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Abstract

Modern manufacturing processes are becoming more integrated and relying on measuring
performance to better identify ways of improvemenhe AEC industry is now moving

in this direction through Mbased Design and Construction Integra@i@Cl). ITDCI

is a collaborative knowledggased activity in which each participant continuously and
timely contributes and shares his/her knowledge to realize a specific goal, bonded by a
unified and cohesive culture with the use of the supportiveodls. Executingthe

project in an ITDCI fashion requires the satisfaction of these conditions. This research
developed a formal model that consists of 75 ITDCI mechanisms distributed over the
different phases of the facility development process within colleges and sit@geto

enable the knowledge transfer process and achieve the highest level of integration. The
level of ITDCI involved in a particular project can be then measured by quantifying the

number of ITDCI mechanisms introduced.

The research methodology inded the following activities: reviewing the related

literature, developing and validating a scenario for the facility deweént process

within typical colleges and universities through literature review and interviews,

providing a definition for each pbka of the process to be executed in an ITDCI fashion

and finally identifying actions or mechanisms that have to be activated to obtain the

highest level of ITDCI. The model was validated through an online survey that targeted

the members of the SocietyGfo | | eges and Universities (SCUP

new East Hall residence facility was used as a case study to validate the model.



This model is a significant contribution to the construction industry because it acts as a
measuring tool to assesstkorresponding level of ITDCI in the facility development
process. It also helps to develop a common understanding among industry practitioners
on what is required to achieve a desired level of ITDCI in their project. This
comprehension would guide therto a better recognition of the benefits and
consequences of each specific level obBAsed integration on their project outcomes. It

will also enable them to execute more accurate cost/benefit analyses and eventually opt
for the optimum ITDCI level. Fofuture work, the model could be expanded to include
other types of facilities, such as residential, healthcare and commercial facilities to

achieve wider adoption within the AEC industry.
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Chapter 1. Introduction

1.1Background

Construction is one of the largest industries in the United States and worldwide
economics, with 13% of the grossitional product and-6% of the labor force [105].
Consensus estimates indicated that 30% of the cost of a project can be attributed to the
failures in the desigonstructmanage process [12]. A big portion of this percentage
has been blamed on the I@&rformance of the fragmented teams.

Given the unigue nature of construction projects, the Architectural/ Engineering/
Construction (AEC) industry is very fragmented while it is an informaitibensive
industry. To deliver its projects, the industry deggeron the knowledge, skills and
resources of multiple firms and professionals who are mostly regionally distributed. This
fragmentation requires high coordination among the many participants to maintain
continuity in the communication of the design asvblees from a simple idea to a
completed physical produdh order to make the coordination and communication more
efficient, research in the construction industry has placed a significant emphasis on the
development of collaborative approaches and on ube of emerging Information
Technologies(IT). As a result of this effort, the industry is now promoting and
increasingly embracing the use of more integrated project delivery systems such as
DesignBuild and Construction Management and Integrated Prdpsdivery (IPD)
proposed by the American Institute of Architects (AJ2).

Introducing those collaborative approaches ime tconstruction projects allows
information and knowledgéo be shared and processed from one discipline to one
anotheruntil reachng the project objectiveThese approachedsohelp to leverage the
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level ofintegration by facilitating communication and coordination. Integraticiefised

asa knowledgecentric activity where each project participant has to contribute his/her

knowledge in the form of rules, algorithms, and proprietary practices like the master
builder during the 19th century, when building design was substantially simpler and one
person could hold most of the necessary knowledge in their ibadexpected benefits

of integration are huge. The higher the level of integration involved, the more benefits

gained. See Figurell below.

Expected Benefits
Industry

Integration

Strategic Business Vision

Firm
Integration

Project Tactical Business Vision

Integration

Task

. Project Driven Vision
Inteqration

Level of Integration

Intra Cross Outside \ Whole
Function 4 Function 4 Busines 4 Busines

Procedures

Adapted from: Nolan, Norton & Co.,

Figure 1-1 Relationship between expected benefits and level of integration

Augmenting the Information Technology with the previously discussed collaborative
approaches can promote integration significantiytools canfacilitate communication

and knowledge sharing which is the backbone of integration.
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Over the last 145 years,lie AEC industryhas seen an extensive increase in the use of
these tools and technologies such as electronic mail, project websites, 3D solid modeling
and remee wireless communications. More sophisticated software packages have also
been developed to support the design and construction processes such as NavisWorks®
by Autodesk vhich helps to create fully consistent and coordinated design vigtaihia

of constuction project.Vico® Constructor also is a new software Wigo® Software,

Inc. thatsuppors design and construction integration by providing early identification of
constructability problems and synchronizogsign, cost and schedule.

Information Technology has a significant potential to bring all industry participants to
work together and derive extensive benefits through improved information flow and
timely knowledge sharing along the different design and construction work processes.
Yet, the poential of those tools as a reliable knowledge transfer mechanisms in the
construction industry are not fully utilized. These still interface inefficiently, lacking
interoperability with one another to disseminate and integrate the efforts and knowledge
of different companies or organizations involved in the same construction project. As a
matter of fact, these have been used for exchanging tradiflddarinteddocuments in

a digital format rather than encoding the information and storing it in an epediae

and interoperable format. These inefficient approaches for data exchange cause extra
transactional costhatare still incurred due to lack of effective communication and data
dissipation during information exchange.

From the literature review artie results of a previous research stuadgducted by the
author [66],it was found that several studies focused on analyzing the transhcbste

associated with this iproper utilizationof data exchangand seeking other alternatives
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to minimize them The study done by NIS[B0] in August 2004 quantified part of these
costs in terms of the efficiency losses in the U.S. capital facilities industry resulting
from inadequate interoperability among compuigled design, engineering, and
software systes1 In that report interoperability is identified as "the ability to manage
and communicate electronic product and project data between collaborating firms and
within individual companies' design, construction, maintenance, and business process
s y st eOhdt&eeq ifBeroperability really asvehicle for integrationf the processes

and workflows of all the participants, across all the phases of the lifecycle of a facility.
According to this study, the lack of standard file formats for representingrigiiielated

data and processes directly contributed to the $15.8 billion interoperability waste estimate.
Another interesting finding from the study was the breakdown of the interoperability cost
estimate across the stakeholder group and by the lifechieleep Owners and operators
bore the highest share: $10.6 billion, about -thieds of the total estimated costs.
Architects and engineers had the lowest interoperability costs at $1.2 billion, while the
general contractors and specialty fabricators angl&up bore the balance at $1.8 billion

and $2.2 billion respectively. The breakdown according to lifecycle phase $iattise
highesttransactionalcost is incurredat the operations and maintenance phase, $9.1
billion, followed by the construction phasat $4.1 billion, and finally, the planning,
design, and engineering phase at $2.6 billion. The factors that contribute to these costs
include the highly fragmented nature of the industry, the continuation of-paped
business practices, and incongisteechnology adoption among all the participants in the
design, construction, occupation and maintenance phases. This means that the

responsibility of bringing in greater interoperability and reducing the waste does not rest

17



only on the vendors of softwarapplications, but equally, if not more, on the industry
professionals themselves. They need to give up gezgmed processes and embrace
technology more wholaeartedly. The change needs to be initiated from
owners/operators, who shoulder a large peeggnbf money loss and therefore need to
drive the entire team towards more widespread and efficient use of technology. Without
this push, the pace of change will be very slow and the potential for significant cost
savings in the construction industry wigmain low.

Conflicts and misinterpretation between different design and construmti@mizations

and operations should be replaced by efficient knowledge transfer, collaborative
relationships and better Design and Construction Integration (DCI). Utilizing the
appropriate IT tools tantegrate the different involved processes and allpmfject
participants is also known as-blased Design and Construction Integration (ITDCI) [7],
[8],[30],[31]. Different levels of ITDCI can be achieved in each project. The more
collaborative and integrated processes and participants based on the hesefttient

IT tools, the higher level of ITDCI can be achieved

If we look at the integration as a pyramid, Information Technology together with the

involved project participants can be considered as the base of this pyramid.
Highest level ITDCI
/ M Level (n+1)
ITDCI
s ' .
Level n
/ \/roject ITDCI
T participants

Figure 1-2 The different levels of ITDCI
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To reach theop of this pyramid (Highest level ITDCI), the knowledge of all the project
participants, as well astasks and different activitiesnvolved should be highly
orchestrated using IT as a facilitating tool for integration. Each horizontal plane from the
baseto the top of the pyramid represents different level of ITDCI. The level of ITDCI is
primarily dependant on the effectiveness and ability to integrate the knowledge related to
all of the involved processes, organizations and product associated infornsaiocbnan
environment necessitates the elimination of barriers that hinder the integration and to let
knowledge and information to flow seamlessly from party to party, from one process to

another and from one involved organization to the other.

1.1.1 IT tools as enabler for integration

In the above discussion, the author emphasized the role of the IT tools as an enabler and
facilitator for DCI. In this section, the discussion is continued with the listing of some of
the factors that impede the full utilizatiohthese tools in the DCI.

To successfully drive more extensive use of IT throughout the construction delivery
processit is necessaryo build up a critical mass of IT users within the construction
industry. Owners and stakeholders should take a teadapting IT in their organizations

and committing different resources for successful implementation of the various IT into
their everyday operations. The problem in this regard is to convince them to take this lead
by providing them with objective assessnt tools to facilitate the quantificatiard the

costs and benefisssociated witltheir investmentn the IT.
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There are uamber of the factors that can inhibit a higher IT takein integrating design
and construction processe&some of these factorsere identified and summarized in a
previousresearch paper published [11] the author as follow:

(a) The fragmented nature of the industry which impedes the wider adoption of common
IT tools across disciplines.

(b) Absenceof a conduciveenvironmentdue to the lack of common standards and a
common data infrastructure.

(c) Low awareness at the management levels of the potential benefits of IT.

(d) Lack of practical application solutions (availableftware packages) in the
markeplace that suit the ugueness of each construction project.

(e) High initial development cost and uncertain return on investment.

(f) Low IT literacy and awareness among construction personnel.

1.2 Problem Statement

Worldwide research attempts and concepts have tried tmenliae performance of the
industry by integrating the knowledge and expertise of the different organizations in the
early phases of the project and bringing them to work together to eliminate uncertainties
and reduce complexities. Some of these concemgested to implement a contractual
agreement such as partnering to enforce integration. Other researchers suggested
executing castructability analysis, Value rigineering, etc. Concepts such as Lean
Construction and Concurrent engineering also had beggested for more DCI [12],

[31], [100]. On the other hand, researchers have also called for utilizing new emerging

technologies such a¥irtual Design and Construction (VDC) and Building Information
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Modeling (BIM) throughout the different phases of th@alepment process to leverage

the level of collaboration and integration among the project team [96], [99].

