed model istthegerequest workflow

which might be employed in the construction supply nexus model. For instance, any changes in the

design or schedule of the value packages may affect the design andi@@face agreement, or

other characteristics of other packages. Thangerequest workflonshould therefore be effectively
designed to perform based on Hhethagepquesiworkilowd s descr
processinformationabout modifcationsis captured anthen senthrough a review cyclso that the

the impact on both finances atiek schedulecan be assessed, following which the requesigissent

for either approval or rejectiod project team membethe customeracontractor or a subcontractor

can (ith properpermissionyinitiate a changereques(Figure 74).
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Figure 7-4: Change Request Workflow
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Using the change request form, the initiator identifies the reason fohdinge and establishes the
importance of that change. After the change request has been submitted, all those responsible for
assessing, reviewing, and approving the change request receive it for their attention, according to the
RACI matrix explained in Clpter 4. For example, a manager approves the change request before the

review participants have the opportunity to examine it.

7.1.2 Document Version Control

The ACSNM uses a document structure thdheres tindustry best practicesith respect taversion
control. The document model is a hieraréhywhich each level is governed by version control &nd
based orindependent metadata. The base document, which is referreth&eAi@SNM asthe
fidocument pr of i |,ehe@dodusenttrevigondnafilesare groupedogethler For
each level of the hierarchthe ACSNM manages distinct metadaitacluding attributes, relations,
history, milestones, markuypnd other information, for multiple versions of the same documeradile
well asfor multiple files in a document @document revision. Téseversionscan include an

original PDF file, one or more markengb PDF files, original native format fileandany other
combination of files and file types, as shown in Figlie
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Figure 7-5: Document Revision with Multiple Files

When multiple engineers, often from different companies, are accessing the same document profile,
security andanaudit trail becomerucial The ACSNM provides autbrized usersvith access to

audit trail data for documents, document revisjamsl files. The audit trail dafar the document

profile provide a complete list of events associated with the documelniding performer, date, and

a description of the eme (includinganychanged datalhe dbocument issuance history is also
accessible from the document profile.

7.1.3 Historical Database

Finally, oncecritical documentdave beelssuel and approvedsome of thenmustbe protected
from modificationsor tampering The ACSNM provides a lock functioso thatauthorized usersan
preventchanges tdistorical documents and dafiehe lock function is commay used when

documents are subject to records management disposition and retention rules.

108



Project data is stordd the project database along with a variety of cpysgect data, such as users,
categories, and audit and report types. The data could reside either in an individual project database or
in a project database shared with other projects. The projectdataffers the ability to archive all

data associated with a project with enhanced simplicity and efficiency.

When the construction phase has ended and theuptag complete, the documentation for the
project in the form of tens of thousands of docummemectronic files, abuilt models, and
specifications must be transferred smoothly to the historical database. So that it can be used in the
future, the information is stored in the database, including lists of successful value unit providers
(VUPs), revork activities, human resource issues, model problems, unpredicted challenges,
procurement information, and other results and outcomes of the prbjechistorical database is

thus a source of guidance for producing efficient and effedtitee decisins because it enables

easy access to previously successfell-structured approaches and wieltused processes that can

be reused for any upcoming projects.

7.2 Value Package Integration within the ACSNM

The interfacemanagemenintegration component olfi¢ ACSNMsupports a structured approach to
handling and managing interfaces for large capital prgjetgingwith the FEP stage and
progressinghroughother stagegAppendix K) In other words, interfaces are normally identified

very early in the lifecycle of a mega capital project, when the opportunity to impact project risk is
highest. The ACSNM interface management integration processes maximize the ability of the project
team to capture such opportunities and to minimize the risk during the tphese, before costs are

incurred.

Chapter 5 explains howe supply nexus managemeambcess starts wittihe identification othe

value units anthenprogresses to the identification and creation of value packidgesd on

interface agreementsontractors who ar@awarded a contract are then responsible for managing the
interfacegbetween value packagéas)orderto document deliverables apdovide anyinformation

required by other VUP&ppendix K) Mutual agreement and acceptance are reqtroatboth

parties before the interface agreement cafmiadized (Appendix F) This step cannot be

accomplished unless all contractors collaborate effectively with the project management team. Once
the appropriate VUPs are determined, all relevant VUPs musithiied so thathe optimization

process can be coordinated. Both the owner and the VUP benefit from this collaboratiamifyf o
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any VP overlapsr new detailed planning (amendmentglJPs must enter their information into the
systemjncluding theirown logistics plan (shipping and receiving schedut@inventory space
requiredfor materials, equipmenand predicted surplus materials at the; sitel a human resources
schedule. The overlap betwedgRs with respect to materialsquipmentand in ®me cases
workforce can be managed and optimized by the project team through the dggetoped in this
research, as shown kigure7-6. It should be noted #t acomprehensive reporting systésn
necessary for the managementta$ phase.

Based onthe VUPO i ,rthe wystem can coordinate tlogistics for theequipmentin order to
determine the dates when the equipment is reqairédee site VUPs canthenshare and coordinate
therental ofequipment For example, iseveralVUPs require a spdié cranefor different VUs,by
changing the/U schedulegoptimization) and byaking the critical path into accoynhey carshare
onecrane Several resource requirements can thus be combined into a single order for a single vendor

or supplier.

The moel facilitates the complete procurement cyclgrocess through amffective materials
management If no specific constrainéxists, the material plans for an item required for several VPs

can be optimized as unique plan. In the absence of f&lPs & i nf or mati on abou
procurement, the project team predicts the initial information as p#edfP. Materiak estimation

with respect taransportation to the sitehould includethe typeof materials,the site storage and
warehouse capacitynd site gats and security The number of containers to be filled and hauled

should then be estimatddr eachtype of material and the volume of eadliype of materialshould

also be estimated so that it correspondsiti® capacity. Each item receivedncbe assigned to a

storage location and can later be relocategdfessary
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North American construction projects have been affected by a number of challengesemsgottia

human resources, including workforce training, allocation of workers on construction projects, and a

shortage of skilled workerslowever,a constructiorprojectbased on a VP approaishcharacterized

by multiple tiers ofVPs and isalwaysassocited witha group of skilled or semiskilledraftsmen
who belongto a specific VP. This methodhelpsthe adoption ofaboursharing andmultitaskng
strategiedess difficult becausalternativeskilled labour can work in different VPs and at different

tasks. This strategynay enhanceproject performance and redusbortages and wastage through
better use of thexisting workforce.ln this phase, the cost impact of time, duration, and quality
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tradeoffs is consiered.The objective ofthis phaseof the modelis alsoto minimize labour costs

while satisfying project labour demandsghich provide anncentivethat, will encourage contractors

to adopt theVP labour policy (optimization) However, various factors,eth as contr act so
suppliers, financi al i ssues, an thbosrpdicy(ANsmncipi,e r vi s or
2012)

The contractors provide the following input into the proposed model: a specific available labour pool,
estimates of th@umber of personnel required, the necessary affinities between the different skills
considered, the worker hiring schedule, and the requisite hourly labour rate. The model provides all
information for an optimizatioibased framework that enables skillechstouction labourers to be

matched most efficiently through effective allocation based on the VP approach. For example, if
contactor A needs an electrician for two days for,\&d contractor B hires an electrician during the
performance of VB it mightb e possi bl e, within given constrain
assist with the work in VP In the opinions of Coreworx clients and experts, this part of the model, in

particular, represents a significant advancement.

Taking into accounthe abowe process, the project team can systematically identify, anatym
devebp responses to interface risks andbarriers t&communication and coordinatidhat may arise
with respect tawo VUPs VUs, or VPs Projectmanagers and decision makers al&o equipped
with powerful reportghat enable them teasily monitor and control the progress of the interface

points througbutthe life cycleof theproject.

7.3 Summary

The ACSNM also requires some services such dasabasemanagementwebbased delivery
interoperability, workflow engine, document management, automating and integrating mechanism,
and historical database and knowledge manager@ard. of the important requirecryices is a
historical databaseThe historical database is a basis of guidafor providing effectivefuture
decisionsbecause it enables easy access to previously sucossfifatructured approaches and best
practices information that can be-used for any upcoming projectsevi&ral construction software
companies providesich a product with these capabilities An Electronic Product and Process

Management Syste(EPPMS) is @yood examplevhichis introdued by Coreworx
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Chapter 8

Conclusions and Recommendations

8.1 Conclusions

This thesis has presented a comprehensive Advanced Construction Supply Nexus Model (ACSNM)
for managerial applications in tiredustrial sector of theonstruction industryThe objective of this
research was to develop and validate the mechanisms for a model that provides guidance with respect
to improving construction supply nexus decisioaking and managerial processes. The basic
elements and concepts underlying the ACShNttions have been discussed. This research indicates
that managing the construction supply chain invofilesclosely interrelated elements: a framtd
planning tool (FEPT), a construction value packaging system (CVPS), an integrated construction
matrials management (ICMM) systean ACSNM databaseand an underlying system of software
services such as a workflow engifidne successful development of the model therefore also required
crossfunctional integration. Hence, this work included effectivadiglressing process management,
process integration, and document management for construction supply nexus proces$est areas
have not been developed in previous implementations of similar models in constralzted
applications.

