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Abstract

In recent years, Interface Managem@ht) practiceshave been emergirtg address the
challenges bmanagingcomplexcapital project. These challengesclude theaddedcomplexity and
scale of these projectglobalization, geographical distributiandvarious working culturesand
different internal and external risk@il sands, offshore and nuclear are exampleshis class of
projects.Despitean emerging consensus on the effectiven&fd dor facilitating complex projects
delivery, IM definitions elementsand the way ihas been implemented varigglely across the
construction industryrurthermore, identifying key interface pointstegrating IM withthe project
scheduleand the relationshipetween IM implementation and project performaaeesignificant

guestiondghat owners and contractosssh to have addressed

Therefore, the gbctives of this thesis are to develop a workflow driven process for IM, study
its current statum the industry, develop an algorithm to identify key interface points and integrate
IM with project schedule, and investigate the relationship between Iléingmtation and project
performance. This research is mostly focused on industrial construbtiagh some datérom other

sectors is included.

In thisthesis the elements and fundamental definitions of Ifaee Managemerare
proposed. Then, a workflow driven Interface Management System (IMS) is develdpeldlays out
a strategy to systematically identify and manage

effective risk management capitalprojects.

Once thdMS ontology is defined, the current state of IM in the construction industry is
studied througldata collection on 46 projects by conducting questionnaire liatsediews. The
interviewed projects are from different sectors of the industry, with vasiaas and geographical

locations. This study aims at identifying the project characterisiatgead to formal IM



implementation in a projeaturrent common IM practices in the industry, and criteria to assess the
status and effectiveness of IMurthemore, the relationship between IM implementation and project
performancen terms of cost and schedule growth is investigated by employing descriptive and

statistical analysis tool©ne observation was that those projects that implemented IM at a hagh lev

experienced lower cost growth and less variation in the cost growth.

Thisthesis also proposes a methodology to identify key interface points by recognizing the
interdependency relationships betwéeemand creating thénterfacePoints Network. By analyzing
the network, two types of high impact and risk prone interface points are ider@ified.thekey
interface point@rerecognizedthey are linkedo theinterface milestones on tipeoject schedulep
integrate the cyclic informatioof IMS with the conventional, sequential planning, scheduling and
control paradigms (e.g. CPMphe proposed algorithms are validated on a representdtsl®re

modelproject

In summary, the proposedigorithms in this thesis provide a framewtoskmprove project
performance through better alignment between stakeholders, enforcement of contract terms, and
effective sharing and distribution of risklated information within formalized interface management
framework The empirical analysis also setfandation for constructioarganizationto assess their
IM with regard to thecurrentpracticesn the industry and a roadmap to improve theirdMcticeso

more mature levsl
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Chapter 1

l ntroducti on

1.1 Background and Motivation

fiMany construction projects are becoming more complex and larger in scale than
experienced in the past dueddvances in technology and operations. These projects involve various
stakeholders, globally distributed geographical locations and working cultures, who need to
collaborate with one another throughout the project life ¢y@aokri et al. 2013, 2012n addition
to the globalization and added complexity, the following factors also create challenges in the

successful delivery of construction projects:

1 fHigh-valueengineering/lowcost centers

1 Increased technical complexity

1 Requirements for local content

T Complex contracting arrangements

1 Competing organizational drivers that lead to poor results or outcomes
1 Increased scope management complexity

1 A less experienced workforce due to resowaastraintdé  (, 2012

These factors result inaradigmshift that imposes great challenges in project delivery
strategies and management practitésreover, working within a condensed schedule is another
challenge that these projects are dealing Wilte traditional project life cycle, prevalent still for
most buiding and infrastructure projects (Figurel)l is relatively linear, and each phase starts once
the previous one is complete. However, any changes in the consecutive phases require revisiting

elements of previous phases and can involve significant reamatlcosts.

1



- Detailed : Construe X, Commissioning ,
D
Fea5|b|l|t> Concept>> Scope>> eS|gn> Hor > B >>Operatlo>

Figure 1.1 Traditional Project Life Cycle (ClI , 2006)

In contrast, the industrial construction sector schedules must often be expedited due to market
pull on the output of the facility being constructed. Most projects involve simultaneous and
substantial overlapping of design, construction and procuremévitiest as shown in Figurg.2.
Consequently some iteration is tolerated, and scheduling activities and tasks in this model are more

di fficult. Typically, projects based on this mode

- Detailed
FeaSIbI|I> COnCept>> Scope >
> Design >
> Construction >

> Commissioning and Statip >
> Operation >

Figure 1.2 Project Life Cycle in Fast Paced Environment

Thetraditional anctustomary project plannimpethodsandprojectmanagemerdtrategies
are often inadequafer the fast track projects, e cause t hey are Alinear, redud
and cannot cope with iterative working practices (especially design) and the complexities in realizing
todayos engi (Fellewsand giu2012)6oregamples the Critical Path Method (CPM)
for scheduling is no longer able to capture and reflect theinealinformation and interactive
activities for the projectplami Ther ef or e, effective planning, desig
maintaining heseprojectsrequires goodind novema nagement and sound technol c

(Shokri et al. 2011)in response to thestangs, electronic product and process management



systems (EPPMS) have emerged to facilitate execution of mega projectsity firoject
stakeholders over a range of distances via the internet and system servers, formalizing and automating

work processes, and automating the document managementéystenshokr i. et al . 2012

In addition to the imposed challeng#tese projectare prone to various internal and external
risks during the planning and execution phades to the dynamic and unpredictable nature of
construction projectdRisks can result in failure of a project to be delivered safely, on time, within
budget and wit acceptable quality. Therefore, success of these projects depends on effective
management of ri sks t hr oCanstruction projestmanagerentisftemw h ol e
considered primarily the art of managing risk by experienced managermsudtitivarious techniques
have been developed to analyze and manage risks of a project, they are seldom employed explicitly in
the construction sector because of their complexity as well as the uncertainty of their effectiveness. In
the best cases, risks adentified and assessed at the early stages of a project, particularly via broader
ifront end planningd and project definition proc
them through the project life cycle, as well as the risks that areee @liscovered during the course
of construction. One of the major sources of project risk and failure can be miscommunication

between project stakeholders, disciplines, and departments.

To address these complex challenges of multiple, geographicdlyrsisi project
stakeholders, and iterative procesard imposed risknew approaches are being developed. For
example, Interface Management (IM) practiees emerging as a major component of EPPMS, and
are being adopted in many industrial mega construction projects with the purpose of managing
interfaces, improving alignment between stakeholders and reducing pissdssues and conflicts.
This is achieved by providing a framework to identify thenown boundaries betweenoject
stakeholderamproving coordinatiorbetween thenfacilitating the communication and collaboration

channeldetween themand automating work processes
3



To clarify the potential benefits of IM durinbeiterative designtage in fastrack projects,
an examplef topside desigim an offshore project is presentefopside is anajorcomponent in an
offshore projectwhichincludesprocessing facility, utilities, living quarter, helideck drilling deck,
and other modules, designed and fabricated by different contractors and shipped to the project
location forinstallation Every singlenodulehas its own specifications and weight. lmportant
consideration in topside design and fabrication is to continuously monitor the topside gravity center.
This is criticalfor the topside structuras well asts shipping. Furthermore, it is an important factor
to meet the support capacity of t@mplianttower without posing significant changeshe tower

fabrication, shipping and foundation configurat{@orkar et al. 2006)

After the first design analysis, the dimension, locataod weight of various icomponents
and major elements of the topside would be known. However, any small changes and updates should
be coordinatedmongsthe contractors involved in the topside design, fabrication, shipping and
installation Forexample, the utilities contraatoould beunableto provide the generatéollowing
the original design specificatisrresulting in ageneratowith more weight and larger dimensions
than the designed one. This issue should be immediately communicated with the other contractors
involved in the topside to update the design documents, maodify other elements and/or their locations
to keep the center of gravity and the topside weight in the acceptable Taagmportant role of
Interface Managemeis tofacilitate the communication andaalination between these contractors,

even the ones that are not in a formal contractual relatianship

Despitethe potential benefit®f IM, it is sparsely addressed in the literature and industry
practicesTherefore, this researchirgtiatedby defining a framework folM, called Interface
Management System (IM3s well as its related elements algdinitions Then, byreferring tothe
proposed frameworkhe current state of Ilvh the construction industig studied and a maturity

modelfor IM implementation is proposed.



An explicit outcome of an IMS could be imgving project performance by ability to identify
project potential risks and reducing reworks. However, a systematic method is not found in the
literature to prioritize interfacpoints in a mega complex project with several hundreds or even
thousands of interface points. In this thesisetawvorkbased algorithm is develop&dlidentify the
key interface pointsral link them to the project schedutepredictschedulerelatedrisks by taking
advantagef the circular andeaktime information flow ofiM. Finally, theimpact of IM on

improving project performance is investigated.
1.2 Research Objectives

Industry leaders in construction mega projects believe that interface mamagmpreves
alignment between parties and reduce project issues and cduftichsbald, 1992,2003. However,
recognizing interfaces, monitoring interface progress and potential risks are significant challenges
that the ownerand contractorsontinuousy struggle with. In addition, the effect of interface
management on reducing and managing project risks and itstkmowas noyetbeen addressed. In
the proposed research, the hypothesis is fAimpler
to betterperformancé n  me g a Baseadn the dbave discussitre objectives to addreise

hypothesis are:

1. Develop aworkflow-drivenprocesdor Interface Management (IM) in construction mega
projectsinvolving:
1 IM related definitions and elements
1 Interface management attributes

9 Definition of a workflow-driven process for INystem (IMS)

2. Investigateand evaluatéhe current status & in the construction industrinvolving:

1 The project characteristics lead to IM adoption in projects

5



1 Current IM practices irwonstructiorprojects

1 Developnent of anM maturity model

3. Developa methodology to integrat®1S and project schedula orderto effectively manage
project risls involving:
1 A network of interface points
1 Key interface pints using gaph theory concepts

1 A robustprocess to link keinterface pointso the project schedule as milestones

4. Investigateherelationshipbetween IM adoption and project performariogolving:
1 Therelationship betweelM adoption and project cost growtsghedule growth, and

other performance factors
1.3 Research Scope

IMS will be implemented within Electronic Product and Process Management System
(EPPMS)framework EPPMS, as a core tool in capital project execution, links project stakeholders in
different gegraphical locations with the focusi@fmi ni mi zi ng response ti me, ma
(Shokri et al. 2011)Through EPPM$mnplementationfia web of project data can be created to
automate processes, manage knowledge and assure procesé qudlity h 0.R011) ERPMS a |
includesfour main aspects of (1) improving supply nexus management, (2) reducing project risk
through effective interface management, (3) automating proeectgenanagement and (4)

knowledge management. These four aspecti#lastratedin Figure 1.3
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Figure 1.3 EPPMS Framework
EPPMS and IM are applicablégthin awide rangeof projects and different sectors.
However, projectsvith distributed stakeholders and project team, higher dedlaie and more
technical and organizational complexity can benefit more from the capabilities oGéfterally

these projects are considered complex capital projects with the entire value of over 1 Billion dollars.

In this researchptassess the currestate of IM in the construction industayd impact of
IM on project performangeseveral projects with entire dollar values, iagdgrom $100 million to
over $10 billion, are studied. Most of these projects were greenfield, and from different settters of
industry, including industrial, infrastructure, transportation, and building seEiatsiermore, for
validation of the proposed method to identify key interface points and link them to the project
schedule, the studymploys asynthesized, simplifi andrealisticrepresentatioof a full scale off
shore project. The main reason was due to proprietary considerations by their. blemerger, the

method is expandable to a full scale project with several hundred of interface points.



1.4 Research Methodology

The research presented in this thesis was motivatételdyypothesis stated in Section 1.2
thatthe execution of mega projects can be facilitated and improved, considering their increasing
complexity.The researcimethodologyis shown in Figure 4. As a first step, @omprehensive
literature review has been dooethe risk management of construction projects. The literature review
reveals that a significant amount of construction project risks are because of miscommunication and
ineffective managenm of collaboration between project parties and elements. Therefore, the
research scope has been evolved to manage project risks through implementation of interface
management principles. The literature review includes definition of interface and itsrizgeg
interface management and its application in construction project, responsibility allocation tools,

fundamentals of risk management, and techniques of assessing risks.

In a close collaboration with Coreworx Inc., the reseagcfiirementsa comprelensive
model of construction Interface Management Sygid#$), and amethodology to determine the key
interface points and linking them to the project schedtdéully developedThe model was
reviewed by academic and industry partnergssorre its feaibility and applicability As well,
collaborationwas initiatedwith the Construction Industry InstitiiefCIlI) Research Team (RT) 302:
Interface Management, to analyze and studyctheent state of IM in the construction industfe
teamstudied andnterviewed 4 projects The interview resulteiereanalyzed and synthesizéal
describe theurrent status of IMidentify project characteristics to implemdotmal IM, andprovide
amaturitymodel forIM implementatiorin a project. Furthermore¢he réation between IM

implementation and project performance improvement was investigated.
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1.5 Thesis Structure

This thesis is organized in eight chapters. An overview of the research problem, motivation,
objectives, scope, and methodology of the research are provided in Chapter 1. Chapter 2grovides
literature review ofhe background knowledge on risk management priegipl construction,
different methods of risk assessment, history of IM, IM practices in construction, interface definition,
and categories. Since this thesis is a combination of empirical and comprefstady on the current
practices in the construction industry and theoretical methodologies for IM improvement, Chapter 3
presents the research vision whiclamsoverviewon how the research efforts are accomplished and
how they are connected. The knotde gaps found in the literature are also mentioned in this chapter

to give a strong justification on the research efforts.

In Chapter 4the Interface Management ontology in termshef interfacedefinitions
attributes and different categories, as well as a workflow driven IMS pramdascribed. Chapter 5
starts with the questionnaire outline that is used throughout the interviews to study the current state of
IM in the construction industry. In additipthe descriptive and statistical analysis of interview results
are presented in this chapter to define the project characteristics needed to formal IM implementation

and IM maturity level in the construction projects.

In Chapter 6, a grapbased algoritin is proposed to identify key interface points by
analyzing the interdependency relationships between them. It is followed by a robust process of
mapping key interface points to the project schedule to anticipate and determine projectschedule
related risk. In Chapter 7, the relation between project performance and IM implementation is
studied. The projects are divided into two groups of lamd highlevel IM implementation, based on
their IM maturity level, and the ANOVA test is used to investigatedfdhs a significant difference

between these two groups in terms of cost and schedule growth, as well as growth in the management,
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engineering and construction hours. Finally, Chapter 8 includes the conclusion, contributions and
limitations of the reseahcstudy, as well as recommendations for potential future development

opportunities.

There aréb appendices included in thisesis Appendix A represents sample of interface
point and interface agreement forms. Appendix B shows the questionnaire usehtarthews for
the empirical analysis of IM state in construction industry. AppendicEs andE illustrate the
descriptive and statistical analysis for the growth in management, engineering and design, and

construction hourgespectively.
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Chapter 2

Li ttewurae Revi ew

Construction projects are becoming more complex and large in scale due to advances in
technology and operations. They tend to be delivered remotely, involving several contractors with
different geographical locations and working cultures, autééng with one another through the
project life cycle. As a result, these projects are prone to various internal and external risks during the
planning and execution phases. Risks can result in failure of a project to be delivered safely, on time,
within budget and with acceptable quality. On the other hand, inefficient management of project
communications and interfaces may also result in added cost or time of the project during the project
execution, or may result projectfailures afteiit has been dwered. Therefore, success of these
projects depends on effective management of risks

efficient management of the involved parties and their interfaces.

This chapter synthesizes the studies in risk managememtanface management in
construction industry, argkts a background to poimiit the knowledge gap and the backbone of the

research study
2.1 Project Life Cycle and Front End Planning

Front End Planning (FEP) is considered the single most important pimo¢kssapital
project life cycle (ClJ200§ . According to CI I, FEP is defined as
sufficient strategic information with which owners can address risk and decide to commit resources to
maximize the bance for a successful proje®@ ( C1 Its,focud i3 On&reating a strong, early link
between the need of the business or mission, project strategy, scope, cost, and the schedule and on
maintaining that link unbroken throughout the project life (Cll, 2008). Industry researcimsteates

that projects with rigorous FEP perform over 10% better in terms of cost, 7% better with respect to
12



schedule performance, and 5% better relative to change orders. Likewise, for major capital projects of
more than $1 billion in total installed cpat10% improvement in cost performance, directly
attributable to an intensive FEP effort, represents $100 million in potential savings (Gibson, 2010).

Front End Planning and its relation to the whole project life cycle are illustrated in Figure 2.1.

Front End Planning (FEP)

AN
4 A

I Detailed - Construe X\ Commissioning .
Fea3|bll>Concept>> Scope>> De3|9n> o > . Startup>>0peratlc>

Figure 2.1 Project Life Cycle

Several rules are recommended to be followed by construction comfrargascessful
implementation of Front End Planning (Q2006. After develping a welldefined Front End
Planning process, the project scope should be completely outlined before moving to the design and
construction stages. This process should be accompanied by analyzing the existing conditions at the
project site, team buildingnd alignment, and involvement of project stakeholders and employing
appropriate front end planning tools. By active involvement of owner and contractors, risks associated

with aproject, its location, and new technology should be identified.
2.2 Risk Management in Construction

Risk managemeris an important factor in every system success. Through the risk
management process, the uncertain and surprise events could be anticipated and appropriate activities
can be developed to reduce their exposui@stt allows for the organization to effectively manage

the contingency and allocate risks among parties.
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2.2.1 Definition and Classification of Risk

The word dar i s ktielitdreduse, bbt¢herais gtillsnet d cleéarrand common
definition. Risk is geerally usedn different meanings like hazard or uncertainty. The uncertainty
brings up both positive and negative aspects of an ¢véfit 2008) Most of the literature
considered risk with only its downside such as losses or damagBatiar and Craradl, 1990). In
some research studies, the difference between risk and uncertainty is about the estimation of
likelihood of an event. In the risky situations, the likelihood of events can be described reasonably.
However, when dealing with uncertain sitoas, the potential impact cannot be defined with the
known probabity distributions (Haimes, 2005To generalize, risk is considered an uncertain
event/condition that, if it occurs, has a positive/negative effect on a project objectives, including time,
cost, scope, or quality. In construction, contractors perceive risk as the likelihood of the unforeseen
factors occurring, which could adversely affect the successful completion of the project in terms of

cost, time and quality (Akintoye and MacLed®97)

Risks are classified according to different criteria. Some literature classifies risk based on
their sources. Tah and Carr (2001) used the hierarchicaingsliikdown structure (HRBS) to classify
risks. In this study, risks are considered internal agres. The internal risks are either local or
global. Local risks are specific to each work package and are related to labour, plant, subcontractor,
materials, and site condition. The global internal risks are related to the whole project and include

client, design, construction, environment, etc.

Zavadskas et al. (2010) used a similar approach to classify risks. They mentioned that the
construction project risks are defined in three groups: external, internal and project risks. External
risks include thdactorsthat are imposed to the project from outside sources, e.g. political risks,

economic risks, social risks and weather risks. Project risks are related to the project performance

14



criteria such as time, cost, work quality, construction and technalaigggs. Internal risks include

resource risk, project member risk, construction site risk and document and information risks.
2.2.2 Risk Management Process

Since the project successful completion is highly affected by risks, managing risks are of a
serious imprtance. Risk management is a systematic approach to define and handle risks. It is the
process of identificatiorgssessmerand prioritization of risks, followed by necessary actions to
monitor, control and reduce the negative aspects of riskiseliterature (Tah and Carr, 2001;-Al
Bahar and Crandall,99Q Klemetti, 2006 Haimes, 200h several steps are proposedtfarisk

management process, but all have the following four steps in common:

1 Risk identification
1 Risk Analysis and assessment
1 Risk handling and response management

1 Risk monitoring
2.2.2.1Risk Identification

Risk identification is the first step of risk management. During this step, the sources, nature
and associated uncertainty of risks atentified. Risk identification isan iterative proess (PN,
2013), ands definedasit he process of systematically and con
assessing the initial si gni f (AbBamacand Grdndalt, 1990k s a s s
Risks are generally identifieithroughthe participation of the project manager, project team members,
risk management team (if assigned), subject matter experts from outside the project team,
stakeholders, and risk management experts|(PM13). The risk identificationprocesscan be
accomplished by performing sitgisits, using checklists,obtaining input from key project

participants holding brainstorming sessions with an assembled risk t@&aeryviewing experienced
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project stakeholdergerforming root cause analysandextractng information from a repository of
risk data compiled from previous experiences. (Tah and Carr, 20Bahir and Crandall, 1990

PMI, 2013
2.2.2.2Risk Analysis and assessment

Once the risks are identified, they should be quantitatisatyor qualitativelyassessed to
provide managers with a tool to define the response stratBgie©re key benefit of this
it enables project managers to reduce the level of uncertainty and focus gntigho r i (PMI, r i s ks 0
2013). This step incudes two taskB:( 1) assessing the I|likelihood of
objective or subjective probabilities, and (2) modeling the relationship between the sources of risks

and their impa c t on the systyemdRi(Hki ampal yi095and assessr

bet ween systematic identification an-daharandi onal m¢
Crandal Il , 1990) . Ailn fact, guanti fying the proba
myriad consequences i s t heesh28@&.rData forfassessingthe m mod e |

probability and severity are mostly subjective, and are based on the assessors intuitive, and similar

experiencesThe general risk assessment formula is:
Risk = Probability x Impact

As mentioned, risks can be assessed through quantitative and qualitative methods. The
guantitative method requires analysis of historical data to get probability and severity of occurrence,
which is not always available or feasible to acquire. Therefoeegualitative method is also applied
to assess risk. The probabititypact grid matrix is a simple tool to qualitatively analyse risks. Figure
2.2 illustrates a sample of a probabtitgpact grid. A numeric scale could also be used in the matrix,

but without underlying data its meaning would be unclear and even misleading.
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Figure 2.2 Sample of Probability-Impact Grid

After assessing the risk index (the cell in the grid), the risk factors are prioritized accordingly.

The higher risk indices in the quantitative method are those of high priority, and need further action.

In the probabilityimpact matrix, the top right coer indicates risk factors with higher priority, and

the lower left corner specifies the ones thidltbe taken care of, only if there are sufficient resources.

Since guantitative risk analysis needs detailed analysis of historical data, it is botimndime a
cost consuming. Therefore, project risks could be prioritized by employing qualitative risk analysis,
and then the high priority risk may be further analysed using quantitative mdtihfats, qualitative
risk assessment lays the foundation for penfog quantitative risk analysis (RM2013).Decision

trees are mentioned as powerful tools to quantitatively assessdsstimate the expected monetary

value (PM, 2013)
2.2.2.3Risk handling and response management

AThi s st e-makingsstep wherallcosts, ibenefits, and risks are traded off to determine
the | evel of accept abp After theyassasgment of sisksdis dprid athe misks |,
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management team would choose risks with higher risk measure. The objective of this step is to
conpletely eliminate the risk or to reduce the adverse effect of risk as much as possible. Risk
response planning includes determining the activities to reduce the risk consequences on a project and
improve the opportunities. Generally, five types of resppm@se suggested to deal with risk: (1) risk
avoidance, (2) risk mitigation, (3) risk transfer, (4) insurance, and (5) accefgaf@r and Crandall,

1990)

1. Risk avoidanceThis strategy involves decision making in order to eliminate any thoeats
protectthe projecfrom their negativeimpacts (PM, 2013) The most radical\aidance
strategy may cause a project not to go ahead or to bid with a high price. Therefore the trade
off to employing this strategy could lead to reduced exposure to opportunityawvbiténg
risk, which may result in reduced revenue, cost savings opportunities, and chances to expand
corecompetency.

2. Risk Mitigation This strategy is abommanaginghe adverse effect of risk by reducing its
probability of occurrence or severity of impact to an acceptabdshold limits (PN, 2008,
2013) Since efforts to reduce risk impact or probability are significantly more cost effective
than dealing with risk after they occur, risk mitigation is as an important and the most
proactive way of dealing with risks. Generally, attempt to reduce the probability of
occurrence is more common than reducing the severity of infpeamples of risk mitigation
strategiesre adopting less complex processes, conducting more tests, choosing a more stable
supplier, or designing redundancy into a system|(Pi13)

3. Risk transferThis strategy involves fully or partially transferring the negaitiveact of risk
and ownershipf the response to another pafyansferring risk does not eliminate the
adverse impact of risk; in fact, another party becomes responsible for risk management. Risk

transfers are possible through negotiation between project parties, including owner,

18



contractors, sukcontractors and materials/equipment suppliers. Common tools for
transferring risk may include insuraneerranties performance bonds and contra@l,

2013) In various types of contracts, different parties are responsible for spestificAis an
instance, in lump sum or fixed cost contracts, seller is responsible for managing the negative
impact of riskfPMI, 2013) Whereas, in cost type contracts, buyers are responsible for
managing the negative impact of risks. In puplitvate partnership (PPP) contracts, the
responsibility of managing negative risks is shared between owner and contractors.

4. Insurancelnsurane is the most direct method of transferring risk to a third party. In fact, in
many projects purchasing insurance is a requirement of the business agreement. Insurance
only transfers theotentialnegative monetargonsequence of the risks to the thirdtyar
however, in other forms of risk transfer strategy the responsibilidyownership athe risk is
also shifted to the third party.

5. Accept This strategy is accepting the risk and dealing with its potential negative
consequenceshen it occurs. This sitegy is undertakewhenit is not possible to eliminate
or reduce the risk impact or probabilityitsf occurrenceor whenrisk mitigations methods

are not cost effective (PIV2013).
2.2.2.4Risk monitoring

The final step of risk management process iddégide if the risk control strategy was
effective or not. It also provides the risk management team with information on efficiency of the risk
identification and assessment steps. Any feedback would go to the othestep®rview of risk

management poess is illustrated in Figure 2.3.
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Figure 2.3 Overview of Risk Management

2.2.3 Risk Classification and Risk Sources in Construction Industry

Several studies have addressed the risks associated with construction projects and classified

them into various categories. Thorough analysis of literature reveals the following categories and the

potential variables for each category of construction(fisih and Carr, 2001; Zavadskas et al. 2010,

Cohen and Palmer, 2004; Edwards and Bown, 1998; Dey, 20@gahar and Crandall, 1990, Nasir

et al. 2003.