Over the last five yearshé AEC industry is movinghrough complementing design and
construction integration with those emerging technologpesrd IT-based Design and
Constructionintegration(ITDCI). ITDCI can is defined aa knowledgebased activity in

which each participant continuously and timely contributes and shares his/her knowledge
to realize a specific goal bounded by a unified aodesive culture and supportive-IT

tools.[60], [65], [72]

However,the AEC industry still needs to develop a clear way to identify the level of
investment that is needed to promote Based Design and Construction Integration
(ITDCI) with the expecteddnefits derived from it.

There is not an easy answer to this dilemma. The main ingredient in this process that is
still missing and has not yet been identifiedhe developnent ofa standard method to
determine the level of ITDCI involved. Being able rieeasure the different levels of
ITDCI, will make the assessment thie costs and benefits for each level of ITD@ire
objective Hence the project participants would be abletd@e better informedecisions
regarding theoptimum ITDCI level that suitsheir project. Another value addedtisat

only what is measured wghatactuallycan be improved

Measurement or quantifying the results, also known as benchmarking, is one of the key
elements of the concept of continued improvement which is the mpgaotiob in Total

Quality Management and Lean Production management.
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1.3 Research Hypothesis
Executing the project in an ITDGashion requiregonsistent and timely transfer of the
project participantsd knowl doblgte faciiiate the t h e

transfer process

This research assumes that the level of ITDCI is primarily influenced by the é&xtent
which theknowledge ®the project participantsegarding the involvegrocesssand the
output productis incorporated and shared throughout the prajea continuous and

timely fashion enabled by IT tools

1.4 Research objectives
The main objectiveof this research wato develop a formal model to measure the
different levels of ITDCI. The researcher focused on the development projects within
colleges and universities (As explained in the next section (1.6). In order to develop the
model, the following approach was purdue
1 Developed ad validated a scenario for tHacility development process within
colleges and universities.
91 Provided a definition for each phase of the process to be executedTirbased
integrated fashion and identified the desired outcome of easke pha
1 Identified actions or mechanisms that have to be activated in each phase to
maintain and promote ITDCI.

1 Compiled all of the developed mechanisms to form the model

22
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The level of integration can then be determined by quantifying the extent to which

thosepreviously identified actions were introduced in the project.

1.5 Research Scope

The AEC industry is very large and has many types of projects. While there are common
issues to all building projects, the impact and how these are dealt with varieseaithin
group. For this reasothe researcher focused on colleges and universities facilities.
reasons for targeting this segment of the maakes follows:

1 The sector is formed by organizations that demand fast, complex projects
(laboratories,dorms, sport facilities, etc.and specific design requirements
including styleand aethetics factors. The nature of the projedEmands the
integration of multidisciplinary knowledge to execute such complex projeets in
more collaborative and effectiveay.

1 WPl is part of this market segment and there is readily available information from
past major qualifying projects executed by WPI undergraduates. Another source
for collecting data was through local desigmild firms that are managed or
owned by WPIlalumni who have helped in the past and were willing to help.
Examples of these companies are: Gilbane Building Company, Consigli and
Cutler Associates

1 The data was collected through a structured questionnaire was delivered to the
Society for College and tiversity Planning (SCUP) since WPI is already a

member of this society.
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1.6 Summary of the dissertation

This dissertation consists of seven chapters as follows:

Chapter 1 gives a brief background about the state of the art of the design and
constructon integration and the newly emerged Information Technology tools that
promote integration. In addan to that, the chapter includeddiscussion of the research
objective and the research scope while explaining the reasons behind focusivg on
educatimal facilities. Summariesf both the dissertation and the contribution of the
research to the industry are also included.

Chapter 2 provides the reader witiome of the literature published recently in ffour
main areas: 1) design and construction intiégna starting with definitions, the need for
integration, history of integration , different means of integration and finally the
importance of measuring and quantification of integration.

2) The different models that are being used in the A/E/C indastly as: product model,
process model, management model.

3) The importance of measurements and quantifications.

4) The role of the new emerging IT tools in promoting design and construction
integration.

Chapter 3 starts with a literature review relatedthe research methods used to develop
this researchA detailed description of all of the steps that were involved in the research
process then follows.

Chapter 4 starts with an overview of the developed model for measuring the different

levels of the IDCI. A general description of what constitutesddsed Design and
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Construction Integration (ITDCRhen follows The author therisaussesthe different
patterns for knowledge transfilowed the ITDCI indicators thatveredevelopedn this

study to identify the ITDCimechanismsThe last two sections of this chapter discies
different phases of the traditional development process of colleges and universities
facilities and then how each phase of firatcess can be executed inlaBCl fashion.

Chapter 5 displaysthe different aspects of the survegnducted to validate the model.

The surveytargeted the society of colleges and universities planiiing chapter starts

with the survey objective followed by the survey design firesents thebtained results

and finally concludes with a discussion of those results.

Chapter 6 is a part of the model validation proce3he author chose Welsew
resident facilityEast Hallas a case study for that purpose. The chapter contains an
andysis of the level of ITDCI that was involved in the project based on interviews and
the analysis of the project documents. The ITDCI model was then used to assess the level
of ITDCI. A comparison of the two scenarios and a conclusion then followed.

Chapter 7 presentghe conclusionst whichthe author arrived at after conducting this
researchThefuture research woris also discussed.

Bibliographies and referencethat wereconsidered while developing the reseasch
represented after chapter 7 ends.

Appendices of some of the materials referred to in the different chapters of this

dissertation are also presented after the bibliographies section.

1.7 Summary of the contribution
The research has yielded a major contribution to the AEC industry. A farode! was

developed to measure the different levels of ITDCI involved irfabiity development
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processwithin colleges and universities facilities. Figur& below shows a schematic
structure of the model witthe number of the corresponding ITDCI mechanisms in each

phase.

Formal Model for
measuring ITDCI

Planning Phase
31 Mechanisms

——

——— - -

Design Phase
18 Mechanisms

ITDCI

) Level of ITDCI
Mechanisms

Involved

#Construction Phase
11 Mechanisms

O & M Phase
3 Mechanisms

e o e
N e o o

Figure 1-3 Schematic structure of the ITDCI model

The model is considered a significant contribution to the construction industan ke

used to:

1 Measurehe corresponding level of ITDCI in each project.
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1 Develop a common understanding among itfdustry practitionerdo identify
the level of ITDCI they are standing ap comprehend the benefits and
consequences of this level on their project outcormedio execute cost/benefits
analysis for other ITDCI levelsHenceusers can takeomprehensive decisions
regarding theoptimum integration leading to the most effective results for their
project outcome (cost/benefits) wise.

1 Measure and benchmark oth@ojects to assess how integrated the members of
the involved team performednd to assessow well the facility performed in
terms of realizing the previously specified quality, cost and time. This information
can then be documentbhedkd namd mafnfuerl e d fAfgari
other industry peers. Consequently, that would help to create a standardized
language that can be used to communicate construction information between

diverse parties.
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Chapter 2. Literature Review

This Chapter smmarizes some of the most relevant previous research conducted to date
related to the objective of this research. The author reviewed the related literature in four
main topics: Design and construction integration, Information models in the construction
industry, Importance of measurement and quantificateord emerging Information

Technology tools in the construction Industry.

2.1 Design and construction Integration- related literature

For the purpose of this research which is developing a formal model for measuring the
different levels of ITDCI, the author had to find global definitions for DCI and ITDCI as
a step to identify the mechanisms needed to be enforced to maintain integration.
2.1.1 Integration definitions
1. The bringing of people of different racial or ethnic groups into unrestricted and
equal association, as in society or an organization; desegregation. [65]
2. The process of incorporating parts, components, elements larigea defined
unit, set and whole. [54]
3. DCl is a continuous interdisciplinary sharing of data, knowledge and goals among
project participants. [31]
4. ITDCI is integrationthat relies on participants sharing their knowledgiéh the
support of the appropriatIT tools perhaps by encoding it in objdeased
technologies to model the building (commonly referred to as the Building

Information Model, or BIM [9, 31]
28



By examining the above definitions, it was found that all of them have the same concept.
These denitions emphasized that integration or-based integration is bringing all of

the participants involved in executing a certain process or processes to work together
while having a common goal and unified culture. Besides they have to continually share
their knowledge seamlessly in a timely manner. For effectively sharing their knowledge,

they have to rely on the new emergingttbls to facilitate the knowledge transfer

process.

2.1.2 History of integration

The concept of design and construction integrahad been introducedot the US
construction industrynany years ago. This was when the master builder concept was first
established in the early #7entury by the Carpenters Company in Philadelphia [19].
Master builders were responsible for desigramg surveying, laying out, and managing

of construction projects according to the contract document [107]. By the late part of the
19" and the early part of the 20the function of the master builder became fragmented
into designers and construction spadties due to the increasing sophistication in building,
which led to a reduction in the use of master builder system for building projects [56] and
to the introduction of the traditional design/bid/build delivery system. Using this delivery
method, planing, design and construction of a typical construction project are executed
separately by participants from different disciplines and in differeas@s, typically in

an adversariaénvironment and with little interaction between phases and disciplines.
Under this kind of specialization, arrangement, design and construction parties share their

information at the end of the design phase and during the construction thus hindering the

29



construction knowledge to be available during the early phases of thgn gescess.
Consequently, this might result in inefficient designs, increased rework, higher costs and
slipped schedules. In order to eliminate these drawbacks, researchers recommended to
revive the master builder delivery system to help improve the catisin project results

[107]. DesignBuild and Integrated Project Delivery (IPD) are emerging project delivery
systems are examples of the ancient master builder system. Konchar and Sanvido (1998)
developed performance metrics (cost, schedule and qualitg) data collection
instrumen (structured survey) to tesind empirically investigate the different delivery
systems used in the U.S construction market. Konchar provided empirical evidence that
projects executed using design/build delivery system astlaoch®f integrating design

and construction activities can achieve significantly improved cost and schedule
advantages. Besides it can produce equal and sometimes more desirable quality

performance than other methods.