The development ddll elements of the ACSNM entailed close collaboration with experienced

experts from leading Canadian Engineering Procurement and Construction (EPC) companies. One of
the important elements of the developed model is the FEPT. As demonstrated in thif résaese
increases the efficiency and control of the frentl planning (FEP) process and allows the rapid
implementation of a solution that can accommodate a compressed schedule while supporting an
enhanced level of control and quality with respedE® deliverables. Some of these FEPT

deliverables then become the input to the next step: the CVPS.

The CVPS has been developed based on a set of value packages that is an optimized aggregation of
value units. The creation of the value packages requieesathy collaboration of the architect, the
contractors, and the other stakeholders in the project; the information stored in the historical database
and the knowledge provided by specialists and experts are therefore extremely valuable during this
processThesearealso valuable in the case of litigation or poshstruction claimsThe CVPS is

thus considered a creativity tool that functions as a guide for improving the efficiency of the bidding

decision process because of the decreased time requileddorsion and the generation of options
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that may not otherwise be identified. The results of the case studies and the feedback from industry

partners indicate that the model is a valuable tool for construction project management.

Construction materialmanagemerdccounts for a large portion of constructgupply nexus
managemendndhasa significant impact on productivitAn Integrated Construction Materials
Management (ICMM) systemmodelhas been presented as part of the ACSNM. Overlapping and
suppating the CVPS, the ICMM system has the potential to improve construction supply nexus
management processes and thereby enhance project performance. The devadetisbased on
consideration of the majority of activities associated with the procureshemterials: the

processing and administration related to purchase requisitions, purchase orders, internal supply
requests, materials contracts, the expediting of materials, shipping, and costs. The incorporation of
these features into the design andlengentation of the ICMM systetmas the potential teesult in

the efficient procurement of construction materials and makes this system an important component of
the ACSNM.

A genuinely integrated construction supply nexus management model requirest atrolotigre and
massive commitment from all members of the project value chain. This research has shown that the
designed databaseodel hosted by a fulcale EPPMS frameworkvithin the model requirements
and the workflow concepts, can successfully dfidiently regulate this integration. Case studies
conducted at several construction megaprojects and involving multiple members of the supply nexus

were used as a means of illustratangl validating the concepts described.

8.2 Contributions

The main contribtion of this research is the development of a comprehensive supply nexus model
(ACSNM) for the integration of the critical elements of the construction supply chain. The literature
review, discussions with scholars, attendance at a number of constrnatiagement conferences,

and consultation with experts in this field have all revealed a compelling need for comprehensive and
integrated supply nexus management for the construction industry. The work conducted has provided
specificsignificant contributias to five major areas of studil) the development of a

comprehensive supply nexus model, (2) the provisidfrafit End Planning TooFEPT) for the

strategic management phase of projects, (3) the development and demonstrated useaffthestate

artconstruction packaging system for contract management, (4) improvements in current construction
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materials management systems, and (5) advances in docmaesmge menfThis section provides a

brief discussion of the specific details of these contributions.

1) Construction supplyexusfunctions must operate in a coordinated manner in order to optimize
performance at the tactical and operational levels and so erwglss téimely informationthat
enablegheaccurate coordination of decisions and proceddeskey contribution of il study is
thedevelopnent ofa comprehensivAutomated Construction Supply Nexus Management
(ACSNM) system modebith clearintegration ofits five componentsthe FEPT, the
Construction Value Packaging Syste@GVPS, the construction materiailmanagement system,
thedata management systeamd an underlying system of software services such as a workflow

engine

2) Based on a review @ome of the significant work anquiblishedpaperghathave contributed to
providing the meéhods and tools fahe strategic managemeat construction megaprojects
was apparent that an abundance of tools #distse during the FEPhase of construction
projects. The FEPdeveloped in this research, which providapport for owners andajor
contractors who are engagedHBP, is based on a series of workflows that adhere to industry
accepted best practices and that are delivered througfe&ronic product and process
management systeMheimplementation of the developed FERiTthreeconstruction projects
generallydemonstrates its potential for produchigher levels obverallproject performance.

3) Constructiorpackaging constitutes a new modeling paradigm especially soaiteel complex
and dynamic processagerentin a mega construction projedthelarge the construction
project,the more challenging the taskagtimally dividing and then packaging the wdok the
multiple contractors and supplieirsvolved In this research, a CVRfasdevelopedvith the
facilitationof constructiorcontract management at its core. The systemes as a computational
and process environmethiatis intended to assist wittroject leaders their efforts tancrease
the efficiency, auditabilityand effectiveness of the procarent process. The results of the case
studies and the opinions of experts indicate that the nimdelaluable tool for construction

project management.

4) This research has contributed to the body of knowledge related to construction saterial
managemerthrough the development of a framework that permits the interfacing and automation

of the construction materials procurement procesgadt ofthe ACSNM, anICMM system
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modelwas developedand core algorithms implemented that have plogential to improve
construction supply management processes and thereby lead to enhanced project performance.
ThelCMM systemensures that selected materials are delivered quickly and directly to
construction site in a manner thatonforms to project requirements agwhgraints such as

price, leaetime, cash rebates, supplier performance, and preferred sapplier

5) The ACSNM is a welhased system that utilizes workflows for automating the construction
supplynexusmanagement system. The proebased model ibuilt ona wakflow-driven
structure whose use for improvingupplynexusprocessesonstitutes an additionabntribution
of this researchwith further enhancements to the developed supply nexus management model,

these workflowdriven processes cavolveinto industry foundation standards

8.3 Limitations

The ACSNM and its elementisat weredeveloped througthe research presentedtiis thesis were
designed and validatéd severakase studies involvingonstruction megaproject8ecause ofhe
constraims associated witla PhD. research progranthe following limitations were taken into

account during the creation, validation, and implementation of the ACSNM:

1) Relative tothe broad scope of construction megaprojdbtsimplementation and validation
of the developed ACSNM systewerelimited. Thetime frameof a PhD. research program
precludeghe validation of the overall ACSNM system throoghthe life cycle of
construction megaproject, which miagtve a duration aip to 20 yearsihile the
information thatcouldbe derived from this study, giveinelimitations, is considered
valuable for the industrghe model should be fully implemented foc@mpletemegaproject
in orderto properly validate allspects of the supply nexus management system.

2) To protect the investments BPC(EngineeringProcurementandConstruction) companies
in their enterprise anid theirhomegrown control systems, the developed moulet
provide an effective and reliable platfothat caninterface with these systenihe existing
information technologynfrastructure of these companies may range from fmiltion
dollarinvestments irenterprise resource plannif§RP) systems, such as SAP and Oracle E
business Suite, to homegrown or Microsoft Exe&$ed project or portfolio management
tools. Given the inherent resistance of the construction indiastihe adoption ofiew

systems and technologies, the successful implementation of the developed model is highly
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1)

2)

3)

dependent on the successoth arintegration platform such as that provided by the

research partner of this project, Coreworx Inc.

8.4 Recommended Future Research

Thereview of the publisheliteraturerevealedvery little empirical evidencthat the construction
industry is making auccessfustrategidransitiontowardanintegratedor systematic framework
for a comprehensiveupplynexusmanagemergystem. This research highlightghe needfor

such a transitioand suggestihatfurther development and improvemefithe ACSNM could
integrat key elementf the constructiorsupplynexus For the futureinvestigation of the FEPT,
the CVPS, and the ICMM system, which constitute three main components of the research

presented in this thesihe followingwork is recommended

This research repsents one of the first attempts to provide a value packaging sx&&Shfor

the enhancement of tlentract managemeptocess in mega construction projedts providea
strong VPS, interface management should be apfaraditiating and defining vale packageas

a means obothredudng the number of interfaces ardtablishing a higher level obntrol. The
interfaces may bienplementedetween divisions of a single company or between companies that
have no connection other than the work coordinateslibl asystem.This process shouldlso

beextended to thEEP phase dheproject lifecycle.