1 Environmental: Weather, earthquake, humidity, lighting, fire, seasons, flood

1 Economic: Interest rate,flation, recession

T Political: Community attitude, relevant low and regulation change, wars and civil disorders,
permits and approval

9 Labor: Labour union, labour strike, availability of labour, proficiency and skill level, injuries,
productivity, wage scale

1 Owner: Owner type, proficiency, financial stability, payments

1 Contractors/subcontractor: Prequalification, proficiency and expertise, new technology,

efficiency, contract type, equipment quality and availability, critical items import
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1 Design and technicalight schedules, design team efficiency, change of scope, design
changes, design complexity, design specification, design documents

1 Geotechnical: Archeological survey, local geotechnical history, geotechnical consultants,
unexpected conditions

I Constructon site: Location, external site activities, traffic conditionssid@ construction,
traffic permits and approvals, working conditions

9 Financial: project cash flow, owner financial history, contactor/subcontractor stability

1 Material/lequipment: delivemnethods, security issues, safety of hazardous material,

availability (delay, shortage, ¢)

Several reasons are affecting the mentioned risk categories, which are: (Zou et al, 2006, Zou

et al, 2007, Dikmen et al., 2008, Jaafari, 2001, He, 1995)

1 Poor manageent of subcontractors

1 Lack of coordination between project participants/ Poor relation between parties
1 Lack of concurrent communication framework between project participants

1 Unavailability or delay in material supply

1 Insufficient study of the project infmation and conditions

1 Inadequate or insufficient access to information

1 Vagueness of contract clauses

1 Design variations

1 Incomplete approval and other documents

1 Unfamiliarity of local regulations and requirements

9 Differences in legal relationships betweenjpct partners
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Thorough analysis of the variables affecting construction risks reveals that a significant
portion of project risks are because of miscommunication and misalignment between project team,

stakeholders, and physical elements.
2.3 Communication Management in Construction

Project communication management is definedigs h e p r is requised to énbuset
timely and appropriate planning, collection, creation, distribution, storage, retrieval, management,
control, monitoring, and the ultimatedsg i t i on of pr ojl,20l3).Effectifeor mat i ono (
communication management is recognized ettical management area for project success, yet a
challenging oneHwang and Ng, 2012; Bourne and Walker, 2Q0dithamyong andSkibniewskij
2006).A major portion of project manage6 t i me i s all ocated to communi c
members and other stakeholders. Communication between project particgraeeither internal
or external, formal or informal, vertical or horizontal, official or diwdél (PMI, 2013) Due to the
importance of communication between stakeholders in successful delfvtbeyprojectthe Project
Management Body Of Knowledd@MBOK) (PMI, 2013)sets a guideline for communication

management in a construction project.sTgpilideline includes three steps:

1. Plan communication managemeDtiring this step, the appropriate approach for project
communication is identified, which is dependen
requirement s, aavalabte hssetsoQorgnaunidativm glanning shauld be
done at early stages thfe project life cycle to allow appropriate allo@at of budget for this
purpose PMI, 2013).

2. Manage communicationf:Manage Communi cations is the proce:
distributing, storing, retrieving, and the ultimate disposition of project information in

accordance to the c¢ommunlj2018)t Rrapect Bxformaionzauld ment p |
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be managed and distributed through hewdy document management tools (ggports,
letters), electronic communication management tools, @mgil, fax, phone), or electronic
project management tools..,portals, wekbased systemgPMI, 2013)

3. Control communicationin this stepproject communicationaremonitored and @ntrolled
throughout the project life cycle to ensure effective distribution of information. Using
information management software assists top manageffectively distribute information

between stakeholders and capture reports.

Although project commupation management is defined as an important aspect of project
successful delivery, construction projects are still facing risks that are caused by miscommunication
between their stakeholders, especiallgomplexprojectswith several geographicallyistributed
stakeholdersAs well, PMBOK includes little detail on communication workflows, modes and
processesl he negative impact of miscommunication is associated with higher cost in mega projects,

whichinvolve severaktakeholdersvith geographicatlistribution.
2.4 Interface Management in Construction

Taking into account the increasing size and complexity of construction projects, significant
fragmentation and involvement of several stakeholders, globalizégipaced project lifecycle,
and major Bk variables caused by these factaranagement of construction mega projects faces
significant challenges-ur t her mor e, ithe peculdipoorlyconitrelad of bui |
building environment, complexity of construction, temponaryti-organization, and subcontracting
and interdisciplinary natu@ increase the number and types of interfaces in a project, and cause
various interf ace Desgteteeseddevéldpingechalleagestiad, arbudgetd 0 6 ) .
delivery still remains @riority and a constant struggle for industry practitioners. In resgoribese

challengesinterface management (IM) has recently emerged as a critical tool for greater oversight
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and success of construction megaprojéstarcon and Mardones, 1998;-Alammad, 2000;

Nooteboom, 2004; Pavitt & Gibb, 2003; Shokri et al., 2011; Yun et al., 2Di@)face management

is claimed to be fAan effective tool in proactive
including design conflicts, installation clash@ew technology application, regulatory challenges,

and contract c¢laims, and would enhance the succes

INTEC engineering report).
2.4.1 Origin of Interface Management

IM was first presented as a concept in 196fined based on systems approaalanalyze
the contact points between relatively autonomous interacting organizations, and the corresponding
interorganizational problems, within an aerospace project and an electric power pool project (Wren,
1967) nihé 1960s and early 1970s, IM generally referred simply to ensuring that the system
interfaces matched (i.e. had the same specification, were nor missiaguapsnentdata, etcq
(Morris, 1983).However, inthe 1980s, in addition to the mentioned objeetilM was used to
identify organizationglmanagerial and technical interfaces and to actively manage their
interrelationshipgMorris, 1983) In the same era, several research studies emplilasize
identification ofinterfaces and managing theappropriately in the context of system and project
integration Archibald, R, 1992, Stuckenbruck, L. C. 1988Respite itdong history,IM has not been
fully utilized in engineering and construction practices, mainly due to a lack of the necessary
techndogical infrastructure required to organize and control effective amounts of interfacial
information and data. However, due to the significant advancement in information and
communication technologies in the last two decades, IM is slowly being adoptetubiry in
dispersed and varying formSeveral corporations initiate IM group within their management
practices, developing interface manager and interface coordinatorTieéesxamples of IM

procedures are implemented within the Mustang Engineéginigley and Jame2006)and Foster
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Wheeler(Collins et al. 2010)IM topic was alsastudiedby several researchers in the last decade to
define the elements of IM, and itsgication in the construction projects.this section, a brief

description on IM elements, procedure and applications is predesecn the literature.
2.4.2 Definitions and classifications of Interfaces

Oneof the initial definitions of mterface in the project management contexsbased on
systems approach: Ainterfaces are the contact pc
which are interdependent and interacting as they seek to cooperate to achieve some larger system
objectv e s 0 ( Wr en, 1967). Accor ebigangatian®aretcdilabsratioge f i ni t i
through interfaces to satisfy the goals of the system and theiHowever, in general, interfaces are
considered as the boundaries between independent battitigrsystems, organizations,
stakeholders, project phases and scopes, and construction elements (Chen et al., 2007; Healy, 1997;

Lin, 2009; Lin, 2012; Morris, 1983; Stuckenbruck, 1988; Wren, 1967).

Interfaces are generated by dividing of work into-aualoks which should be executed by
different organizations or peop{8tuckenbruck, 198. Since they are created according to the
project breakdown strategies actthracteristicsthey may have several feature and attributes.
However, it has been always laatlenge to define the types of interfaces due to their complexity,
natures of different projects, mutirganizational composition of project teams, and lack of

appropriate documentation proceduf@ken et al. 2010)

In general, interfaces are considered either internal (within a single contract or scope of work)
or external (between contracts or scopes of work) (Chen et al., 1268, 1997Lin, 2009).
Interfaces are further classified into different categories $yarehers to serve specific purposes. For
instance, Pavitt and Gibb (2003) divided interfaces into three categories: physical, contractual, and

organizational:
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1 Physical interfacesthese are the actual physical connections between two or more
construction elements or components. This kind of interface is identified during the design
stage, and its complexity is dependent upon the detailed design. Example: two pipes are
connected t@ach other.

1 Contractual interfacesthey occur where two or more stakeholders are interconnecting
through the contractual agreement. For example, in the construction supply nexus
management, every two woepgackages create a contractual interface, whictdcbe a
physical interface, as well. These interfaces are defined in the planning phase and should be
monitored throughout the project lifecycle.

1 Organizational interfaceghey are the interactions between various parties involved in a
construction prajct (Pavitt and Gibb, 2003). They also include the relationship between
individuals and parties involved in the construction process from its initial conception to its
final handover. Efficient management between these parties is essential for the guccessf

completion of a project (Pavitt and Gibb, 2003).

In addition to these categories, functional and resource interfaces are introduced by Chen et
al. (2007).
1 Functional interfacesthey are the functional requirements/influences presented by one
functionalelement/system upon another function element/system.
1 Resource interfaceshey represent the interaction between equipment, labour, materials,

space, or information necessary to design and construct the product and its components.

Social interfaces are s introduced to capture the interactions of human involvements in

complex projects. To define how the project parties will work together through social interfaces,
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social contracts are generated to clarify the approaches for consultation, decision ufiakimtg,

resolution, and revaluation and renegotiation (Crumrine et al, 2005).

Furthermore, the interfacesuld be categorized astatic or dynamic, depending on the

ongoing relationship between sapstems, or the project breakdown pat{@iorris 1983)

1 A St anterfacesthey are orgoing and are not a function of the way the projestelops
but represent relationships betweeagopn i ng subsystems (e.g. engi ne
(Morris, 1983)

1 i Dy n a neifacesihayarise only as a function of the pattern of activity interdependencies
generated by the way the project develops( Mo r r.iThese interéa8e8 greally
important, because they are thependenand the early interfaces have a marginally

significanteffecton the subsequent ones.
2.4.3 Interface Management Definition

Interface Management is the process of managing communications, responsibilities and
coordination of project parties, phases, or physintties which are interdependdhooteboom,
2004) Interface Management is an ongoing process and should be considered dynamic throughout
the life of project with the goal of maintaining the balance between scope, time, cost, quality, and
resources (@mrine et al, 2005). The supporting reason is that as a system grows, its interfaces
change; new relationships are established and system linkage must assume new patterns and

structures (Wren, 1967).

A generic approach is introduced for Interface Managgnwehich includes four steps (Lin,

2009; Caghr and Connolly, 200Mortaheb et al., 201@®avitt and Gibb, 2003):

1 Interface Finding and IdentifyingChecking for new or existing interfaces of the projects.
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1 Interface CommunicatindRequesting, respondirand tracing the needed information/tasks
between interelated parties.

1 Interface RecordingRecording of all information about the identified interface.

1 Interface ClosingClosing action when the interface is reconfirmed without further

identification ortracing. (Lin, 2009)
2.4.4 Applications of Interface Management in Construction Industry

2.4.4.1General Applications dinterfaceManagement

Several studiedollowing thelM generic approach, propospbcedures for IMn different
construction stages. Theynployed various tools and techniques to impidweAs an example, IM
was used on a five billion dollar oil and gas recovery and processing project in the United Arab
Emirates to monitor and control organizational interface points (Collins et al., 20 8dpther
example, an IM approackasd e f i ne d f o rOp&dtelranafér 8OB projdctd, by
identifying the 6 main factions of BOT projects, and their correlation with interface factors (Chan et

al. 2005)

In a general systematic approach liaterface Object Model (IOMyvasintroduced to
fisystematically identify interface modeling objeéteorporate them into hierarchical data structure,
and to define datdependenciefor applications (Chen et al., 200). Here, he interface object
hierarchyis categorized into physical, functional, contractual/organizational and resource interfaces.
Each category further is broke down considering the context of applicaioexample physical
interfaces include three categories of connectedpimact anchot-in-contact. And for each category,
more subcategories are defingtie IOM model was tested by managing physical interface objects

for a foundation wall installation.
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In otherapplications, Interface Management modedseused to improve the performaaof
one or more discipline in a proje€or examplelnterface Managememasapplied to improve
project safety and reduce the effect of hazardous processes. After thedstariidentified, they
are assssed based on their criticality with regasdrteir effect on process safety, quality,
environment, and reputation. Then, the result is summarized in the Interface Matrix, which includes
the information source on the column, and information receivers on the row. The criticality of the
information ismentioned in the cell related to the specific source and receiver. Figure 2.4 illustrates a
sample of the Interface Matrix. Later on, the efficiency of the current interface management process is
evaluated at each interface according to several criteclading roles and responsibilities,
communication methods, document management system, cultural issues, and etc. When the critical

interfaces are identified, a standard protocol will be developed for managing them. (Kelly and Berger,

2006)
Information receiver
Receiver 1 Receiver 2 Receiver 3 X ® ® Receivern
Information Source Filed operator 1 (P) Panel operator for other unit (P)  Permit office (P)
Control room operator Fire Chief (P) Environmental coordinator Plant safety officer

Emergency coordinatoChemical company order desk
Purchasing agent

X

Source n

Figure 2.4 Example of Interface Matrix (Kelly and Berger, 2006)

Chen et al. 2007, usédterface Managemeiats a facilitator for implementinigan
construction and agile project managemémibugh managing arabntrollingboundaies between
project teamsThis integrated approa@ssists in defining the human dynamics and communication

strategies in agile project management (Chen et al., 2007).

IM was alsoimplemented to create effective and timely communicaistween MAC (Main
Automation Contractor) and ME®/@in Electrical Contractor) (Gpar and Connolly, 2007). Here,
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the Interface Management process is designed in such a way to provide a unified method for
documentation and tracking of exchanged data between parties. In this approach, the communication
is done through developing interfamgreements between interested parties. Interface agreements are
two-sided arrangement between parties, and include a set of information needed from one party, and
should be provided by the other party. The needed information should be clearly definéid, spec
detailed, and received by a specific date. Interface agreements could arise from several sources like
members of project team, contract requirements, responsibility matrices, customer requirements,
third party vendors/suppliers and other projegksholders (Caglar and Connolly, 200&hother

example is creating errdree communicatiorbetween architecture, mechanical atettical

engineering, and air conditioning systems engineefigp(et al. 2011)

Some studies have addressed interface issues considering one or more aspects of interface
type or attribute. Most are focused on the interfaces between two groups of project stakeholders, such
as contractors and owndi -Hammad 199Q)contractors and subcontract@éZHammad 1993)
owners and designefal-Hammad and AHammad 1996)design andonstruction(Alarcon and
Mardmes, 1998)and an MAC (Main Automation Contractor) and an MEC (Main Electrical
Contractor)Caglar and Connolly 2007Finally, Fellows and Liu (2012) analyzed and addrésse

organizational interfaces caused by fragragan.

2.4.4.2Web-based Interface Management

Some studietok advantage ofieb technology talevelopand improve IM practices at
design and construction phases of the profecietworkbased interface management mosas
proposed by Lin (2002012 by usingportals and welbased systemin the network based interface
map (NBIM), oncehe interface events are identified, their attributes including topic, date,
description, owner, ID, interface packages, record, responds, and interface partners are described.

This tool has several modules for recognizing interface authorities, progress monitoring, alert
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management, online communication, docunmahagement, and reporting (LEQ09 Lin 2012.
The objective of NBIM is to improve construction processes and naimgirework and total project

duration. NBIM was applied and verified on a Taiwanese construction office building project.

In a similar approach, a webatrix based interface management (WMMBsdeveloped to
enhance IM during the construction phasa pfoject (Siao and Lin, 2@QL WMIM is integratedwith
a multil evel i nterface matri x, which Aincludes &
matrix and a constructi on 2).Mudlikvelfinedaee matextisnvor ko ( Si
created through four steps: (1) define assignments for project participants in construction event
matrix, (2) define direct interface relation between participants, (3) present interface issues in an
interface presentation matrix, a(@) present whole interface conditions between particip@hes.
proposednethodologyastested on a pilgbroject by a Taiwanese contractor a hightech

building project andhe results verifiednore effective IM duringhe construction phase.

Anotherweb-based IMwasdeveloped by Senthilkumar et al. 2010 to improve IM during
design phase. The design interface management system (diMs) is integrated with dependency
structure matrix, and is implementedsin steps: (1) identification of project entiti€g)
identification of physical interfaces between these entities, and (3) identify the interfacing teams for
everycomponent and subcomponent, (4) record the identified interfaces and related issues in the

design interface agreemedBIA), (5) link interfaces with the drawings, arifl) monitoring DIAs.
2.4.5 Causes for Poor Interface Management

Several studies emphasized that implementing Interface Management at the early stages of
the project will result in higher performance in terms of project scope, dimeschedule
(Nooteboom, 2004; @har and Connolly, 200 Chen et al., 2007). However, not all of the Interface

Management implementation practices were successful. Several reseanelyrsd the factors that
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lead to interface problems among projeckstenlders, and resttt Interface Management failure

during planning and execution phases (Huang et al., 2008; Crumrine et al, 2005; Lisong, 2009
Mortaheb and and Rahimi 2010; Weshah et al. RE@me of these studies employed factor analysis
methodolog to categorize the interface problems in construction (Huang et al., 2008; Weshah et al.

2013).

Thecausedor Interface Management failueand interfaceelated problemsould be because
of two factors: Knowhow and environmental factors. Kndww factos are the result of

management, experience and coordination problems.

1 Management problemgssues implied to the project as a result of managerial deficiencies
o0 Lack of communication and coordination between project parties (Huang et al., 2008)
o Inefficient decisioamaking process (Huang et al., 200&rtaheb et al., 20)2
o0 Incomplete design or project plan (Huang et al., 2008)
o Poor definition of project interfaces
o Mismanagement of responsibilities
o0 Poor social interface management (Crumrine et al, 2005)

0 Cultural conflicts (Lisong, 2009)

1 Experience problem®ccur if the project parties lack flexibility in dealing with the project:
o New technology (Huang et al., 2008)
o Changes to the project scope (Huang et al., 2008)
o0 Inaccurate project budget informatiomnd inconsistency between project
requirements and budget (Huang et al., 2008)

0 The inconsistent interest and targets (Lisong, 2009)
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1 Coordination problemsssues which are due to the lack of a management system for

planning and scheduling, updating projedbrmation, and creating collaborative

environment between project parties:

(0]

(0]

Poor social interface management (Crumrine et al, 2005)

Misunderstanding of integration and fusion between project parties as a system
components

Imbalanced, lagged informatiométroubled communication (Lisong, 2009)

Poor coordination and communication between project parties (Mortaheb et al. 2010)

Environmental factors are imposed to a party by other project parties or external parties, and

they include contract, aetsf-god, and regulations.

1 Contract problemsissues consist of several problems appearing in the contract execution:

(0]

(0]

(0]

(0]

Unclear details in the drawings
Incomplete contract
Design change

Unclear scope definition (Mortaheb et al., 2010)

9 Actsof-Goad involved natural reams, which are not in human control:

0 Weather problems

(0]

(0]

Geological problems

Increase in the material price

1 Regulation problemsare caused by the unfamiliarity of the related parties with local rules,

including local laws or regulations as well as glowernment audit system (Huang et al.,

2008).

Figure 2.6 illustrates the classification of reasons for the Interface Management failure.
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Management
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Know-how Factors Experience
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( )
Coordination
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Interface
Manaaement Failure ( )
Contracts
\_ J
( )
Environmental Acts of God
Factors L )
( )
Regulations
\\ J

Figure 2.5 Reasons for Interface Management failure (Huang et al., 2008)

2.4.6 Benefits of implementing Interface Management

Implementing Interface Management at eathges of the project would improve project
performance in terms of quality, cost, time and safety. The benefits of implementing Interface
Management are (Chen et al., 2007; Kelly and Berger, 2006; Caglar and Connolly, 2007, Coreworx

Inc):

1 Creating bettealignment between project teams and stakeholders
1 Facilitating the communication and cooperation of project stakeholders
1 Improving project performance through building a deep understanding of the requirements,

needed information, and deadlines
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1 Improving quéity through providing a framework for appropriate understanding of-inter
related needs

1 Maintaining the project within the schedule, as all parties become aware of the information
and involved tasks to accomplish at the early stages of the project

1 Reducingadditional costs of the projetttrough adding visibility on project description,
roles, and common boundaries

1 Improving project safety

1 Reducing the shortcomings and conflicts
2.5 Social Network Analysis

SocialNetwork Analysis(SNA) is considered aanappopriate approach to visually
represent and mathematically analyze the relationships and interactions tagpeedenentities.
AiSNA was introduced by Moreno (Moreno 1960) to c
bet ween chil drSehrok(rSc ettt adQ122)0,18)( HANA soci al net
ofactorsand the relation or relations defined on the
Graphs are used in SNA to represent the drgkationships between individuals oganizations, and
they can be used as a quantitative tool to formulate the interactions between several individuals or
organizations (Shokri et al. 2013). In a graph, or sociogram, an individual or organization is
represented on a node or actor (WassermadrFaust 1994, Pryke 2012). The relation between the
actors is illustrated on the |l inks or edges, anc
speci fic kind among members of a group,0 (Wasser
sidedrelationship, a simple line is drawn between two nodes. However, a directed edge is used for a
onesided relationshipThe edges could represent information transésponsibilitieof actors

collaboration between entities, etc.
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To formalize andinal/zethe relations betweemntitiesin asocialnetwork,several concepts

of graph theory are adopted by SNIAwo of these concepts are

1 Density: it indicates the actual amount of interaction (edges) between entities in a network.
(Pryke, 2012; WassermanndaFaust, 1994, Chinowsky et al., 2008)
1 Centrality: this is related to the distribution of relations between nodes in a network. It shows
how involved an actor is in relationship with other actors. (Pryke, 2012; Wassermann and
Faust, 1994, Chinowsky et a2008)
In the past two decadeSNA concepthiave beemsed in the construction industry in
differentareas of project managemepitoject performance assessmegmbcuremenand supply
chain management. Integrating social networks and traditional project management concepts
concludes thatnowledge exchange amformation sharingire the core factor iachieving high
performance teams and project outcomes (Chinowsky €08ai8; Chinowsky eal.; 201Q
Chinowsky 2011Ruan et al., 2012B5NA concept was also used to mod tonstruction project
coalition in the supply chaingvhichenable the identification and classification of construction
procurement methods (Pryke,@). i0One of the outcomes of studying construction projects using
social network concepts was that roles of the project actors and the relationship between them are not

clearly defined (Pryke, 201&) ( Shokri. et al ., 2013)

2.6 RASCI Chart and Its Application

Studying several Interface Management process in different industriés thediterature
illustrates that there is a high emphasis on defining and allocating roles and responsibilities during the
Interface Management process (Collins et al., 201@poRhas been developed by ClI, called
Participants Involved Tool, to indicate which organizations are involved in interfaces between project

functions (estimating, scheduling, planning, cost control, change management, progressing and
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forecasting) and prog phases (Front End Planning, design, procurement, construction aag¥tart
(Cll, 2011). In addition, the organization which has leadership responsibility in every function/phase
interface is also indicated in this tool. However, the roles of othenizagonal parties are not

represented here.

RASCI matrices are introduced as effective tools for defining, assigning and managing the
responsibilities for specific organization roles in dealing with project interfaces (Crumrine et al,
2005). In order tomphasize the importance of supportive roles in project success, a new version of

RACI matrices are introduced covering supportive roles, called RASCI matrices.

RASCI stands for:

1 R (Responsible): The person ultimately responsible for the work to be cothpl&is could
be the person who actually performs the work or directs others to do the work.

1 A (Accountable): The person who has the legitimate authority to approve the adequacy of the
work and make the final decision.

1 S(Supportive): The people who proé resources or administrative supports to the work or
coordinate the logistics.

1 C (Consulted): The people who are needed to be consulted with for their knowledge, and
expertise, such as labour relations, legal, quality assurance

1 I (Informed): The people who need to know the status of the work or the decisions that were
made, whether it be a matter of courtesy or to help them better schedule their own work or the

work of others.
The typical approach to fill out the RASCI chart $sfallows:

1 Identify all the tasks/activities involved (The left column)

1 Identify all the roles in the organization (The top row)
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1 For each task/activity, define who is R, A, S, C, and | (Related cell)
Table 2.1 illustrates an example of RASCI chart.

Table 2.1 Sample of RASCIChart

- >
KEY PEOPLE
R | A
< 1 | R A C
0
=
R A S

Each cell indicates the role of every person with regard to each specific task/process. After filling

out the cells, the RASCI chastanalyzed horizontally and vertically.

Horizontal analysis shows the gaps and overlaps in the project organization. A gap occurs
when a task/process does not have any responsible role (R). On the other hand, in cases where there is
more than one respobte role (R) for each task, an overlap happens. In addition to the gaps and
overlaps, roles RA and Al R should not be reversed among activities for the same individuals of the

project team (Gregoriou et al., 2010).

Vertical analysis shows the work loadezich key person in the organization. The
responsibilities should be assigned evenly between key personnel, considering their organizational

level, expertise and deadlines.

In the literature, RASCI charts are used with the purpose of distributing redjibesitor
different project entities, or tasks of schedule (Rahi, 2005; Hartman and Ashrafi, 2004). For the
Interface Management application, RASCI chart can be employed to assign responsibilities for

identification and execution of each interface. AppyRASCI matrices creates visibility on the
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responsibilities of common boundaries between project parties, and eliminates the ambiguity in roles

of variousparties in performing tasks.
2.7 Summary

This research has summarized the relevant research efforts regarding risk management and
interface management in the construction industoy.risk management, the definitions and
classifications of risk, generic risk management prasasd sources of risks in construction
projectswerestudial. Also, communication management has been bréeftyressetb emphasize the
importance of effective communication in successful delieémyrojects Finally, the definitions of
interfacestheirclassification, and general procedure for interface managdraeebeenpresented
In the next chapter, tHanowledge gapfound inthe literatureas well aghe structure of thisesearch

arepresented.
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Chapter 3

Research Vi sion

This chapter presents an ovaw of the research visiatevelopedased on the knowledge
gaps found in the literature and through study of several capitatructiorprojects.Thisresearch is
a combinatiorof empirical and theoretid studies The empirical part focuses on the current state of
IM in the constructiorindustry, and investigates the projebaracteristicthatlead to formal IM
implementation and theurrentapproaches for IMThe relationship between IM implementation and
projed performance is also studied through gathering empirical dagatheoretial part mainly
focuses ommproving IM practiceshrougha methodology to identifydy interface pointdt also
explores theintegraton of IM with the project schedule, as alttmidentify scheduleelated risks in
mega projectsAfter the knowledge gap®view andesearch needhis chapter presentise research

approach and methodologies to address the identified needs.
3.1 Knowledge Gaps

Construction project risk managemdais been addressed comprehensively in the literature.
These studiesremainly focused on improving one or a couple of risk management steps (Cahen an
Palmer, 2004) or they proposethods to enhance riskanagemergystems (Tah and Carr, 2001,
Zavadskaet al., 2010; Dey2009 Al-Bahar and Crandall, 1990). However, analysing categories of
risks in construction and their affectifactorsillustrates that a significant portion of project risks are
because of lack of appropriate coordination between gnpgticipantsineffectiveor delayed
communication between project partaew failure in describing the requirementsref deliverables.
These deliverables could be a piece of information, design documents, permits, and physical objects.
Construction pojects lacka system which could facilitate alignment and communication between the

stakeholders while providing visibility on the common boundaries. Interface managementcaodels
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be effective in addressing this problem. HoweWgr, its elements and pcesses are not walkfined
in the literature and construction industirythis research, the IM elements are defined, andahen
workflow-driven Interface Management System (IMS) is propoddw purpose of IMS is toreae
an effective tool to reduce or elimindtes sources of risks which are caused by inefficient

communication between project elements.