2.1.3 Need of integration

Research féorts have been conducted to explore the underlying factors that increase
project cost attributed tthe inefficient desigaconstruct and manage procesghat are
observed in fragmented teamesulting in dissipated efforts. It was found that a
significant portion of these costs is credited to the incongruent and the consequent
divergent behaviors of the various organizations participating construction project

[67], [80]. Designers and contractors are often adversarial, inefficient, and resgstant t
innovation. [98] Some researchers related the problem to the lack of the construction

knowledge during the early phases of design. Fischer and Tatum (1997) addressed that

30



the little and late involvement of the construction knowledge in the design [aalsetbd
unfavorable frustration for not meeting the expectations. Besides, it results in slower and
more costly construction periods due to increased transactional costs, rework, and non
discretionary change orders due to errors and omissions.

Accordingto the previously discussed consequences of the fragmentation researchers in
the AEC industryhavecalled for enhancing the performance of the construction projects
by introducing design and construction integration. They recommendetegvate the
knowledge ofboththedesign and construction organizations involved in the early phases
of the project. Blending and integrating the knowledge and expertise of different
participants from the outset can eliminate the uncertainties involved in the different

processes throughout the development process and affect the project outcomes positively.

2.1.4 Means of integration

In the last decade, efforts have been started to investigate the different ways of
integrating designrad construction. Nam and Taturh992 found that there are at least
three means of integration in the U.S construction industry: organizational integration;
contractual integration; and information integratif@¥]. They are different in their
targeted goal, organizational boundary and inftiam transfer environment. A brief

description of each is followed below.

2.1.4.1 Organizational integration
The functions of design and production are integrated and performed together under one

organizational boundary (vertical integration). Dedigrid firms are good examples of
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this kind of integration at which all the design and construction function are executed
collaboratively throughout the life cycle of the project under the responsibility of one

entity.

2.1.4.2 Contractual integration

This kind of integration is based upon involving construction expertise in the process by
integrating different organizatigrfor relatively short time (Project duration) in order to
achieve higher levelof goal congruency within the project team. A good exaraopthis
contractual integration is to form an alliance between the different participants (owner,
designer, contractor, etc.) of the project to work seamlessly throughout the life cycle of

the project to deliver a successful facility.

2.1.4.3 Information integration

This type of integration is usually achieved by integrating the information within an
organization or across organizations to increase coordination and efficiency. Computer
integrated construction (CIC) is an example of this integraitomvhich a common

database can be generated, accessed, and updated by multiple users. [99]

Moreover, Nam and Tatum described four major means to achieve integration between
design and construction such as: (1) owner
project execution acting as link among the various organizatig®) the longterm

business relationship that helps to develop an informal bond that facilitates inter

organizational learning (3) employing integration champions; and (4) the
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professionalism of @mject participants and their ability to cooperate to perfect the whole

project.

Some researchers found that design and construction integration can be achieved by
improving the constructability during the pcenstruction gage. One example was
Glavinich, 1995, who addressed two methods for improving constructability and
decreasing desigrelated problems during the construction process, 1) Design phase
scheduling, which involves the development and subsequent revision of a construction
schedule throughouthe design process in order to detect and correct potential
construction and scheduling problems , and (2hdose design phase constructability
review to test the design philosophy in relation to the design criteria aasmék project
constructabiliy [38].These two methods addressed by Glavinich are representing two
means of integration according to Tatum and Nam previous classification presented in
sections 2.1.4.1 and 2.1.4.3. They involve both organization integratisich both

design and comsiction organizations are integrating their knowledge for more effective
design. Besides, information integration through the use of IT tools such as construction
scheduling software packages combined with object oriented design packages such as
building information modeling (BIM) to explore and detect potential construction and

scheduling problems prior to the actual construction time.

2.1.5 Integration promoting factors
After identifying the different means of integration, the author reviewed thetliterto

investigate the factors promoting and deterring integration. This section discusses the
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integration promoting factors while the integration deterring factors are discussed in
section 2.1.6.

The type of project, contractual arrangements, organiztgiructure, and technological
capabilities all affectie integration of the project. Mitropoulos ahdatum,2000found

that he project unertainty and complexity are directly proportional ttee degree of
integration [65]

Sanvido, 1998 discussedvin®esign/Build and fast track projects were found to be the
most common type of project delivery methods that promotes integration. These methods
require cross functional integration among all project parties (design, engineering,
construction, and ownerAdditionally, the contractor participation during the design
phase adds value by proposing cost effective alternatives and possible improvements in
the constructability of the project.

Mitropoulos andTatum, 2000 suggested some other mechanisms thatevamnalge the

level of integration such as Value Engineering (VE) and Total Quality Management
(TQM).

Value Engineering can be a part of the design process of the project. Integrating the
buil derds knowl edge into t he iViBdingwayscte ss | mp e
reduce the cost of the project. Introducing a matrix organizational structure and building
cross functional teams from the early phases of a project has been proven by the
construction industry to be an effective tool in promoting irgegn [77].

However, these cross teams have to be working collaboratively and openly with a high
level of mutual trust amongst each other. Partnering is a contractual agreement that can

promote integration by encouraging teamwork and developing coogeratiitudes
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between project participants. Rahman and Kumaraswamy, 2005 in their research
identified 31 potential facilitators for integration. The table below summarizes these

factors.

Enlightened and enthusiastic client

Knowledgeable client (about project processes and relational contracting (RC)

Client's initiative

Learning about RC approaches before contracting (all parties)

Co-operative learning within project organization

Familiarity/previous relationships with/among other parties

Reputation in the industry (each party)

Willingness/enthusiasm of involved parties

Previous experience in RC approaches (each party)

Aadequate resources and technical skills (each party)

Previous performance records on hard factors like time, quality, safety (each party)

Compatible organization culture of involved parties

Interpersonal relations/cultural harmony (individual)

Previous performance records on soft factors like joint decision making, problems, issues, etc. (each party)
Short listing capable and compatible potential project partners instead of price-only consideration
Disclosing project information to potential partners at early stages of the project for potential feedback
Seeking specific input on constructibility, construction methods, materials from potential partners

Bringing contractors, major subs and suppliers into the project team for long-term interactions

More workshops for better interactions to build trust/reliability

Use of single point responsibility

Group combined responsibility as against individual responsibility

Role of an independent full time facilitator in building trust, teamwork and can-do spirit

Role of project manager as facilitator as per item above given that PM has best ubderstanding and control
Requirement of an independent full time facilitator to supplement PM

Company training policy to build adaptable individuals for working with divrse partners (each party)
Corporate strategy of building trust with potential partners by doing the right thing and meeting time & cost

Table 2-1 Driving factors for integration
They found that the three most important factors that promote integration were the
reputation in the industry of each party, disclosing project information to potential
partners at early stages of a project for any optiteelback, and previous performance
records on soft factors such as joint decision making, joint problem solving, and
compromises on unclear issues in each party. On the other side, the three least important
factors were more workshops for better intéoacs to build trust and reliability, learning
about RC approaches before contracting through workshops, seminar or training within
the company, and the requirement of an independent full time facilitator to supplement
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the project manage in building truseam working and can do spirit and enhancing

cooperative learning among contracting parties; thus workshops are of little importance

and impact in integration. [57]

2.1.4 Integration deterring factors

Rahman and Kumar aswamyos deterantegrationi aendngsts o me

project parties. A summary of those factors is provided in the below table.

Lack of client knowledge about project process and RC

Lack of commitment from top management: client

Lack of commitment from top management: other party

Lack of client's initiatives

Bureaucratic client organization

Stringent/incompatible public sector rules and regulations

Public sector accountability concerns

Price-only selection methods

Commercial pressures on contracting parties

Opportunistic behaviour of one or more contracting parties

Lack of trust and reliability among contracting parties

Unwilling and unenthusiastic participation of contracting parties

Interpersonal and cultural clash (individual level)

Incompatible organizational culture

Absence of any risk reward plan

Separate and unrelated risk reward plans for different parties

Exclusion of consultants in risk reward plan

Exclusion of major subcontractors in risk reward plan

Exclusion of major suppliers in risk reward plan

Unfair risk rewrad plan

Lack or absence of contractual relations between client and major subcontractors
Lack of any relationships or communications between client and major suppliers
Lack of any relationships or communications between subcontractors and suppliers
Resistance of contracting parties to integrated project culture

Failure to share information among contracting parties

Uneven commitment of contracting parties

Discontinuation of open and honest communication

Improper planning, design errors and omissions

Potential legal liabilities in resolving non-contractual issues

Table 2-2 Deterring factors for integration

According to their study [57], The highest ranked factors to deter ini@gnaere: (1)
Lack of trust, open communication and uneven commitment, (2) Commercial pressures,
absent or unfair riskeward plan, incompatible personalities and organization cultures, (3)

Lack of gener al t op manage me nand imtiativen{4)t me nt
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Lack of good relationships among the team players, and (5) Exclusion of some team

players in riskreward plan, errors and cultural inertia.

2.2 Importance of measurement and quantification

Many researchers called for design and cositsn integration by introducing different
approaches and methods. Some of them suggested enforcing contractual agreements such
as partnering, desigouild and IPD with the help of the technological advancements.
Other researchers identified factors thadmote and increase integration. However, most

of these approaches are qualitatively based that cannot quantify the extent to which they
would affect the level of integration involved in the project. In order to do that there
should be a way to measureethdifferent levels of integration. Having this type of
measurement will help the AEC practitioners to better understand the ITDCI better and
gain a better knowledge of how the different levels of integration would affect the
performance of the project resgively. But, why measure? Having tangible metriés is

and has always beén helpful in any discipline. For example, the Richter scale in
measuring the magnitude of earthquakes, Fahrenheit in measuring temperatures, and
miles in distancesAccording to Lord Kelvin (and most scientists and engineers),
measurement is the way we gain substantive knowledge about things. When Japan is hit
by a 6.6 earthquake, people around the globe can understand what this means. Expressing
knowledge in terms of numerical valusslps to analyze and understand things better.

Sue Dyer, a pioneer industry professional in partnering process addressbd tnaical

lesson shéearned hr ough her profession journey was

you want to have happenShe added that fou want to change a behawior culture,
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then measure itf you want to achieve a faeaching goal, then measurelftyou want
to make sure your teamstays together, then measurelityou want to make sure a

deadline will bemet, hen measure its progress.

Measuring or benchmarking is a concept of a continued improvement which is the main
objective in Total Quality Management. It uses standard measurements in a service or
industry for comparison to other organizations in order tm geerspective on the

organizational performance.