With respect to the further development of the ICMM system presented in this refiearch,
applicationof the modefor an entireconstruction project is recommenddthe implementation

of the model and the associated case study rggakented in thiesisindicate that the model

has significant potential asvaluable tool for project managetrie challengdor the future igo
provide efficient and reliable interfaces so that the systenc@amect to the materil

management systems of trusted sigpp. This automation and integratiaould significantly
improvethe developed model and would offer a more comprehensive and cohesive supply nexus

management system for the construction industry

One of the important elements of a truly integrated REISSystem is construction quality
assurance, which was beyond the scope of this research, but would need to be investigated for
further improvements of the presented ACSNM framewdfith thetechnological advances in

the fields of 3D Laser Scanning andoRigrammetryin the recent yearan integrated and

automated quality assurance systaan bea natural continuation of this research.
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Appendix A
Supplier Pre-Qualification Profile Form Sample

NAME: [company name]
ADDRESS: [company address1]

[company address?2]

[city] ,[state][zipcode]

TELEPHONE: [telephone] FAX: facsimile Email [Email
INITIAL COMPANY CONTACT - POSITION TITLE: [contact name]contact title]
COMPANY REPRESENTATIVE COMPLETING THISGRM:

NAME: [name] POSITION: position DATE: [mm/dd/yy
OFFICIALS :

ORGANIZATION CHART ATTACHED []JYES[INO; IF NO, IDENTIFY KEY REPRESENTATIVES:

PRESIDENT: [contact name]
VICE PRESIDENT: [contact name]
FINANCIAL MANAGER: [contact name]

SALES MANAGER:

PROJECT MANAGER

ENGINEERING MANAGER: [contact name]
PURCHASING MANAGER: [contact name]
PRODUCTION MANAGER: [contact name]
QUALITY MANAGER: [contact name]

NUMBER OF EMPLOYEESFOR THIS FACILITY)
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TOTAL [number] ENGINEERING [number R&D number] QA/QC
[number

PURCHASING [number] PRODUCTION [number PROJECT MANAGEMENT
[number
OTHER [number
UNION:
IF UNIONIZED, LIST THE UNION NAME: [union name]
CONTRACT EXPIRATION: [expiration date]
COMMERCIAL ASPECTS

NAME AND ADDRESS OF PARENT COMPHY, IF DIFFERENT FROM ABOVE

NAME: [parent company]
ADDRESS: [company address1]

[company address?2]

[city] ,[state][zipcode]

RATED BY DUNN & BRADSTREET: LIYES[INO

D&B NUMBER: [D&B number

OWNERSHIP: [JPUBLIC []PRIVATE
FINANCIAL STATEMENTS AVAILABLE: LJYES[NO

BUSINESS RESUME (Annual Report) ATTACHED: LIYES[INO

GROSS ANNUAL SALES (of the last three years) in TUSD: [year 1] [year 2] [year 3]

PRODUCTION FACILITIES AND CAPABILITIES

SIZE OF FACILITIES (INDICATE UNIT OF MEASURE IN_]SQUARE FEET OR_|SQUARE METER)

TOTAL AREA: . OFFICE AREA: - WAREHOUSE: -
WORK AREA: COVERED: . OPEN: __

CRANE DATA

TYPE NO. CAPACITY HEIGHT UNDER HOOK

WHAT IS YOUR FACILITIES PRODUCTION CAPACITY?
WHAT IS THE CURRENT CAPACITY UTILIZATION?
PRODUCTION (COMPLETE FOR EACH PRODUCT LISTED)
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PRODUCT MONTHLY PRODUCTION (IN UNITS OR TONS)

[product name] [monthly production]
[product name] [monthly production]
[product name] [monthly production]
[product name] [monthly production]

WHAT IS THE RANGE (l.E. SIZE) OF PRODUCT THAT YOU CAN MANUFACTURE?
(E. G. MAX 180866 RADI US)

[production range]

WHAT PROCESSES DO YOU USE IN THE MANUFACTURE OF YOUR PRODUCT?
[describe manufacturing processes utilized]

[describe manufacturing processes utilized]

DO YOU HAVE IN-HOUSE MATERIAL TESTING/EVALUATION CAPABILITY? LJYES [JNO
IF ALL OR PART OF YOUR PRODUCTION IS OUTSOURCED, PROVIDE A LIST OF
SUBCONTRACTOR / FACILITY LOCATIONS AND PROCESSES PERFNIRD:

ENGINEERING CAPABILITIES
BRIEFLY DESCRIBE THE ENGINEERING SERVICES YOUR COMPANY OFFERS:

DO YOU USE A CAD SYSTEM FOR DRAWING/DESIGN? CIYES [INO
LOGISTICS

WHAT SYSTEM DO YOU USE FOR SCHEDULING MATERIAL THROUGH YOUR FACILITY?

IS BAR CODING USED IN YOUR FACILITY? LIYES LINO
CAN YOU TRANSFER INFORMATION / DATA ELECTRONICALLY? []YES LINO
SHIPPING CAPABILITIES (MAXIMUM SIZE)
WIDTH HEIGHT LENGTH WEIGHT
TRUCK:
RAIL:
SHIP/BARGE:
REFERENCES:
LIST YOUR MAJOR CUSTOMERS AND PRODUCTS SUPPLIED:
[customer name] [product supplied]
[customer name] [product supplied]
EXPERIENCE:
PROJECT NAME PRODUCT SUPPLIED P.O. NUMBER
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[project name] [product supplied] [p.0. number]

[project name] [product supplied] [p.0. number]
QUALITY MANAGEMENT SYSTEMS

Instructions:

1. Please send copies of your Quality Manual, ISO Registration Certificate if applicable.
2. Place a check mark in the appropriate box. Compl

Is your company currently registered to a recognized QMS? Year Registered:

If yes, what QMS? (1SO 9001

If yes, who is your registrar?

IF YOUR COMPANY IS REGISTERED TO A RECOGNIZED QMS YOU DO NOT NEED TO COMPLETE THE REST OF
SECTION 8 BUT YOU MUST SEND A COPY OF THE OMS CERTIFICATE OF REGISTRATION

Yes | No | N/A | Hours Comments

Do you have a documented Quality Manual?

Do you have a documented Quality Policy
Statement?

Do you have documented Quality Objectives?

Is responsibility and authority for the release of
product defined?

How much overtime occurs for hourly employees
on average per week in the following departments?

Manufacturing

Quality

Administration

Purchasing

Do you perform analysis of data relating to the

following?

Customer Satisfaction

Conformity of Product

Suppliers

On the portion below, place a check mark in the designated box if the following applies:

Documentedi there is a documented procedure or work instruction maintained that pertains to the issue.
Process Onlyi there is no documented procedure but there is a process in place that pertains to the issue.
Records Maintainedi records are maintained to verify process has been performed

N/A T no process in place pertaining to issue.

Commentsi you may write any adtlonal information you deem important to the issue.
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Does the company have a process:

Documented

Process
Only

Records

Maintained

N/A

Comments

to control documents?

to control quality records?

to determine necessary competence for personnel performing

work affecting product quality? (l.e. job descriptions)

to provide training for employees?

to assess job performance for employees affecting product

quality?

to define and review customer requirements and verifying you
can supply the order prior to commitment?

to handle customer complaints?

to verify the product conforms to the design?

to validate the product is capable of meeting requirements?

to ensure that purchased product conforms to specified

requirements?

to control the manufacture of the product? (l.e. shop traveler,
M.O.)

to validate any processes for production or service where
resulting output cannot be verified by subsequent monitoring or

measuring?

for identification and traceability of product when required?

to maintain and protect customer supplied product?

for preservation of product?

for calibration of monitoring and measuring equipment?

to monitor customer satisfaction?

to demonstrate conformity of product?

to perform preventive action on potential nonconformities of

products or processes?

to qualify and monitor sub-contractors?

Page 141




Appendix B

Bid Analysis Form Sample

Project Prepared By

Specification Name
Spacification Number

Date
Revision No, Bid Analysis
Budget = Planned Award Date

Note: ltems In Blue will be Updated Automatically from Othor Tables
INTRODUCTION/SCOPE OF WORK

TABLE 1; BID ANALYSIS SUMMARY

Sigma Thermal | Nowpoint Thermal | Hoatec Comments

2. BASE BID PRICE (From Table 2)

b. Technical Cost Adjustment (From Table 3)

c._Commercial Cost Adjustment (From Tabie 4)

Expecied/Final Contracl Pica vs, Budgel [Posiive Number
_Indiales Over Budgol)

Parooniage Expeciedinal Conract Prca vs Budgat

Expécied/Final Coniract Prica Cost Difference

" {ExpeciadiFinalPrcefLow ExpeclsclFral Pice]

Percantage Difference vs. Expacted/Final Contract Base

— (Expeciod/Fina! PrcaLow ExpectedFina Prics)

(EUALATWG FACTORS

._Technical Evaluation (From Table 3)
._Construction Evaluation (From Tabla 3)
. Quaity Assurance Evaluation (From Table 3)

. Commercil Evaluabon (From Tabie 4)

EVALUATED FACTORS SUBTOTAL {d+evfvg)

Evaluated Cost Difference (Evaluated Cost - Low Evaluzied Cost)

Percentage Difference vs, Evalualed Base

(Evaluated CosiLow Evaluated Cost)

Conclusions/Recommandation: Schedule: Final Bid Analysis Approvals:

Budoel;
Awarded Cost Procurement
Forecasl Adjustments:

Final Cos1 8t Completion:
Overi(Under) Budgel:

Recommendation:

Engineering

Project Mg

o
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Appendix C
Sample of Quotation

Date of Issue:

Proposal #:
Prepared by:
RFQ #:
To:
Black and Veatch Corp.
Phone:
Fax:
Attention: E-mail:

Scope of Supply (Optional equipment listed on page 6):

Model Description Investment (U.S. $)
HCI-10010640

Pump Assembly

Start-Up

Front Enclosure

Total for 28 MM BTU
Validity is 30 daysThe proposed compamgtains the right during this period to change prices.
Delivery Period:

Weeks

Equipment Manufacturing
Drawings
*Based upon current engineering and manufacturing loads, which are subject to change. Long lead items

will need to be ordered withoapprovals. However, we have checked with Engineering and for a new
customer on a project like this, we can generate preliminary drawings showing outline and connection

points in 3 weeks.