Furthermorethere is a lack o comprehensive study to show the current stalfel ah the
construction industrythe undertakeriM proceduresindthe effectivenessassessments methods
Currently, eery organization employs its own understanding of IM, which varies significantly
betweerprganizations.In this researchwith collaboration with CIl, a comprehensive study is
performed to investigate the current state of IM in the induatrgpropose an IMoadmap for the

organizations with various levels of livhplementation

The otherknowledgegap is about identifying the critical interfaci@ a project with formal
IM and linking them to the project schedul& mega project may involve several hundreds, even
thousands, of interface points. An explicit outcome of an IM system coudsh bbility to identify
schedulerelated risks using the dynamic information flow betwstakeholders. However, due to the
high number of interface points and their changing nature, it is not possible to find the absolute
correlation between each interface point and every task on a project schedule. A thorough analysis of
literature and seval interviews with the industry leaders in implementingitidicatethat currently
there is not a systematic approach to identify key interface pdingnterfaces are identified based
on the top management experience, once they are proneatea problem. Therefore, it is necessary
to develop algorithms to identify high risk interface points to effectively manage them and mitigate
their potential impact. Furthermore, the identified high risks interface points can be linked to the

schedule, to raete the computational complexity of the mapping process. Accordinglyis study,
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through introducing the precedence relationship and interdependemicgept between interface
points,and generating the network of interface points, key interface pameidentified In turn, the
benefitis early alert notification of any failure or delay at any of the precedent interface point. This
benefit would be feasible by analysing the information flow and communication network of the
project stakeholders.

Finally, the effect of IMS on improving project performameeains to betudied and
validated To address this issue, thesearclstudies performancaiteriafor several projects with
different IM implementation leveld he intent is to determine whethbere is a significardifference
or trend of better project performance in the projects with more formal IM implementation. The
performance criteria include cost growth, schedule growth, engineering hours, management hours and

construction hours growth.
3.2 Research Approach

This research isreamalgamation of empirical and theoretical analysis of current Interface
Managment(IM) practices in the construction industry and future development opportunities to
improve the performance of IM'he research inclesfour major sections: (1providing IM
definitions and a workflovdriven process for interface management system (IMS¥t@yingthe
current stat®f IM in the construction mega projects, {@&ntifying key interface points and
integrating IMS withproject schedule to identifyotential risks, and (4) investigating the correlation
between implementing IM and improving project performaitese four sections are described in

detail in chapters 4 to 7, as stated in section 1.5.
3.2.1 Empirical Analysis of Interface Management Status in Construction Industry

Taking into account the increasing scale eochplexityof capital projects and necessity of

effective management of sevestdkeholderghroughout the project life cyclénterface Management
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practcesis agrowing fieldin the construction industryAccordingly, a Researclieam(RT 302)was
initiatedwithin the Construction Industry Institu(€ll) in May 2012 to investigate the potential

answers to this essential question:

i Wh at p teehniquéscaadsprocesses are most effective for improving the critical
interfaces among globally dispersed project teams, multiple project partners, and an

increasingly diverse | abour force?o0

The team consists oBImembers from 1Bompanies, and members from two universities

as shown imable3.1.

Table 3.1 List of Involved Companies in RT 302

Involved Companies and Universities in RT 302 Interface Management

Air Products and Chemicalbc. Petrobras

Alstom Power Inc. Smithsonian Institution
Architect of the Capitol Tenova

Coreworx Inc. URS Corporation
DressefRand Company Wood Group Mustang
Jacobs WorleyParsons
Lauren Engineers & Constructors, Inc. University of Michigan
McDermott International, Inc. University of Waterloo

Ontario Power Generation

Theprimarypurpose of the RB02 is to identify and establish the definitions and best
practices of Interface Management (IM) through the capital project delivery life (eygledealing
with the risks that arise or are discovered during the life cyths following objectives are defined

in response to this ppose:
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1 Creatinga common language, definitions, and elements of IM

1 Finding the representative project characteristics that can determine the need for IM
1 Identifyingimportant principles and proper timing to guide the establishment of IM

1 Identifying effective IM practices that can be applied broadly to diverse projects

1 Proposig several indicators that measure the effectiveness of IM

Theresearctdescribed in this thesis basicallythe first formal attempt to find and establish

general definitions and effective practices for IM in the construction industry

To addressheresearch objectiveshe following research methodolopemployed. The
first stepis to collect useful data from diverse case projects with and without form& 202
membercompanieparicipated to provide these case projeatsdthe initial targetvas to collect
datafrom 30to 50 projectsAt the endof data collectionthe RT302wassuccessful in gathering data
from 46 projects These projectareall from different sectors of the industry, with various sizes, and
geographicallydistributed For data collection purpose, a questionnaiasdevelopedy the team
This questionnaire ainma recogniing the project characteristiagquired to implemerformal IM in
a project, examining theurrent state of IM and identifyingechanisms to quantify its effectiveness.

The questionnaire, its structure, and data analysis are presented in Chapter 5 (as stated in section 1.5).

The guestionnaireonsists of three principal parts. The first part is for collecting the general
charactestics ofthec o mpany 6 s p a s(with diffteremt gectibns forrownerearndt
contractor) The second part is for studying theelfibce Management practices gmdcesses dhe
organizationThe third part is for surveying the factors affectingetface Management performance.
Prior to thequestionnairétself, the definitions related to the Interface Management are gatheded

provided.
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For interviews, each industry team member of RT 302 proposed a couple ofspEgett
projectwasbriefly studied by the team and a listpaftentialprojects to be interviewedere
identified. Each interviewasconducted by at least one academic team member, the industry team
member, and the iméewee,who waspersonnel within that project, e.gtérface manager, project
managerEach inteview takes about 9020 minutesSome interviewsverefaceto-face; however,

most of thenweredone over the phone.

To assure the clarity and effectiveness of the questionnaire, 4 inteiwvaedone as pilot
studies. Then the questionnaimasreviewed and improved according to the feedback of pilot

studies, andts final versionwasused for the rest of interviews.

Once thedata collectiorwereaccomplished e second step includanalyzing all the
transcripts gathered from thdséerviewsto synthesize universal definitions, common practices, and
perceived indicators for IM performancéhe detailed descriptive and statistical analysis of the
interview results to support the hyhesesds presented in Chaptér Some assistance and

collaboration in this process was rendered byuherersity of Michigan team members.

One section of the questionnaire is related to the project performance meHsegeare
usedto investigate theelation between IM implementation level and the project performance using

ANOVA statistical method. The results of this study are presented in Chapter 7.

3.2.2 Interface Management System Ontology

AAn I nterface Management S yicsappeoach{obffedcively i s def
identify and handle interfaces (especially critical ones) through the whole project lifecycle, with the
objective of facilitating the alignment process between stakeholders by defining the interface
characteristics, responsilili es of i nvolved parties, and the req

al., 2012) Despite the foregoing efforts and confidence in the efficiency of IM demonshyted
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significant investmeniby largecorporationssignificantresearch questions remaifhesequestions

are

1 Well-defined IM processes, definitions, elements, and interface categories and activities
throughout the project life cycle

1 Reliable processes and algorithms for identification of high risk interface points.

1 Robust processes for igg@ating iterative (or cyclical) IM systems with conventional,

sequential planning, scheduling and control paradigms such as CPM.

A mega project may involve several hundreds, even thousands, of interfacehomiviser,
a systematic approacbhmains to beevelopedor IM in theconstruction industry. Each company
has developed its own IM practi@dmaodifies it withrespecto projectcharacteristicsTherefore, a
needexists for aholistic approach for identifying and managing interfaces in a comptgeqp. This
need is alsemphasizethy RT 302 Interface Management teddespite thdack ofa systematic
approactor IM, it is generally accepted thiyl systemleads tamore effective identification of
schedule related risks using the dynamic inforamafiow between stakeholders. However, due to the
high number of interface points and their changing nature, it is not possible to find the absolute

correlation between each interface point and every task on a project schedule.

In addition to systematic IMt, is necessary to develop algorithms to identify high risk
interface points to effectively manage them and mitigate their potential impact. Furthermore, the
identified high risks interface poinghouldbe linked to the scheti) to reduce the computational
complexity of the mapping proced® addresshese research questioas, ontologyfor IM is first
developed in order to provide a set of common definitions for IM components, elements and
attributes A workflow-driven franework for Interface Management System (IMShisn described

Workflow refersto the process of identifying tasks, flow of information and activities throughout the

46



system. According to the Workflow Management Coalition (WfMC), founded in 1993, a warikflo

ithe computerized facilitation or automation of
fifconcerned with the automation of procedures whe
between participants according to a defined set of rules tevaclor contribute to, an overall

busi ness go al theneel oivorkflewcpeocessety facditateconstruction management

practiceds emphasizedKazi and Charoenngara003; Chinowsky and Roja2003; Wilson et al.

2001;Boddy et al. 2007.

Thesix-step workflow procesfor the IMS is (1) interface identification, (2) documentation,
(3) transfer, (4) communication, (5) monitoring and control, and (6) closing. In addition, IMS
elements, its associated activities during project life cyole different types and categories of

interfaces are definehd presented iGhapter4.

Once the IMS ontology is defind@hapter 4), and the current state of IM$sablishes
(Chapter 5)the future areas of IM improvemeateinvestigatedA systematigraphbased approach
is introduced to identify high risk interface point$ie identified high risk interface points are linked
to the interface milestones on the schedseado integrate the dynamic information flow of IMS
and linear sequence aftivities of CPM(Chapter §. In addition the functionality othe methods is

demonstratethrougha model offshore project.
3.2.3 Interface Management and Project Performance Indicators

The ultimate IM goal is to create-time awareness on project potentiaks and lead to
more effective risk management in capital projects. Since project risks are affected by several other
factors, at this stage of the research it is not feasible to investigate the direct correlation between IM
and risk management. Theredpcorrelation between IM and project performance factors in terms of

cost and schedule growth is investigated withinitberviewed projectsin addition, the research
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studied thémpactof IM on the growth oflesignand engineering;onstructiorand management
hours For this purpose, the projects are categorized into two groups -chtwhhighlevel IM
implementation, and using the Analysis of Variance (ANOVA) statistical method, the impact of these

two groups onmprovingproject performancesistudied Chapter 7).
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Chapter 4

|l nterface Management Ont ol

Despite the growing need for IM practices in mega construction projects, there are no
commonly agreedipon definitions for IM and its elements. Therefore, the first effattiefthesis
was to develop the fundamental definitions for different elements dlakdéd on literature review
and expert discussionBurthermoredifferent levels and attributes of interfaces are also developed.
Once the fundamental definitions are set, a predegsn framework is defined for the Interface

Management System (IMS).
4.1 Elements of IMS

In order to achieve successful implementation of INt is necessary to identify its elements.
In a mega projecteveral interfaces are created because of its coitbpkmd the needs of various
stakeholders. These interfaces could be physical or viduaistematic IM is required to effectively
manage these interfaces. In this study, the following definitions and elemegigearr IM (these
definitions will appearon the Cll Implementation Guideline for Interface Management in summer

2014)

1 Interface Management (IM): IM is the management of communications, relationships, and
deliverables among two or more interface stakeholders.

1 Interface Stakeholder: A stakedel involved in a formal interface management agreement
within an interface management plan for a project.

1 Interface/Interface Point (IP): An IP is a soft and/or hard contact point between two

interdependent interface stakeholders. An interface poitgasaadefinition of part of the

ogy

projectbés scope split as defined by project
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1 Interface Agreement (IA): 1A is a formal and documented communication between two
interface stakeholders, including the deliverable description, need dates, andiracfitngs.

1 Interface Action Items (lAl): 1Al includes the tasks/activities that are performed to provide
the agreement deliverables defined in each interface agreement.

91 Interface Control Document/Drawing (ICD): ICD is the documentation that identifies and
captures the interface information and the approved interface change requests. ICDs are
useful when separate organizations are developing design solutions to be talhteed

particular interface.

Figure4.lillustratesthe hierarchy and relation between elements of &@(Bhokri et al. 202).

| Interface Stakeholder } Interface Stakeholder |

Interface Point
(IP)1

l

Interface Point
(IP) ...

Interface Point
(IP)n

Interface
Agreement (1A)
1

Interface
Agreement (lA)

Interface
Agreement (IA)
m

Interface
Agreement (IA)

Interface
Agreement (lA)

l—l—l

Interface Action Interface Action
Item (1Al) 1 Item (lAl) ...

:'I

Interface Control
Document/Drawing
(ICD)

Figure 4.1 Hierarchy of Interface Management Elements

According to this hierarchy, interface stakeholders are involved in several interface points,
and they may need several deliverables (pieces of information or taskigiemtly handle the

interface point. Therefore, in every interface point, numentesface agreements are generated. The
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interface agreement will document the deliverables required by one party of another party, in order to
effectively handle the interface point. As a result, each interface stakeholder is dealing with several

interfacepoints, and interface agreements, coupling with an interface point.

4.2 Attributes of IMS Elements

4.2.1 Nature of Interfaces

In general, interfaces are classified into soft and/or, lzerddefined as follows:

1 Soft Interface: Soft interfaces typically involve texechange of information such as design
criteria, clearance requirements or utility needs between delivery teams or between a delivery
team and an external party. Examples of soft interfaces are language and cultural aspects,
regulatory and permit issuggdopted from Khadimally, 2011)

1 Hard Interface: Hard interfaces represent physical connections between two or more
elements, components or systems. Examples of hard interfaces are structural steel
connections, pipe terminations, or cable connections {ednPoints). (Adopted from

Khadimally, 2011)

4.2.2 Scope of Interfaces

Generally interfaces reflect communications which take place within or between different
parties in each project, with the purpose of transferring information or accomplishing a task. Major
part of communications takes place between stakeholders within the §ayp®ject Theyare
classified into interproject and intrgoroject interfaces. In addition to the intand intraproject
interfaces, there is a significant amount of interactions betweerseaaholdedirectly involved in
the project and the othardependent entities outside of the project, including government, local
infrastructure systems, local and international organizations, calledpegjest interfaces.

Therefore, Interface points are analyzed at three levels (Collins et al., 2010):
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1 Inter-project Interface: Interfaces between differstakeholderslirectly involved in project
planning and execution (e.g. owr@mtractor, contractor ont r act or B,

1 Intra-project Interface: Interfaces within the organization of each indepestdé&aholdey
involved in a project (e.g. department 1 and Department 2 of a contractor, between
subcontractors of a contractor).

1 Extraproject Interface: Interfaces between the projgkeholders and otherganizations
which are not directly involved iproject execution. A good example for this type on

interface could be permits of government or environmental organization.

Thesethreelevels of interfaces are illustratedfigure4.2, 4.3 and 4.

Stakeholder
(EPC) A

Stakeholder
(EPC)N

Stakeholder
(EPC) B

Owner/ PMC

Stakeholder
(EPC)

Stakeholder
(EPC) C

Stakeholder
(EPC) D

<«—— Inter-Project Interfaces

Figure 4.2 Levels of Project Interfaces: Inter-project Interfaces
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Figure 4.3 Levels of Project Interfaces: Intra-project Interfaces

Government «

Stakeholder
(EPC) A

Stakeholder
(EPC)B

Stakeholder
(EPC)N

Owner/ PMC

Stakeholder
(EPC)C

Stakeholder
(EPC)

é

Stakeholder
(EPC)D

Regional

Organizations

<« — = ExtraProject Interfaces

Figure 4.4 Levels of Project Interfaces: Extraproject Interfaces
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4.2.3 Categories of Interfaces

All the inter-, intra-, and extrgprojectinterfacescould have different contexta/hich are
introduced for classifying project interfaces: (Chen et al. 2006, Collins et al. 2010, Pavitt and Gibb

2003).

9 Physical and functional interfaces
1 Contractual and Organizational interfaces
1 Resource interfaces

1 Regulatory interfaces

To illustratewith an example, assume that two EPC contractors are awarded two scope
packages, in which two pipelines should be connected at point A. The connection between these two
pipelines generates an inv@mject physical interface point. In another case, araotdr is awarded a
pipeline project, which should be connected to the shut off pump, previously installed at the location
of the project. Therefore, the owner and contractor will have anpnigct physical and functional

interface point.

By analyzingand monitoring the status of physical and functional interfaces, risks related to
technical and design issues could be addressed. Contractual and organization interfaces could be
monitored to recognize the riskimesumplyaeft ed to the ¢
material/equipment, categories. Risks related to the availability of labor and equipment, and

simultaneous operations are recognizable by tracking resource interfaces.

Theregulatorycategory is mentioned independently due to its importance in the success of
the project execution. Acquaintance with local and international regulations and getting appropriate
permits on time plays a key r ol eroectmayre siappepr oj ect s

or postponed due to getting improper permits, or obtaining them with delay.
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4.2.4 Levels of Interfaces

Interfaces with various nature and categories can be defined at different hierarchical levels, as
shown in Figure &, within the projet. The level of interfaces is hightiependentn their

complexity, and the required actions to handle them.

IP between scopes of work or
contract packages
I

|

IP Between physical areas IP Between physical areas

| | ]

IP Between disciplines/ IP Between disciplines/
departments departments

| | ]
IP Between systems IP Between systems
|
IP Between components/| _|IP Between components/
people/subsystems people/subsystems

Figure 4.5 Hierarchy of IP Levels

4.3 When to adopt IMS?

IM is an iterative process; IPs dadentified and created throughout the project life cycle.
Ideally, most of the IPs should be identified during FEP of the project. Early identification of
interfaces will lead to better understanding of potential project risks and promoting project.success
The reason is that early identification of IPs and facilitating the exchange of required information and
deliverables will result in added visibility of common boundaries between stakeholders. It should lead

to betterunderstanding of potential proje@sks and promotingroject performance too.
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Front EndPlanning(FEP), considered as the most important step in the capital project life
cycle, is the best stage to start identifying the interface points. It is recommended to identify
participants involvedh interfacesduring FEP (CII, 2011). Figurd.6 illustrates the relation between

IMS, project life cycle and FEP.

Front End Planning (FEP)

F

Y

. N\ p N o
Detailed rocure > Design Construction Commissioning

Feasibility Concept Scépe Y ment y And Sturt-up

Operation

i Interface Management System __i:__:_‘_:}

Figure 4.6 IMS and Project Life Cycle

A significantpartof extraproject interfaces are identified at this stage. During strategic
decision making, interfaces with external organizations, for example financial institutions, and
environmental agencies, would be examined. Moreover, through analysis of sita|abat
interfaces with companies currently working at the project site, and the local infrastructure should be

recognized.

Process design basis, initial equipment design, and procurement design are the outputs of
FEP. Thereforea major number of poteiall interfaces between project elements, including physical
components, contractors and subcontractors, are recognized at the FEP stage. According to the
interviews with Coreworx customers, it is feasible to recognize abou®®% of extraand inter

project interfaces during FEP, design and procurement stages.

Although it is recommended to identify interface points at the early stages of the project, it

should be noted that each interface point has its own life cyotealNthe IPs stay active during the
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whole life of project nor are identified during FBRterface points could be identified/created at

different phases of the project.
4.4 IMS People

A successful Interface Management program requires collaboraticcoamditment of all
management levels and key personnel. However, to reinforce IM implementation in a project, several

key roles are defined, as follows:

T I'nterface Coordinator: fAThe interface coordi |
problems and aomunication breakdowns, interpret the potential impact of events and foster
resolution among the parties while actions al

T I'nterface Manager: fAThe I nterface Nmamger ha
maintenance of the interface management plan throughout the project life cycle by
developing and implementing project specific Interface Management work processes,
capturing the necessary interface agreements, monitoring progress, ensuringethaesc
requirements are maintained and identifying/initiating any change requests that may arise out

of the interface requirements. o6 (Caglar, J.

In addition to these positions, several interface and project engare@rsolved in
implementing IMS and providing deliverablés fact,IM is implemented by Interface Managers
Coordinatorsand engineerby referring to the Master Interface PignilP). The MIPrepresents
strategies and processes, developed by a project management te@magdie intey intra andextra
interfaces throughout the project lifecycle, including design and engineering, procurement,

construction, commissioning and closeout. (Adopted from Khadimally, 2011)
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45 IMS Tools

Several toolsupportsuccessful implementation of an 8MSome of these tools are generic
for all organizations, however, others may be modified and implemented at different levels

consideringhe maturity otheor gani z&ti onbés | M
4.5.1 Master Interface Plan

The Master InterfacBlan (MIP) is a document intended tesdribe in detail how to manage
IPs and IAs. It includes the management procedures and activities to effectively deliver internal and
external IPs throughout the project life cycle. It may include the common tyjies iof the project,

deliverables, and the responsibilities of interface stakeholders. The contents of a typical MIP include:

1 Definitions of IM, Interface PointslPs), andinterface AgreementdAs)
1 Purpose of IM

1 Maturity level of IM in the project

T IM process

T Common types of IPs in the project

1 Roles and responsibilities

1 Sample IP and IA forms
4.5.2 Interface Management Recording

IPs and IAs can be recorded, traced and managed using different tools. Spreadsheets and
registers are the basic tools for registering and managingitiia a projectIf an organization
implementsamore mature level of IM, onlinend webbasedorms are used to record IPs and IAs.

order to record IPs, the following requirements should be considered:

1 IP reference number
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1 [P title

1 Description of IP

9 IP category and level

1 Involved interface stakeholders and responsibilities
9 IP creation and appravdates

i Status

As discussed isection 4.1each IP may include sevetaterface Agreement$As) that
serve as the documented form of communicating the deliverabladdition, the spreadsheet and

registers for tracking IAs may also include:

9 Descriptbn of IA deliverable
1 Creation date of IA

1 Need date

1 Forecasted date

1 Delivery date

9 Closing date
Samples ofnterface Data Registd® and IA form areshown in AppendiA.
4.5.3 Interface Management Software

IM software is a fundamental elementeéture and formal IM implementatiomhe

minimum requirements for IM software are:

1 Webbased
T  Workflow enabled

1 Meta data captured to enable search
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1 Filtering

1 Traceability

1 Reporting functionality
1 Revision tracking

9 Historical recording

9 Archivable

There areseveralpotential improvement areas for mature Interface Management Saftware

including the following

1 Integration with project schedule to ensure alignment of IAs and IPs with required dates on
project schedule

1 Integration with change management to tfanand track significant changes to and from the
IM process to the project management team

1 Integration with risk management to forecast potential risk and provide appropriate mitigation

approaches
4.6 Framework for Workflow Driven Interface Management System

fiAn Interface Management System (IMS) is defined as a systematic approach to effectively
identify and handle interfaces (especially critical ones) through the whole project lifecycle, with the
objective of facilitating the alignment process between stallels by defining the interface
characteristics, responsibilities of involved parties, and the need time of deliverableS h o k r i et

2012). IMS framework will be executed througix steps:

1 Step tInterface Identification: This step includes idéyitig as many interfaces as possible

in the project.
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1 Step 2 Interface Documentation: Interface information is defined in this step. This
information includes the interface characteristics, involved parties, deadlines, needed
documents, etc. It should bgentioned that this step is an ongoing process during the whole
IMS.

1 Step 3 Interface Transferring/Package issuing: When the contract has been awarded, all the
identified interfaces and their documented information are being transferred to the
appropriatearties.

1 Step 4 Interface Communication: During this step, project parties will start communicating
with each other through issuance of Interface Agreements, to effectively manage the
identified interfaces. This step will be executed under the jurisdicf the Interface
Manager and involve all interfacing parties.

1 Step 5 Monitoring and Controlduring this step, the performance of IMS and contractors in
providing interface deliverables is assessed by providirgcogen indicators and
notifications.

1 Step 6 Interface Closing: The interface is considered closed if all involved parties agree on

the efficiency, accuracy and completion of communicated information/tasks and deliverables.

These steps are executagtomatically via workflows in an EPPMS, and avhe internet.
The owner and all contracting parties have access to ieaset! software, and their access level is
based on their role in handling each interface point. The workflow of the IMS is illustrdeapline
4.6. The monitoring step is nohewn in this flowchart, since it is raingin parallel withall phases,

depending on thperformancendexdefinition.
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4.6.1 Step 1: Interface Identification

Theinterface points could be created because of contractual obligation, actual connection of
two objeds, or regulations. Project interfaces are identified through the whole project life cycle. In
fact, interface identification is an ongoing process; however the early identification of interfaces will
lead to better understandingpotential project riskand promoting project success. Interfaces are
typically identified by a group of experts of the project, using the design documents, work breakdown

structure (WBS), contract documents, project specification, etc (Chua and Godinot, 2006).
4.6.2 Step 2: Interface Documentation

Once the interface points are identified, the information related to each interface point must
be defined. This information includes attributes of the interface point (nature, scope, levels and
categories of IPs), its relatéiscipline/area/department and the interconnecting parties. After
identifying the involved organizations, a RASCI matrix is used to define the responsibilities of the
people (of each organization) involved in interface point execution. RASCI stands famBiéxde,
Accountable, Support, Consulted and Informed, respectively (see seé)iohh& description of

roles for the interface execution is as follows:

1 Responsible: The party responsible for the interface overall performance, and approves the
accuracyof interface point characteristics.

1 Accountable: The party, who generates the interface agreement, has the legitimate authority
to approve the adequacy of the work and make the final decision to close the agreement.