Lean Construction approach which is a productitamagement based project delivery
system that aims to build the project with maximizing the value while minimizing the
waste and ensuring perfection for thenefits of the project stakeholders is also relying
on measurement to revise the original plan and reasons for not meeting tiseir goals.
Actual measurement in lean construction is always a helpful tool to reveal that how they
actually get done diérs from what is supposed to be. It gives an insight of what project

participants should have done and what they can do for improvements.

2.3 Models used in the A/E/C industry

Construction projects involve a large amount of individuals and organizahahsat
different times and different locations are exchanging all sorts of data and knowledge
from the early beginning of the project until the realization of the final product (building

facility).
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Over the last decades, models of products, procedsnaolved organizations had been
developed by the AEC industry researcherpriovide a structure that binds the three
componentsdgether and hence identify the potential interfac®ng them[96]

As part of this research methodology, the author hadentify a standard and widely
acceptedmodel of each of the three components product, process and organization to
identify the mechanisms and actions needed to achieve integration among them.

The following sections displays one of the models that hash mnsidered while

developing this research

2.3.1 Process Model

Process models in the A/E/C industry and are used to represent the important steps that
are need to be executed throughout the duration of a project. In 1990, Sanvido developed
the integraeéd Building Process Model. The model subdivides the construction process
into five different phases or processes: manage, plan, design, construct, and operate
facility, where each individual phase had additional-gtdresses. In 1992 Fisher and

Yin devebped a different model called the General Eritawv Model which was based

on the flow of information from a contractor
After reviewing the literature, the author adopted the below model developed by
Ganeshan and Liu in 1996 to providecenario of the development process. Their model

is a conceptual model of the overall design/construction Process and the responsible
actors. It also shows how the information flows and associated decisions that are made
through the different stages d¢iie process. Besides, it identifies the professional

responsible for each phase.
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Figure 2-1 Design/Construction proces®rganizational model [95]

2.3.2 Product Model

Product Models are another of models used by the AEC industry and provide an ordered
structure for the product. The unified Approach Model developed by Bjork in 1992, the
GenCOM Model by Froese in 1992, the BPM model by Luiten also in 1992, are all

amongthe popular product models used in the A/E/C industry .[11],[34],[95]
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The abovefigure represents an example of the product model in terms of its building
systemsand organization (actors involved in the process). On the right side of the model,
are the physical components of the building. To the left are the different trades related to

each system dhe building.
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2.3.3 Product/Process/Decision Model

The bédow figure represents a simplified model of the decision making process developed
by the author through the product life cycle starting from a concept to a realized product.
It starts with defining and describing the (product) building system that neels t
installed and ends with approving the as built drawings. From the beginning until the end,
several decisions have to be considered such as: evaluating the different alternatives;
defining requirements and constraints; assign tasks and responsjbiiéEsmine
interactions, selecting the optimum solution; monitor the implementation process.

Finally, comparing the executed versus specified and approving the as built drawings.

Building System

_ Define and describe Analyze proposed Assess
r System solution potential impact

Satisfy functional nee
Provide safe environment Evaluate different alternatives
Provide for human comfort
Select alternative
0Satisfy cost-benefit requi
— Define requirements Dlstrlbute requirements
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Figure 2-3 Product/ProcesgDecision model
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2.4 Information Technology- related literature

2.4.1 Online Collaboration Project Management technology (OCPM)

Nowadays, some design and construction organizations are starting to depend on new
emerging information technology tools (ITT) to execute their jobs pratesses
collaboratively. With the assistance of those ITT, construction project teams can become
more flexible, adaptive, and competitive by improving their performance. [11]

IT enabled tools and techniques are available today for increasing the effiokethe

project teams and the effectiveness of the design and construction processes. Extranets
and modebased 3D and 4D collaboration tools for information sharing, storing, and
communication are some examples of these technologies. Nevertheleste tlespi
potential positive contribution of these tools to the design and construction processes and
organizations, barriers do still exist for achieving success. [8] A gagsed submittal is

still the common product of each part of the design phase esoutiput results of tasks
executed by IT are eventually printed on paper in the form of drawings and specifications
for accomplishing tasks. On the other hand, even when the client demands a digital
version of the design documents, such as drawings acdisaions, this digital version

of the documents 1is not l egally binding and
archiving or for further processing in the future. There are several cultural and legal

barriers for ITT adoption in the construatiodustry that slow down this adaptation.
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2.4.1.1Project Extranet

A collaborative workroom or project extranet is an electronic network linking a number
of different individuals or organizations for the purpose of exchanging information in
digital form. Such networks have the opportunity to significantly improve the way the
construction industry works and reduce the likelihood of mistakes and disputes, which
are the biggest causes of waste and inefficiency in construftioAs early as 1999, at

the Chcago Summit on the Future of Engineering Software, leaders from organizations
such as Ford Motor Company, Microsoft, GSA and Bentley agreed that "within three
years, no new engineering project of any consequence will be initiated without the use of
apropct website or ext r aaff eftthis techhoBbylis st mwse v e r
early phases. Small to meditsized contractors are still reluctant to embrace the concept
claiming that these systems are expensive, difficult to use, and only &uitkdgest
companies.

Today there are a number of hosted extranet solutions all over the world, an example of
those solutions is CJ Collaboration [46], the product of a joint venture between premier
UK construction industry newspaper Contract Journall dfrojects, the leading
provider of extranet and collaboration solutions in the UK.
The aim of the new venture is to break down the current barriers to entry to collaborative
working so as to enable more firms to save time and money by improving tbgictpr
management processes. Another example in the US industry is Meridian systems.
Meridian Systent$ providesproject management softwafer optimizing the Plan,

Build and Operate phases of real estate, construction, and other physical
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infrastructure prgcts and programs to improve tbpe revenue and reduce capital
construction costs. [51] They offer several products siscRroliancé, Prolog® and

ProjectTal®

2.4.1.2 ModelBased Collaboration

In addition to information sharing thorough-nwils and project extranetshe
construction industry experienced increased use of model based collaboration over the
last two decades ttacilitate the communication and collaboration among the project

teams Examples of these models are 3D models and 4D models.

2.4.1.2.1 ® Models

The primary uses of computers in the construction industry have been shifting, over the
past decades, from the 2D graphical representation of the proposed design solutions to
model based approaches that facilitate collaboration among the various professionals
who are involved in the project.

Incorporating these models as basis for communication in the construction industry,
replacing the papdrsased communication is gradually giog: Organizations have
started to focus on using 3D models collaboratively and make it accessible by other
organizations involved to link their information on the model. These models are linked to
central databases that store all model related informatidrattributes.

The Building Information Model (BIM) is a good example of the 3D models that are
being widely adopted by the industry.

The benefits of communicating over a 3D model are many, such as compatibility
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of the work of the different organizatisnnvolved, easier access to the information in a
timely manner, less errors and omissions in the drawings, and eventually more effective
transfer of the design data to construction. In addition, thd3er®dels are very helpful

in the coordination ofhe building different systems like the architectural, mechanical
system and the structural systems. These can identify any potential clashes or conflicts
before the actual construction begins. However, the current industry practices and the
development okpecialized software applications with limited interoperability, limit the

adaptation of this new emerging technology to a certain extent.

2.4.1.2.2 4D Models

The use of 4D models, 3D plus time represents a fundamental change in project planning,
design, and construction management strategies. 4D models have the potential to
dramatically reduce project costs, schedule, and risk. Their major benefits are that they
enable project team members to:

1 Better communicate the design and schedule of arcmtisin project.

1 Better execute site planning and logistics studies.

1 Promptly reflect design and schedule changes.

1 Solicit more robust feedback and input from all project participants based on their

interpretation of the developed models.

4D models enhance he pr oj ect teamds ability to plan
through evaluation, feedback, and suggestions from a range of project participants who
can identify potential problems more easily and then rapidly explore and evaluate design

and schede alternatives. Additional functionality of 4D tools which has been shown to
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be usef ul i's comparing schedules from the st
schedules to assess the schedulesd6d compati!l
conflicts prior to construction.

While the work of related subcontractors is typically coordinated through 2D overlays,

that allow a project team to identify some spatial conflicts in the design, visualizing the
construction schedule can introduce new spatiaflicts that are very difficult to identify

with 2D overlays.

2.4.2 Potential Benefits of the use of OCPM

Making use of collaborative technology to manage the flow of information on a
construction project should lead to cost savings. For example, ystsins allow for the
sharing of documents, drawings, schedules, specifications and many other forms of data
via crossplatform viewer, eliminating the need for all parties to commit to licensing the
originating software. Moreover, securanail and discusion forums providing instant
communication with the project team, meeting and travel costs should shrink.
Also, the expensive task of distributing hard copy documents can be eliminated, while
paper and printing costs will be reduced. It is clear thaeth@ngible benefits alone will
provide savings for the majority of construction projects, yet the intangible savings in
time and risk can pay for the extranet costs many times over.
Using a collaborative system will cut down the time taken to generatk and file
documents, and will enable quick and efficient searching through both live and archived
information.

In addition, distributing project documents electronically will ensure that all members of
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the project team have access to the mostotgate versions of the various project
documents so that mistakes generated by someone working from an outdated document
or drawing are removed. And where mistakes do happen, the system will provide a
reliable record of all communications which would helptoid the likelihood of costly

litigation.

Table 2-3 Potential benefits of adopting the OCPM technology

Improved data availability

Enabled faster reporting and feedback.

Reduced paper and printing costs.

Improvedinformation management.

Enabled better project and program control

Reduced time to make a decision.

Improved quality of the output product.

Reduced rework/data entry

Faster launch to market due to faster delivery

Reduced errors and omissions.

More dfective communication

Reduced travel costs and transportation

Bring new team members up to speed quickly

Reduce design time and effort.