OPTIONAL ITEMS:

Model Description Investment

EmissionsTesting
Fuel Trainer
Relief Valves
Shell Construction
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Electrical Enclosure
Exhaust Stack
Air Separator

Hydrocarbon Detector

Insulation

Cable and cable tray
Oxygen Trim System
Spare Parts

Spare Parts List
SCANNER
MODULE PROGRAMMER EP170
MODULE DISPLAY ED510
MODULE AMPLIFIER EUVS4
CABLE RIBBON E3503 {EXPANSION}
MODULE EXPANSION E320
RELAY RH4B-UL AC240V
SILICONE TUBE RED HIGH TEMP RTV
IGNITION TRANSFORMER
CONTROL TEMP LIMIT UT350L-00
CONTROL TEMP MODUT450-04
SPARK IGNITER ECLIPSE VORTO
ELECTRICAL DAMPER ACTUATOR
NOTE;
This is a partial preliminary spare parts list. The complete parts list will be sent after the P.O. is received,

and once we have the final scope defined.

SYSTEM PARAMETERS:
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Duty % Eff
% Output (Btu/Hr) (LHV) Stack Temp (F) % Output
Width
Equipment Length (Ft) | (Ft) Height (Ft) Weight (Lbs) | Mounting

Horizontal Heater

Simplex Pump Skid

Simplex Pump (HP)

Panel

Gas Train

Exhaust Stack

Blower (HP)

Heater Capacity (Btu/hr) (MW)

Heater Circulation Rate (Lb/hr) (kg/hr)

Heater Circulation Rate (Gal/min) (m°hr)

Heater Inlet Temperature (°F) (°C)

Heater Outlet Temperature (°F) (°C)

Minimum Allowable Circulation Rate (Gal/min) (ithr) 80 %

Input (HHV) (Btu/hr) (MW)

Stack Temperature (°F) (°C)
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Calculated Heater Efficiency % LHV

User / Valve [/ Pipe @P (psi

Heater Calculatecp P (psid) (kPa) (C

Pump Head Design (psid) (kPa)

Heater Volume (Gallons) (

User Volume (Gallons) (f

Total Volume (Gallons) (i)

Total Surface Area (I (n7)

Overall Flux Rate (Btu/hft®) (kW/nv)

Radiant Surface Area fft(n?)

Average Radiant Flux Rate (Btu/fif) (kW/m?) AICHE

Maximum Radiant Flux Rate (Btufir) (kW/n) AICHE

Maximum Metal Temperature (°F) (°C) AICHE

Maximum Film Temperature (°F) (°C) AICHE

Combustion Loading (Btu/kit®) (kwW/m?)

Average Film Coefficient (Btu/hit>-F) (W/nf-K)

Average Reynolds Number

Average Flue Gas Velocity Across Insulation (ft/s) (m/s)

Average Oil Velocity (ft/s) (m/s)

Average Prandtl Number

Paint Schedule:

Equipment Surface Preparation Primer

Top Coat

Heater

Stack

Fuel Train

Piping

All purchased items will remain as painted from respective vendor. Thickne8snsl2 DFT.
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Heater coil temperature design:
Heater coil pressure design:

Heater coil corrosioallowance design:
Heater coil code design:

Heater coil metal temperature calculation procedure:

DESIGN THEORY:

The proposed compamganufactures both two and three pass heaters. We recommend the two pass heater

for the following reasons:

=

1 Theaverage radiant heat flux for three pass heaters typically is much higher (Can be 60% highe
High average radiant heat flux causes high metal wall temperatures, leading to premature coil
failure and premature degradation of the thermal flitids notsurprising that the average coil
life of two pass heaters is 20 years, while the coll life of three pass heaters is usually half that.

1 Since different methods are used to calculate the heat flux the only way to examine the heat flux
uniformly is to compee the radiant area and the combustion chamber diameter (Radiant coil
inside diameter). The coil with the greatest amount of radiant surface area and / or the greatest
combustion chamber diameter will have the lowest radiant flux rate.

1 The bolted cover()f the two pass design allow for easy coil replacement without replacing the
entire heater or requiring shipment back to the factory for costly rdjere is more internal
Aroomd in the |l ess crowded two pathesflantearalt er | t
the colil, improving ease of inspection, lessening the chances for flame impingement and thus
lengthening coil and thermal fluid life.

).
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DESIGN THEORY CONTINUED (Lowest Radiant Flux Rate Heater on the Market):

EQUIPMENT RECOMMENDATIONS:
(2) TWO PASS THERMAL FLUID HEATER:

Heater proper

coocooocccc

1 The velocity in cd is in the range of 43 fps as recommended by most thermal fluid
manufacturers (quoted velocity is 7 fps). Due to the low average radiant heat flux of two pass
designs, they do not have to rely on excessive coil velocity (which can lead to eroseey) to k
the film temperatures low. The result is the most forgiving heater on the market.

T The heat er h asvayaThi dlaws dcaessttoghe radieatrsection without removing
the cover, the burner, the fuel train, the can and the conduit. Thisahiespection is required in
most states.

9 The heater coil does not have an internal can welded to the coil which masies ol
replacement impossible.

1 The heater comes standard with two (2) peep sights. One is located in the burner to allow the

flame mixing to be observed. Another is provided in the cover opposite the burner to enable on

to observe the flame pattern and ensure there is no flame impingement on the heater coil.

Insulation is on the inside of the heater where it will not be dandgétg shipment.

Efficiency of a two pass heater with a convection section will surpass that of a three pass heate

= =4

Carbon Steel

150 # flanges on inlet and outlet nozzles

Heaer coil hydretesting per ASME code

Coil will be stamped and receive National Board registration

carbon steel shell and bolted end covers (w/ lift eyes).

Ceramic fiber blanket insulation applied to the interior of heater shell and covers.
Rear cover pgesight

Structural steel skid with saddles welded to channels to form a skid mounted frame
Skid lifting lugs

Stack with flanged bottom connection, rain cap and bird screen mounted on top of the heater,
insulated
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Bloom Engineering Low NOx Burndor Natural Gas combustion

U Direct spark ignited natural gas pilot (Interrupted type) with ignition transformer

U Self checking UV Flame detection scanner for proving main and pilot flames

U Combustion air blower with duct, damper, locally mounted low comfiustir switch and
modulation motor containing low / high fire proof switches

Silencer for 85 dBA

Using FGR technology

(Non-API) Robinson Blower

Fuel train typically includes the following (actual items will change as required by insurance
parameter statesh page 2, i.e. FM, IRlI, etc.):

[l i e i

u

i

variables specific to this applicatiar, failure to comply with any conditions and limits stated below,
voids this guarantee.

Emission Guarantees based on HHV:

NOXx (Ibs/mmbtu PPM) =

CO (Ibs/mmbtu PPM) =

SOx (Ibs/mmbtu PPM) =

PM (Ibs/mmbtu PPM) =

VOC (Ibs/mmbtu- PPM) =

wN e

Pilot train with regulator, safety shutdown valve, manual valve, and pressure gauge with isolatig
valve

Main train with regulator, safety shutdown valve with proof of closure switch, locally mounted
high and low pressurevitches, two (2) manual valves, fuel modulation valve mechanically with
ratio-matic regulator, pressure gauge with isolation valve

The burner emissions guarantee is stated below. Any changes in data or the process

All emissions are froné . to € . of maximum combustion rating.

All emissions in the units of PPM are referenced t86 dry stack oxygen.

Emissions are valid for natural gas (flalysis must be submitted by customer) combustion
only. The values are based on natural gas containing no bound nitrogen and no sulfur

If the stack emissions exceed the guarantee lévelproposed comparyBurner manufacturer
will work with customerto reduce the emissions to the guaranteed Ided. proposed company
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/ Burner manufacturer will, at its costs, make any and all adjustments and / or modifications

burner that it deems appropriate and proper to meet required levels.
5. Compliance testingfahe system must be conducted within 60 days of initial-gg@artStartup

must occur no later than 120 days from shipment. Testing is to be accomplished by

independent authorized agency agreed toth®y proposed company burner manufacturer
utilizing EPA-Method 7E. All costs of compliance testing shall be paid by customer.

6. All guarantees contained in these conditions and limits shall end following completion o
compliance testing wherein all emission test points are documented to be at or belowegdaran

levels.

Electrical Control Panel Built to NEC requirements and U.L. listed NEMA 4 S.S. (Optional NEMA 4x

w/Z-purge)

cocoooooCcCcCcCc

cCocc

Panel door disconnect switch with external operating handle

Heated and cooled

Window Kit

Yokogawa UTF350 Controls for Remote Operatidemperature Control.