1 Supportive: The party who gives supptar facilitate the process accomplishment (e.g. the
party who may have to grant the other parties access to the site).

1 Consulted: The party who responds to the interface agreements and provides the deliverables.
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1

Informed: The parties who need to know #itatus of the interface agreement, whether it be a

matter of courtesy or to help them better schedule their own work or the work of others

Workflow Driven Interface Management System

Step 1: Interface Identification

Review design documents, contract
documents, WBS, project specifications

v

Identify Interface points (IPs) L

Are IPs approved by Interface
Manager /Coordinator?

No—J»| Modify Interface points (IPs)

A\ 4

Step 2: Interface
Documentation

Gather and document IP information: level of [«
IP, related discipline/area/dept, develop |«
RASCI matrix

Are IP information
approved by Interface Manager
Coordinator?

NO—Pp] Modify IP information

Step 3: Interface Issuing

Transfer identified IPs and IP information to
the awarded contracting party

v

Contracting party reviews IPs and IP
information

Are IP information
approved by
contracting party?

Generate new IP and
document related LN
information

Are all IPs identified? No—»| Suggests the modifications

Figure 4.7 IMS Workflow
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Step 4: Interface Communication

v

Accountable party creates Interface
Agreement (lA), fill out the needed dates, and
description of the deliverable

v

Issue IA to the Consulted party

Are |As approved by

Noh

Consulted party

Yes

Consulted party provides the deliverable by
the required date

Suggests the modifications

Step 6: Interface Closing

Y

Is deliverable approved by

accountable party?

Yes

Close the IA

Are all the lAs of anIP is
closed?

Yes
\ 4

Close the IP

Modify and update IA

roles and responsibilities related to each interface point identification and execution. The visibility is
achieved by clear definition of roles and responsibilitiesindaries between roles, balancing of the

responsibilities and regular controls. As a result, the ambiguity of roles and tasks of each party

Figure 4.7IMS Workflow (continued)

involved in an interface poirg eliminated.
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A sampleof a RASCI chartn a construction projeds shown in Thle 4.1 (a general
representationf RASCI chart is illustrated in table 2.Theleft column includes interface points,
and the top row includes all the persons/parties who may be involved in identifying interface points
(here, owner is meant in a very general way, as mega projects would likely have a consulting firm
acting as the age or representative of the owner). The cresstional cell indicates the responsibility
of each party with regard to each interface point, if there is a relationship. Note that each interface

point should be assigned only one Responsible person.

Table 4.1 Sample of RASCI Chart

Owner PMC Discipline i Designer
IP1 R A S I
P2 R,A S G
IP3 A R S
IPn C S AR

The major portion of the information related to the interface point is gathered during the FEP
(Front End Planning) stage, and prior to contract award. Then, interface pointsugedgrocording
to the contract packages. After contract award, the interface points are transferred to the awarded

contracting party.
4.6.3 Step 3: Interface Issuing

When the contracting party has been awarded the contract, all the identified interface points
ard related information are transferred to that party. This includes all the interface points for which
the contracting party is responsible, accountable, consulted, or support. In other words, the interface
points, and roles of the contracting party witgael to each interface point should be transferred to

that party.
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The awarding contractor will review the interface points, their description and related
information, and will approve their adequacy and accuracy. The contractor may also identify new
interface points which were not recognized by the owner, or may modify some of the existing
interface points. Any modifications to existing interface points, or newly identified interfaces may

require approval by the Intexface Manager at the

4.6.4 Step 4: Interface Communication

After the identified interfaces are transferred to the awarded parties, all involved parties
should go through the identified interface points, and approve the accuracy and sufficiency of
provided information. This ste@n be a risk itself, and it is necessary to assure that the involved
parties are responding to this step. If new interfaces are recognized during this stage, the Interface
Manager of the responsible party requests to add more interface points, andutrss irecequired to

be accepted by respondent party, and approved by Interface Coordinator for issuance.

The interface communication is done through issuing Interface Agreements. An Interface
Agreement is issued by the accountable party, and the congattgdeviews the agreement, and
accepts whether he/she can provide the deliverable within the mentioned time framework. If the
consulted party is not clear on the requested deliverable, or has some reservations or concerns about
the deadline, he/she wikk for more clarification on the deliverable or request a change to the
deadline. This process is a negotiation between parties and continues until all involved parties are

satisfied with the content of agreement and deadline.

The communication procesovks as follows: A specific information or task is requested by
a team member of accountable party. This request is generated in the form of Interface Agreement
and sent to the accountable Interf@mordinator oManager. She/he reviews the details of the

agreement, as well as the required date. Then this agreement is sent to the Interface Manager of
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consulted party, and he/she reviews the requirements of the agreement. With collaboration of team
members, Interface Manager of consulted party accepts tbenagnt, or requests clarification. The
interface agreement goes back and forth between the two parties, until they agree on the requirements
of the agreement. At this time, the Interface Manager of the consulted party is responsible for
providing the infemation and/or deliverables by the agreed upon deadline. This process is time
bonded: involved parties must come to an agreement within a certain time frame in order to prevent
any unwanted delays. If they do not come to an agreement within the allocegdhine, the

owner s 6 Mamagess notifiedcaad becomes involved.
4.6.5 Step 5: Monitoring and Controlling

Effectiveness of IMS depends on the time of providing neddéderablesand thé& quality
and accuracyin order to monitor the performance of IMS, somesoreen indicators and
notifications are provided® workflow IMS provides the capability of automating alerts and
notifications, and usindifferent data source based on the position of the personswhoriitoring

the IMS performance status.
4.6.5.1Early Notification of Deadline for Contracting Parties:

Due to importance of providing needéeliverableswithin the requested time, notifications
are sent to the Interface Managers about the deadline withidefipe= time intervals (for example,

60 days and 2 weeks in advance to deadline).

Furthermore, each Interface Manager is provided by ssten indicator which depicts the
closed, in progress, and overdue Interface Agreements as well as the intehiabesrevclose to
their deadline. The Interface Manager of the contracting party is able to track the interface agreements

related to his/her scope package. He/she is also able to drill down in each category to find out more
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about which team member is resgible to that agreement, the reason of delay, and other relevant

information.
4.6.5.2Contractor Performance Tracking for Owner:

At each point of time, thenterface Manager at the owner sidable to track the
performance of the contractors he/she has besgresl, according to the status of interface
agreements. A sample of this-sareen indicator is illustrated in Figute8. He/she also can drill
down in each category for further information about the reasons of delay for each contractor.

Therefore thisindicator can be considered as an input to evaluation of contractor performance.

Interface Agreement Status

Stakeholder C 3 ‘ 4 ‘

B

Stakeholder B 2 4 3

0 2 - 6 8 10 12 14 16

OClosed [OInProgress [1Duein30Days M Overdue

Figure 4.8 Interface Agreement Early Warning

4.6.5.3Circulation of Interface Agreements:

During the interfaceommunicatiorstep, interface agreements are circulated between
accountable and consulted parties until they both agree on the quality, adequacy and accuracy of the
needed information/task, and the due date. The circulation of interface agreements is inevitable to

someextent. However, in cases with a large number of circulations of agreements between involved
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parties, Interface Coordinator will follow up on the status of Interface Agreement, and resolve the

conflict, if any.
The othepotential indicators are as foll@w

T Constant changes to interface pointédés inform
can be measured by the number of changes for information related to interface points and
interface agreements. The high value of this measure could be becausefiete design
documents, improper interface identification, or inefficiency of interfacing parties.

1 Constant changes to the interface agreements due dates: This can be a defined by the average
number of changes to the due date of an interface agredarary its original duration. The
high value of this measure could illustrate incomplete design documents, ineffective approval
process, unrealistic deadline, or inefficiency of interfacing partipsovidingdeliverables

T Un-met milestones: The numbef un-met milestones for interface agreements and interface
points of each contractor/subcontractor per month. This value could illustrate the performance
of a contractor in deadline with agreements, and providing deliverables.

1 Alarge number of changeqeests: The average number of change request for interface
agreements related to each contractor per month.

1 Increasing number of Requests For Information (RFI): The number of RFIs per
contractor/subcontractor per month.

1 Average response time to RFI: Theeeage response time to RFIs of interface agreements per
contractor/subcontractor.

1 Delay in response to RFIs and change orders: The average time between receiving RFIs and
change requests for an interface agreement and responding to them for each

contracte/subcontractor.
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4.6.6 Step 6: Interface Closing

The interface agreement is considered closed if the accountable party approves the accuracy
and adequacy of the received deliverables. If the accountable party is not satisfied with the provided
deliverablesthelnterface Manager along with Fierteam members will update the interface
agreement, and will ask for more appropriate information/task. The consulted party will review the
updated interface agreement and inform the accountable party of his acceigutions or
concerns. The deadline for the interface agreement can be rescheduled with the acceptance of both
parties, and the other involved parties will be informed of the modifications and updates. In fact, this
process is a negotiation between paitieslved at the interface point. If the accountable and
consulted parties are not able to resolve the issue and accept the response provided to the agreement,

t he o wn e r Managdisinbtifiad fina caa step in to help in the conflict resolutiocgss.
4.7 Summary

Mega projects are complex because of the scope, size and numerous stakeholders
collaborating during the project life cycle. These projects face conflicts and issues because of
misalignment between stakeholders, and insufficient communigatimess between them. Interface
Management is introduced as an effective approach in dealing with these problems. Implementing
Interface Management during the early stages of a project will improve project performance in terms
of quality, cost, time and &ty by providing a framework for appropriately understanding the-inter
related requirements, needed information, and deadlines. Furthermore, it helps to reduce additional

costs of the project through adding visibility on project description, roles, ameha@o boundaries.

In summary, the proposémS provides a tool to improve project performance through better

alignment between stakeholders, enforcement of contract terms, and effective sharing and distribution
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of interrelated information within formalizedterface management framework, as well as

collaborative problem solving amongst interested parties.
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Chapter 5

Current State of | nttmh@oancset rMacntaigoemrmelnnd u

As the complexity and globalization of capital projects has increideskems to b a
growing field in thearea ofconstruction project management practices to address the interface related
risks inthe current project delivery environmehiowever, IM implemeration methodsary widely
across theonstructiorindustryand corporationsand there ira lack ofagreed upouefinitions and
practicesLack of a consistent understling and common approach to IM leadstteate false
expectations ofM and its impact on improvingn project performance or communication between
stakeholdersThis chapter reviews the research efforts asgbciatedesults conducted by the CIl RT

302during2 yeardife of the project
5.1 Data Collection Methodology

The CII RT 302 Interface Managemeaaminitiated working orthe Interface Management
topic in May2012.The primary purpose of the RT 302 is to identify and establish the definitions and
best practices of Interface Management (IM) through the capital project delivery life cycle (e.g.,
dealing with the risks that arise or are discovered during theyiifie). The following objectives are

defined in response to this purpose:

1 Creating a common language, definitions, and elements of IM

1 Finding the representative project characteristics that can determine the need for IM
T Identifying important principlesral proper timing to guide the establishment of IM

1 Identifying effective IM practices that can be applied broadly to diverse projects

1 Proposing several indicators that measure the effectiveness of IM
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To addressheseobjectives, the RT 302 decidemlcollect useful data from diverse projects
with and without formal IM. RT 302 companie®re asked to nominate projects for data gathering
purposeThe initial target was set to &ED projectsThe nominatedorojectswerestudiedby the

team and a listof potential projects to be interviewadsidentified

Eachinterviewwasconducted by at least one academic team member, the industry team
member, and the interview@® whichwasaimedto be the key personnel within that project, e.g.
interface manageproject managei.he industry team members scheduleeinterviews and aatd
as a mediator betwedime academicgam member and interviewegome interviewsverefaceto-

face; however, most of thewerecarried oubver the phonesachtakingabout 98120 minutes
5.2 Data Collection Tool

For datacollectionpurposs, aquestionnaire wadeveloped byhe RT 302 teamThis
guestionnaire was reviewed rigorouslythgteam memberandfinalized after goinghrough 45
revisions The final versiorwas then approved by the Office of Research Ethics at both the University
of Waterloo and University of Michiganl he questionnair@imsto recognizehe project
characteristics required to implement formal IM in a project, exathmeurrent state of IMand

identify mechanisms to quantify its effectivendssonsistof threemajor sections

1. Introduction to Cll RT 302: thisection talks abouhe RT302 team, objectives of the
research team and questionnaire, @mdfidentiality statement

2. Definitions: This section includes all definitions related to Interface Management and
procedures to answer some questions

3. Datacollection questionnairehis section includes the questionnaiself, whichshould be

answered by the interviewees throughite interview
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Every section of the questionnaire along with the questions proposed in each section were
designed in such a way to ensure that they are aligned with the essential question and objectives of

the RT 302Thequestionnairgpackage is provided in Appendix

5.2.1 Data Collection Survey/Questionnaire

This surveyaimedto recognize the factors required to implement IM in a project, examine
thecurrent state of IM and identify mechanisms to quantify its effectiveness. The ofshi survey
would help develop practices to improve collaboration between organizations in a project, as well as
effective sharing and distribution of risklated information within an Interface Management

network. The survegonsists of three principparts.

5.2.1.1Project Generdhformation

The first part ofjuestionnaireollectsinformationabout the basic characteristics of the

project, which are:

1 Project name anldcation

1 Owner(s)

1 Project nature: to describe if the project is greenfield or brownfielghct

1 Project type: to determine the project type, including chemical manufacturing, stadium,
museumdam, metalsrefining/processingil exploration/productiomil refining, naturalgas
processinghighway, power generatiowaterwastewaterconsumeiproductsmanufacturing
etc.

1 Numberof top level scoppackagesto determine how the project has been broken down to
packages

1 Number of JoirVenturepartnersto determine how manyrganizationsre involved in the

project ownership
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1 Project execution locations: to define distribution of the project engineering, fabricattn,
construction in terms of physiclaications
1 Number of involved interfacstakeholdersto define theestimatechumber ofstakeholdersit
the high leveprojectorganizationwhich have interface relationships with each otReur
ranges of 35, 515, 1530 and over 30 interfactakeholdersre defined
T Number of owner s prime contractor s: to det e
high level project aganization Four ranges of-b, 510, 1620 and over 20 prime contractors

are defined

Once theggenerabproject information is gathered, the following questions are asked both

based on owner and contractor poihntd e w, dependi ng o withihtheprojeat.t er vi e w

1 Project dollar valueto define the project size in terms of total cé$ve price ranges are
defined for the total project: less than 500 million dollars, 500 million to 1 billion dollars, 1 to
5 billion dollars, 5 to 10 billion ddodirs, and over 10 billion dollar.the interviewee
represents a contractor, the price ranges are less than 100 million d6itats500 million
dollars,500 million to 1 billion dollarsl to 5 billion dollars, 5 to 10 billion dollars, and over
10 billion dollars

1 Project current stage: to define tharentstage of the projeathetherit is ongoing;
including Front End planning, Design, Procurement, Construction, Commissions aiugh start
or it iscompletedThe interviewees are also asked to deteenthe percentage of completion
for each stage

1 Project delivery strategieto report the delivery strategies of the project, such as Design, Bid,

Build (DBB); Design, Build (DB); procurement, construction (PC); Engineering,
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Procurement, Construction (ERE&ngineering, Procurement, Construction, Management
(EPCM); Construction; Build, Own, Operate (BOO), etc.

9 Project contracting strategids:report the contracting strategies of the project, including
Reimbursable work, Cost plus fixed fee, Cost plus fixed percentage, Cost plus variable

percentage, Target estimate, Unit pridearanteednaximum cost, Lumysum, etc.

In addition toprojectgeneral information, project performance information are also inquired
in this section. The purpose of these questions is to determine if the projects with IM perform better in

terms of performance metrics.

1 Project costrelated information: to repodn the initial predicted project coand actual
project cosis ofspecific point of time (interview date or previous monthly/quarterly report if
the project is still ongoing).

1 Projectschedulerelated information: to repodnthe initial predicted projeaturationand
actual projectlurationas ofspecific point of time (interview date or previous
monthly/quarterly report if the project is still ongoing).

1 Projectconstruction hourgformation: to reporontheforecasted construction hours and
actualconstruction hours as specific point of time (interview date or previous
monthly/quarterly report if the project is still ongoing).

1 Projectmanagemenrtiours information: to report out the forecagbedject management
hours and actuadroject managemetiours as of specific point of time (interview date or
previous monthly/quarterly report if the project is still ongoing).

1 Projectengineering/desighours information: to report out the forecastedjineering/design
hours and actuangineering/desighous as of specific point of time (interview date or

previous monthly/quarterly report if the project is still ongoing).
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Finally, RT 302identified17 factors that contribute to the project risk and interface
complexity. The interviewees are asked to ramkdbntribution of these factors to their project on
scale of 1 to 10, 1 representing the lowest contribution and 10 represents the highest contribution.

These factors are

1 Cost (e.g. highhcompetitive bid)

1 Schedule (e.g. condensed cycle time)

1 Scope (e.gextended/unfamiliar, Poorly defined scope)

1 Execution Risk (e.g. unknowns)

1 JVs (EPCs/Owners)

f Technology (e.g. finewbéo stuff )

1 Large (or Excessive) number of Suppliers / Subcontractors

1 Multiple Engineering Centers

1 Government (e.g. rules/ regulationsrmits/bureaucracy)

1 Multiple EPCs / Interface Points

1 Purchase of Engineered items

1 Multiple Languages

1 Lack of previous experience of collaboration with one or more of other contactors

I Use of dissimilar design codes and software packages for desigmelusidrawings
between contractors

1 Poorlydefined battery limits of the involved parties

1 Poorly-defined requirements of the involved parties

1 Poorly-defined responsibilities of the involved parties
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5.2.1.2Interface Management Practices

The second part @he questionnairetudies the interface management practiaésn the

organization, if therareany implemented.

First, the key attributes of IM are identified, aiaehkingis requestethased on the

importance. These attributes are as follows:

1 Definition of deliverables

9 Definition of roles and responsibilities
1 Quality and Clarity of information flow
T Timely flow of information

1 Agreeable deadlines

1 Managed collaboration

1 Responsibility allocation

1 Knowledge exchange

1 Traceability

Then, the IMpracticeis studiel for the projects with formal IMThroughout the questions,

the following concepts are investigated:

1 Representative project life cycle: whether the project follows linear life cycle strategy or
fasttrack strategy.

1 IM adoption phase: the phase of the pobjthat IM has initiated.

T IM Software: to study the software/systems the project employing famiementation

1 Integrationwith project change management: to investigatetherthe IM system is
integrated withprojectchangemanagement system and how changes to the interface points

and agreements are communicateith the project change management system.
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Integration with project scheduléo explore whether the IM system is integrated with
project schedule to set agreemeatus dates in accordance with the project schedule, and
transfer the cyclic information of IM system to the linear information flow of project
schedule.

Mutual expectations: to report how timeitualexpectation of interfacstakeholdersire
recorded, monitored aratcomplishedAn example would be Interface Agreement.
Conflict resolution to explore what is the conflicesolutionpractice around interface points
andagreementsvhetherthe owneris involved or not.

For the projectsvithout IM in practice, the following questions are investigated:
Representative project life cycle: whether the project follows linear life cycle strategy or
fasttrack strategy.

IM adoption phase: what would be the phasiaitiate IM in the project, ithey had
implemented IM.

Communicatiormethods: to explore how tllemmunicatiorbetweerinterfacestakeholders
are executed, monitored, and managed.

Mutual expectations: to report how the mutual expectation of interface stakeholders are
recorded, monited and accomplishedithouthaving a formal IM process.

Conflict resolution: to explore what is the conflict resolution practice armsoes related to
the commorboundaries

For the projects with formal IM practices, the following questiondiather explored:

IM key personnel: to report if they have assigned interface manager, interface coordinator,

translator/cultural mediator, or project engineers for interfated tasks.
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1 Core competencies: to investigate what are the core competenaesh interface
stakeholder. These competencies are experience, good facilitation skillsjisuiftiinary
do whatever it takes, leadership skills, and technical competencies.

1 Numerical measures: to explore the total number of IPs includiaghaland external IPs,
hard and soft IPs, average number of IAs per IP.

9 Prioritization: To explore if the IPs are prioritized or managed with the same priority. The
factors for prioritization are based on top management experience, associated with higher
cost,having higher risk, related to an activity on the critical path, related to specific

discipling or if the IP is between more two interfaatakeholders
5.2.1.3 Interface Managemeifterformance

Thethird part ofquestionnairdocuses on how the status and performance of IM can be
assessedithin the projectThis part is askedf the interviewees who implement IM in their projects.
The starting question for this part is satisfaction of the prejébtrespect tats IM practie. Then,
theintervieweesare asked to describe one or two risk examples whdrbavoided by having an IM
system in their projecthen, the interviewees are asked to assess the applicability of several factors
that are identified as important factoraeasure the performance and status of project IM practice.

These factors are:

1 Percentage of closed interface points of the ones that should be closed, at any point of time
1 Percentage of interface points identified after FEED of total project Interfagts poi
1 Percentage of closed interface agreementiseobnes that should be closatlany point of

time

1 Number of overdue interface agreements at any point of time
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1 Number of change orders precipitated during the execution of interface agreements per
agreement at any point of time

1 Number of cultural clashes at any point of time

1 Number of formal escalations or disputes at any point of time

1 Average number and standard deviation of revisions per document or drawing

1 Amount of contingency release at anymaif time

1 Percentage of completed engineering, when IM is started

9 Turnaround time for inquires

1 Quorums at interface meetings

1 Residual risk before and after implementing IM

1 Number of norconformance reports issued because of interface issues

The expectatio of the best Interface Management Systethasinvestigated. Finally, it is
investigated whether the project contingency should be changed with regard to IM practice in a
project or notThe intent was to discover if companies were pricing thereidlaction related to IM

implementation.
5.3 General Analysis of Projects

Data from 13 companies for 46 projeatsre obtained for this researdtheseprojects are
from different sectors of the industry, with various sizes, organizational structures angbgmadgra
distributions Based on theharacteristics of the interviewed project&iady comprehensive range of
projectswere coveredor studying the current status of INMable 5.1 provides general information on

the studied projects.
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To have a represeative sample for IM study, the interviewed projects are selected from
different geographicdbcations. Figure 5.1 shows tgeographical distribution of the interviews

related to these projects.

Table 5.1 Projects General Characteristics

Project General Characteristics Number of Projects
Owner 18 (40%)

Acting Party
Contractor 28 (60%)
Greenfeld 31 (67%)

Project Nature
Brownfield 15 (33%)
Ongoing 30 (67%)

Project Phase
Completed 16 (33%)

Distribution of Projects by Location

Canada
USA
Brazil
Saudi Arabia
South Africa
Australia
UK
UAE
Norway
Netherlands
Namibia
Malaysia
Madagascar
India
Guinea

PR R R R R R R R

0] 2 4 6 8 10 12 14 16
Number of Projects

Figure 5.1 Geographical Distribution of Projects
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Furthermore, to investigate the current application ofriMarious sectors of construction

industry, these projects are selected from wide range of ptgjexs,as shown irFigure5.2

Station

Mining

Oil Exploration/Production
Dam

Metals refining/Processing
Hospital

Nuclear

LRT

Water/Wastewater
Natural Gas Processing

Staduim

Power Generation

Oil Refining

Chemical Manufacturing

0 2 4 6 8 10 12 14 16 18
Number of project

Figure 5.2 Distribution of Projects by Types

The size of projectsaried from less than 500 million dollars to over 10 billion dojlass

shown inFigure5.3.
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Distribution of Interviewed Projects by Size
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0 2 4 6 8 10 12 14 16
Number of project

Figure 5.3 Distribution of Projects by Size

These projects are alstudied according to their delivery and contracting strategush
project may employ several contracting and delivery strategies, which aréegaothe interviews.
Themost adopted delivery strategies are Engineering, Procurement, ConstructiongiadPC)
Engineering, Procurement, Construction, Management (EPCM). And, the most employed contracting
strategies areimp-sum and reimbursable work. The distribution of different delivery strategies and

contracting strategies for thegmjects are illustrated iRigure5.4 andFigure5.5, respectively
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Distribution of Projects by Delivery Strategies

EPCM

Engineering

Procurement

Engieering, Construction (EC
Construction

Build, Own, Operate (BOO
EPC

Engineering, Procurement (EP
Procurement, Construction (PC
Design, Build (DB)

30

Design, Bid, Build (DBB 8
(IJ 5 10 15 20 25 30 35
Number of employed strategies
Figure 5.4 Distribution of Projects by Delivery Strategies
Distribution of Projects by Contracting Strategies
Lump-sum 32
Guranteed Max. cost
Unit price )
Cost plus variable percentag
Target estimate )
Cost plus fixed percentage
Cost plus fixed fee
Reimbursable work 17
(I) é 1IO J.IS 20 25 30 35

Number of employed strategies

Figure 5.5 Distribution of Projects by Contracting Strategies
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In addition to the contracting and delivery strategies, these projects are studied according to
their organizational characteristics. Figure 5.6 shows the average number of top level scope packages,
number of JVs/Owner and number of execution locationthfointerviewed projects. Figures 5.7
and 5.8 illustrate the distribution of the projects according to the number of interface stakeholders and

number of prime contractors.

Organizational Factors
14

12

10

2

Top Level Scope PackagesNumber of JVs/Owners Number of Execution
location

Average Among All of the Projects

Figure 5.6 General Organizational Characteristics of Interviewed Projects

I n addition to descriptive analysis of project
performed between these factors, as shown in Table 5.2. Analysis of the correlations shows that
project dollar value is positively correlated with the number of JVs/owners (at the 95% confidence
level) and the number of interface stakeholdatshe 996 confidence level). In other words, projects
with higher value tend to involve more interfacekstaolders and JVs throughout their life cycle.

Furthermore, the number of execution locations is positively correlated with number of top level
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scope packages at the 99% confidence Iéveleans that the projects with higher number of top
level scope pda@ges are more geographically distrilsiteéinally, the number of interface
stakeholders is positively correlated with the number afat\the 95% confidence level, atia
projects with higher naber of joint ventures involvegkenerally have more inteda stakeholders to

deliver the project.

Number of interface stakeholders

17
e

=
[ee]

=
]

B e
[T

=
o

Number of Projects

o N e o [ee]
! ! ! ! !