Increase productivity of crews

Reduce time needed to evaluate an alternative

Improved constructability studies

Improved evaluation of schedule
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Speed up evaluation of schedule

Reduce number of change orders

2.4.3 Financial, cultural and legal barriers
Although the construction industry has enjoyed the benefits of different design and
construction softwarduring the last few decades, it is still laggard to adopt new ways of
collaboration. Also, although there have been some successful examples, the benefits of
these tools are not proven industvide. Moreover, there are legal and cultural barriers
need tobe overcome for a widespread adoption of collaboration technology in the
construction industry. Examples of these barriers are:

1. Financial and organizational learning risk

2. Legal Barriers.

2.4.3.1Financial and Organizational Learning risk

Financial risk is one of the causes that slow the adoption of the online project
management collaborative systemsinancial risk is expressed as a belief that the
introduction of OCPM technology represents additional costs that cannot be justified in
turn of its benefit, or that clients do not perceive the value in designing in 3D or the value
of electronic document exchange and storage. Moreover, the industry practitioners:
architects and contractors are reluctant to spend for additional hardware &vertesof
Also, high expenses of training employees with a possible lowered productivity during
the transition or the change process. In addition, not having a standard tool for
information sharing similar to CAD system is creating frustrations in the indasteach

new tool means going through another set of learning curves. Architects and designers

49



are especially subject to this problem as these tools are usually brought on board by the
owner or the contractor

Unproven priceo-performance is representigmajor issue that does not promote the
adoption process. Normally, the primary motivator for the AEC industry personnel to
embrace new technology innovations is the opportunity for direct gains and benefits in
their work processes. In order for thosespanel to realize these benefits there must be a
framework in place to measure the relevant cost and benefits associated with the
investment [60]. Although there have been some initial efforts to study ROI, there are no
valid results available today to enoage industry stakeholders towards faster adoption.
As it can be also observed from the below figure , there are some benefits that are
obvious such as improved communication, reduced printing, mailing, faxing costs, and
reduced RFI and submittal turnaral time. However, the users are less confident that
they will enjoy the benefits of reduced claims and litigation costs, increased competitive

advantage or reduced change order c{8}s.
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Figure 2-4 Realized benefits of OCI tools according to users-- [7]
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In order to overcomehese financial barriers, vendors of these systems are now
encouragingompanies interested in using their systems by offering them free trials, and
conducting live webinars and workshops. At thesbinars and workshops, they invite
industry practitioners who had previous experience using the software to provide their

insights and work experience.

2.4.32 Legal Barriers

Until recently, the legal framework in the construction industry that potetormation

as a property right represents real obstacles to change and start adopting the OCPM
technology. The standard practices advocated by the industry governing organizations

such as the American Institute of Architects, Associated GeneralaCtors, or National

Society of Professional Engineers tend to institutionalizeaatlaborative practices. For
example, the American Institute of Architect
forms for design and construction related services whtodrage technology enabled
collaboration. For example, the AlIB1419 Standard Form of Agreement between

owner and architect includes provisions that
on project conditions while in a collaborative environmeiitihformation is shared with

the designer, builder, subcontractors and suppliers as with the owner. Contract documents

in a traditional agreement are proprietary while it cannot be proprietary in a collaborative

environment for a number of reasons. Figbprietary ownership of information does
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not lead to sharing of that information across the team. More importantly, interactive, or
web enabled design documents are neither static nor authored by a single team member.

However,in 2007 the concept of integrated project delivery (IPD) developed by the AIA
society altered the previous way of communication between the architects, contractors
and other participants of the project and provided a strong initiative to overcome those
legal barriers. Integrated Project Delivery as defined in the IPD guide developed by the AIA

is a project delivery approach that integrates people, systems, business structures and
practices into a process that collaboratively harnesses the talents arusirdigall
participants to optimize project results, increase value to the owner, reduce waste, and
maximize efficiency through all phases of design, fabrication, and construction.

IPD principles can be applied to a variety of contractual arrangement®Bnttams can

include members well beyond the basic triad of owner, architect, and contractor.
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Chapter 3. Methodology

This chapter starts with a description of the research methods used for conducting this

research. A stefy- step description of the research process is then followed.

3.1 Research Methods Introduction

Research can be divided into three main categories: explgratalyiem solvig and
hypothesis testing. [76The research methods used in this researcla &gdrid these

approaches.

Exploratory research is often conducted because a problem has not been previousl
defined, or its real scopge some extent was unclear at the outset of the prdjggically,

it is not possible to make a detailed work plan in adegafbis research method is
usually used to investigate little understood problems, identify important variables or
generate hypotheses fordoe research. This research was conduittelbvelop a formal
model or a framework to measure the different legéld -based design and construction
integration The author first started by reviewing the literature to identify previous
research done for measuring design and construction integration. After reviewing the
literature, it was concluded that although eesbershave suggested some methods to
promote @sign and integration, there were previous methods for quantifying the level

of integration involved ira building project

Since limited or almost noresearchhas been conducted in measuring ITP@h

exporatory research method was used in this research to solve the research prablem.
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the beginning ofthe researchthe author didnot have a clear vision of theesearch
direction or how to proceed~romthe literature review, the author fousdmeresearch
initiatives thathelpedwith herresearch. For example, the POP model introduced by the
Center of Integrated Facilities Engineering CIFE at Stanford univensighich they use

a softwareool to model the required product and link it to theolved organization and

the process modelso better enhance the product. Other concepts such as Key
Performanceridicators (KPI), Quality Management (QM) or Total Quality Management
(TQM), which are all different wayd$or ensuring that all the activitiesecessary to
develop a product or service are effective and efficient with respect to the system and its
performancehelpedto gan gradual precision of how to proceed with the resepish
Theconcept of AQuality ManageQueanltiot yprMavn aoguesnhey
from the manufacturing industry helped in this directiQuality Management is defined

as a method for ensuring that all the activities necessary to design, develop and
implement a product or service are effective and efficient wipaet to the system and

its performance [48].

The two research strategies used in this exploratory research were interviews and case
studies. [63] In addition to that, a structured survey was used to validate and test the

developed model.
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3.2 Research Process

A summarized stepy- step methodology is provided in this section followed by a more
detailed description of the major steps.

1. Reviewedthe literature

2. Developed a global definition for ITDCI through literature and interviews.

3. ldentified apreliminary list of ITDCI indicators

4. Developed and validated a scenario for thelity development processithin

colleges and universities

5. Developedhe ITDCI model.

6. Developed a structured survey to validate the developed mechanisms

7. Collected the gestionnaire results.

8. Analyzed and sorted the content of the questionnaire results.

9. Testal the developed model usingP16 Bew residence hall as a case study.

3.2.1 Literature Review

A literature review was conducted in four main topit¥:Design and construction
integration,2) Modelsusedin the construction industrg) Importance of measurement
and quantificationand4) The role of theemerging Information Technology tools in the
construction Industryo promote integratian

After reviewing the literature, the author was able to identify the current state of the art in
the integration area and the newly emerginfprmation technologies that promote

integration. Also, the author was able to identify the research problem, develop the
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research questions and have better idea of how to solve the research problem (research
methodology).

3.2.2 A global definition for ITDCI through literature and interviews

In order to identify a global definition for {based design and construction inteigrat

the researchereviewed the literature andrirgreliminary interviews with three members

of the AEC industry, each one afhom represents one principal party in the project:
Owner, John Miller, Director of physical plants services at Worcester deblyic
Institute; DesignerRobert Tayloy AlA, Vice President of Planning and DesignCutler
Associates and ContractorWilliam Kearneg/, Project executive at GilbanBuilding

Company.

3.2.2.1 Interviews

Interviewing can be an extremely useful method of gathering information, which is not
otherwise available to a researcl8g]

The purpose of the interviews weréo collect the intervieweéssiew on design and
construction integratiogndto verify therelevancy of their reply to the literature review.

In addition, the interviews served as a basis to structure a questionnaire that the
reseacher developed and sent itedustry practitionersThe interviews also helpeid
identify new issues that were nidientified during the literature revietachinterview

included three main questions as follows:

1 Inyourperceptionwhat is @&sign and construction integration?
1 How do yourecognizewhethera project is a well integrated or not? What

indicators should oa look for to identify integration in a project?
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1 What is the role of emerging infoation technologies such &CPM, BIM and
others in promoting design and construction integration?

In addition to the previous questions, the author gatherehtiiwieweeé view on the
potential benefits of integratidmased upon their experience from integrated projects
A full script of the questions and the answers by ititerviewees are presented in
Appendix A After analyzing the results of the interviews, the author got better insight
on a definition for design and construction integratjoall of them agreed thathe
condition for integration involves thadll project participantsworking together and
sharng their information, knowledge and responsibility seamlessly from the early phases
of the project.o As far as the indicators t
they suggested: more effective commatimn, less RFIs, less time toake deaions
and less change orders. As for the new emerging IT tools that promote integration, they
all replied that they have been exploring a variety of those tools like: Webinar which
allows people to communicate together remotahgBIM for modeling, cosestimating
and clash detection. The interviewees also added that usitoplsl such as Prolog or

project websites can promote collaboratiod ategration to a significamixtent.

3.2.3 Identifying a preliminary list of ITDCI indicators
The previous irdrviews conducted also helped the researcher to consolidate the findings
from the literature review to cagnup with a list of twentpne integrationindicators

presented in Chapter 4e&ion 4.4.
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3.2.4 Developing a scenario for the development process tolleges and universities
facilities

A scenario for the facility development process within colleges and universities facilities
was first developedral validatedo identify thelTDCI mechanisms that need to be
activated to promote integration.

3.2.5Developing the ITDCI model

In order to develop the ITDCI model, the author used the previously identified scenario
for the traditional development process and then for each phase of the process:

1 Provided a definition of the phase when executing it in raagrated
fashion.

1 Identified the desired results of each phase, and then identified actions
and mechanisms that have to be activated to ensure the presence of
integration.

From the literature review, interviews, brainstorming and personal experience, the
researcher was able to identify the ITDCI mechanisms that have to be activated in the
different phases of the project to integrate the knowledge of the project participants.
Some of those mechanisms are organization related, process related and platddct re

In addition some IFrelated mechanisms that have to be in place to ensure the

effectiveness of the information technology in facilitating integration were also identified.

3.2.6 Developing the survey
A survey is a process of examining a sociammenon involving an individual

or a group, by gathering information through observation or asking. [22]
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Commonly, surveys are conducted through questionnaires and interviews. [29] Questions
have two primary types, open and closed. Open questiondeargned to allow the
respondents to answer in whatever form and content they wish. This kind of questions is
easy to ask but difficult to analyze the data. Closed questions have a set number of
predetermined responses that respondents can choose.

The questionnaire developed for this research introduced both types. Closed questions
were usedto quantifymore accuratelyhe extentto whichthe ITDCI mechanisms and
action were introduced throughout the different phases of the project and hencengetermi
the level of ITDCI that was presented. Some of these questions were measured -on a five
points Likert scale.