Honeywell E300 First out Annunciator

Insulated Panel

Motor starter protectors (breaker, overload and contactor) for blower motor

Burner management system (B.M.S.) (U.L. listed as required by NFPA)

First out annunciator

Stepdown trasformer for 120 volt control circuitry

Control relays and numbered terminal strips with enclosed wiring raceways
Yokogawa temperature controller (digital) with remoteps@nt capability (420 mA signal)
Yokogawa high fluid and stack temperature limittstves (digital) each with manual reset and each
with remote output capability {20 mA signal)

Lights for: power on, ignition, main fuel, blower on, burner on and alarm silenced
Switches for: burner off/on, alarm silence, and low fire hold

Flame safety ret button

Alarm horn, to indicate alarm (mounted adjacent to panel)

GAS TRAIN: ANSI 150# RF Flange

Pilot train with regulator, electric double block & bleed safety shutdown valves, manual valve, 1 x
pressure gauge
Main train

u

coocoooCcCcccCc

Drip leg

NEMA 7

Pneumatic for40°F Operation

Manual shutoff valve

Gas Strainer

Tee to pilot train

Pressure gauge x 2

Gas regulatofMust be vented to a safe location)

Vent line with manual shutoff valve for leak testing

Low and high pressure switches Leakage test connection with hsmuteff valve
Fuel Modulation via Ratiomatic regulator or mechanical linkage to damper modulation motor
Double block (one with proof of closure switch) safety shutdown valves
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Safety vent valve. Bleed line with two (2) manual shutoff valves for leak¢esti
30% Radiographed
30% Dye Penetrant

Locally mounted instruments:

[enti ent B et B ant B et BN e N a]

Low pressure switch (Diaphragm Type) for low thermal oil flow shutdown

High pressure switch (Diaphragm Type) for high thermal oil pressure shutdown
Inlet / outlet thermal oil pressureyge with shut off cock and

Inlet / outlet thermal oil thermometer with thermell

Stack and thermal oil outlet thermocouples

Thermal oil pressure relief valve connection. (N@RI) Relief valve is included.
Galvanized rigid conduit is utilized for wiringrlex conduit is kept to a minimum.

Pump Assembly

All Testing and Certification

Including Flex Hoses on the Primary line
Starter and Switches for the Pump

Skid Mounted

Pressure Transmitters (Rosemount)
Pressure Indicator

=4 =4 =4 -8 -8 =9

Air Separator:

c:

ccc

All Piping to Pump Package
Check Valves

Temperature Control

Drain Piping

Additional Adders Included:

[enti entiN en-B et et @

806 Exhaust Stack Insul ated

Complete Heater Environmental Enclosure to cover the fuel train, burner, and control panel. Includ
service light, hinged doors, electrigalieated, and insulation.

Optional Hydrocarbon Detector

Provisions for Customer Supplied Heat Sensor Connections

(5) Pressure Transmitters for the thermal heater

(2) Pressure Transmitter for the pumps

(4) Temperature Transmitters for the heater

Profiler

DRAWINGS / ENGINEERING:

Drawing period is based on current engineering load and is subject to change without notice. Drawings

will be sent via enail or provided on disk (ACAD 2010). Please note that the tolerance of our drawings
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is + ori 1 0 Construction of connections to heater should allow for modifications to be made in the field

with at least 2 degrees of freedom.
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Our quotation is in basic accordance with the spetifios, drawings, terms and conditions, and
requirements of the invitation twd; however, the following exceptions have been identified, priced

and are attached hereto for consideration

Purchase order must make referencéhe proposed companguotatio

Equipment is quoted FCAhe proposed companghattanooga; TN. Equipment will be loade
on truck free of charg&his means the delivery of equipment on the truck at the specified p
of departureThe proposed companig covered in the quotationipe. Customer is responsible
for the main carriage / freight, cargo insurance and other costs and risks. The purchaser s
furnish all necessary facilities, labor, materials and equipment for unloading and conveyin
equipment to its erection pointh& equipment shall be erected, installed, set and leveled by
purchaser at its expense. Purchaser shall furnish all necessary labor, materials, equipmern
inert snuffing controls / media, air (if required), nitrogen (if required) and electréxtyired for

starting up the equipmenithe proposed companyill not be responsible for the installation or
design of the footings, foundations or anchor bolts. Emissions compliance testing, mechar
test and performance tests are not included itagjon. Testing included in quote includes the
testing as described in tpheoposed compangtandard FAT (Available for inspection) and the

proposed compan$tandard ITP (Available for inspection) and any tests stated in the quote

Internally insulatedvith ceramic fiber blanket insulation. Blanket is held in place with 310 S

pins and washers which are welded to the shell and end plates.

The proposed companyarranty, guarantee, payment terms and cancellation Charges are g

stated below.

Export packig / preservation / storage are not included. Domestic packing is included. This
includes flange / stack covers, wrapping of panel, crating of loose shipped parts.

Taxes, tariffs and duties are not included. Order will be executed according to USA /d.N I3
is the responsibility of the purchaser to inform us via specifications of local / jurisdictional |
that may affect equipment design (i.e. emissions, insurance codes, etc.). Purchaser assun
responsibility for complying with all federal, statad local statutes, laws, codes, regulations
ordinances in connection with the design, installation and operation of the equipment and
other activity related thereto, including, without limitation, the Environmental Protection Ac
all rules an regulations promulgates tharader and the Occupational Safety and Health Act
all rules and regulations promulgates theneler. Some parts of the heater will exceed OSHA

temperature requirements. (Average skin temperature of heater shell is 1fF08Fwh wind

153



and 70°F ambient.)

All drawings will be standard AUTE&@AD 2010. Delivery time stated in quote depends upon
approval process and the changes made during this process. Typical approval time is two
after receipt on all drawing&nly those drawings listed above will be offered. Drawings will |
submitted electronically. If drawing approval consists of multiple or major changes delivery
can be affected as well as the prideawing period is based on current engineering loadsand
subject to change without notice. Drawings will be sent wrizaé or provided on diskdard
copies will require additional cof®lease note that the tolerance of our drawings isi+ 00 .

Construction of connections to heater should allow for modifica to be made in the fieldith
at least 2 degrees of freedom.

Control voltage is as stated in quotation.

Insulation / tracing / personnel protection of piping and equipment external of heater is not
included. This is best done in the field by locahtractor to eliminate damage during shipmen

and to allow checking for leaks prior to start up.

Fusible loop system, testing of refractory / insulation materials, burner / blower testing, spr
bar and slings are not included.

Galvanic isolation baiers and cathodic protection are not included.

Single line drawings are not includéthe proposed compamerforms ladder type diagrams.

Pipe, fittings, bolts, nuts and steel will be purchased ffbmproposed compardys st an
vendorsPlate and shapes are A36 carbon steel. Tubes supports are 304 SS. Stud bolts a
193 Br B7. Nuts are SA 194.

All purchased items will remain as painted from respective vendor.

Ladders and platforms are not included unless stated in quote.

IfareaisCl ass | Div 2 then panel is NEMA 4X
NEMA 7, hermetically sealed, intrinsically safe or they are purged. Motors are Hefa(pment
will be designed to NEC area as stated in quote.

The proposed compasgandard Quality control manual will be used for all welding, NDE, et
The proposed comparsyandard welding procedures will be used for all weldlitng proposed

company/nc. weld procedures and welders are ASME approved/certified. The weld proce
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are available for customer review only and revisions are not allowed. If customer specifica
have requirements other than what is listed ba proposed companic. weld procedures, the
customer specific weld procedures can be produced. New prosedilinesult in a cost adder
and will delay the original shipping date provided inpheposed companync. quote. The
increase in cost and length of delay will be dependent on the extent of the specification
requirementsNDE of nonpressure vessel wid is not included unless stated in qudlen

pressure vessel welds are continuous but are not full penetration.

Flame arrestor, spark arrestor, UPS, noise test, fire & gas detection, outdoor lights, aviatic
lights, variable speed motors, soot blow&ascing ports, fireproofing, knockout tank, insulatig
rings, insulation clips, vapor barriers, explosion door, spare parts, thermal fluid, shell / stru
piping stress analysis test, export custom clearance and vibration tests) stadt erection

assistance are not included.. Only the controls listed in the quote are provided.

Hazardous area electrical equipment certification is simply a copy of each electrical item

certificate. The entire heater does not have this type of approval.

Liguidateddamages shall not apply.

The proposed companync. takes exception to specifications and required documentation
referring to any other language other than English.

The proposed companync. is not responsible for implementing documentation reléting
exporting/importing proposed equipment into any country outside the Continental United §

Seal offs (If required) are to be poured in the field by customer.

Relief valves and vents should be piped to a safe location by customer.

Noise data sheét provided by the blower manufacturer only

Pumps and blower are not API type

Redundancy is not included.

Thermal fluid bypass, releif valve bpass, reflief valve isolation and flow control is not
included unless specifically stated in the quddg-pass and isolation valves around flow cont

valves and regulators have not been included.

Shield rows in convection section are not required or included.

SAT / Performance test is not included. Functional test of all components is included.

Skid drippan, lip and grating have not been included.
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Rupture discs are not included on relief valves.

Galvanizing of any materials is not included unless stated in quote.

PWHT is not included.

Relief valves are ASME Section VIl type

Taxes:
All taxes thathe companynay be required to pay to any government (foreign, federal, state or

municipal) will require reimbursement.

Pricing validity:

The proposed compamgtains the right during this period to change prices due to the high volatility

of steel prices and the rapidly changing cost of materials in today's market place. Any order will be
subject to a review of material costs from the time of the propodaé tinte of the order received.