1-5 5-15 15-30 >30
Number of Interface Stakeholders

Figure 5.7 Distribution of Projects by Number of Interface Stakeholders
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Number of Owner's Prime Contractors
30
25
(%)
2
o
D 20 -
o
S
o
Y—
O 15 4
S
(<))
E
5 10 -
pzd
5 4
1
O 4
5-10 10-20 >20
Number of Owner's Prime Contractors
Figure 5.8 Distribution of Projects by Number of Prime Contractors
Table 5.2 Correlation Analysis Between Project General Information
. Top Level Number of Number of Number of
Correlation Between General Scope Number of Execution interface  owner's prime
Characteristics of Projects Value Packages ~ JVs/Owners location stakeholders  contractors
Value 1.00
Top Level Scope Packages -0.19 1.00
Number of JVs/Owners *0.36 -0.01 1.00
Number of Execution location -0.20 **0.64 -0.14 1.00
Number of interface stakeholders *+0.47 0.03 *0.34 0.27 1.00
Number of owner's prime contractors 0.29 0.00 -0.10 -0.07 0.16 1.00

*Correlation is significant at the 0.05 level (2-tailed).

**Correlation is significant at the 0.01 level (2-tailed).
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5.4 Who adopts Interface Management?

5.4.1 Project General Characteristics
5.4.1.1DescriptiveAnalysis

For the descriptive analysis purpose interviewed projects were studied according to
several characteristics, such as project nature and type, number of execution locations, prime
contractors and interface stakeholders. Then, the correlation of these factors and IM adoption was
investigatedOut of 46 projects, 26 of them adopt IM processes within their management practices.
As mentioned iraprevious sectionhe majority of interviewed projects were greenfield projects
(67%), from different construction sectors, including building and $tril sectors. However, a
descriptive analysis of interview results illustratedtthe projects with IM were all from the
industrial sector, including oil exploration/production, oil refinipgwer generation, andetals

refining/processindFigure5s.9).

IM Adoption With Respect To Project Type

15

Dam

Metals refining/Processing

Water/Wastewater .
B52y QU t NJ

M Practice IM

Oil Refining

Chemical Mfg £

0 2 4 6 8 10 12 14 16

Figure 5.9 IM Adoption With Respect To Project Type
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These projects were also studied according to their entire dollar value. In general, the projects

ranged from $100 million to over $10 billion. However, the analysis of interview results illustrated

that the majority (84%) of the projects with IM have e wver one billionlollars Figure5.10).

$5B-$10B
$1B-$5B

]
D000

$500-$1B

N\

<$500M

|

i

IM Adoption With Respect To Entire Project Dollar Value

10

m52y Qd t NJ

® Practice IM

12

Figure 5.10 IM Adoption With Respect To Entire Project Dollar Value

In terms of delivery strategies, projeetgh andwithout formal IM employ different

strategies with almost the same distributidowever, projects which practice IM within their

managemenprocesses extensively employ Engineering, Procurement, Construction (EPC) and

Engineering, Procurement, ConstructitdanagementEPQM). Distribution of delivery strategies for

both groups oprojectswith and without formal IM is illustrated iRigure5.11. Similar analysis is

performed to investigate the contracting strategies for both groups of projdmbsh groups, Lump

sum and Rimbusable work contracting strategy are the most employed strategies, as shown in

Figure5.12. It should be mentined that more than one strategghi®sen for each project.
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Figure 5.11 IM Adoption With Respect To Project Delivery Strategies

Geographicatlistribution and dealing with several stakeholders are believed to be the major
reasons of adopting/ in a project. The projects are analyzed according to the average humber of

scope packages, number of jeigntures (JVs) at the owner organization and average number of

execution locations. The projects which adopt IM, on average, have more camgalrizational

structure compareid the ones without IM, as shownhingure5.13.
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IM Adoption With Respect To Project Contracting Strategies

B52y Qi t NJ
H Practice IM
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Figure 5.12 IM Adoption With Respect To Project Contracting Strategies

IM Adoption With Respect To Project Organization
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Don't Practice IM

Top Level Scop Packages Number of JVs/Owners Number of Execution location

Figure 5.13IM Adoption With Respect To Project Organization
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Furthermore, the projects with IM practice tends to have more intestaloeholdersvithin

their organizatior{fFigure5.14).

IM Implementation w.r.t. Number of interface stakeholders

16

m Practice IM

Don't Practice IM

>15

5-15
Number of Interface Stakeholders

Figure 5.14 IM Adoption With Respect To Number of interface stakeholders
5.4.1.2StatisticalAnalysis

A correlationanalysiss performed to investigate the correlation between IM adoption and
the factors discussed in the previous section.rébelts of correlation analysis allestrated in Table
5.3.According to the correlation resultd/ adoption has a positive significacorrelation with
project dollarvalueata 99% confidencéevel and with number of interface stakeholdera 85%
confidence levelln other wordsprojects with highedollar valueand larger number of interface

stakeholdergend to have IM implemented in their management practices.
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Table 5.3 Correlation Between IM Adoption and General Characteristics of Projects

Correlation Between IM Adoption and General Characteristics of Projects IM Adoption

Value **0.56
Top Level Scope Packages 0.00
Number of JVs/Owners 0.24
Number of Execution location 0.14
Number of interface stakeholders *0.33
Number of owner's prime contractors 0.03

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).

5.4.2 Project Life Cycle and Delivery Model

The projects generalffipllow two delivery models: DesigBid-Build (DBB), which islinear
andsequentiabpproachwith each phaseompletingbefore the next phase begio have greater cost
certainty and DesigrBuild (DB), which is parallel and concurrent approach wherkipie phases
may overlap eachther to achieve an improved schedillee projects using the second approach are
also called fastrack projectsThe life cycle of projects with these two approaches are represented in
Figure 1.1 and Figure 1.2, respectiv@lfe interviewed projects were studied according to their
representative life cycland15% of projects followthe linear deliery model, and the remaining
85% are classified into fagtack projectsMoreover,88% of the projects which adopt IM also follow

the second delivery model.
5.4.3 Project Risk and Complexity Factors

Thefactorsc ont ri buting to the interviewed projectsbod
descriptiveanalysis Figure5.15) showsthat, in addition to cost, schedule and execution risk, the top

five risk and complexity factors in general are:

1 Scope

 Government
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1 Multiple engineering centers
1 Multiple EPCs

1 Large numbeof stakeholders

Projects Risk and Complexity Factors

poorly defined responsibilities
poorly defined requirements
poorly defined battery limits
use of dissimilar design codes
Lack of previous experience
multiple languages

Purchase of Eng. Orders
Multiple EPC

government

Multiple eng centers

Tech
Jvs
Exec. Risk
scope
schedule 7.40
cost 7.59
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00

Figure 5.15 Contribution of Projects Risk and Complexity Factors

Detailedanalysisof these factors reaed thatthey all can be addressed and mitigdig

On the other side, the companies which do not practice IMael@ologyjack of previous

standards athe top factors.
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having asystematidM system in placeln addition, theséactors arestudiedwith regard to IM
adoption within the project#\ descriptivecomparisonas shown irFigure5.16, illustrates that
generally companies with IM rate poorly defined battery limits, multiple languages, multiple EPCs,
and government of higher contribution to the project interface and risk complaxitgse projects,

IM is used as a tool to mitigate the negativeaetf the highranked risk and complexity factors.

experience with other partidarge number of stakeholders amk ofdissimilardesign codes and




Project Risk and Complexity Factors w.r.t. IM Adoption
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Figure 5.16 Contribution of Projects Risk and Complexity Factors with regard to IM adoption

The correlation between risk and complexity factors are investigatédldistmited in Table
5.4. The results showhat thesefactors are highly correlateth addition to thegeneralcorrelation
between interface risk and complexity factors, the association betiaessfactors and IM adoption
is also investigated. According to the correlatiesults (Table 5.5), onl§poorly defined battery

limitsois correlated with IM adoption.
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Table 5.4 Correlation between Interface Complexity and Risk Factors

° 13) 2 3 8o o S g ©vY
i ® 3 g§gg 2, & & ¢ g 28 ES 2£ 2F o2
CorrelauonBetwegn - g Q @ ” §§ gg g % gg %% gg @8 'ﬁé -,q:)g <3
Interface Complexity| § & 3 g A g § =t g 2 8253 s H = :; > gg gg
and Risk Factors @ & gg 3° 8 3 § Esg gé §§ §§ g8 §§
Cost 1.00
Schedule *0.32 1.00
Scope 0.23 *0.51 1.00
Execution Risk 023 0.25 0.29 1.00
JVs 0.27 0.11 0.14 0.13 1.00
Large number of stakehodlers 0.09 *0.30 *0.39 0.18 0.22 1.00
Multiple eng centers 0.07 *0.41 *0.30 0.02 0.26 *0.51 1.00
Government 0.22 *50 0.11 0.16 0.17 0.09 0.17 1.00
Multiple EPC -0.02 0.13 0.08 *0.33 0.18 *0.37 *0.48 0.24 1.00
Purchase of Eng. Orders -0.07 028 022 0.16 0.09 0.29 *0.31 0.27 0.08 1.00
Multiple languages 0.21 0.23 0.09 -0.19 -0.05 -0.04 0.26 0.15 -0.09 0.16 1.00
Lack of previous experience 0.09 0.23 0.23 0.07 028 0.23 *.35 0.10 0.11 0.19 *0.55 1.00
Use of dissimilar design codes 0.01 0.20 0.19 0.12 0.19 0.08 0.22 0.04 0.06 -0.11 *0.35 *0.44 1.00
Poorly defined battery limits | -0.11 0.13 0.25 0.03 *0.32 0.22 *0.38 -0.02 *0.32 0.10 0.20 0.14 0.24 1.00
Poorly defined requirements | -0.02 0.22 *0.5 *0.38 *0.39 0.20 0.13 0.15 0.26 0.09 0.11 0.26 *0.34 *0.46 1.00
Poorly defined responsibilities -0.16 0.26 *0.48 0.18 *0.41 0.18 0.22 0.23 0.16 0.16 0.24 *0.31 *0.51 *0.46 **0.83 1

*Correlation is significant at the 0.05 level (2-tailed).

**Correlation is significant at the 0.01 level (2-tailed).

Table 5.5 Correlation between Interface Complexity and Risk Factors and IM Adoption

Correlation Between Interface Complexity an M Adotion
Risk Factors and IM Adoption
Cost 0.10
Schedule 0.06
Scope 0.00
Execution Risk 0.20
JVs -0.08
Large number of stakehodlers -0.18
Multiple eng centers -0.03
Government 0.08
Multiple EPC 0.22
Purchase of Eng. Orders -0.09
Multiple languages 0.11
Lack of previous experience -0.23
Use of dissimilar design codes -0.02
Poorly defined battery limits *0.38
Poorly defined requirements 0.08
Poorly defined responsibilities 0.11

*Correlation is significant at the 0.05 level (2-tailed).

**Correlation is significant at the 0.01 level (2-tailed).
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5.5 What is the Current IM Practice in the Construction Industry?

5.5.1 IM Attributes

Out of nine IM attributes, definition of deliverables, definition of roles msgonsibilities,

guality and clarityof information flow and timely flow of information are ranked as the top ones

While comparing the ranking given by all the intervieweles,project who adopt IM and the ones

which donot , t he s ame

rankings areshown inFigure5.17.

trend

sTherestltiofdM altributes

Knowledge exchange Zzzzzzzzz 2227 2wz

Quiality and clarity of info flow

timely flow of info £

IM Attributes

All
Don't Practice IM

m Practice IM

Figure 5.17 Ranking of IM Attributes

t

The correlation analysis also illustrates ttnare is a significant correlation between these

he

attributes Although traeability has the lowest rank, the correlation analysis shows that it is positively

correlated withall otherIM attributes and if all the other attributes are done appropriately,

traceability will become feasibl&he results of correlation analysis are illustrate@able5.6.
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Table 5.6 Correlation Between IM Attributes

9 o e 2
= 0 % g ‘? > o £ % [
. °2 -2 55 £ 28 3 B5 ©3 5%
Correlation Between IM §® °2 Bz 3 SE 9¢ 2 2= 85
. =20 il = Nl = c
Attributes E2 S 88 ¢ t£¥8 §8£ = Tt 3%
s ECo g3 & I3 =35 F £E% go
[a e T @ = 8 £ g
03 = o
Definition of Deliverables 1.00
Definition of roles and responsibilities| 0.18 1.00
Responsibility Allocation -0.06  *0.45 1.00
Traceability 0.09 0.16 *0.36 1.00
Agreeable deadlines 0.19 0.02 0.01  *0.46 1.00
Managed collaboration 0.03 009 *0.39 *0.49 -0.01 1.00
Timely flow of info -0.15 =38 -0.28 *0.31 0.00 -0.05 1.00
Quality and clarity of info flow 0.09 -0.24  *036  *0.30 0.25 -0.10  *0.45 1.00
Knowledge exchange 0.18 -0.07 *0.35 *0.63 023 *046 0.16 0.20 1.00

*Correlation is significant at the 0.05 level (2-tailed)
**Correlation is significant at the 0.01 level (2-tailed)

5.5.2 IM Initiation Phase

The early implementation of IM helps the projects to identify potential risk sources and
mitigate them. The interviewed projects were studied according to their representative life cycle
(Figures 11 and1.2), and the phasa whichIM should be implemented.able5.7 shows the
summary of analysis. According to the analygigmajority of interviewed projesthada fasttrack
life cycle. Front End Planning (FEP), which includes feasibility, concept and detailed scope, was the
most selected phase to adopt IM, identify interface points, and assign roles and responsibilities

accordingly.
5.5.3 IM Practices

As mentioned previous)\67% of interviewed projects claimed to have formal IM in their
management practices. According to the interviews, mdseawners have implemented IM, and

the contractors who have adopted IM mentioned that it was one of their contract requirements.
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Table 5.7 Summary of Interview Results on IM initiation Phase

4 o
Q.
> o 8 15 g a c
= $ ! = B S ? S
= o o %) f 0w = ©
© [e] = [72] E [<8)
L o 8 S = O
a O
%) Linear life cycle (15%) 17% 33% 33% 17% 0% 0% 0%
(S]
< DE_’ Fast Track life cycle (85%) | 15% 34% 36% 10% 5% 0% 0%
8 5 Linear life cycle (12%) 0% 33% 67% 0% 0% 0% 0%
[S]
QL Z
DE_’ % Fast Track life cycle (88%) 9% 43% 43% 5% 0% 0% 0%

5.5.3.1General Procedures forterface Management

Several approaches are undertaken by projects to identify interfaces and manage them

throughput the project life cyclélere are the details for these approaches:

1 Atthe basic level, the major interfaces are identified during FEP. Other interfaces are

recaynized andlealt with at the time that twiaterface stakeholdereed to collaborate

with one another. In this approach, major interfaces are discussed and monitored in the
meeting between the involved stakeholddtawever, there are not regular interface
meetings scheduled for this purpose. Generally, there is not sgexsfimnallocated for

IM and project managers and enginegesl with interface issues. Interfaces are recorded
and tracked in the meeting mies and sometimes using episheets.

At thesecondevel, the organization haspredefined procedure to manage interfaces
within their project management practicebe$e procedures are either stalwhe or in
conjunctionwith other management procedsire.g. communication manageméirtte

interfaces are generally recorded in spreadsheet,-paped interfacéorms or other
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database software packages and tracked manBadlject managey coordinators and
engineers are assigned to Interface Management tasks basedtonegantangements

Any changes to the interfaces and interfeslatedissuesare discussed in the interface
meetings, which are held on a regular bdsd@wvever, here § not specific procedure to

link interface management with project schedule, ceangnagement or risk

management, neither to identify key interface points.

At the highestlevel, a welldefined procedures are outlined for Interface Management
along with oher project management practices. This documented procedure is generally
recorded irfMasterinterfacePlan or Interface Management Plan. It includes step by step
guideline orhow to identifyinterfaces, what are the commamypes of interfacesyhat are

the responsibilitief interface stakeholderghen and how to hold ierface meetings
Generally, Interface Managers and coordinators are assigned to these projects, with several
years of interfaceelated experiencénterface are recorded and managed in an automated,
sometimes worlow driven, IM software. The software could be commercial dranse
version.Still, there is not specific procedure to link interface management with project
schedule, change managementisk management, neither to identify key interface

points. However, the linketween IM and project schedule and change management is

examinedand followed up manually in schedulediergencynterface meetings.

5.5.3.2Interface Management Personnel

According to thedata gatheringesults, currently, there is not standprdcedure to select

IM-related positions a projet and number of people requirket each position. However, the core

competencies for each IM positiareinvestigated in the questionnaifégure5.18 illustratesthe

percentage of the identifiesix core competencies for IM positiofiaterfaceManager, Interface

Coordinator Translator/Cultural mediat@nd Project Enginegr
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Comparing Core Competencies for IM Positions

Projet Engineer 636 1636 145 21,82

R

Translator/cultural Mediator

Interface Coordinator

Interface Manager

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Experience Facilitation Skills
Multi-disciplinary = Do whatever it takes
2 Leadership skills Technical Competencies

Figure 5.18 Percentage of Core Competencies for IM Positions
5.5.3.3Estimated Number of Interface Points and Agreements

As mentoned in previous sections, there is not a common procedure to identify interface
points in the construction industry. Therefore, each organization follows itprmeadure to define
the naturdsoft and hard)scopdinter-, intra:, and extrgproject interfaces)ype and level of
interface points. As a result, the survey shows different ranges for the number of IPs and IAs, as low
as 10 IR to the maximum of 1000 IPBlowever, based on expert opinion from Corewoi b 2

Billion dollar offshore project on average has 2000 IPs and 5 IAs per IP.
5.5.3.4Critical Interface Points

Currently, the constructioorganizatiordo not employ a specific approach to rank the I1Ps
based on their criticalitycenerally, the IPs/IAs are osidered critical as they are approaching to
their closing dateslin this situationthey are discussed in the interface meetings. However, the

interviewees are asked s$elect the criteria the may impact the criticality of IPs. The investigated
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criteria include top management experience, associated with higher cost, associated with higher risk,
related taanactivity on the critical path, related to a specific discipline/area, and an IP between more

than 2 partiesdrigure5.19illustrates the ranking of these criteria according to the interviewees.

Ranking of Criteria to Assess IP Criticality

Interface point between more than 2 parties_ 11.59

Related to specific descipline[ Il 7.25

(*)

Related to an activity on critical path [ S 30.4
Associated with higher risk G 20.29

IP Criticality Criteria

Associated with higher cost |G 20.29

Top Mngt experience P 10.14

Percentage

Figure 5.19 Ranking of Criteria to Assess IP Criticality

5.5.3.5IM Maturity Model

The detailed analysis of IM implemented in construction projects illustrates that there is not a
distinct line between formal and informal IM. However, IM implementation matures gradually with
an organization and project. The maturity model for IM implementation is a recommended stepwise
process to move an organization to a desired state of IM implementation. The desired state can be
derived from the identification and simultaneous consideraif project interface risk and its
potential consequenceBhe proposed maturity model is based the group work of RTd3@hich

this author contributedand will be presented in the RT 302 Implementation Resource (2014).
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The basic elements to considehen implementing IM are: business processes, enabling
tools/systems, qualified people/practitioners, and sustaining culture. The stages of the maturity
process for each of the basic elements start with Stage O (the starting point for an organitéion tha
just venturing into IM implementation) through Stage 4 (the end point where IM is fully implemented
across the organization in appropriate projects). The stages can also be viewed as a progression from
informal to formal interface management (i.e., filMmality). A definition, categorized by basic

element, follows:

1 Business Processes: The way in which IM is implemented in projectaally
documented in compangr projectlevel processes and procedures.

0 Stage 0: Ad hoc projedterived processes toemt specific coordination
requirements in that project.

0 Stage 1: Industry best practice adoption referring to CIl RT 302 IMIGe and other
sources.

0 Stage 2: Mature a best practice on several pilot projects.

0 Stage 3: Measure the impact of processes on kggagbmerformance indicators
(e.g., cost and schedule), which could be aggregated across projects.

0 Stage 4: Integrate IM processes with other dependent project processes such as
project schedule and cost, change management, risk management, and document
review.

1 Enabling Tools/Systems: Tools/systems that support the IM processes implemented in a
project.

o0 Stage 0: Traditional means of communication and tracking of issues and related

agreements through means such as emails, file folders, and lists.
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0 Stage 1. Manal tracking of agreements and action items via, for example,
spreadsheets and databases.

0 Stage 2: Tool/system has a fundamental degree of automation and workflow (e.g.
Document sharing/communication systems, engineering platforms and customized
database).

0 Stage 3: Standalone and fully automated system with workflow tracking and status
tracking (e.g. commercially available IM management product, highly customized
document sharing/communication system or a databased system).

0 Stage 4: Standalone and fjudutomated system sharing key common data with

project schedule, change management, and risk management systems.

1 Qualified People/Practitioners: The people with skills and experience who utilize the work
processes and systems to effectively create amifanment on a project and who can
sponsor companwide organization and adoption of IM implementation.

o Stage O0: Coordinators or fiproject engine
project issues or scopes of work in interfaces.
0 Stage 1: Utilizeexperienced project coordinators with appropriate raligitipline
background.
0 Stage 2: Select professionals with IM experience who can be either formally
trained in IM or externally sourced.
0 Stage 3: Establish an IM function as a formal part of a projacagement
organization to promote the role of interface managers.
0 Stage 4: Establish an IM career path with the defined skills and experience, and

drive a development program of future interface managers in the organization.
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9 Sustaining Culture: The sustaig organization and behavior where IM is a routine part of
the project execution practice

o Stage 0: The notion of IM is neither in the organization nor any of the projects.

0 Stage 1: Establish a few good example projects where IM has been effectively
usedduring execution. Use the persons involved in these example projects as IM
advocates (or ambassadors).

0 Stage 2: Use IM advocates as mentors to other projects where an IM process can
be of benefit.

0 Stage 3: Through the establishment of best practicesstriiisystems and
several IM advocates drive a thought process change toward interface
identification and management on all projects.

0 Stage 4: A sustaining organization for IM is in place and IM benefits are clearly

enumerated at the enterprise level.

5.6 How the Status and Performance of IM is Assessed

Projects with IM practiceimplementedre asked to rank the usefulness of identified criteria
to assess the status and performance of IM within the projects. According to the interview results, the
following criteria are selected as the useful ones in assessirantivare listed in rank ordalong

with theirscoregscoresare out of 5)

9 Turnaround time for inquire<(33)

1 Quorums at interface meetin@t16)

1 Number of norconformance reports issued because of interface i€$10&g
1 Number of overdue interface agreements at any pointnef(4.00)

1 Residual risk before and after implementing (8/96)
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1 Percentage of interface points identified after FEED of total project Interface (Rifit3

1 Percentage of closed interface agreements of the ones that should be closed, at any point
of time (3.50)

1 Number of change orders precipitated during the execution of interface agreements per
agreement at any point of tini@.50)

1 Number of formal escalations or disputes at any point of (81%3)

9 Percentage of closed interface points of the oneslimatid be closed, at any point of time
(3.33)

1 Average number and standard deviation of revisions per document or d(av2ihg

1 Percentage of completed engineering, when IM is stéBtéd)

1 Amount of contingency release at any point of t{@2&0)

T Numberof cultural clashes at any point of tir(i220)

5.7 Summary

Lack of commordefinitionsfor IM and its knowhow imposesriationand difficulties in IM
implementation in the construction industry. dadresshis issueRT 302, supported by Clinitiated
its researcteffortsin May 2012.RT 302studied46 projectdy conducting facéo-face and phone
interviews Every interviewwasperformed by an academic and an industry team member, and was

facilitated by a questionnaire developed by the teAraummayy of the findinggfollows:

1 Formal IM is found to benoreimplemented in the industrial projects (e.g. oil and gas,
power generation

1 Formal IM is more prevalent in projects of higlaetlar value.

i EPCandEPCMare themost common delivery strategiemdlump sum and reimbursable
work are the most common contracting stratefgesM projects
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IM is more prevalent on projects with a higher number of interface stakehdtuetsvel
scope packages and execution locations.

Project total cost and number of interface stakeholders are positively correlated with the
IM implementation in the projects.

Projects wih IM practices mostly have fapace DesigiBuild life cycles.
Governmentfidealing with multiple EPGsandfimultiple engineering centeysre ranked
the top three factors that affect risk and complexity of the projects who implement IM.
Definition of deliverables, definition of roles and responsibilities and timely flow of
information are ranked as the most importdatittautes of a successful IM.

Front End Planning is recognized as the most appropriate phase to initiate IM.

There is not a@istinctline between formal and informal IM. However, thera is
progression in IM implementation, which is defiresthe IM maturity model

There is not a specific method to identify high risk interface points. Howassociation
with the project schedule and activities on the critical path is recognized as the most
appropriate way to determine the criticality of interface points.

fiTurnaround time for interface related inquekjuorums at interface meetirgand
finumber ofnon-conformance reports issued because of interface sateghe most

useful criteria to assess the performance of IM.
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Chapter 6

|l nterface Management System and Ri

A mega project may involve several hundreds, even thousands, of interfaceAoints.
explicit outcome of an IM system could be an ability to identify schedule related risks using the
dynamic information flow between stakeholders. However, due to the high number of interface points
and their changing nature, it is not possible to firdahsolute correlation between each interface
point and every task on a project schedule. Therefore, it is necessary to develop algorithms to identify
high-risk interface points to effectively manage them and mitigate their potential impact.
Furthermore,hte identified higkrisk interface points can be linked to the schedule, to reduce the

computational complexity of the mapping process
6.1 Interface Management Impact on Project Risk

Implementation of afiMS is considered an effective approach to increasbilgion mega
project execution through clear definitions of tasks, roles and responsibilities, and boundaries. At
each interface point, the boundary betwsttkeholderss defined, as well as the exact definition of
eachstakeholded s t a s k s . intéfficeagreemdnt, daddtakeholdeknows exactly his
responsibility, tasks and the needed date. Because of the added visibility on the common tasks
between projednterface stakeholdees well as facilitated communication betwéleam, the project
faces reduced amowmof rework which resuk in cost and time savings. Furthermore, the quality of

the deliverable is enhanced because of tharia sharing of relevant information.

Focusing on thenpactof anIMS onthe project schdule is an explicit way to illustrate the
time saving and risk reduction in project management. Risk reduction will be gained mainly by
providing early alerts and enough time for project parties to plan for and recover from the potential

failures that hapgned at the precedent interface poibisking IMS with a project schedulean be
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elaborated by introducing two scenarios representing typical interfaces in construction mega projects.

(These scenarios were develofredollaboration withthe Coreworx maagement team).