The survey was developed and published using Survey Monkey website

A request for participating in the questionnaivas sent to theSociety fa College and
University Planning (SCUP) membeg@ar chitectural, design, engineering and consulting
firms that support higher education) through their weekly newsletter to capture their real
life experience. The results were then collected thrahglsurey Monkey website. For
further analysis, the results were exported to Microsoft Excel. The results of the survey,
discussion of the results and conclusion are presented in chapter five.

Open questions were also used in the survey to captureautiems hat were taken by

ther esponders and were not introduced i ncl

3.2.7 Case Study
AA case study is an empirical i nqguiry t

within its reallife context, especially wherhé boundaries between phenomenon and

59

ude

hat



context ar e n[R9.Itbdpsia deeply explore specifid instances within
the context of the research.

The case study used for this research is 8w residential buding facility East Hall
The rason behind selecting that case study besause the related information was
readily availableand well documentedsome senior studentsvere involved in the
development process of this project with their MQPS and witnessed a highly integrated
working ervironment among the different parties.

Theresearcher used the case sttagxecute integration analyss$ the project using two
different scenarios: the first scenario using the driving/deterrentrgacfointegration
developed by Kimaraswamy and Mohaim 2005; and the second scenario using the
ITDCI model to measure the level of integratioh ITDCI that was presented in the

project Finally, a comparison of the two scenarios w@sducted.
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Chapter 4. The ITDCI model

This Chapterstarts with section 4.1, an overviea the proposedanodel for measuring

the different levels of ITbased design and construction for colleges and universities
facilities (Fig 41). The rest of the chapter is organized as follows:

Section 4.2 gives a geré description of what constitutes -blased Design and
Construction Integration (ITDCI).

Section 4.3 discusses the different patterns for knowledge transfer.

Section 4.4 gives an overview of the ITDCI indicattirat wereused to develop the
ITDCI mechaisms.

Section 4.5 discusses the different phases of the traditional development process of
colleges and universities facilities.

Section 4.6 describes how each phase of the traditional development process can be

executed in an ITDCI fashion.

4.1 An overview of the ITDCI model

The ITDCI model acts as a universal framewtnlactivate ITDCI in the development
process of colleges and universities. It worksaaasting system to measure the overall
level of ITDCI in each project after determining the leseITDCI that was involved in
each phase. A full description of the model development and hewrks is presented
later in this chapteThe main idea behind the development of the model is to give a clear
prescription to the project participants to ntain ITDCI in the development process,

ensuring thagll partiesare continually exchanging their knowledge in a timely manner
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while depending on the appropriate-tdols to support the integration process. The
author looked closely at each phase of theetigpment process and came up with the
corresponding ITDCI mechanisms that have to be activated to support the knowledge
transfer process. Mechanisms to ensure the introduction of the appropriate IT tools were
also considered in each phase.

The model consts of 75 mechanisms (points) distributed over the five phases of the
development process: planning, design, procurement, construction and operation. Thirty
one mechanisms have to be activated in the planning phase, eighteen in the design phase,
twelve n the procurement, eleven in the construction phase and three in the operation and
maintenance phase. Approximately 25 % of the seventy five mechanisms-ta@sIT
related.Figure 42 is a snapshot of the ITDCI model.

The level of ITDCI in the project cabe then determined by quantifying the total number

of ITDCI mechanisms activated over the five phasfabe process

Different categories of ITDCI can be realized based on the total number of points
obtained ashown in the figure below

level 5 75 points

level 4 65 points & above

level 3 55 points & above

Level 2 45 points & above

level 1 35 points& above

Figure 4-1 Different levels of ITDCI & corresponding points
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ITDCl...

Metrics for measuring IT-based Design and Construction Integration

In the development process of colleges & Universities

It-based integrated planning phase otal points = 31

1- An initial kickoff meeting held to bring the project team together? (Owner, Chief of Officer, «
of students, director of students affairs and campus life, director of physical plants, designers
contractors and students as end users)

2- Specific actions taken to set the tone for cooperation throughout the project toward a comr
goal. (Training programs, incentives, etc.)

3- Owner's (Board of trustees, President) plans and i and
team members. (Characteristics of the desired facility, constraints, etc.)

4- All team members share a compatible philosophy with the owner for this project. (culture, v
and goal congruence)

5- Clear and complete and

to all project members.

6- Enforcing a set by the owner for the use ¢
tools to support the communication coordination process. (Project website, webinars, e-mail,
etc)

7- Implementing organizational changes to enable effective utilization of information techno
(creation of a customized job to serve this service)

8- The owner allocate competent key role people who are capable of taking decision in a time
manner.

9- Enforcing a prequalification criteria by the owner to assess the ability of the designer to inte
multi-disciplinary aspects of the facility with the institution short and long term needs and obje

10- Establishing procedures to ensure the suffiency between the personnel and the role they
perform. ( The right knowledge, etc.)

11-Commiting and dedicating representatives from the different parties involved to the project.

12- Putting mechanisms (contractual agreements) in place to enforce mutual respect and
open/honest communication flow amongst the different parties involved

13- Conveying the program developed by the designer in clear and concise terms to clear anc
minimize uncertainties.

14- Considering most or all of the performance-based objectives in the planning phase. (Qual
cost/schedule contro and Value Engineering)

15- Establishing procedures to allow the owner and designers exchange the information in a
continuous manner.

16- Setting Standard protocols and format for communication between all project team members.

17- Setting a contingency plan to manage possible breaching of the previously identified
mechanisms.

18- and the time
by every affected party.

19- Developing format to integrate the expertise from the design and operation of other camp
facilities to the design and construction of this facility?

20- Establishing procedures and actions to solve technical issues that might arise in a timely
manner.( equipments reliability, configuration control, etc.)

21- the builder's

and campus sch

methods)

22- Consit i i of the facility.

23- Creating a central file repository to post and store the entire project related documents an
information
24- Setting an interoperable file format for exchanging information and support feedback
YSOKIYAaYK 652DX t5C552CIX0
25- Deciding upon the software that is going to be used in the planning stage to support budg
preparation and cost control and ensuring that it is operable with other CAD software that is b
used by the designer.
26- Establishing pre-qualifications or selection criteria established to ensure that all project
professionals are equipped with IT- tools that support their provided services and in the time
dlssemlnale lhelr knowledge.

the issue of
knaw\edge. (share and co-produce electronic files)
28- Pre-setting specifications to address the required BIM level of detailfor different areas an
disiplines of the project.

to poliinate their prodt I

29- Using the Building Information Model to evaluate the different alternative.” (sensitivity anz

30- Using the AutoCAD Civil 3D to develop site analysis.

31- Developing a GIS map of the campus to better undersstand spending cycle, monitoring &
analyzing the trends to optimize the planning process.

Total points

ased integrated procurement phase  Total points = 12

1- Incorporating of the vendors and suppliers expertise regarding the constructability, materia
availability while preparing the bids documents.

2- The bidder certified to the owner that each engineer or architect of its team was selected
on and

2? GKS 26ySNI 2NJ KAE NBLN
ftAaGe G2 LISNF2NX FyR GKS

4- Evaluating of the bidders on the basis of the safety and long-term durability of the project.

5- Evaluation of different alternatives to optimize and orchestrate the involved resources.

6- Full consideration of the design output performance specifications (bill of materials, sched
cost targets, delivery requirements to solicit and evaluate bids, make source selection
recommendations and place orders.

7- Establishing procedures to ensure the integration and compatibility of the different work
packages.

8 ing and
parties and packages.
9- Using BIM to extract quantities for procuring the different work packages.

10- IT was in place to identify and solicit qualified bidders and support evaluation of source
capabilities and ability to deliver.

all of the

site changes to all of the affect

11- Setting a reliable way of communication to ensure proper and standardized means of
representing information/knowledge to support project management, project controls, materia
labor tracking, engineering and procurement functions.

12- Creating a central file repository to post /store and access the subcontractors/vendors
quotations of different materials or systems to maintain on-line knowledge bases coupled witt
performance specifications.

Total points

12

YIN

YIN

YIN

ased integrated design phase otal points = 18

1. Effective involvement and contribution of the owner in the design process in a timely manner.

2. Assigning a some one in the project (design facilitator) to identify in a timely manner potential conflicts
different design disiplines and aquire design specialists inputs as required.

3.C i between architects, engineers, cost engineers, operation st
Giher relevant actorsiright rom|the beginning of iheldesion process.(upSream):

4-Establishing procedures to ensure that alldesign decisions that require multidisiplinary input are made
timely manner.

5- Setting an agreement between the owner and the designers upon the relative importance of the variou
performance issues.

6- Considering the harmonization of the facility with other campus facilities.

7- 1dentifying and
the design.

8. Continuous testing of the conformance of the design to the design functional requirements according t
university codes and standards.

the project in terms of time and cost continuously while develc

o-C ing and ing the design to/by all design professionals.
10. ing different for and logistics

11. against and lead time

12. different for and

13. Identifying specific dates for reviewing key and deli for with progran

and design objectives.
14.Using BIM to develop the design documents.

15- Using BIM as a reliable database for communication and collaboration.

16. Using coordinated information network for designers to ensure the availability of the required knowlec
related to the design intent, procedures and options in a timely manner.

17. Creating a central file repository to post /store and access the different materials or systems catalogu
brochures.

18. Used any software package ( like Navis work) or any similar one to detect clashes and interferences
different design disciplines.

Total points

It-based integrated construction phase otal points = 11

1. Excuting constructability review sessions to ensure compatibility between the different systems of the
building.

2- to force the sub-
(incentives, penalities, standards, etc.)

to enhance the accuracy of the shop drawings.

3. Developing a standard process to shorten shop drawings submittal/approval time.

4. Discussing and the work among the different trade contractors.

5. Revising and coordinating  the delivery of materials and equi ding to the sch

lensure efficient flow of work.

6. Scheduling meetings on a regular basis between the design and construction teams to discuss the ac
conditions of the construction process to minimize or eliminate field changes.

c! and the required for testing and with the regy

8. Using BIM to execute what if scenarios for site logistics studies.

9. Tying the construction schedule to the BIM model to visualize and understand the construction progress.

10. Using the BIM model to generate a look ahead construction views to help optimize the construction
activities and better track the construction progress.

MM D PLRFGAY3 Y2RSt

Total points

iKS .La O2yGAyddtte FOO2NRAYS

It-based integrated operation & maintenance phase Total points

1- All the information about manufacturer, model, serial number, specifications, and the maintenance his
for each component or most components of the building is gathered and well documented.

2- Obtained and updated the BIM model with the ‘as built" information.