Any cost changes will be validated to the Customer to provide evidence of what changed which may
affectt he pr op o ssaateptarmerop rajectyod of the order or cause a cost change to the
Customer for an accepted ordate regret that this review is necessary; however, most material

costs are spot costs in this time of scarce resources.

Delivery:

Delivery period is based on current manufacturing load and is subject to change without notice. Long
lead items will needotbe ordered prior to approvals in order to meet the quoted delivery date. If any

of these items are changed during the approval process charges may result for restocking. Provided,
however, that if Purchaser is in default of any kind of its obligatiodsuthis proposal, Company

may, at its election, withhold any further performance of its obligations and duties under this proposal
until such time as such default has been cured by the Purchaser, in which event the anticipated date of
shipment as set fdrtherein shall be adjusted accordingly. The Company shall not be liable or
responsible for, nor shall the contract price, stated herein, be reduced by any amount because of any
matters beyond the control of the Company which delay or postpone the éetidpte set forth

above for the delivery of the equipment, such matters including, but not limited to, warlike acts, civil

disorder, governmental restriction, acts of God, prior sale, acceptance of United States government
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contracts, strike, lockout, ackints, freight embargo, fire, flood, inability of the Company to obtain

necessary materials, supplies, labor or transportation, or any unforeseen water, soil or rock conditions.

A detailed shipping list will accompany the bill of lading and Purchaseeadgoecheck the
equipment as it is unloaded and any claim for shortage agdiagiroposed companyill be made
in writing within 24 hours of the time of unloadin@laims for loss in transit will be made against the

carrier by the Purchaser and not agéihe proposed company.

Terms of payment:
Purchaser shall pay the purchase price in progress payments as follows:

*Receipt of these progress payments is required before the equipment will be released for shipment.

*é % Downpayment with PO

*é % on issue of approval drawings
*é . % on coil hydretest

*é . % on ready to ship

Electronic Transfer required 15 days after invoice receipt

Refundment / security / performance bonds are not included.

Purchaser agrees that in the event any amount paygliléo The proposed companynder the

terms of this agreement remains unpaid for more than 15 days, a service charge of 1.5% per month
shall accrue on such unpaid amount beginning on the first day after such late payment is due. If the
indebtedness, aluding service charges, is placed in the hands of an attorney for collection, or is
collected through an attorney, Purchaser will pay all costs of collection, including court costs and

reasonabl e attorneysd fees.
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Nozzle loadings:

Heater only: Externdlcustomer) piping, ductwork etc. not to impose any loads to nekzles
connections ofhe proposed compamguipment. In case of reactions from piping that cannot be
compensated externally Tdhe proposed compamguipment, contadthe proposed company

Engineering.

Responsibility for the operation of the equipment:

The operation of the equipment both prior and subsequent to the Acceptance Period shall be the sole
and exclusive responsibility of Purchaser. Any assistance rendered by the Comgpaagntatives

during the Acceptance Period in connection with the preliminary operations and demonstrations of
capacity and performance of the equipment or in any other capacity shall be given solely in a
consulting or advisory capacity and shall notaske Purchaser in any manner whatsoever from its
responsibility for operating the equipment. Purchaser agrees to indemnify and hold harmless the
Company and all employees of the Company from and against all liabilities, damages, obligations and
claims (ircluding, without limitation, court costs and reasonable attorneys' fees) arising from or with
respect to the operation of the equipment. Without limiting the generality of the preceding sentence,
the parties acknowledge and agree that if a claim initiegdly brought against the Company for

defective manufacture, design or the like and was finally determined by a court of competent
jurisdiction or otherwise settled (such settlement being with Purchaser's consent) on a basis relating to
the negligent operan or use of the equipment, Company would be entitled to indemnification

pursuant to the provisions of the preceding sentence.

Insurance:

Until the equipment is accepted and the price is paid in full, the Purchaser shall provide and maintain
insurance tahe total value of the equipment delivered hereunder against customary casualties and
risks, including fire and explosion, and shall also insure against liability for accidents or injuries to
the public or to employees, in the names of the company aftiithbaser, as their interests may

appear, and in amounts satisfactory to Company. If the Purchaser fails to provide such insurance, it

then becomes the Purchaser's responsibility to notify the Company so that the Company may provide
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same, and the costdieof shall be added to the contract price. All loss resulting from failure to affect

such insurance shall be assumed by the Purchaser.

Maintenance & Operating Computer Disc Guides:

The proposed compargc. will supply four (4) copies of the guides ammapact disc with the unit.
Any additional copies will be an extra expense.af.$..each. If manuals are not received with
equipment shipped, contact factory immediately.

Guarantee:

The CompanyTHE PROPOSED COMPANVYINC.) guarantees to the originalirchaser only that

the equipment quoted on the above subject quotation will perform at its rated capacity as indicated on
this quotation when properly installed, connected, and correctly operated and maintained. Where this
equipment is merely a part ofahole system, the Company can only accept responsibility for
performance of equipment furnished by it. Due to the nature, use and operation of fuel fired
equipment, its controls and accessories; there is a possibility of explosive hazard. In ordier to av
such hazard, it is urged that this equipment be installed, operated, and maintained in accordance with

guides furnished and safe plant maintenance procedures.

Performance:

The performance of the equipment covered in this proposal cannot be exaeditygul for every
operating condition. In consequence, any predicted performance data submitted is intended to show
probable operating results which may be closely approximated, but which cannot be guaranteed

except as expressly stated in the warrardysz herein

Weld Procedures Note:

The proposed companinc. weld procedures and welders are ASME approved/certified. The weld
procedures are available for customer review only and revisions are not allowed. If customer
specifications have requirementsiet than what is listed dhe proposed companiyc. weld

procedures, then customer specific weld procedures can be produced. New procedures will result in a
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cost adder and will delay the original shipping date provided iprbgosed companync. quote

The increase in cost and length of delay will be dependent on the extent of the specification
requirements.

THE PROPOSED COMPANY WARRANTY

The proposed compang,subsidiary of Astec Industries, warrants each new piece of equipment or
part mantactured by us to be free from defective material and workmanship for its normal use and
service. We warrant our equipment and parts for a period of one year after shipment of such
equipment to the original purchaser. However, if purchaser requests defigyeent when notified

that the equipment is ready to ship, warranty is from time of first notification.

Our obligation under this warranty is limited to replacing defective parts at our factorytilefec
parts must be returned to our factory witmgportation charges prepaid. We will replace only those
parts that we judge, as a result of examinations we make at the factory, to beeddfaceptions to

the warranties are as follows:

1 The proposed company warrants helical coils in our HCS andhi¢@hal
fluid heaters for three years.

1 The proposed company warrants helical coils in our HC and HCM heaters
for five years.

1 The proposed company makes no warranty on refractory materials.

We do not warrant any equipment that has, in our judgment, been repaired or altered outside our
factory in a way that affects its stability or reliability. Neither do we warrant any equipment that has
been misused, neglected, accidentally damaged, orcsedbjd conditions contrary to our
recommendations.

Parts and equipment produced by other companies are covered by separate warranties from their
manufacturers. Such items include motors, motor starters, pumps, mixers, mills, scales, pump seals,
speed redcers, valves, pressure regulators, solenoids, electronic drives, pressure differential
switches, temperature sensing switches, flame scanners, gauge boards, modulating actuators,

electronic displays, pressure transmitters, radar sensors and other ielecintnols and
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instrumentation. Because such items are covered by separate warranties they are not included in the
proposed companyarranty. We reserve the right to change or improve our products at any time
without any obligation to make changes or immments to equipment previously sold.

This warranty is expressly in lieu of any other raaties, including any implied warranty of
mercharability or any implied warranty of fitness for a pauli@r purpose on any product

manufactured by the proposedmpany. The proposed company shall not be liable for any
consequential daages for breach of any written or implied warranty on any of our products.

Law controlling:

This instrument and all questions regarding the performance of the parties hereahder sh

controlled by the laws of the State of Tennessee. Purchaser hereby agrees that suit on this contract or
on any of the indebtedness secured under this contract may be brought in any State or Federal Court
having jurisdiction over the person or angperty of Purchaser and in any event in any State or

Federal Court or located in the State of Tennessee, and Purchaser irrevocably covenants and agrees to
waive any objection to jurisdiction or any such court and affirmatively consents and agrees to the
jurisdiction of any such court, and appoints the Secretary of State of Tennessee, as agent for service

of process on the Purchaser in the State of Tennessee.

Cancellation Charges:
30 days AOA------- ----20% of total
60 days AOA------- ----30% of total,

Plus any cancellation or restocking charges from sub vendors

90 days AOA: Minimum of 50%, plus any cancellation or restocking charges
from sub vendorglus cost of any nereturnable items. Noreturnable items become the property

of the purchaser and delivered F.O.B. from site location.

Startup Service:
Startup service is not included in quotation unless it is listed in the quote or in the optiapsrate
purchase order must be issued for this serlios.o w e e k is @quired forithcs service. Please

see attached Al ndustri al Service Charges, Ter ms
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Proposal/PO Disclaimer Statement:

Should a purchase order be awardetthéoproposed compangnly those specifications received
before quotation issue date will be considered valid. Any additional or different specifications
included in body of purchase order, or attached to, or othemdtuded with said purchase order,

will be reviewed for possible additional pricing/delivery and/or design changes.