Scenario 1 Example Duringthe design phase, the delay in completion of a key interface

agreement impacts a critical path activity for another contractor.

Contractor A and B are awarded the scope packages of a terminating pipelinarieansp
scope packages. Therefore, an interface point is created at the point that two scope packages meet
each other. According to the interface agreement, Contractor A should confirm the specifications of

their high pressure titanium piping material tonactor B during the design stage.

The originally accepted date of receiving the requested information falls on the critical path
of contractor B. Contractor A is not able to provide the information by the deadline, and informs
contractor B of the delayrherefore, Contractor B is able to identify schedule variance and also the
delay which will be caused on their next dependent actipitycurement of the lonlgadtime
titanium. To summarize, by integrating the key interface point with the scheduolebfed parties,
procurement of Contractor B would be informed of a delay caused by the failure in compieting

interface agreement between Contractor A and B.

Scenario 2 Example Duringthe commissioning phase, the delay in material delivery for

Contractor A results in a delay of an interface point that impacts Contractor B.

Contractor A and B are awarded the scope packages of two pipelines which should be
connected by a flanged joint, illustratedHigure6.1. The interface point includes testing the flanged
joint on piping between two scope packages. One of the key interface agreements between two
contractors is about the details of how eacthem will complete tightness testing for the flanged

joint during commissioning phasénother deliverable is thest result.
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Interface Point at Flanged
Joint

Consulted Contractor

Accountable Contractor

Figure 6.1 Flanged Joint: Interface Point between Two Contractors

This interface point falls on the critical path of both contractors. Contractor A experiences a
delay in delivery of the piping materials, meaning that the piping installation and the interface
agreement closing will also be delayed. Therefore, the leeeN&nager of Contractor A will issue a
change order request to Contractor B in order to modify the deadline of interface agreement. The
Interface Manager of Contractor B will review the change order and reasons for delay, and approves
the updated deadlin@o summarize, by integrating the key interface point with the schedule of both
contractors, not only Contractor A is notified of the delay in procurement of piping, but also notifies

Contractor B of the delay which is caused because of the procurement.
6.2 Interface Network Representations

In this sectionfo enable the mapping process between IMS and project schadle,
necessary network representations are defined. Networks are appropriate approaches to illustrate the
flow and dynamics of information.hey allow for the use of mathematical measures to analyze the
guantitative relationships between stakeholders of the project, and also provide a visual representation
of the relationships and attributes between project participants, shown on th¢Cludesisky et al.
2008) Thesetwo presented graphs could also be explained using the Social Network Analysis (SNA)

concept.
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In an IMS, interface points represent the interactions between stakeholders in a phejget. T
interactions can be reflected in a Stakeholders Interface Network (SIN). In a SIN, the stakeholders are
represented on the nodes, and the edges show the interface points between them. The interface points
can be related to different disciplines oraamewith various levels and attributes (physical, functional,
organizational, etc.). The numbers on the edges represent the number of IPs between every pair of
stakeholders. Figure Billustrates a network of 10 stakeholders and 157 IPs (which représents
SIN for the model project definddterin Section6.5). The number of IPs between every pair of
stakeholders is shown on the edges. The thickness of edges is associated with the number of IPs
between that pair of stakeholders. The necessity of this representation becomes apparent in

subsequent sections @i thesis

The SIN only demonstrates the static information of the number of stakeholders and the
interactions between them. However, to capture the information dynamics between stakeholders, a
network of IPs is generated, which is called the Interfaget$Network (IPN) Figure 6.5 which
represents the IPN for the model project define8Bdation 6.5 In an IPN, nodes represent the I1Ps
and the edges represent the interdependency between the IPs, as ms@tadftionship Since, the
IPs and theimterdependencies are changing over time through the project life theleN is a

representation of project dynamic relationships.

In an IPN, the interdependency includes any logical relationship between every pair of IPs.

The relationships may incled

1 Dependency of information flow
1 Time dependency
1 Space dependency

1 Sequence of tasks
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1 Physical/dimensional/functional systems dependency

Furthermore, the interdependencies can be classified into two categories: Hard, and soft:

1 Hard interdependency: This tyglepictsa strong relationship between two interface

points. In other words, any changes in an interface point will lead to certain changes in its
succeeding interface points. For example, changing the diameter of a pipeline on one side
of an IP should beeflected in the diameter on the other side and at the connecting flange.
Soft interdependency: This type illustrates the relationships which are partially dependent
on each other. Any change in the preceding interface point may lead to changes or
alteratons in its successors. An example is a change in the load being supported by a

foundation.

@ ®

21 IPs 7 IPs
6 IPs

51Ps 32 IPs © — @

101Ps 1211Ps

10'1Ps
13 1Ps 8 1Ps 15'1Ps

© ®

Figure 6.2 Sample of Stakeholders Interface Network (SIN)
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The interdependencies of IPs are recorded inthespdrsBe | nt er deperfdamd e Matr
6.1, which represents the IP Interdependency Matrix for the model project defined in Sdgjtidm
this matrix, preceding/affecting IPs are presented in the rows. The columns illustrate the
succeeding/affected IPs.IR; affects IR, the interrelated cell is assigned 1, otherwise, it is assigned O.
Since, the direction of interdependencies are recorded, the IP Interdependency Matrix is not
symmetric. The impact of hard or soft interdependencies is not consideredrigsttarch. However,
hardness is a useful factor to find critical IPs ala#itfy other criteria such as relation of IP to a
specific discipline, IPs between more than two parties, association with higher cdsguetion6.1

il lustrates the mat hemati cal definition to fild!@ o]

| it A prj ) T{EI A)AO@E' I" b Al Al GXOA Equation6.1
Ap mh |/ OEAOxEOA
In the IPN, the direction of the edge is from preceding/affecting IP towards the
succeeding/affected IP. Considering the types of interdigpemes, IPs can have bidirectional
relationships with each other. This characteristic of the IPN is very important, especially at the design
stage, and for projects with condensed schedules, in which the design and construction phases
overlap, and procumeent begins during design. These cases require an ongoing collaboration
between different departments or stakeholders, and cannot be monitored by CPM, in which every pair
of tasks ultimately must have sequential relationships. However, in an IMS, tlaetioies between
IPs (not just stakeholders) can be documented and monitored. A sample of an IPN is illustrated in
Figure 6.5 In this graph, nodes represent IPs between every pair of stakeholders. As an example, BC
stands for IPbetween stakeholders B and C. Edges show the interdependency between every pair of

IPs, with the attributes of dependency written on the edges.
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Table 6.1 A sample of Interdependency Matrix
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6.3 Key Interface Points

A mega construction project is a network of several hundreds of interdependent interface
points. Therefore, the risk of failure of any interface point highly depends on the failure of its
predecessors. The probability of failure at each interfage gonot simply the summation of failure
probability at its predecessors; it is growing exponentially with the increase in the number of the
precedent interface points. I n Figure 6.3, [

interfacepoi nts 1, 2, é, n.
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Figure 6.3 A Typical Interdependency between Interface points

To define the probability of failure at i

1 A: Failureevent at IR,
i B: Failure event at IR
i C: Failure event at |IP

1 P: Probability of failure at IP

Therefore, the probability of failure at
0 006°6°8 6 p 006l 6 8 o6 p o0o6foe 8060
Where0 6F p 00

Here, it is assumetthat all the failures of predecessors are independent events, which is not
correct in reality. However, for the ease of calculation, and illustration of the relationship between

failure of a system and its pr eatkéndependent.r s, it

By increasing the interdependencies, the probability of failure is also increased, and gets
closer to 1. It means that in a system with a large number of interdependencies between interface

points, the failure of the network is inevitablénis fact is illustrated in Figuré.4.
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Figure 6.4 Failure Probability of A Network Based On The Number of Predecessors

Considering the above mentioned argument about the failure probability of a network,
seems logical to focus on they interface points which have a high number of interdependencies

with other interface points, for the risk monitoring purpose.

Once the IPN is created for a projgmbientiallykey IPs are identified in the network
considering the graph theoretic centrality concept as a measure of risk because of cascading impact
potential. I n practice, treating an | P as fAkeyo

project leadersSince the IPN is directional, two types of key IPs are recognized:

1 High impact Interface point: This represents an IP with higher number of successors
compared to other IPs. In other words, any change, delay or failure in accomplishing this
IP may resultn delays or discrepancies in the execution of its successors.

1 Risk prone Interface point: This represents an IP with a higher number of predecessors
compared to other IPs. This IP is affected by a significant number of interface points. As a
result, it B prone to change or delay if any change, delay or failure occurs at its

predecessors.
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Figure 6.5 Sample of Interface Points Network (IPN)

By analyzing the indegree of a node, number of arcs leading into a node, and outdegree of a
node, the number of arcs leading away from the node, potentially high impact and risk prone interface
points can be identified. The judgment mentioned above akaltlinthe project risk register will also
drive the identification of key IPs. Considering the definitions of indegree and outdegree, the

following indicators are defined:

1 Impact Factor of IRIF):
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Impact Factor and Risk Factor are equivalent to the centrality concept in SNA. Centrality is
associated with the distribution of relations between nodes in a network (Pryke 2012, Wassermann
and Faust 1994). Identifying high impact and risk prone IPsiie@tive process, and should be

done during different phases of the projéctouple ofreasons support this notion:

1 The IPs have different life cycles, and each IP can be considered as a key IP only in one
phase of the project.

1 AnIP could be closed dimg one phase of the project and not carry on to the other stages.
6.4 Integration of IMS and Project Schedule

Once the key IPs are identified, owners require that these IPs be linked to related activities to
feed the project schedule. To do this, and beybadimost epistemological question of whether

cyclical and sequential networks should be linked, several questions must be addressed:

9 Should the activities be linked with IPs or IAs?
1 Should links be on&o-one or manyto-one?
1 Who will manage the changes tire IMS and the project schedule and their

interdependencies?

To begin, it is not practical to map every activity directly to every IP or IA. The main reason is
that in a mega project with several thousands of activities and a couple of hundreds or thousands of

IPs and IAs, it is not feasible to map the links betwteem. In addition, frequently rescheduling the
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CPM network based on the interdependencies will also quickly become infeasible, if too many are
mapped. It is therefore proposed here to map only the key IPs to the project schedule. Thus, the
number of relabnships to maintain are reduced significantly. However, since the key IPs are
recognized by defining the dynamics of the relationships in the network of all IPs, the information of
all other IPs are also carried into the key ones. Moreover, to reducentipdexity of the

calculations, and to add visibility, an Interface Milestone is added to each discipline/scope/area of

work inan AACElevet3 schedul e, which Aincludes al/l maj or

mi

engineering, procurement, constructitasting, commissioning and/orstarpp 6 ( Schedul e Level

Major Projectshttp://www.mosaicprojects.com.au/PDF/Schedule_Levelslasif checked June 8,

2013).A level3 schedule isisually created by the stakeholders, spans the whole of the project, and is

used to Acommunicate the execution of deliverable
Internati onal 2010) . This | evel sHmesyorcraftshe i nter
involved in the execution of the staged (AACE I nt

monthly meetings. Therefore, all key IPs related to that discipline, scope, or area of work are linked to
the Interface Milestones, alongtivtheir associated need or closing dates. Need or closing date of an

IP is considered as the latest need date of its IAs.

Any changes to thdeliverydate of mapped IPs are reflected in the Interface Milestone. As
long as these dates are smaller or equal to the Interface Milestone, the project is performing according
to the schedule. However, if theliverydates are greater than the Interface Milesiahen the
system will send an alert to the parties involved in that IP. Depending on the criticality of the issue, an
Emergency Interface Meeting is requested. Otherwise, the issues will be discussed in the Interface
Meetings to investigate the methddseduce or mitigate the scheduddated risk. The process of

linking IMS to project schedule is illustratedfigure 6.6.
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Figure 6.6 IMS and Project Schedule Integration
6.5 Validation of Proposed Model: Demonstration of Functionality

The proposed Interface Management System, network of identified IPs and methodology to
identify key IPs are all tested and verified using a synthesized (from several real projects), simplified,
butrealisticrepresentation d full scale offshore project. Since projects accessed in the research
were deemed proprietary by their owners, this model project was created. However, its validity as a
representative project was established through consultation with industry anchiacaxjeerts,
including members of the Construction Industry Institute (CIl) Research Team 302

(https//www.constriction-institute.ag/saiptconent/rts2 cfm?sedion=res& RT=302).
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6.5.1 Project Overview

6.5.1.1Major Components

The development is comprised of three basic compon@nthe topside facilitieq2) the
umbilicals and risers, arn(@) the seabed facilities. The subsedworklies about 1000 m below the
surface and consists of 32 wells that will be drilled during the life of the project. Each well is
controlled by a subsd&hristmas tre@ andtheyare connected to the flowlines through four
manifolds. Approximately 100 km ofsers and flowlines, 60 km of static and dynamic umbilicals
providing electric power, and 4 hydraulic/chemical lines are to connect the subsea network to the
topside. The topside contains the production facility, the drilling deck, the utilities (ingladntrol
systems and power units) and the living quarters. In addition, a floating storage and offloading (FSO)
unit is moored next to the platform for storage of the produced oil and gas préduoigerview of

the project is provided iRigure6.7.
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= RISER/UMBILICAL
~ FLOWLINE

Figure 6.7 Project Overview

6.5.1.2Estimate and value

The project has an estimated value of two billion dollars. This was obtained by comparing

public data orcosts for different projects, as showriliable 6.2
6.5.2 Project Description
6.5.2.1Topside

The topside consists of four basic components: the processing facility, the drilling deck, the
utilities and process support system and the living quarters. These components are described in

further details in the following sectiorsigure6.8 shows an overview of the topside elements.
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Table 6.2 Similar Project Costs

COST SITE DESCRIPTION

$1.4 billion Sanha/Bamboco Development, Angola FPSO

LPG storage capacity of 135,006 m

$1 billion CohassePanuke Nova Scotia 22.5 km of subsea pipelines

Jackup platforms

$5-8 billion Hiberniai Newfoundland and Labrados 178,000 bpd
80 m deep
Gravity-based concretstructure

30 wells

$3 billion Sablei Nova scotia 5 fields

10.4 million n¥/day

$2.8 billion Terra Novai Newfoundland and Labrador 28,620 ni/day

2.35 billion White Rosd newfoundland 123,500 bpd
FPSO
Six wells

$3.5 billion Agbami Oilfield, Nigeria 250,000 bpd
FPSO

$34 billion Ichthys 36,000 bpd

876 million nt/day

6.5.2.1.1Processing facility

The processing facility is where the oil, gas and water obtained from the wells are treated so
that they can be transported. The risers are connected to the Reception and Separation Unit, where

the oil, gas and water are separated from each other. Tieetgaa compressed in the Gas
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Compression Unit and then goes to the Gas Dehydration Unit. From there, it is taken to the FSO
through flowlines. The oil goes from the separation unit to the surge tank and then to storage at the
FSO. The produced water frdims process goes to the produced water conditioner, where it is
filtered. This water is reused for injection into the wells or thrown overboard. An overview of the

Processing facility is shown frigure6.9.

Drilling Deck

/- Utilities
Umbilicals
to seafloor

Flowline

( to FSO

Living Quarters Processing Facility

= Riser from seafloor

Figure 6.8 Overview of Topside
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Figure 6.9 Overview of Processing Facility
6.5.2.1.2Drilling deck
The drilling deck is another component of the topside. It consists of the following:

1 Derrick/Drillstring

91 Drawworks

1 Rotary Table and Topdrive

1 Mud tanks

1 Mud pumps

The drillstring is the combination of drill pipes used to make the drillbit turn at the bottom of
the wellbore. The derrick is the structure used to support the crown blocks and the drillstring. The

drilling line is reeled in and out by the drawworks. Tregdrive is the primary system for rotating

the drillstring, and the rotary table is used as a backup system. Drilling mud is required during drilling
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to lubricate the drill bit, seal the wall of the well and control pressure inside the well. The mud tanks
are where the drilling mud is stored, and the mud pumps are used to bring the mud back up to the

surface.
6.5.2.1.3Utilities

The utilities section is where all of the controls are located. It is comprised of the following

components, as seenkigure6.10:

9 Topside Umbilical Termination Unit
1 Master Control Unit

1 Processing Control Unit

1 Hydraulic Power Unit

1 Chemical Injection Unit

1 Uninterruptible Power Supply

The topside umbilical termination s where all of the umbilicals terminate on the topside
and provides interface with the Master Control System (MCS), hydraulic power unit, chemical
injection unit and interruptible power supply. This project has four umbilicals that carry electric
powerto each of the fields (one to each manifold). In addition, it has four umbilicals that carry
hydraulic power and chemical supply to each of the fields. The processing control unit operates the

processing facility.
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Figure 6.10 Overview of Utilities
6.5.2.1.4Living quarters

The topside also contains living quarters for the crews installing, operating and maintaining

the project.
6.5.2.2Seabed

On the seafloor, there are four fields serviced by this project. Each fietighasvells
whose flow is directed through a central manifold. Each manifold has a control module to operate the
valves. The umbilicals (one electrical, one hydraulic/chemical) go to the umbilical termination unit on
the manifolds, where the supply is nedited to each of the wells through flying leads. Each well is
controlled by a separate Christmas tree, as showigime6.11. Each of the umbilicals and risers
have a dube connecting the vertical portion of the pipe on the compliant tower to the horizontal

portion on the seafloor.
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Figure 6.11 Overview of Subsea Field
6.5.2.3Floating Storage and Offloading (FSO) Unit

The Floating Storage and Offloading (FSO) unit is a boat where the produced oil and gas is
stored. The FSO has a capacity of 300,000 barrels with an extitoatling rate of 18,000 barrels per
day (bpd).

To maintain its position with respect to the platform, a spread mooring system is installed,
with a mooring line of steel wire rope and a suction pile anchor. The spread mooring system prevents

the unit fron weathervaning.
6.5.3 Project Breakdown

The project is divided into ten major scope packd@able6.3). Each scope package is

awarded to a specific contractor.
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Table 6.3 List of Scope Packages for Hypothetical Project

ID Package ID Package

o : Subsea Elements (Flowlines, Umbilical
A Drilling and Completions

and structures)

c Topside platform and Processing 5 Compliant tower (Fabrication and

facility (fabrication) Shipping)

Living Quarters (Fabrication and :
E e F Control Units
Shipping)

G Mooring H FSO

: : - Processing Facility Valves and
I Topside Integration and Shipping J
Connectors

6.5.4 Interface Point Identification and Documentation

Considering the breakdown of scope packages and their relationship with each other, 16 high

level IPs betweepackages are identified for this projetable6.4).
6.5.5 Interface Point Interdependency Matrix

Once the IPs are identified, the interdependency of the IPs should also be developed. The

interdependency concept is clarified by using two examples.
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Table 6.4 List of High Level Interface Points for Model Project

IPID IP Name High Level IP description Area/Discipline Contractors/
Packages
1 AB1 Wellhead and Well Subsea Well System A B
Umbilical connection between UTU Subsea Well System
2 BF1 ) B, F
and Xtree Electrical

: Subsea Well System
3 BF2 UTU and manifold B, F
Electrical

o - Subsea Well System
4 BF3 Jtube, pipeline and umbilical o ) B, F
Pipeline, Electrical

: Subsea Well System
5 BD1 Jtube and Compliartower - : B, D
Pipeline, Electrical

6 CD1 Topside and Compliant tower Topside C,D
7 BH1 FSO Pipeline connection to topside Pipeline B, H
8 BC1 Topside Pipeline connection to FSC Pipeline B, C
9 GH1 Mooring and riser hook up to FSO Mooring G, H
10 BC2 Processing facility connection to risei  Topside, Pipeline B, C
11 CF1 Utilities and Topside Topside, Electrical C F
12 AC1 Drilling deck and Topside Topside C A
13 CE1 Living quarters and Topside Topside C,E
14 Cl1 Topsideshipment Topside C, 1
15 CJ1 Valves for the processing facility Topside C,J
16 BD2 Riser connection to compliant tower  Compliant tower B,D

The first example considers the interdependency between IPs related to topside and the
compliant tower. Topsidis fabricated according to the design documents, with a specific weight and

center of gravity. These factors are critical to meet the support capacity of théeaobtapler
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without posing significant changes to tower fabrication, shipping and foundation configuration
(Borkar et al. 2006)Therefore, each facility of the topside has a specific weight range. Assume that
the contractor respaible for providing the generator in the utilities (Contractor F) is not able to
provide the generator with the predefined specification, and the new generator weighs more than the
designed one. As a resultJRUtilities and Topsidejaces an issue thahould be resolved to keep

the weight and center of gravity of the topside within the range. If this issue cannot be resolved, the

topside fabrication contractor (C) has two options:

1 Consult with the other contractors responsible for facilities on trséd®po reduce the
weight.
o Living quarters contractor (E) through IP13 (Living quarters and Topside)

o Drilling deck contractor (A) through IP12 (Drilling deck and Topside)

T Communicate the change to the compliant tower fabrication contractor (D) and the topside
shipping contractor (1), through 1P6 (Topside and Compliant tower) and IP14 (Topside

shipment) respectively.

Therefore, it can be concluded thaf;Ii8 a successdor IPs 15, 13 14 The same discussion is

applicable to all the IPs affecting the topside center of gravity.

A second example is related to the pipeline system. Pipeline diameter and elevation are
recorded in the design documents and transferred toeaithvolved stakeholders. In this example, a
change order is submitted to change the pipeline diameter for the processing facility. However, this
change has not been communicated in time to the contractor providing valves for the processing
facility (Contractor J). As a result, contractor J is not able to deliver the valves on time. This will
pose a significant cost on the topside contractor (C), since valves of the processing facility need to be

installed on the topside structure before completely assggrtble other units and shipping it to the
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installation site. Because of the valve delivery delay, the project team may need to hire a special crew
or postpone the topside shipping to the site. Therefore, in this exampi@/dRes for the

processing faility) is a predecessor for |P

Using the same strategy, the interdependencies of the IPs are recognized for this project. The
interdependencies are representetidhle 6.1 Once the interdependency matrix is created, the high
impact and risk prone #are identified by running the analysisTable 61 (which actually
represents this model project), with regard to Equatchand6.3. The Impact Factor (1D and

Risk Factor (RIp) for IP,; are illustrated here. The analysis results for all IPslaog/n inTable 6.5.

00 - 2 ¢ b
B B o PTTryPTTPO
vo B © X 5
B B O pT[T[TquT[T[pU

The analysis of interdependency matrix shows that the interface point between topside and
utilities (IP;1), and the valves fahe processing facility () are the high impact IPs, and any
changes in the design, fabrication, installation and delivery of these IPs will result in a change in other
IPs. On the other hand, the interface point between topside and utilifigdhéthe highest rank in
the risk prone IPs. Although it has a high impact on other IPs, it is highly dependent on other IPs as
well. Any changes in the processing facility, seabed equipment and other functioning units may pose
a major change in this IP. Thedore, these two IPs should be regularly monitored to predict the early

changes in the project and prevent potential delays.
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Table 6.5 High Impact and Risk Prone IPs for Topside

IPID Impact Factor  High Impact IP Risk Factor Risk Prone IP
(%) Rank (%) Rank

2 4 4 6 4
I . R L
4 8 2 4 5
I L L
6 2 5 10 2
I N R
8 4 4 6 4
I R R L
10 4 4 4 5

12 8 2 6 4

14 8 2 10 2

16 6 3 8 3

6.5.6 Integrated Project Schedule and IMS

Once the key IPs are identified, the top ones are imported to the Interface Milestones in the
project schedule. The management team will determine the key IPs as described earlier. In this
example, the high impact and risk prons WAth rank 1 are imported to the project schedule.

Figure6.12 shows a snapshot of the project schedule with the interface milestones.
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Each IP inlhe model project is associated with more than one IA, and all IAs are expected to
be closed at the agreed deadline at each stage of the project lifecycle. Therefore, the closing date of
the IP is considered as the latest closing date of the agreemenssuiidnelosing date is transferred
to the schedule to be compared with Interface Milestone. This process is easily automated within an

electronic product and process management system.

If the need or closing dates of IPs are earlier than the Interfacstdfits the project is
performing according to schedule. However, if the need or closing dates are projected to a later time
than the Interface Milestone, then the project management, project control and IM team need to

investigate the discrepancy and matig the potential schedule related risk.
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Figure 6.12 Project Schedule Incorporated with Interface Milestones
6.6 Summary

In this chaptera systematic algorithm is introduced to identify potentially key IPs at each

phase of the project. This algorithm considers the interdependency relationships between IPs, and
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identifies high impact and risk prone IPs by employing graph theory conbreptilition a robust

process is developed to link iterative IMS to project schedule, by introducing Key Interface
Milestones. In practice, the relations between some IPs and the activities on the project schedule are
addressed in the interface meetings, dRseare close to their due dates or already overdue.

However, the advantage of the proposed process is to integrate the cyclic information of IMS with the
conventional, sequential planning, scheduling and control paradigms (e.g. CPM) to provitienan in
alert of the potential schedutelated risks. The functionality of the proposed model and algorithms is
demonstratedsing a model example, which is a simplified, but realistic representation of a full scale

off-shore project.

136



Chapter 7

Il nterface Manageardt PSgpéct Perforn

Industry leaders believe that irpeojectwith multiple stakeholdergvolved a common IM
system will allow for the alignment of interests among the interface stakeholders providing common
goals, effective communicatioadded visibilityimproved oversight, and the timely resolution of
conflicts. It should also help reduce risks a result, the projects will achieve improved performance.
In this chapter, first the benefits of IM will be explained. Then, the effect afrilifrproving project

performance will be investigated.

7.1 Benefit of Interface Management

According to industrial reports, IM implementation leads to improving project performance
(Nooteboon, 2004}t follows logically that almost any project that is higlslomplexX such as an
urban light rail project or an offshore oil platfoadntould merit the application of IMAnalysis of the
data acquired through the RBD2 research indicates that IM increases alignment, facilitates
communication channels as well as +éale visibility and oversight, and formalizes the distribution
of potewrieati igdbsknfor mati on betmagresoltinsthteak ehol derr
effective delivery of the project and in improved project performance (e.g., reduction imadost a
schedule growth)n fact, statistical analysis presented in the later sections indicates some weak but
promising correlations between IM implementation and project performaeterniining the direct
effect of IM implementation on reducing project tatast was not feasible during this research, since
project costs a function of many othénterdependerfactors.Some anecdotal explanations of the
possible mechanisms of such a relationship do exist howenen the interviews perfared during
thecourse of this research, three anecdotal sources of evidence are mentioned here that reference

project cost performance and its relationship with appropriate implementation of IM:
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1 Ina project withatotal cost of 15 Billion dollars, identifying and managy IPs between
interface stakeholders resulted in less rework and early completion of the design by
approximately 5 months, which was equivalent to 25 million dollars in savings.