3- and the previous i about ,» model, serial number,
specmcauons and the maintenance history for each component o most components) in the BIM model.

Total points

Overall score

Figure 4-2 The ITDCI model
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4.2 IT-based Design and Construction Integration

IT- based Design and Construction Integration as previously defineldapter 1 is a
knowledgebased activity in which each participant continuously and timely contributes
and shares his/her knowledge to realize a specific goal bounded by a unified and cohesive
culture and supportive Hools.[60], [65], [72. The level of ITDCI can be determined

by assessing how effectively the project participants exchange and share their knowledge
and how efficiently they utilize information technology to support and facilitate the

exchange process.

4.3 Knowledge exchange patterns

Figure 43 below shows three different patterns of knowledge exchangthe first
pattern, the project participarase exchanging their knowledge on a randoneto-one
basis thatdoes notnecessarily propagate the consequencesaohexchange to other

participants As a consequencdhe resultant knowledge of thearticipants is not

consistent.

ITtools -~~~ IT tools--"" 77~ Ty
% K1 R g
S /Kn . .
1 K3 —f—)— KT | K1l K1 K K37 K3
\ /".-"\ I'v Inbglaion |mag='fnn
| K6 Mechanism Mechanism
K4 ¢! . /
.. K5 Kn
.
Fatisrd Pattem 2 Pattem 3

K1 participant1. K3 participant 3
K2 participant2. Kn participantn
K Integrated Knowledge

Figure 4-3 Knowledge exchange patterns
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In the second pattern, each participant stores hiwledlge in a centradata base (gred

project model ) or Aopen book typed and make
doesnot guarantee that the knowledigeexchanged equlg since it is mainly dependent

on the different interpretmins of the participants.nl the thrd pattern, integration

mechanisms and actions are put in place to integrate the knowledge of all of the
participants seamlesslgs if only one participant has the reaaltintegrated knowledge

(K). Some of those mechanisms are organization relatedegsaelated and others are

product related. Regardless of the pattern that is being used for the knowledge transfer
process, IT tools are there to support and facilitate the knowledge transfer process.
However, inthe third pattern, structurdd-relatedmechanismsreconsidered to ensure

the effectiveness of the information technology in facilitating the integration.

Considering the definition of the ITDCI provided in section 4.3 and the third pattern of
knowledge transfer, the author came to a caietu that the level of ITDCI can be
guantified by assessing the extent to which the project participants were sharing their

knowledge and the extent they were usingtidols to facilitate the sharing process

For the purpose of this research and in otdatevelopa measurement tool to quantify
the level of integration in construction projectsr fcolleges and universities, the

following approach was pursued:

1. Developed a list of generic indicators to be used to develop the ITDCI mechanisms.

2. Validated ascenario for the development process of a typical educational facility.
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3. Provided a definition for each phase of the process to be executed in an integrated
mode.

4. Identified the desired outcaof each phase while executadin IT-based integrated
fashion.

5. ldentified actions or mechanisms that have to be activated to maintain ITDCI.

4.4 1T-based Design and Construction Integration indicators

The level of ITDCI ina givenproject can be measd through ITDCI indicators. Tke
indicators can be observed amge important to achieve integration. They can be
identified by asking the following series gfiestions:

1. What is the difference between traditional design and construction process ard an IT
based Integrated Process?

2. What is the dierence betweera traditional poject organization and an d{dased
Integrated Project Organization?

3. What is the role of information technology in promoting project integration?

4. Wha are thecharacteristics of alT - based integrated project?

The research has idendifl a total of 21 major indicators that can be observed at the
different stagesvithin the engineering, procurement, and construgbloasef a project

and reflect the level of ITDCI involved. The cumulative level of ITDCI observed in all
indicators detemines the overall level of ITDCI in the project. The indicators are
classified under four categories: process related, product related, organization related and

IT-related.
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4.4.1 Process Related Indicators

1. Decision making process

1.1 Time to makelecision

The time to make a decisi@man important indicator because it reflects how efficient the
communication process is and how well the tasks and responsibilities are defined. The
decision should be mature enough in order not to affect the prpgébrmance

negatively.

AA mature decisionodo is based wupon | ess numb
having the right people at theghit time in the right place. The key peoplehavethe

appropriate knowledge and authority to make decisiortimely manner.

1.2 Number of decisions needed

Number of decisions needed to finalize a certain thegfendson the task complexity,

parties involved and the interdependemd this task and how iaffects the successive

tasks. It is also affected by the project organization and the difficulty of the decision

making process. The number of decisions can be figured out by the number of
authorization requests granting approvals, and reporting procedures.

1.3 Frequency of meetings between the owner and the project team

This indicator gives an idea of the projec
respond in a timely manner for any request for making a decidutitionally, it ensures

the availability & the right knowledge and authority needed.
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This indicator is important because it keeps the owner informed and updated with the
project circumstances. It reduces surprises and changes and enhances the predictability of
the projecd inal cost and schedell

2. Change Management Process

This Indicator measures how effective is the change mechanism in the building process
with the presence of an integrated organization to ensure stability and to achieve the
desired goal. There are some controls that camt@ssprecautionary measures to ensure
that the change process is going under control.

2.1 Program control

This indicatorcan be measured by determining the degree of adherence to the original
scope. Most importantly is to monitor the timing at which gjeanto the original scope

take place. If the changes occur at the design development phase that means that the
parties are communicating in a satisfactory manner. On the other hand if these changes
start happening beyond this point that means that theeela&k of communication
between the parties. More frequent communication and collaboration helps the project
team to achieve their original goal.

2.2 Number of authorized changes addenda

Number of authorized changes addenda sent to all participantsute émat these

changes are incorporated in the process in a satisfactory manner.

2.3 Percentage of rework

It can be expressed as a percentage of the work to be redone to the total pteplasne

indicator shows how collaborative are the project team lpeesnin exchanging tire
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knowledge The less percentage of rework, the higher degree of collaboration and
integration involved.

3. Request for Information (RFI) control process

3.1 Number ofRFIs

RFlis a document prepared by one project participantltotsoformation from another
participant related to a particular part of the product. This information can be either
missing, unclearly defined or misinterpreted by the requester. It is an indicator of the
effectiveness of the communication among thgegatoparticipants and how it helps to
reduce uncertainty.

3.2 Time to respond to the RFIs

The time needed to respond to the RFI can b
The amount of time elapses between request of information or action antidfaetsan

of this request. [36The time to respond to the initiated RFI indicates the effectiveness of
the communication and collaboration among the project team.

4. Cost and schedule control

Effective and good communication will help the projpatticipants to identify ways to
exploit the project resources more effectively or come up with innovative methods for
constructing the project faster and cheaper.

5. Information exchange process:

The following attributes of the information exchange psscare indicators of how well

the project participants are transferring their knowledge.

A I'ncorporation of design information into p

A I'ncorporation of the buildersd perspective
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A Data exchange for mat etrapsferasi zing seaml ess

A Communi cat i (projectmebsitesa prdlog web, etc.)

6. Degree of tasks interdependency

The Coordination of interdependencies between tasks in collaborative environments is
extremely important. There are two types of tasks intenodgncies: temporal and
resource management. Temporal interdependencies establish the execution order of tasks.
Resource management dependencies deal with resource distribution amorjg8hsks.

7. Involvement of Lean construction principlegTimeliness orJIT, Transparency)

The inclusion of the lean construction principles will leverage the level of integration and
enhancer collaboration. The three main principles are quality, timeliness or Just in Time
(JIT) and transparency.

Quality, Emphasizing qualtin the planning phase is a necessity to enhance productivity
and improve the output product quality.

Timeliness or JITmeans that production flow is pulled forward by downstream processes,
and resources are provided at the needed time in the needed.amoun
Transparencypromotes the visibility of problems so that different participants will have
the correct understanding of the work progress. With transparency in schedules, hidden
constraints that delay processes unnecessarily can be identified, and decismns

such as expediting the key constraints can be made. Thus, all participants can work
toward the common goal.

Transparency increases the visibility of errors and stimulates motivation for improvement.
Increasing transparency involves two partedoiction process and project organizational

structure. Facilitating communication is the key in this principle. All parties are
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responsible for exchanging information to make their work processestraosparent to

the others. [1P

8. Productivity

Produtivity is an economic indicator that measures thépatiper hour of work. It can

be anindicator of how well the process is going.

4.4.2 Product related Indicators

9. Number of change orders

Change orders are typical in construction projects. Thesémayiginated by the owner,

the contractor, or the design engineer.

Owner changes are due to changes in the original scope of the functional or maintenance
requirements for the project. The contractor might originate some changes, The design
engineer mighinitiate some changes due to his/her inadequate knowledge of the existing
conditions at project sites, design E&Os. So, less number of change orders is a good sign
of higher level of collaboration and integration.

10. Percentage of errors & omissions

Design errors and omissions (E&Os) are typically found in construction documents.
E&Os are usually manifested in terms of incorrect or inconsistent dimensions and layouts
in the construction documents, spatial interferences, or by the lack of timely meck co
information that it I's needed to build the
insufficient or poor knowledge of the construction process, or they might happen by
implementing some changes in a specific area without proper assessment of the
consequences of these changes. Another reason for those E&Os is inadequate

communication of design information among the various design parties due to the poor
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coordination procedures. It cére cdculated as a % rework. E&Os % a reflection of

how well the project team is integrating their knowledge.

11. Overall performance of the project The overall performance of the project can be
assessed by calculating the following ratios (Budgeted cost/ Actual cost) and (original
duration/actual duration), amalso by comparing the specified quality with the output
quality. This indicator captures how well the project performed which reflects the

harmonization and integration of all aspects.

12. Construction problems (Operability, constructability of design)
This indicator quantifieshe number of the construction problems that happetue to
the constructabilityand operability of the design. The less the constructability problems

are, the higher level of integration.

4.4.3 Organization related Indicators

13. Efficiency in Dissemination of knowledge

This indicator to measure the competence of the project participants in communicating
their knowledge. It depends on the organization structure and how it is structured in a
way to leverage the transfer, Motiian and enthusiasm of the participants to share their
knowledge and receive new knowledge from other participant.

14. Contractual agreement.

Type of @ntractual agreement whether st integration enabling or not. A contractual

clause is usually used taferce the participants to collaborate. (Partnership clause)
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15. Mutual trust

Mutual trustis definedast The confi dence and reliance one

competence and integrity of the other party to successfully execute a projectpirithe s
of open communication and fairnég94]. As per this definition mutual trust considered

an indicator for integrating the knowledge of the project team seamlessly and openly.