INDUSTRIAL SERVICE CHARGES, TERMS & CONDITIONS
For service in all 50 states and Canada

Travel Time Labor Rate Overtime Labor
Rate

Monday through Friday**

Saturdays & Overtime*

Sundays and Holidays

*Regular time is eight work hours per/day, overtime is any time over eight work hours per/day.
**Excludes holidays.

For International Field Service Work: The following ratesire net charges in U.S. funds and are not

subject to discounts.

(All' locations not included above or listed below)

Travel Time Labor Time* Overtime Labor
Rate

Monday through Friday**

Sat., Sun., and Holidays
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For Offshore Coastal U.SField Service Work

Travel Time

Labor Rate*

Overtime Labor
Rate

Monday through Friday**

Saturdays & Overtime

Sundays and Holidays

a) Charges are Portal to Portal. Travel time will be invoiced at the Travel Rate of the day traveled.
Traveltime will be based on published times & miles (mapquest.com) from Chattanooga, TN to job
site. Minimum invoice will be one day. Any Standby Time will be invoiced at the Standard Labor

Rate of the day it occurs. Time required for obtaining foreign trasas$, permits or inoculations

will be invoiced at the Standard Rates. All related expenses will be invoiced at cost. Work or travel

before 8:00 a.m. or after 5:00 p.m., whether eight (8) hours have been used or not, will be billed at 1.5

times the dayate not to exceed Sunday rate. Work or travel done over twelve (12) hours will be

billed at two (2) times the applicable hourly rate.

b) Air Travel is Tourist Class. Air travels ovér. hrs on any one flight is Business Class. Expenses
for air travel, ar rental, taxi, lodging, meals, and miscellaneous will be invoiced at cost. Auto

mileage of private or company vehicle will be invoiced at.$mile.

c) Service

Personnel are
availableupon request. Service Personnel will not work unassisted without qualified customer
personnel on location for assistance.

i nsur ed.

Certi fi

d) A purchase order or authorization by an authorized company representative is required for
Domestic Service and a Letter of Credit International service.

e) Payment is due upon receipt of invoice.

f) On acceptance or paymenttoth e

p r op o ssesalvicesahm puatomerdreleadesproposed

companyand the technician/engineer from any and all claims arising as a refdts#rvices

rendered.

g) The proposed companyi | |

not be 1

abl

e

for damages

t

damage to equipment, materials or consequential damages of any kind in execution of service,

consultation, inspection, stawp, troubéshooting, technical installation or repair, maintenance,

testing and training of personnel.

h) Rates are subject to change without notice.
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Appendix D
MATLAB Code for the Value Packaging System

This appendix includes MATLAB code for talue packaging systepresented in Chapter 5 of this

thesis.

Rerun Loop:

finalcell = cell(10000,length(contrac(1).weightedmat));
finalvect = struct( ‘a' ,zeros(1000,1));

for j=1:10000
vuvector = 1:1:length(contrac(1).weightedmat);
vuvector = vuvector(randperm(length(vuvector)));
vpvect = struct( ‘matl’ ,zeros(1,3), ‘contr ,cell(1,3), ‘'mat2' ,zeros(1,3));
valpackages = zeros(1,length(contrac(1).weightedmat));
valpackagecap = zeros(1,3);
valpackagecap(1) = randi([0 length(contrac(1 ).weightedmat)]);
boolval = false;
while  boolval == false
valpackagecap(2) = randi([0 length(contrac(1).weightedmat)]);
if sum(valpackagecap) > length(contrac(1).weightedmat)
continue
elseif sum(valpackagecap) == length(contrac(1) .weightedmat)
break
elseif  sum(valpackagecap) < length(contrac(1).weightedmat)
valpackagecap(3) = length(contrac(1).weightedmat) -
sum(valpackagecap);
boolval = true;
end
end
lastindex = [0 0];

for i=1l:length(valpackagecap)
if valpackagecap(i) > 0 & lastindex(1) ==
lastindex(1) = valpackagecap(i);
vpvect(i).matl = zeros(1,valpackagecap(i));
vpvect(i).mat2 = zeros(1,valpackagecap(i));
vpvect(i).matl = vuvector(1:la stindex(1));
elseif  valpackagecap(i) > 0 & lastindex(1) ~= 0
lastindex(1) = lastindex(1)+1;
lastindex(2) = valpackagecap(i)+lastindex(1) -1
vpvect(i).matl = zeros(1,valpackagecap(i));
vpvect(i).mat2 = zeros(1,valpackagecap(i));
vpvect(i).matl = vuvector(lastindex(1):lastindex(2));
lastindex(1) = lastindex(2);
elseif ~ valpackagecap(i) ==
vpvect(i).matl = [];
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vpvect(i).mat2 = [];
end
end
cmethod = randi([1 tempnum]);
for i=1l:length(val packagecap)
cmethod2 =
find(cellfun(@isempty,strfind({contrac.contractor},num2str(cmethod)))==
0);
cchoose = cmethod2(randi([1 length(cmethod?2)]));
if isempty(vpvect(i).matl) == 0
vpvect(i).contr = cell(1,length(vpvect(i).matl));
vpvect(i).contr(1:end) = {contrac(cchoose).contractor};
vpvect(i).mat2 = contrac(cchoose).weightedmat(vpvect(i).matl)’;
end
end
[~, 1] = sort([vpvect.matl]);
tempvar = [vpvect.contr];
finalcell(j,:) = tempvar(i);
finalvect(j).vpvect = vpvect;
finalvect(j).rating = sum([vpvect.mat2]);

end

exportcell = cell(160,length(contrac(1).weightedmat)+1);

[~, ind] = sort([finalvect.rating], ‘descend' );

sindex =[1 3 5];

altern = 1;

cntr = 1,

for i=1:20
exportcell(altern,1) = {| ‘Alt_ num2str(cntr)]};
exportcell(altern+1,1) = { VP11 L
exportcell(altern+3,1) = { VP2 };
exportcell(altern+5,1) = { VP3' };

exportcell(altern+3,2:length(finalvect(ind(i)).vpvect(2). mat1)+1) =
vector2cell(finalvect(ind(i)).vpvect(2).matl

exportcell(altern+5,2:length(finalvect(ind(i)).vpvect(3). mat1)+l) =
vector2cell(finalvect(ind(i)).vpvect(3).matl);

for x=1:3
if isempty(finalvect(ind(i)).vpvect(x).contr) ==0

%exportcell(altern+sindex(x),2:length(finalvect (ind(i)).vpvect(x).matl)+1)
= vector2cell(finalvect(ind(i)).vpvect(x).matl);

exportcell(altern+sindex(x)+1,2:length(finalvect(ind(i)).vpvect(x).matl)+1
) = finalvect(ind(i)).vpvect(x).contr;
for n = L:length(finalvect(ind(i)).vpvect(x).contr)
exportcell(altern+sindex(x),n+1) = {[ VU
num2str(finalvect(ind(i)).vpvect(x).mat1(n))]};
end
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end
end
cntr = cntr+1;
altern = altern + 8;
end

xlswrite(  'Alternatives_VPs feb 10 2012 1.xIs' ,exportcell)

Value package
valunits = 1:1:10;

valunits = valunits(randperm(length(valunits)));

prompt={ 'Please enter the number of methods' b
dig_title = 'Input Number' ;

num_lines = 1;

def={ " )

tempnum = inputdlg(prompt,dig_title,num_lines,def);

tempnum = cell2mat(tempnu m);

tempnum = str2double(tempnum);

waitfor(helpdig( 'Please Select the folder of criteria matrices'
%aobtain criteria matrix directory
direct = uigetdir;

%Extract file names onto a cell variable
files = cellstr(Is(direct));

%pFilter files to extract only text files
%Use temporary boolean variable

bool = find(cellfun(@isempty,strfind(files,
files = files(bool);

%Clear Boolean variable

clear bool

%Pre- declare files a nd contractors variable outside of loop to

%Optimize code execution speed
filemats = cell(1,length(files));
contractors = cell(1,length(files));
for i=1:length(files);
%Split the filename string parameters
params = strsplit(files{i}, )
%store criteria matrix onto variable
contractors(i) = params(1);
filemats{i} = xIsread([direct
"\ Ailes{i}]);
end
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%Create contractor str ucture contraining all VU information
contrac = struct( ‘contractor’ ,contractors, ‘critmat’ Jfilemats);
waitfor(helpdig( 'Please Select the Contractor information Worksheet'

[templ temp2] = uigetfile;
worksheetfile = [temp2 temp1];

weightvect = xIsread(worksheetfile, 'weighting_vector' );