91 In a project withatotal cost of 510 Billion dollars, the design was suntracted to
several engineering contractors. In a design package of 45 million dollars, the early
identification of major IPs between the Engineering contractor and Procurement contractor
resolved a procurement issue which resulted in 10 million dolfazavings.

1 Ina project withatotal cost of 510 Billion dollars, the lack of appropriate IM and not
recognizing a supply and quality issue between the enginesmithgrocurement
stakeholder and the construction stakeholder resulted in a penalty dfia0 dollars per

week incurred over several weeks.

Project performance improvement is a function of several factors, whitacditatedby IM

implementation. These factors are briefly discussed as follows:

1 Alignment ofstakeholdersA significant outome of a successful IBlystemis increasing
the alignment of interface stakeholders by haviegular, faceo-face meetings and the
MasterinterfacePlan MIP). The methods and strategies for managing interfaies
recorded irthe MIP. Therefore, all iterface stakeholders are working toward common
goals, by following clear guidelines, which resultseducingpotential conflics, and
managing them effectively.
1 Facilitation ofcommunicatiorchannels Communication is the key success factor in
todaybébs globally dispersed construction proje
multiple parties, in different geographical locations that can also lead to cultural and

language differences. IM facilitatesmmunication between stakeholders by creating a
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formalized framework for the effective sharing and distribution of information. Not only
do stakeholders know how to communicate, but they also know what information should
be communicatedp whom,and whenThis will lead to reatime visibility and oversight

in the projectln other words, interface stakeholders can gaintreed and shared global
visibility over the deliverables by defining clear roles and responsibilities, agreeing upon
deadlines to pnide interfacerelated deliverables, and accessing-tieaé project

information.

Mitigation of Interfacerelatedaspects ofrojectrisk: In addition to creating increased
alignment and coordination between stakeholders, a common understandiegiates,
deliverables, and associated deadlines achieved by the adoption of formalized IM in a
project assistin the early identification of interfaces, specifically during Front End
Planning (FEP), and the management of interfaces throughout theliféholele of a

project. Interface stakeholders are able to effectively share and distribute the risk related to
detailed information through formalized IM. Thibouldlead to reducing project

redundancies, uncertainties, and surprises for all partiggyed in the IM process.

7.2 Relationship of IM Implementation with Project Performance

IM implementation generally follows a gradual transition between informal IM towards

formal IM (Refer tosection 5.5.3 IM practicesJo investigate the correlation betwek/

implementation and project performance, the interviewed projects are divided into two groups of

high-leveland lowlevel IM implementationThe classification are done according to the maturity

model, as follows:

1 Low-level IM implementation: projectst stages 0 and 1 of tmaturity model, which

indicateno IM practice and very informal Ivespectively
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1 High-level IM implementation: projectst stages 2, 3 and 4 of the maturity model, which

represensemiformal to very formal IM practices.

To investigate the impact of IM on improving project performance, five criteria are assessed: cost
growth, schedule growth, management hours growth, engineering hours growth and construction
hours growthEquations 7.1 to 7.5 illustratee formulation taalculate these five criteria,

respectivelyThese equations are defined to measure the performanc2@Q2):

O N I Equation 7.1
D1 & QEEWAD €00 v d

Where Ac: Actual total project cost,

Pc: Initial predicted project cost

v o an g e O D Equation 7.2
Vi € QD& 6"RICE QOG— q
Where Ay: Actual total project duration,
Po: Initial predicted projectiuration
0 Equation 7.3

. U o
01 € @Aexon "QQ EQE Kl ¢ QOG—
Where Auy: Actual project management hours,

Pwn: Total forecasted project management hours
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S 5 0 ion 7.
01 ¢ OREE0: TOQONE Il £0 07— Equation 7.4

Where Ay Actual project engineering/design hours,

Pey: Total forecaste@roject engineering/design hours

U ¢ 0 Equation 7.5
lEQQOEOIOI@QDOIQS&:QOG— q

C2

Where Acy: Actual project Construction hours,

Pcx: Total forecasted project Construction hours

Two mainaspectare of interest in assessing the performance: (1) explore the distrimftion
performance criteria in each group of higind lowlevel IM implementatiorand compare thenand

(2) investigate thdifferencebetween means of these two groups.

7.2.1 Box-and-whisker Plot

Box-andwhiskerplots,alsocalled boxplots, are simple descriptive statidgtieg graphically
show the distribution of datnd outliersn each categoryl hey are categorized in the exploratory
data analysis tool s oEfBXploraaydata andyisBigto exdinihdidatao ur p 0 s €
find out what information can be discovered abot
2008). In thenoxplots, the measure of tendency is based on median and the measure of variance is the
magritude of theinterquartile ranges he box in the center of the diagram shows the middle 50% of
thedatadistribution. The lower and upper edges of the box illustrate the first and third quartiles,
respectively (Lomax, 200 7ines&tbraipgrframmthedgsalledHal | , 2 0C
whi skers, display data outside of the middle 500¢

height of the box at botsides which is known as rande IBM SPSS software). If no data exists
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within this range, whigers show the minimum or maximum valuegh# data setA boxplotshows
the lowest, the highest, median, andftrst andthird quartile ofa data setas well as theutliers A

general illustration of a boxplot is illustrated in Figure 7.1.

Maximum Value
Within Range

Third quartile (75%)

Median

First quartile (25%)
Minimum Value

Within Range

o Outlier
Figure 7.1 Boxplot General lllustration

1 Median: The numerical value that separates the higher half of a data sample from the
lower half.

1 First quartile: The numerical value that represents the middle number behsdem and
the smallest number of a data sample.

9 Third quartile: The numerical value that represents the middle number between median
andthe largest number of a data sample.

1 Whiskers: The data points which are either 1.5 timeee or less than the heighf the

box (In IBM SPSS software)
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9 Outliers: The values that do not fall in the whiskers.

1 ExtremeOutlier: The data points which are eitf3etimes more or less than the height of

the box (In IBM SPSS software).

7.2.2 Analysis of Variance (ANOVA)

Analysis of Variance (ANOVA) is a statistical method to test if there is variation between the
means of two or more groups. In ANOVA, two different estimates of the population variance are
made: betweegroup variance (to fingariability between theneansof group$ and withingroup
variance(to find variability of the observations within a group combined across gr¢Bhsman,

2008 Johnson and Bhattacharyya, 20Domax, 2007.

ANOVA uses an Rest to test the hypothesis. The observed F value is calculated by dividing
themean squaseof betweergroup estimate bgnean squaseof within-group estimatdt indicates
whetherthere is more variation between groups than there is within groups (L26@G&).In the
ANOVA, the null hypothesis is that there is not a significant differences between the samples of the
populatonfil f t here is no di ff egreapvarence estimatdbvédllbeneans, t h
approximately equal to the withigroupvar ance esti matedo (Bl uman, 2008)
will be approximately one. In this case, we cannot reject the null hypothesis. However, an F ratio over
1 indicates a largerariationbetweengroups, and we can conclude that there is at least eag m
different from the otherd hen the observed F isomparedvith the critical F value to indicate the
significance of the tesBince the significance test is otadled,atest is considered significant if the
observed F is greater than the criticaltl specific confidence level (Lomax, 200The ANOVA is
called oneway ANOVA when only one factor is considered in the analyi$isee standard
assumptionsf independence, normaljtgnd homogeneity of variance are appliedNOVA test.

For the purpsee of this thesis, ongay ANOVA is used.
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7.2.2.1Hypothesis

The objective of thighaptelis to investigatavhetheror not the higHevel IM
implementationon averagds associated with better performance in terms of cost growth, schedule
growth, management hours growth, engineering hours gramthconstruction hours growth.

Therefore, the null and alternative hypotheses are described as follows for cost growth:
‘0¢ .
o ‘
Here * represents the cost grdwneanfor the highlevel IM implementation group, and
‘  represents the cost growtieanfor the lowlevel IM implementation group. FoK, it is

expected thé  has lower value comparing to . The same hypotheses can be defined for the

other performance criteria.

7.3 Cost Growth

The interviewed projectsereasked to report their actual total project cost and the initial
predicted cost. This was straightforwdiod the completed projects. However, for the ongoing
projects, the recent quarterly report is recorded to calculate the cost performance. In total, 37 cost
performance resuliseregatheredThemissing ones eithdyelong to the projects at the very early

stages of their life cycle or adue to confidentiality issues

7.3.1 Cost Growth Boxplot

The boxplot diagram of cost growth for the groups of-level and higHevel IM
implementation is shown in Figure 7.12shows that in both lovevel and higHevel IM
implementation groupshe data are symmetrically distributed arotimeimedian. Howeverthelow-

level groupinvolvesseveral outliers. These outliers are all associated with higher cost growth, and
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showsthat in the projects without formal IM, the project may experience a very high percentage of

cost growthFurthermore, the median value for the highel IM implementation group is less than

the lowlevel group

Comparing the average of cost growth for both groups shows that thiehigtiv
implementation group hasmuchlower mean compadto the lowlevel group 0.037 vs. 0.1844)as
shown in Figure 7.3Also, thevariationof data in this group is almost haf the lowlevel IM

implementation group.

2.007

1.507

£ 1.00
5
2
o 164
7] LY
o
Q50
I
00—
A1 e
N: 27 N: 10
Mean: 0.1844 Mean: 0.037
=507 Std.: 0.38 Std.: 0.16
Loww-level IM illnplementation High-lewvel I i|lnplemerdation

IM Implementation Level

Figure 7.2 Boxplot Diagram for Cost Growth
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Figure 7.3 Average Cost Growth for lowleveland High-level IM Implementation Groups

7.3.2 Cost Growth ANOVA

Thetwo groups of lowlevel ard high-level IM implementation are studied based on ANOVA
to investigate if there is a significant difference between the means of these two ghaups.
descriptive statisticand the results for theNOVA test at the 95% confidence level, for the two
growpsareshown in Table 4. Thesample sizes for the leievel and highlevel IM implementation
groups wer@7 and 10, respectivelfthe observed F value is greater thamdicatingthat there is a
difference between the lel@vel and higHevel IM implenmentation groupThe P value of thtestis
0.2487 (>0.05) the observed F value smaller than the critical F val(&.3762<4.1213)which does
not show a statisticallgignificantdifference between theeans of these two groups. Taflg
illustrates the descriptiv@atisticsand ANOVA test results at the 90% confidence level, which still
does not show a significant differenétowever, the significant difference between the means and
standard deviations of two groups and the trend ilitstrthat by having a larger sample size, we

may achieve the statistical significance.
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Exploring the ANOVA test for different confidence levels shows thiathe 7%6
significance levelthe observed F value is greater than the critical F value (1.33883), andhe
ANOVA analysis results shows a statistically significdifterencebetween these two groups
(Shown inTable7.3). The reason could be a small sample sing, lack ofappropriate datavhich are

representing the project performandee to projects being at the early stages of their life cycle.

Table 7.1 Cost Growth ANOVA Test Results for Low- and High-level IM Implementation

Groups at 95% Confidence Level

SUMMARY (95% Confidence Interval)

Groups Count Sum Average Variance
Low-level IM Implementation 27 49752 0.1843 0.1450
High-level IM Implementation 10 0.3759 0.0376 0.0249
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 0.1570 1 0.1570 1.3762 0.2487 4.1213
Within Groups 3.9925 35 0.1141
Total 4.1495 36 Not Significant

Table 7.2 Cost Growth ANOVA Test Results for Low- and High-level IM Implementation

Groups at 90% Confidence Level

SUMMARY (90% Confidence Interval)

Groups Count Sum Average Variance
Low-level IM Implementation 27 49752 0.1843 0.1450
High-level IM Implementation 10 0.3759 0.0376 0.0249
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 0.1570 1 0.1570 1.3762 0.2487 2.8547
Within Groups 3.9925 35 0.1141
Total 4.1495 36 Not Significant
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Table 7.3 Cost Growth ANOVA Test Results for Low- and High-level IM Implementation

Groups at 75% Confidence Level

SUMMARY (75% Confidence Interval)

Groups Count Sum Average Variance
Low-level IM Implementation 27 49752 0.1843 0.1450
High-level IM Implementation 10 0.3759 0.0376 0.0249
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 0.1570 1 0.1570 1.3762 0.2487 1.3683
Within Groups 3.9925 35 0.1141
Total 4,1495 36 Significant

7.4 Schedule Growth

7.4.1 Schedule Growth Boxplot

The boxplot diagram afchedulegrowth for the groups of lowevel and higHevel IM
implementation is shown in Figure4..It shows that in both losevel and highlevel IM
implementation groupshere are a high variation aroutite medianThe median value for the high

leveland lowlevel IM implementation group are almost the same (0.14)

However, omparing the average of cost growth for both groupgvshibat the highevel IM
implementation group hdsghermeanand standard deviati@momparing to the lowevel groupas
shown in Figure B. This maybeexplainedby the fact that the projects with higgvel IM
implementation are associated with mugjhlerdollar value, and the schedule growth for the capital
projects argenerally larger compadto the project with smaller dollar valuEhey also experience
deliberate pauses due to market timing stratedgtesthermorethere are feer projects with high
level IM implementationn the data segnd most of them are at Front End Planning and early stages

of detaileddesign The schedule growth for these projewight exhibit improvementif the data
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were captured at the later stagesheir project life cycls. The reason is that by haviag
appropriate level of IM in the project, the project team exgtedhave less rework in the construction

phase, and eventually better performance in terms of schedule.

1,00 N: 27 N: 9
Mean: 0.2152 Mean: 0.2511
Std.: 0.25 Std.: 0.30
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.0o0=
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Low-level I illnplementation High-level IM illnplementation
IM Implementation Level

Figure 7.4 Boxplot Diagram for Schedule Growth
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Figure 7.5 Average Schedule Growth for low and High-level IM Implementation Groups
It is alsoprobable that if one or two outliers were removed from this data set for any reason,
the results would be differenthis demonstrates that the fragility of what iai@e data set compared
to norms in this field of research, but is small in terms of what would be considered scientifically

rigorous empirical analysis given the complexitytted phenomenon being studied.

7.4.2 Schedule Growth ANOVA

ANOVA is used to investidae if there is a significaae between the means of these two
groups of low and highlevel IM implementation. The descriptive statistics and the results for the
ANOVA test, at the 95% confidence level, for tin® groups is shown in Tabled7 The sampleizes
for the low and highlevel IM implementation groups we& and9, respectivelyThe observed F
value is less than Indicatingthat there is a small difference between means of these two groups.
The P value of the test isf312(>0.05), the obserd F value ismaller than the critical F value
(0.119%<4.13), which does not show a statistically significant difference between the means of these
two groups. Table B.llustrates the descriptive statistics and ANOVA test results at the 90%

confidence level, which still does not show a significant difference.
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Table 7.4 Schedule Growth ANOVA Test Results for Low and High-level IM Implementation

Groups at 95% Confidence Level

SUMMARY (95% Confidence Interval)

Groups Count Sum Average Variance

Low-level IM Implementation 27 5.8215 0.2156 0.0622
High-level IM Implementation 9 2.2559 0.2507 0.0916
ANOVA

Source of Variation SS df MS F P-value F crit
Between Groups 0.0083 1 0.0083 0.1199 0.7312 4.1300
Within Groups 2.3495 34 0.0691
Total 2.3578 35 Not Significant

Table 7.5 Schedule Growth ANOVA Test Results for Low and High-level IM Implementation
Groups at 90% Confidence Level

SUMMARY (90% Confidence Interval)

Groups Count Sum Average Variance

Low-level IM Implementation 27 58215 0.2156 0.0622
High-level IM Implementation 9 2.2559 0.2507 0.0916
ANOVA

Source of Variation SS df MS F P-value F crit
Between Groups 0.0083 1 00083 0.1199 0.7312 2.8592
Within Groups 2.3495 34 0.0691
Total 2.3578 35 Not Significant

Exploring the ANOVA test for different confidence levels shows that even at the lower
confidence levels (e.g. 50%), the two groups of-land highl e v e | I M i mpl ementati or
significant difference between their means. This could be becausereldtively small sample size
for the high level group, or unbalanced sample sizes. For robust results, it is suggested to gather more
data for the projects with low and hidggwvel IM implementation, and do the analysis on a more

balanced data set.

151



7.5 Project Hours Growth

The growth in the management hours, design and engineering hours and construction hours
areconsideredsthe criteria to assess the growth in the project performance in tearosf
category which many experts consider tabatrollable According to the IM definitions andsit
perceivedbenefits, the projects with high level IM ideally shobbilve more accurate design and
experience less growth in the managenagntconstruction hours. This is mainly due to identifying
interface pains at early phases of the project and anticipating theipbtisks around them, which
should resulin less rework during construction anddesnflicts and issues tmesolved by the
management tearithe boxplots and ANOVA analysis results foanagement, engineering and

design and construction hours growth are shown in Appe@di?, andE.

In all three cases, the data for the {lmwel IM implementation are significantly dispersed
around the mean, amckceptfor maragement hours, thégcludeseveral outliers in the lovevel
group.The ANOVA results do not indicate a significant difference between the means of growth for
the low and highlevel group at the 95% confidence interyawever, for lower confidence
intervak, significantdifferences are observelietween the meanbkor the hypothesis that a higher
level of IM implementation is significantly related to lower growth of hours tharéeei IM

implementation, the following confidence intervals apply:

1 Management Hours Growth:dgiificant at thed0% confidence interval
1 Engineering and Desigdours Growth: Significant at th&5% confidence interval

1 ConstructiorHours Growth: Significant at the 80% confidence interval

Since thesample sizes for the levand highlevel IM implementéion group are different and
unbalancd, and thenumber of projects at the higlvel IM implementation group is very limitethe

ANOVA analysis may not show the significant differences between these two groups. However, the
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trend shows that the projects witlghlevel IM implementation tend to have better performance in
terms of hours and on average less growth and surprises in the management, engineering and

construction hours growth.

7.6 Summary

The interviewedand surveyegrojects are divided intthetwo groups of lowlevel IM
implementation and higlevel IM implementation. The classifications are according to the maturity
levels introduced in Chapter 5. Cost growth and schedule growth as well as management, engineering
andconstruction hours growth are studied as a measure of project performance. Boxplots are used to
schematicallyand descriptively compare two groups and their variations. The ANOYarfsrmed
to investigate if there is a significant difference betweenrtbans of growth between these two

groups.

In general, projects with lodevel IM implementation tend to show more dispersed values,
include more outliers, and have higher meangrofvthcompared to the projects with hi¢ggvel IM
implementationHoweve, due to the limited sample sizes, and variance in the hat®NOVA does
not show a significant difference between mearmsssaandardonfidencdevel of 95% Nonetheless,
the results themselves are useful because they show observable differemess iwd idferent

implementation levels, and they indicate that further research into IM is likely worthwhile
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Chapter 8

Conclusions and Future Work

8.1 Conclusions

This researcipresentec workflow driven process for Interface Managenm(@v) in
complex construction projects, entitiéek Interface Management System (IM&urthermore, IM
related definitions, elements, and classifications were introdiM&dprovides a framework to link
project stakeholders over a range of distances, as svillfarmalize and automate the
communication channels between them. It also provides added visibility on the roles and
responsibilities of each stakeholder and the need dates of the interface deliverables, which ultimately

results in facilitating projeaxecution and improving its performance.

Furthermore, the current state of IM in the construction indugisstudiedby collecting
data from 4&onstruction projects. This study consiltthree aspest (1) general characteristic$
projects thateadto implemendtion ofIM, (2) common IM practices in the industand(3) criteria

to assess the status and effectiveness of IM in a project.
According to the analysis aofata collectiorresults it was observed that

1 Large, complex,ndustrial projectsra very active in adopting IM (e.qg. oil and gas, power
generation)

1 Formal IM is more prevalent in projects with higher dollar vaturel alarger number of
interface stakeholders, top level scope packagetsexecution locations.

9 Fast paced DesigRuild projecstend to adopt IM, and Frofitnd Planning is recognized
as the most appropriate phase at whicinittate IM.

1 Every organization adopts a form of IM with respect to characteristics of its projects.
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1 There is not a distinct line between formal amidrmal IM. However, there is progression
in IM implementation, which is defined using maturity models presented in this thesis.

1 There is not a systematic approach to define critical interface points. In fact, the criticality
of interface points are geradly identified based on top management experience.

9 Turnaround time for interface related inquires, quorums at interface meetings and number
of nonconformance reports issued because of interface issues are the most useful criteria

to assess the performze of IM.

Since a complex mega project may include several hundreds, even thousands of interface
points, it is important to identify key interface points. In this research, key interface wenats
considered the ondsr whichtheir failure or delay wdd cause aignificantimpact on the project
performance and other interface points. For this purpose, a graph-tasey algorithrvas
proposed to identifyhe high impact and risk prone interface points in the network of interface points,
using the centrality concepithe identified key interface points were mapped tckiheinterface
milestones on the project schedule to be used as a tool to predict thdesoblatkd risks in a mega
project.The functionality of the proposed model and algoritivasdemonstratedsing a model
example, whictwasa simplified, but realistic representation of a full scalesbifre projectThe

conclusion®f this section weras follows:

9 The Interface Points Network (IPN) captures the information dynamics between project
stakeholders by recording the interdependency between interface points.
1 The identified key IPs in the IPN could be considered as a measure of risk because of

cascading impact potential.
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1

Linking IMS with the project schedulategrats the cyclic information of IMS with the
conventional, sequential planning, scheduylargd control paradigms (e.g. CPM) to

provide an irtime alert of the potential schedtielateal risks.

Finally, the research investigated the relationships between different levels of IM

implementation and project performanéecording to this analysis:

T

1

Theprojectsin the highlevel IM implementation groupavea much lower mean of cost
growth mmpared tahose inthe lowlevel group (0.037 vs. 0.1844). Also, variation of
data in the highevel IM implementation group is almost halftbht inthe lowlevel IM
implementation group (standard deviation of 0.16 vs. 0.38)

In general, analysis gfroject performance reveals thaetprojects in the higlevel IM
implementation group are lessattered around the meamd includdessoutliers. On the
otherhand theperformance oprojects with lowlevel IM implementation tend toe more
dispersedand include more outliers.

Although the performance analysis results show observable differences between two
groups of lowlevel and higHevel IM implementation, more data is required to observe a
significant difference between means of these two gratpgbe standard confidence level

of 95%.

8.2 Contributions

The contributions of this researalesummarized irfiour major areas: (1) developiram

Interface Managemeiwintology, (2) studying the current state of IM in the construction indusijy, (

developingan algorithm to identify key interface poirged mapghem to the project schedule, ad)l (

studying the relationship between project performance and various levels of IM implementation. A

brief description of these contributioissdiscussed itthis section:
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1. Interface Management Ontology This study establisldedefinitions and elements of IM,
whichweredeveloped based @acomprehensive literatureview, andweremodified and
accredited by industry experts. By employing these definitions lasdificationsa
workflow-driven process was presenfed IM. IMS shows a generic approach and can be
built in electronic and webased systems. The major advantages of this approach are
added visibility on the roles and responsibiliti@sppen commurgation framework, clear
deadlines and definition of deliverables and traceability.

2. Current State of Interface Management Throughout this researchaxde range of
construction projectaerestudied with respect to their IM practices. The research first
identified the project general characteristics and their correlation with IM adoption. Then,
the current IM practicesereinvestigate, and a maturity model for IMrasdeveloped,
which can be uselly organizations to improve their IM practgd-inally, seeral criteria
wereidentified and their applicabilitwasanalyzed in assessing the state of IM in a
project.

3. Key Interface Points Identification and Integration with Project Schedule: In the
current IM practices, the key interface points are identbeskd on top management
experience and opinignFurthermore, there is not a systematic approach to map interfaces
with the project schedul@his research presatan algorithm to identify key interface
pointsand link them to the scheduBased on thiglgorithm the network of interface
points is built based the interdependency relationships between interface points. Using
network centralityconceptthe high impact and risk prone IPs are identifielien, these
IPs ardinkedto the interface milest@s on the project schedule. Therefore, the cyclic
information flow of IM is linked to the linear information transfer of project schedule

Any changes tthe interface points that caudeviatiors from the milestongwill be

157



flagged as potential schedulsks. The other contribution of this studyasto demonstrate
thefunctionality of this algorithm on a representative offshore model prbjeaiit on a
synthesis of several fulicale offshore projects.

4. Relationship between Project Performance and Intéace Management This study
presentdanempirical analysis between IM implementation and project performance. For
this purposethe performancenetricsweregatheredrom construction projects, and using
descriptive and statistical tools, the relabp between project performance and IM

implementation levels/ereinvestigated.

8.3 Limitations

Thisthesis was a combination of theoretical and empirical analysis of IM in construction

industry. Throughout this research, the following limitations were takeraccount:

1 Noagreedupon definitions and processesredeveloped for Interface Management in
the construction industry. Therefore, it was challenging t@getopriateesponses from
the intervieweesAlthough the IM elements and processes werednicted before the
interview, it was difficult for the interviewees to adjust their answers to some of the
questions. In some cases, it was needed to perform-inpersiew followup to clarify
some responses.

1 The number of projects with high level Iivhplementation were limitedome of these
projects were at the early stages of their life cycle, and it was not possible to gather their
performance informatiorkzurthermore, some projects were not willing to give
performance data due to proprietary andfickentiality issuesAs a resultthe statistical
analysis did not show observable differences of performance betweelevaghand low

level IM implementation groups.
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1 The proposed algorithms to identify key interface points and link them to the project
schedule wreverified on a representative model proj&talidation and implementation
of these algorithms were not performed on aduahle project due to lack of a project with
appropriate maturity level of IM, as wels theproprietary and confideratiity

considerations.

8.4 Recommendations for Future Work

Interface Management is a new, but rapidly evolving and emerging practice in Construction
Management. Therefore, there are significant improvement opportunities in thig fieltbllowing

recommendabns for future research are proposed based on this thesis:

1 Currently, the majority of construction projects are at the stage 1 or 2 of IM maturity. A
few of the interviewed projects were at stage 3 of maturity level. More projects with high
level IM implementation are required to conclude a significant difference between means
of cost and schedule growth for the two groups oflievel and highlevel IM
implementation, at standard confidence levels.