%Normalize matrix values as well multiply the criteria matrices by the
%weighted vector.
for i=1:length(contrac)
contrac(i).critmat = normmatrix(contrac(i).critmat);
contrac(i  ).weightedmat = contrac(i).critmat * weightvect;
end

finalcell = cell(1000,length(contrac(1).weightedmat));
finalvect = struct( ‘a’ ,zeros(1000,1));

for j=1:10000
vuvector = 1:1:length(contrac(1).weightedmat);
vuvector = vuvector(randperm(le ngth(vuvector)));
vpvect = struct( 'matl’ ,zeros(1,3), ‘contr' ,cell(1,3), 'mat2'
valpackages = zeros(1,length(contrac(1).weightedmat));
valpackagecap = zeros(1,3);
valpackagecap(1) = randi([0 length(contrac(1).weightedmat)]);
boolval = fals e;
while  boolval == false
valpackagecap(2) = randi([0 length(contrac(1).weightedmat)]);
if sum(valpackagecap) > length(contrac(1).weightedmat)
continue
elseif sum(valpackagecap) == length(contrac(1).weightedmat)
break
elseif  sum(valpackagecap) < length(contrac(1).weightedmat)
valpackagecap(3) = length(contrac(1).weightedmat) -
sum(valpackagecap);
boolval = true;
end
end
lastindex = [0 0];

for i=1l:length(valpackagecap)

if valpackagecap(i) > 0 & lastindex(1) ==
lastindex(1) = valpackagecap(i);
vpvect(i).matl = zeros(1,valpackagecap(i));
vpvect(i).mat2 = zeros(1,valpackagecap(i));
vpvect(i).matl = vuvector(1:lastindex(1));

elseif ~ valpackagecap(i) > 0 & lasti ndex(1) ~=0

lastindex(1) = lastindex(1)+1;
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lastindex(2) = valpackagecap(i)+lastindex(1) -1;
vpvect(i).matl = zeros(1,valpackagecap(i));
vpvect(i).mat2 = zeros(1,valpackagecap(i));
vpvect(i).matl = vuvector(lastindex(1):lastindex(2 ));
lastindex(1) = lastindex(2);
elseif  valpackagecap(i) == 0
vpvect(i).matl = [];
vpvect(i).mat2 = [];
end
end
cmethod = randi([1 tempnum]);
for i=1:length(valpackagecap)
cmethod2 =
find(cellfun(@isempty,strfind({contrac.contractor},num2str(cmethod)))==
0);
cchoose = cmethod2(randi([1 length(cmethod?2)]));
if isempty(vpvect(i).matl) ==
vpvect(i).contr = cell(1,length(vpvect(i).matl));
vpvect(i).con tr(1:end) = {contrac(cchoose).contractor};
vpvect(i).mat2 = contrac(cchoose).weightedmat(vpvect(i).matl)’;
end
end
[~, i] = sort([vpvect.matl]);
tempvar = [vpvect.contr];
finalcell(j,:) = tempvar(i);
finalvect(j).vpvect = vpvect;

finalvect(j) .rating = sum([vpvect.mat2]);
end
exportcell = cell(160,length(contrac(1).weightedmat)+1);
[~, ind] = sort([finalvect.rating], ‘descend’ );
sindex =[1 3 5];
altern = 1;
cntr=1;
for i=1:20
exportcell(altern,1) = {[ ‘Alt_ numa2str(cntr  )]};
exportcell(altern+1,1) = { VP1' };
exportcell(altern+3,1) = { VP2' }
exportcell(altern+5,1) = { 'VP3' }

exportcell(altern+3,2:length(finalvect(ind(i)).vpvect(2). matl)+1) =
vector2cell(finalvect(ind(i)).vpvect(2). matl);

exportcell(altern+5,2:length(finalvect(ind(i)).vpvect(3).matl)+1) =
vector2cell(finalvect(ind(i)).vpvect(3).matl);

for x=1:3
if isempty(finalvect(ind(i)).vpvect(x).contr) ==

%exportcell(altern+sindex(x),2:length(finalvect(in d(i)).vpvect(x).matl)+1)
= vector2cell(finalvect(ind(i)).vpvect(x).matl);
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exportcell(altern+sindex(x)+1,2:length(finalvect(ind(i)).vpvect(x). mat1)+1

) = finalvect(ind(i)).vpvect(x).contr;

for n = L:length(finalvect(ind(i)).vpvect(x).contr)

exportcell(altern+sindex(x),n+1) = {|
num2str(finalvect(ind(i)).vpvect(x).mat1(n))]};
end

end
end
cntr = cntr+1;
altern = altern + 8;
end
xlswrite(  'Alternatives_VPs feb 10 2012.xls'

Normalizing the Matrix Cod e

function [mat] = normmatrix(mat)
sumcols = zeros(1,size(mat,2));
for i=1:size(mat,2)
sumcols(i) = sum(mat(:,i));
mait(:,i) = mat(;,i)/sumcols(i);
end

end

Explanation:

function terms = strsplit(s, delimiter)

VU

,exportcell)

%STRSPLIT Splits a string into multiple terms

%
% terms = strsplit(s)

% splits the string s into multiple terms that are separated by
% white spaces (white spaces also include tab and newline).

%

% The extracted terms are returned in form of a cell array of

% s trings.
%
% terms = strsplit(s, delimiter)

% splits the string s into multiple terms that are separated by

% the specified delimiter.
%

% Remarks

17—

% - Note that the spaces surrounding the delimiter are considered

% part of the delimiter, and thus removed from the extracted

% terms.

%

% - If there are two consecutive non - whitespace delimiters, it is

% regarded that there is an empty
%
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% Examples

%  ------ -

% % extract the words delimited by white spaces
% ts = strsplit('l am using MATLAB);

% ts < - {I, 'am’, 'using’, 'MATLAB'}

%

% % split operands delimited by '+'

% ts = strsplit('1+2+3+4', '+");

% ts < - {12, ‘3", '4%

%

% % It still works if there are spaces surrounding the delimiter
% ts = strsplit('1 + 2 + 3 + 4', '+);

% ts < - {1,'2,'3,'4}

%

% % Consecutive delimiters results in empty terms

% ts = strsplit(‘C Java, C++ ,» Python, MATLAB', ',);
% ts < {C', "Java', 'C++', ", 'Python', 'MATLAB'}

%

% % When no delimiter is presented, the entire string is considered
% % as a single term

% ts = strsplit("YouAndMe");

% ts < - {"YouAndMe'}

%

%  History

1y

% - Created by Dahua Lin, on Oct 9, 2008

%
%% parse and verify input arguments

assert(ischar(s) && ndims(s) == 2 && size(s,1) <=1,
'strsplit:invalidarg’
"The first input argument should be a char string.'

if nargin<2
by _space = true;
else
d = delimiter;
assert(ischar(d) && ndims(d) == 2 && size(d,1) == 1 && ~isempty(d),

'strsplit:invalidarg’
'"The delimiter should be a non - empty char string.'

d = strtrim(d );
by space = isempty(d);
end

%% main
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s = strtrim(s);

if by space
w = isspace(s);
if any(w)
% decide the positions of terms
dw = diff(w);

Sp = [1, flnd(dW == _ 1) + 1],
ep = [flnd(dW == 1)’ Iength(S)],

% extract the terms
nt = numel(sp);
terms = cell(1, nt);
for i=1:nt
terms{i} = s(sp(i):ep(i));

end
else
terms = {s};
end
else
p = strfind(s, d);
if ~isempty(p)
% extract the terms
nt = numel(p) + 1;
terms = cell(1, nt);
sp=1;
dl = length(delimiter );
for i=1:nt -1
terms{i} = strtrim(s(sp:p(i)
sp = p(i) + dI;
end
terms{nt} = strtrim(s(sp:end));
else
terms = {s};
end
end

Weighting Vector:

function [y] = vector2cell(x)
y = cell(1,length(x));
for 1= 1:length(x)
y(i) = {x(®}
end

if size(x,1) > size(x,2)
Y=Y,

end

end
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Constraints Matrix :

&, Import - Chilsers\Use ue_Packages_

IMPORT

a a
[ Replace ¥ unimportable cells with > MalN -+ Q
Range: B2:C13 - EE‘ Matrix
Variable Mames Row: 1R Cell Array I‘m:lrt_
ﬁ L e r A EEEIIN Y
SELECTION | IMFORTED DATA | UNIMFORTABLE CELLS | IMFORT h

[ valuepackages_worksheet... » ]

A B C D E

columnA  MaximumC... MinimumC... columnD Thisworksh..

Cell * Mumber ¥ Number  Cell v Cell i

1 Maximum ... |Minimum ... This works...
2 Al 4 0
3 A2 4 1
4 A3 4 0
5 Bl 0 0
6 B2 0 0
7 B3 0 0
g Cl 0 0
9 2 0 0
10 C3 0 0
10l 0 0
1202 0 0
1303 0 0
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Appendix E

Subcontractor Material Management System Sample

Material Supply
by Vendors

Issue of
Purchase Orders

Issue Bill of Material
& Material
Requisition

Material Management
Expected & Received
Material

r

List of Materials
perls0

Definition of
lines geometrical
characteristics

Piping Feasibility

Management by
| SPOOL |

Issue of Piping
COLLECTING VOUCHER
by Spool from piping eng.

Issue of Piping
COLLECTING NOTE
from WH Manager

Pagel73



Appendix F

Interface Agreement Form

Technical G a Tedh al T a
Diiscipdine
Short Description
Interface Details{Deliverable Description)
Response
Requester Documents and References: Resp er DO-ouamee:

Altachments:

[Date: Responder:
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Appendix G

Sample of List of Instrument for a Value Package
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