9 Future research will be able to investigate the significant difference between performances
of projects with five levels of IM maturity, if adequate projects provide data.

1 Itis recommended to verifjhefunctionality of proposed algorithms to identify key
interface points and map them to the project schedulddhscale complex project.

i This study considedthe interdependency between interface points as a measure of
identifying key interface points. However, several other factors also influence the
criticality of an interface point. These factors are assedisith high risk and high cost,

involvement of more than two patrties, etc. The complete list of influencing $axtor
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criticality of an interface point should be prepared, and an algorithnidsheulefined

based on these factors, to provad®@ore comprehensive measure for key IP identification.
Integration of IM with current projechanagement practices, such as risk management
and change management, is a promising research area.

To quantitatvely calculate the risks of IPs, it is recommendepeidormMonte Carlo
analysis on the Interface Points Netw@ikN). As well, this approacltouldbe used to
estimate the risk reduction through implementing IN project.

It is recommended to explotiee relation between Interface Management and Integrated
Project Delivery (IPD) concept.

Application of IM projects outside the industrial field is also recommeniaécstructure

projects are appropriate candidates to benefit from IM implementation.
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Appendix A

Samples of Interface Data Register,IP and IA Forms
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Interface Point

Interface Point ID: Project:
Title:

> 3
Budget Iitem Number: '
| v
Area: [y Disciplines:
| . @J [] Architectural gf
System: CIcwil / Structural 1
| * &J [ Commissioning |
Lead System Contracting Party: Interface Type:

I Other @;]

Lead
Package: Contracting Party: Interface Manager:
I * ¥ I
Interface
Package: Contracting Party: Interface Manager:
| *‘H
Support
Package: Contracting Party: Interface Manager:
| | [ (——
Description:

*
Key References:

COREWORX

INTERFACE MANAGEMENT

w
I
|=
fa

Create Date:

Issue Date:

Igl
:
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{= Interface Agreement - Microsoft Internet Explorer

=]

jnterface Agreement COREWORX
Agreement 1D;*
Project:* Status”
Priomty- Created:"
[High v
Title:™ MNeed:*
| Hydraulic Pressure Unit Fluid [ 10r28/2009 i
Area:™ System:" Close:
Drilling Facilities | Wallhead |

[] Feed & Withdrawal Area ["] Cathodic Protection

[[] Recycle-Assembly Area e [[] Cocling Tower 4

Discipline:™ ‘Work Breakdown Code:

Drilling ~ FO-DR-08-023

["] Electrical

[] Mechanical 2

Requestor Confracting Party:

Requestor Interface Manager: Reguestor Technical Contact:

Alex White w [ Ralph Davis L]

Responder Contracting Party:

Wateroo Drilling Limited w

Responder Interface Manager: Responder Technical Contact:
[ Mitch Morgan ~ Tina Reeves ~
Attach File:
- Browse
Attachments:

WAT-001-BP-MEC-DRW-00002

WAT-001-BP-ELE-DRW-00003

WAT Fluid. pcf

[ Submit l [ Save Draft ] [ Forward ] [ Return ] [ Respond ] l Confirm ] [ Close ] [ Cancel ]
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Appendix B

Data Collection Tool (Questionnaire)

CII RT302 Interface Management

Survey Questionnaire

A (o
%> UNIVERSITY OF WATERLOO S UNIVERSITY OF MICHIGAN
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Interface Management Survey

Interface Management Research Project

The Interface Management research project (RT 302) is performed by Construction Industry Institute (Cll). ClI,
based at The University of Texas at Austin, is a consortium of more than 100 leading construction companies
(owner and contractor). Its objective is to enhance the effectiveness of capital projects through research and
industry alliances. The Pls (Principal Investigators) of this project are Professor Carl Haas of the University of
Waterloo and Professor SangHyun Lee of the University of Michigan. This research focuses on identifying and
establishing definitions and best practices of Interface Management (IM) through the capital project delivery life
cycle. The objectives of this project are to: (1) create a common language, definitions, and elements of IM, (2)
find representative project characteristics that can determine need for IM, (3) identify important principles and
proper timing to guide establishment of IM, (4) identify effective IM practices that can be applied broadly to
diverse projects, and (5) propose several indicators that measure effectiveness of IM.

Objective of Survey

This survey aims to recognize the factors required to implement IM in a project, examine current state of IM and
identify mechanisms to quantify its effectiveness. The result of the survey will help develop practices to improve
collaboration between organizations in a project, as well as effective sharing and distribution of risk-related
information within an Interface Management network.

Confidentiality

- Participating in this survey is VOLUNTARY.

- The data provided by participating companies in this survey will be CONFIDENTIAL and used ONLY FOR
RESEARCH PURPOSES.

- The provided data will not be communicated in any form to any organization other than Cll authorized
academic researchers and designated ClI staff members.

- To protect the confidentiality of companies submitting data, ONLY AGGREGATED DATA WILL BE
PRESENTED/PUBLISHED.

Report of Survey Result

- The results of the research project will be presented in a detailed research report.
- Participants will be provided an electronic copy of the project’s research summary, which is planned for
issue in the Fall of 2014.

Structure of Survey Questionnaire

This survey consists of three principal parts. The first part is for collecting the general characteristics of your
company’s past/current project. The second part is for studying the Interface Management practices and

CII RT 302 Interface Management Survey Questionnaire Page 1
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processes of your company. Finally, the third part is for surveying the factors affecting Interface Management
performance. For each section, you will be asked optional/open-ended questions.

Prior to the survey itself, the definitions related to the Interface Management are gathered in the following
section. Please refer to these definitions as needed to provide additional clarity to terms used in the survey.

Definitions related to the Survey
Cost Performance Related Definitions:

Owner:

- Budget amounts include contingency and correspond to funding approved at the time of authorization.
This is the original baseline budget, and should not be updated to any changes.

- The total project budget amount should include all planned expenses (excluding the cost of land) form
pre-project planning through startup, including amounts estimated for in-house salaries, overhead,
travel, etc.

- The total actual project cost should include all actual project costs (excluding the cost of land) from pre-
project planning through startup, including amount expended for in-house salaries, overhead, travel, etc.

Contractor:

- The data are only related to your scope of work. Budget amounts should include contingency and
correspond to the estimate at the time of contract award. This is the original baseline budget, and
should not be updated to any changes.

- The total project budget amount should be the planned expenses of all phases performed by your
company, including amounts for in-house salaries, overhead, travel, etc., but excluding the cost of land.

- The total actual project cost should be the actual project costs for phases performed by your company,
including amounts expended for in-house salaries, overhead, travel, etc., but excluding the cost of land.

Cultural Clash: A cultural clash is defined as a miscommunication or mis-alignment of objectives due to differing
languages, differing sets of unwritten cultural expectations, and/or differing value systems.

External Interface: External interfaces are those identified between two or more scopes of work. (Chen et al.,
2007; Lin, 2009)

Hard Interface: Hard interfaces represent physical connections between two or more elements, components or
systems. Examples of hard interfaces are structural steel connections, pipe terminations, or cable connections
(e.g.Tie-In Points). (Adopted from Khadimally, 2011)

Interface/Interface Point (IP): An interface point is a soft and/or hard contact point between two
interdependent interface stakeholders. An interface point is also a definition of part of the project’s scope split
as defined by project documents.

Interface action items: Interface action are the tasks/activities that are performed to provide the agreement
deliverables defined in each interface agreement.

e ————
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Interface Agreement (IA): A formal and documented communication between two interface stakeholders,
including the deliverable description, need dates, and required actions.

Interface Coordinator: “The interface coordinator is responsible to anticipate potential problems and
communication breakdowns, interpret the potential impact of events and foster resolution among the parties
while actions are still controllable.” (Shirleyl, R.R. et al., 2006)

Interface Management: Interface Management is the management of communications, relationships, and
deliverables among two or more interface stakeholders.

Interface Management Plan: Interface Management Plan represents strategies and processes, developed by a
project management team, to manage internal and external interfaces throughout the project lifecycle,
including design and engineering, procurement, construction, commissioning and closeout. (Adopted from
Khadimally, 2011)

Interface Manager: “The Interface Manager has overall responsibility for implementation and maintenance of
the interface management plan throughout the project life cycle by developing and implementing project
specific Interface Management work processes, capturing the necessary interface agreements, monitoring
progress, ensuring that schedule requirements are maintained and identifying/initiating any change requests
that may arise out of the interface requirements.” (Caglar, J. and Connolly,M. 2007)

Interface Stakeholders: A stakeholder involved in a formal interface management agreement within an interface
management plan for a project.

Internal Interface: Internal interfaces are those identified within a single scope of work. (Chen et al., 2007; Lin,
2009)

Project Life Cycle (Cll website, Front End Planning: Glossary of Terms)

- Feasibility: “The first phase of the planning process. The primary objectives of this phase are to define
business objectives, identify potential alternatives and to outline steps and resources necessary to
continue concept phase development. Its primary output is a decision whether the potential project is
economically and technically feasible for the organization. It is also known as business planning,
strategic planning, FEL I, etc”.

- Concept: “The second phase of the planning process. It is primarily concerned with defining, evaluating
and selecting best alternative(s) for site, technology and acquisition strategy. It is also known as
alternative selection, conceptual design, programming, FEL Il, etc”.

- Detailed Scope: “The third phase of the project planning process. The primary objectives of this phase
are to define the technical scope of the project, further develop project execution plans and develop a
definitive cost estimate and schedule suitable for project authorization for detailed design and/or
construction. Its primary output is the design basis. It is also known as schematic design and design
development, scope finalization, preliminary engineering, definition phase, FEL lll, sanctioning process,
Schedule A package, etc”.

- Construction: The fifth phase of the project life cycle. It includes procurement and installation activities.

CII RT 302 Interface Management Survey Questionnaire Page 3
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Schedule Performance Related Definitions:

Owner: the dates for the planned schedule should be in effect at the project authorization.
Contractor: the dates for the planned schedule should be those in effect at the estimate time of contract
award.

Soft Interface: Soft interfaces typically involve the exchange of information such as design criteria, clearance
requirements or utility needs hetween delivery teams or between a delivery team and an external party.
Examples of soft interfaces are language and cultural aspects, regulatory and permit issues. (Adopted from
Khadimally, 2011)

Stakeholders: “Person or organization (e.g. customer, sponsor, performing organization, or the public) that is
actively involved in the project, or whose interests may be positively or negatively affected by execution or
completion of the project. A stakeholder may also exert influence over the project and its deliverable.” (PMBOK,
4™ edition, 2008)

Hierarchy of Interface Management Elements

Several Interface Points are created between every pair of Interface Stakeholders, considering the complexity of
their interaction. Each Interface Point includes one or more Interface Agreements. Finally to deliver the
agreement requirements, several actions items are defined for each Interface Agreement. The Hierarchy of

these three elements are illustrated in Figure 1.

Interface Interface

Interface Point il Interface P
(IP) ... (IP)n
& ] ]
Interface Interface Interface Interface Interface
Agreement (1A) 1 Agreement (IA) ... Agreement (I1A) k Agreement ... Agreement ...
———
Interface Action Interface Action
Item 1 Item 2

Figure 1. Hierarchy of Interface Management Elements

Stakeholder Stakeholder
Interface Point
(IP) 1
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Samples of Project Organization Schematic Representation (These samples can be used for Part 1,

Q10 and Q25 in the questionnaire):

Owner 2

Owner 3

C: Construction
E: Engineering

EPC: Engineering,
Procurement, Construction

Europe India

Petrochemical Site

Feed
v | [= | [ |
Power EPC1 EPC3 EPCS
R Product
,,] PPO | HP | | osBL |
7’
/ EPC2 EPC4 EPC6
7’
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Part 1: Project General Information

Section 1.1. General information about the entire project

Date on Interview:

1.Project Name

2.0wner

3. Project Location

4. Greenfield or Brownfield project? Greenfield O Brownfield o

5. Project type

Chemical Mfg. o Oil Refining o Power Generation 0

Stadium o Natural Gas Processing 1 Water/Wastewater o
Museum 0O Highway 0 Consumer Products Mfg. 0
Metals Refining/Processing 1 Dam 0

Qil Exploration/Production 0 Other O

6. Dollar value of the entire project (Total installed or Capital cost)
<$500M O $S500M-$1B 0 $1B-S5B 0 $5B-$10B O >$10B O

7.The current stage(s) of the entire project and percentage(s): If the project is in
multiple stages, please answer all of them below.

Front End Planning o

(0-20% o, 20-40% 01, 40-60% [, 60-80% 0, 80-100% 01, NA [
Design O

(0-20% 01, 20-40% 01, 40-60% 1, 60-80% 1, 80-100% 1, NA 0
Procurement o

(0-20% 1, 20-40% 01, 40-60% (1, 60-80% 1, 80-100% (1, NA [
Construction O

(0-20% (1, 20-40% 01, 40-60% (1, 60-80% 1, 80-100% (1, NA 1)
Commissioning & Start-up 0O

(0-20% 0, 20-40% 01, 40-60% 01, 60-80% 1, 80-100% 01, NA o)
Completed o

10. Please draw the top level schematic illustration of the entire project
organization, focusing on the relations between stakeholders and their primary
locations. (Please refer to the examples on page 4)

11. Number of top level scope (contract) packages in the entire project

12. Number of JV Partners/Owners

8. Delivery strategy/strategies of the entire project (check all that apply)

Design, Bid, Build (DBB):  Design, Build (DB)c  Procurement, Construction (PC)o
Engineering, Procurement, Construction (EPC)o Build, Own, Operate (BOO)o
Constructiono Engineering, Procurement, Construction Management (EPCM)c
Others:

13. Estimated number of project execution locations (including engineering,
fabrication, and construction)

14. Which countries are representing the project execution locations?

9. Contracting strategy/strategies of the entire project (check all that apply)
Reimbursable Work &7 Cost Plus Fixed Fee 0 Cost Plus Fixed Percentage 0
Target Estimate O Cost Plus Variable Percentage 0 Unit Price O
Guaranteed Maximum Cost 01 Lump-sum O

CII RT 302 Interface Management Survey Questionnaire

15. Number of involved interface stakeholders (including owners) and their
geographical locations:
1-50 5-150 15-30 0 >300
Locations:

16. How many Owner’s prime contractors are participating in the entire project?
1-5 O 5-10 O 10-20 O >20 0

Page 6
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Section 1.2. General information about your company’s scope
(Answer this section only if your company represents as a contractor)

17. Dollar value of your company’s scope (Only contractor):
<$100Mo  $100M-$500Mo  S$500M-$1Bri $1B-$5Bm $5B-$10Bo  >$10Bo

18. The current stage(s) of your company’s scope and percentage(s): If your
project is in multiple stages, please answer all of them below. (Only
contractor)

Front End Planning o

(0-20% 11, 20-40% 1, 40-60% (1, 60-80% 01, 80-100% 11, NA 1)
Design O

(0-20% 0, 20-40% 01, 40-60% 0, 60-80% 0, 80-100% 0, NA 0)
Procurement O

(0-20% 0, 20-40% 01, 40-60% 0, 60-80% 1, 80-100% I, NA 0)
Construction 0

(0-20% 11, 20-40% 11, 40-60% 1, 60-80% 13, 80-100% 11, NA 1)
Commissioning & Start-up O

(0-20% 0, 20-40% 01, 40-60% 0, 60-80% 0, 80-100% 0, NA 0)
Completed 0

19. Delivery method of your company’s scope (Only contractor):

Design, Bid, Build (DBB) o Design, Build (DB)z Procurement, Construction (PC)o
Engineering, Procurement, Construction (EPC)o0  Construction &

Engineering, Procurement, Construction Management (EPCM) 0

Others:

20. Contracting method(s) of your company’s scope (Only contractor, check all
that apply)

Reimbursable Work o Cost Plus Fixed Fee 0 Cost Plus Fixed Percentage 0

Target Estimate O Cost Plus Variable Percentage o Unit Price 0

Guaranteed Maximum Cost O Lump-sum O

23. Please draw the top level schematic illustration of the organizations under
your company’ scope, focusing on the relations between stakeholders and their
primary locations (For instances, please refer to the examples on page 4)

21. Contracting method(s) of your company’s subcontractors (Only contractor,
check all that apply)

Reimbursable Work & Cost Plus Fixed Fee 0 Cost Plus Fixed Percentage 0

Target Estimate 0 Cost Plus Variable Percentage 01 Unit Price o

Guaranteed Maximum Cost 0 Lump-sum o

22. How many purchase orders for engineered items has your organization
forecasted for this project.
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Section 1.3. Project performance of your Company’s Scope (As of today)

24, Initial Predicted Project Cost (Total Project Budget) ($)

25. Total Actual Project Cost ($)

26. Initial Predicted Project Duration (Total Planned Project Duration) (Weeks or
Months)

27. Total Actual Project Duration (Weeks or Months)

28, Total Forecasted Construction Hours

29. Actual Construction Hours

30. Total Forecasted Project Management Hours

31. Actual Project Management Hours

32

Total Forecasted Design/Engineering Hours

33. Actual Design/Engineering Hours

Section 1.4. Project complexity assessment: scope and risk factors

34, Please answer the following 2 questions for each of the items below:

(a) How much does this factor contribute to the complexity and risk of your
current project scope? (1 for the lowest contribution and 10 for the highest
contribution)

a. Cost (e.g. highly-competitive bid)

1o 20 30 40 50 60 70 8z 90 100 Rank.......
b. Schedule (e.g. condensed cycle time)

1o 20 30 4o 50 60 70 8 90 100 Rank.....

c.  Scope (e.g. extended/unfamiliar, Poorly defined scope)

1o 20 30 40 50 60 70 83 90 100 Rank.......
d. Execution Risk (e.g. unknowns)

o 20 30 40 50 6o 70 8z 90 100 Rank.....
e. JVs(EPCs/Owners)

10 20 30 40 50 60 70 8z 9o 100 Rank........
f. Technology (e.g. “new’” stuff )

1o 20 30 40 50 60 70 83 90 100 Rank..........
g. Large (or Excessive) number of Suppliers / Subcontractors

o 20 30 40 50 6o 70 8z 90 100 Rank...
h. Multiple Engineering Centers

10 20 30 40 50 60 70 8z 90 100 Rank ...
i. Government (e.g. rules/ regulations/permits/bureaucracy)

1o 20 30 40 50 60 70 83 S0 100 Rank ...
j. Multiple EPCs / Interface Points

o 20 30 40 50 60 70 83 90 100 Rank......
k. Purchase of Engineered items

10 20 30 40 50 60 70 83 90 100 Rank
. Multiple Languages

1o 20 30 40 50 60 7o 82 9o 100 Rank.....
m. Lack of previous experience of collaboration with one or more of other

contactors

o 20 30 40 50 6o 70 8z 90 100 Rank......
n. Use of dissimilar design codes and software packages for design

documents/drawings between contractors

1o 20 30 40 50 6o 70 8z 90 100 Rank
o. Poorly-defined battery limits of the involved parties

lo 20 30 40 50 60 70 8z 90 100 Rank.......
p. Poorly-defined requirements of the involved parties

1o 20 30 40 50 60 70 83 S0 100 Rank ...
q. Poorly-defined responsibilities of the involved parties

1o 20 30 40 50 60 70 8: 90 100 Rank

(b) Please rank the top five scope and risk factors you think are the most critical
for your project scope
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Part 2: Interface Management Practices

Section 2.1. General Information

35. Please rank the importance of the following Interface Management attributes.
......... Definition of deliverables <eeeeees Traceability <eeeeeeee Timely flow of information wveneen Other:
......... Definition of roles and responsibilities <o Agreeable deadlines <eeeenn Quality and Clarity of information flow

ty allocation Managed collaboration . Knowledge exchange

36. Was/is an IM process/practice defined during the course of the project? (Please answer the questions on either “Yes” column or “No” column)

Yes [J No 0

If “Yes”, please answer the following questions: If “No”, please answer the following questions:

a. In what phase/stage is the interface management process in your project initiated? a. Considering the definition of IM, do you employ a similar approach within your
(e.g., right after the bidding process was over, when the actual construction begins). company’s scope? If yes, in which stage does your company initiate it? (Please
(Please select the life cycle that better fits your project.) select the life cycle that better fits your project.)

Feasibility 3» Concept Detailed Design Construc- y, Commissioning \, g5aration Feasibility 3 Concept Detailed Design Construc- Yy, Commissioning y o5aration
Scope tion and Start-up Scope tion and Start-up
R OR

o]
_"nmu_z_fvv.”o:an. nni_mn v moa_z__zvvnoﬁuu. v St v
rone Srane
v Design v v Design v

v Construction v v Construction v

v Commissioning and Start-up v v Commissioning and Start-up v

v Operation V v Operation v

b. Do you employ an interface management system/software for managing the b. What is your main method for handling the communications between parties?
interfaces? YesnD No O (e.g., emails, spreadsheets, phone calls, stand-up meetings, etc.)
c. Is your IM integrated with the formal change management plan? Please elaborate. c. How are the deliverables of communications and mutual expectations between

contracting parties met and followed-up in your company’s scope?

.
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d.Is your IM integrated with the project schedule? Please elaborate. d. What is your approach for schedule conflict resolution between your company and
other contractors?

e. Do you have a formal process to define the mutual expectations (e.g. Interface
Agreements) between contracting parties? Please elaborate.

f. What is your approach to conflict resolution around the interface agreements?

_
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Section 2.2. Specialized Information on IM (Only for a company which has a formal practice for Interface Management)

37. a. What positions are assigned for IM functions? How many person hours are allocated to each IM function/position? What are the core competencies for these positions?

Role Full-time/Part- Person Hours per Core Competency
time year Experience | Good facilitation Multi- Do whatever | Leadership Technical
skills disciplinary it takes skills competencies
Interface Manager FTo PTO
Interface Coordinator Fre PTo
Translator/Cultural Fre PTo
Mediator
FTO

Project Engineer

FTO PTO

b. How do you justify these functions/positions?

38. Please provide the following general information about interface points and agreements with respect to your scope package.

Interface Management Elements Number for Scope Package

Total number of identified interface points

Internal Interface points

External Interface points
Hard interface points (Physical, functional, ...)
Soft interface points (Organizational, Cultural, ...)
Interface points between more than two parties
Average number of interface agreements for an
Interface point

39. Which are the criteria you consider in order to prioritize the interface points? Can you please elaborate more on the process?

Top management experience

Associated with higher cost

Having a high risk

Related to the activity on the critical path
Related to specific discipline

Interface point between more than 2 parties

L]
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Part 3: Interface Management Performance

Section 3.1. Information on Interface Management Performance

40. How much are you satisfied with your current IM practice in your project? (Only for a company which has a formal practice for Interface Management)
Very Little (0-20%) 0 Little (20-40%) 0 Somewhat (40-60%) 01 Much (60-80%) 01 Very Much (80-100%) 1)

41. According to your experiences, can you give us three examples and their monetary impact on risks that are/were avoided due to existence of a good Interface Management
practice? (e.g. delay, cost overrun, quality or safety problem)

42, Of the following items, which is useful to assess the current state of IM?

Criterion Not useful at all  Slightly useful Somewhat useful Useful Highly useful Not Applicable
a. Percentage of closed interface points of the ones that should [l O O [u] O O
be closed, at any point of time

b. Percentage of interface points identified after FEED of total u] u] o o u] [u]
project Interface points

c. Percentage of closed interface agreements of the ones that [l o O D [u] u]
should be closed, at any point of time

d. Number of overdue interface agreements at any point of time [} O =) =] =] [}
e. Number of change orders precipitated during the execution of u| O O 0 O u|
interface agreements per agreement at any point of time

f. Number of cultural clashes at any point of time O O O [m] O O
g. Number of formal escalations or disputes at any point of time O O O =] O O
h. Average number and standard deviation of revisions per O O O D O u]
document or drawing

i. Amount of contingency release at any point of time O O O O =} u]
j. Percentage of completed engineering, when IM is started O O O O O [u}
k. Turnaround time for inquires =] =] =] O m] 5]
|. Quorums at interface meetings O O O [m] m} m}
m. Residual risk before and after implementing IM O O O O m] O
n. Number of non-conformance reports issued because of O [u} D [u] u} o

interface issues
n. Other

43. What are your expectations of the best Interface Management Practice?

44, Will you consider changing the contingency with IM? (Considering reduced risk, added cost, ...). If yes, how?
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Appendix C

Boxplot and ANOVA Resultsfor Management Hours Growth
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SUMMARY (95% Confidence Interval)

Groups Count Sum  Average Variance
Low-level IM Implementation 19 6.9621 0.3664 0.2258
High-level IM Implementation 5 -0.5403 -0.1081 0.1436
ANOVA
Source of Variation SS df MS F P-value  F crit
Between Groups 0.8912 1 0.8912 4.2265 0.0519 4.3009
Within Groups 4.6388 22 0.2109
Total 5.5299 23 Not Significant
SUMMARY (90% Confidence Interval)
Groups Count Sum  Average Variance
Low-level IM Implementation 19 6.9621 0.3664 0.2258
High-level IM Implementation 5 -0.5403 -0.1081 0.1436
ANOVA
Source of Variation SS df MS F P-value  F crit
Between Groups 0.8912 1 0.8912 4.2265 0.0519 2.9486
Within Groups 4.6388 22 0.2109
Total 5.5299 23 Significant
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Appendix D

Boxplot and ANOVA Results for Engineering Hours Growth
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SUMMARY (95% Confidence Interval)

Groups Count Sum Average Variance
Low-level IM Implementation 21 74129 0.3530 0.6018
High-level IM Implementation 6 0.2517 0.0420 0.0413
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 0.4515 1 0.4515 0.9220 0.34614.2417
Within Groups 12.2417 25 0.4897
Total 12.6931 26 Not Significant

SUMMARY (90% Confidence Interval)

Groups Count Sum Average Variance
Low-level IM Implementation 21 7.4129 0.3530 0.6018
High-level IM Implementation 6 0.2517 0.0420 0.0413
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 0.4515 1 0.4515 0.9220 0.34612.9177
Within Groups 12.2417 25 0.4897
Total 12.6931 26 Not Significant

SUMMARY (65% Confidence Interval)

Groups Count Sum Average Variance
Low-level IM Implementation 21 7.4129 0.3530 0.6018
High-level IM Implementation 6 0.2517 0.0420 0.0413
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 0.4515 1 04515 0.9220 0.34610.9071
Within Groups 12.2417 25 0.4897
Total 12.6931 26 Significant
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Appendix E

Boxplot and ANOVA Results for Construction Hours Growth
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