16. Professionalism of the participants

The sufficiency between the persel and the role they perfornihis indicator can be
measured by considering the expertise of the project participants. It can be detected by
the number of licensed professional engineers in the project because they are supposed to
exhibit a common setfohigh standards pertaining to their education, eepee,
examination, and ethicshis type of engineer is able to contribute to an improved

relationship of the ownedesignerconstructor team for any type of projel&8]

17.0Organization Structure

The organization structure of the involved organizations in the project determines the
cultural and behavioral barrierdt is the formal decisioimaking framework by which

job tasks are divided, grouped, and coordinated. The way the involved organiaations
structured is definitely affecting the level of integration. For example the mechanistic or
the bureaucratic structure doest reupport integrationCulture and behavior of the
involved personnel is an indicator of integration. It captures the wag thdviduals act

and respond in the work environment. Organizational culture is more about the processes

used within the organization for commuatiion and knowledge transfer][4

73



18.Group communication (Degree of interaction).

Degree of interaction idefined as the extent of interaction among designers, builders and
project team members during the project executiB8].[Pocock.et al. developed the
below equation to capture the degree of interaction among the project participants in the
differentphases of the projectt it an indicator of integration as it captures the extent the

project team is collaborating.

n mk

1 tu
DOl=— X > P, X £ V%D
CD ,21 . ,2 160 "

Equation 1 The degree of interaction among the project participant$85]

Where DOI= degree of interaan based on mahnours; CD= construction duration in
months; n number of project phagei in this method); PK = weighting factor for each
interaction phase, where k = 1,2,3 n; mk = number of persons patrticipating in interaction
for each phase (k); tik/lmonth each person(i) spent in interaction for each phase (k),
where i = 1,2,3 m; 160 = approximate work hours in month; gpne Buration of each
personbs interaction in months

19. Goals Congruence

Goals congruence is assessed by the extent thatdodlgiand groups perceive their own
goals as being satisfied by the accomplishment of organizational goals. It is an indicator
of the extent the different organizations involved in the project are sharing the same goals
and culture and willing to share hkmowledge to accomish theproject successfully

[44].
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20. Deployment of an integration champion.
Introducing an integration champion personnel is an indicator of integration. Having this

personnel on board will facilitate knowledge sharing hystdering the necessary actions

4.4.2.4 ITrelated Indicators

21. Adoption of technological advancements

This indicator captures the extent that the project participants adopting the new emerging
Information technology tools to support and facilitetegration throughout the different
phases of the project either for facilitating collaboration or supporting the different tasks

involved in the project.

4.3 Traditional development process for colleges and
universities facilities

The building developmergrocess starts with a client realizing adhéar a construction
product (aconstructed facility). Various participants then need to be engaged to
contribute towards the realization of this particular facility.

According to Turner(2006), a project is a temporary organization that involves the
bringing together of various resources to achieve a specifictenortobjective[103]
Newcombe(2003) defined theroject as a coalition of powerful individuals and interest
groups. This calition is necessary because of the extensive fragmentation and
specialization within constructioj®8]. This coalition, also referred to as a supply chain

[43] must be constituted to bring together the various specializations, labor, capital and
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other resurces required for the project. Given that organizations are generally groups of
people cooperating and/or working together to achieve specific objectives which cannot
be atieved by any single individualhese construction supply chains can also beadew

as organizations, or more appnapely as a multbrganizationand all the preequisites

for effective functioning of an organization apply, including a common objective and an
appropriate organizational culture thatangruent with the environmefL01]

Figure 44 below graphically displays the model of the development process of a typical
educational facility. It has been obtained by reviewing the literature then validating it by
interviewing thevice president for Facilitiesat Worcester Polytecic Institute who
provided some information based on his 25 years of experience in developing colleges
and universities facilities.

The model has been then modifiedlaaxpanded to show more breakdown of the process.
The graph shows the breakdown of theedlepment process into the five major phases
nationally accepted by the A/E/C industry: Planning and Programming, Design,
Procurement, Construction and Operation and Maintenance. Within each phase, the main
tasks that have to be executed are listed.

The nodelis represented from the ownaoint of view and it assumes that the regulatory

requirements related issues have been resolved and the project has been approved.
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Figure 4-4 Traditional Development Process otolleges/universities

4.4 |1T-based integrated life cycle for colleges and universities.

This section describes how each of the above phases of the process life cycle can be
executed in an based integrated fashion. In making these descriptions, theraas

considered the fundamental conditions foiblsed integration.

4.4.1 IT- based Integrated Planning and programming

The planning and programming is the vehicle for superior performance of any
construction project. It provides the basics or theemssls for subsequent phases to
realize the final product. It also establishes the benchmark for the project control system

to track the quality, cost and time previously allocated to execute the project. The

77



planning and programming phase incorporategersé tasks such as: definition of
objectives and needs, master planning to accommodate anticipated future needs;
evaluation of project alternatives; identification of site requirements; structure type,
funding requirements and selection of the projeanhtea

At this stage, i ntegration of the ownero6s
vendor s knowledge is essenti al to agree o0
common vision, reduce uncertainties and potential for future conflicts and engufrestha
owner 0s e X pect a tithiro thes avadable resouzcad. [63htorder tow
accomplish this, the owner has to hire consultants as well as construction managers to
utilize their expertise in programming and preconstruction planning.

Now for IT-based integration in the planning phase, there should be a coordinated
electronic linkage thorough IT technologies such asnaés, project extranets, moeel
based collaboration and video conferencing between the different organizationsdnvolve
to support the decision making process, facilitate communication and hence promote
integration. Besides, computer systems and applications that can help embodying the
knowledge specific to the different project participgs] should be introduced ithe
planning phase to augment their knowledge while realizing their desired facility.

In the following section, the author will list the anticipated outcomes of executing the
planning phase in an ITDCI fashion then identifies actions and mechanismeélato

be activated to facilitate knowledge transfer and promote integnatide executing the
different tasks involved

Puddicombe, 1997 who addressed that knowlextgation can be seen afforts to

facilitate the combination and conversion of timewledge and experiencembedded in
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team members into a new form that support the development of a well defined and

integrated product.

Anticipated outcomes of an integrated planning phase:

1. All project participants are working cooperatively toward a icmn goal

2. Owner's (Board of trustees, President) plans and expectations expressed and
understood by all team members. (Characteristics of the desired facility, constraints,
etc.).

3. A well structured execution plan has been identified and communicatedtbg all
involved patrties.

4. Inclusion of the builders, suppliers and vendors perspective.

5. Project cost, schedule, quality have been identified to a greater level of detail.

6. Communication methodologies and technologies are identified angbkameters
agreed upn

7. The right knowledge and the right personnel are selected to proceed with the project.

8. Performance goals are developed by the telaased on the complete building life
span including operation.

9. Considering current/future operational conditions offéuodity in the development
process of the current facility.

10. All alternatives had been evaluated and considered.
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4.4.1.1 ITDCI mechanisms in the planning phase:

1- Holding an initial kickoff meetingo bring the project team togethé@wner, Chief of
Officer, dean of students, director of students affairs and campus life, director of physical
plants, designers and contractors and students as end users)

2- Consideringspecificactions to set the tone for cooperation throughout the project
toward a commio goal. (Training programs, incentives, etc.)

3- Ow n e(Bdarsl of trustees, President) plans and expectations expressed and
understood by all team memberGhéracteristic®f the desired facility, constraints, etc.)
4- Sharinga compatible philosophgmong the lateam memberand the owner.

(Culture, visionand goal congruence)

5- Establishingand communicatinglear and complete objectives all project members.
6- Enforcing a contractual agreeméat otherwise) requirement set by the owner for the
use of I'Ftools to support the communication coordination process. (Project website
webinars, email, BIM, etc.)

7- Implementing organizationahangeso enable effective utilization of information
technology. (creationf a customized job to serve this service)

8- Allocating competent key role people who are capable of taking decision in a timely
manner.

9- Enforcing prequalification criteria by the owner to assess the ability of the designer to
integrate multidisciplinary aspects of the facility with the institution short and long term
needs and objectives

10 Establishing procedures to ensure the eigfficy between the persogirand the role

they perform.
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11-Commiting and dedicating representatives from the diftguarties involved to the
project.

12- Putting mechanisms (contractual agreements) in place to enforce mutual respect and
open/honest communication flow amongst the different parties involved

13- Conveying the program developed by the designer in cleacamise terms to clear
and minimize uncertainties.

14- Considering most or all of the performarzsed objectives in the planning phase.
(Quiality, cost/schedule contrand Value Engineering)

15 Establishing procedures to allow the owner and desigrelmage the information

in a continuous manner.

16- Setting Standard protocols and format for communication between all project team
members.

17- Setting a contingency plan to manage possible breaching of the previously identified
mechanisms.

18 Establi®ing and approving the time schedules and campus schetiatied

contingency plans by every affected party.

19- Developing format to integrate the expertise from the design and operation of other
campus facilities to the design and construction of tlusitia

20- Establishing procedures and actions to solve technical issues that might arise in a
timely manner(equipments reliability, configuration control, etc.)

21- Incorporatng the builder's perspective.d@struction methods)

22- Considering curreriiiture operational conditions of the facility.
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23 Creating a central file repository to post and store the entire project related documents
and information

24- Setting an interoperable file format for exchanging information and support feedback
mechanism(DWG, PDF,DWF, etc)

25- Deciding upon the software that is going to be used in the planning stage to support
budget preparation and cost control and ensuring that it is operable with other CAD
software that is being used by the designer.

26- Establishng prequalifications or selection criteria established to ensure that all
project professionals are equipped with tdols that support their provided services and

in the time disseminate their knowledge.

27- Addressing the issue of technology interopéity to crosspollinate their poducts

related knowledge. (&re and cgroduce electronic files)

28- Pressettingspecifications to address thejuired BIM level of detaifor different

areas and disciplines of the project.

29- Using the Building Infomation Model to evalate the different alternatives

(sensitivity analysis)

30- Using AutoCADF Civil 3D® to develop site analysis.

31- Developing a GIS map of the campus to better understand spending cycle, monitoring
and analyzing the trends to optimibe planning process.

4.4.2 IT-based Integrated Design

The design process of any facility comprises all the functions required to sagsfy th
owner 6s needs iato the constracton hyi twwreng the program and the

execution plan int@onstruction documents, while at the same time enforcing the project
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controls and constraints. While the traditional design process relies on the expertise of
specialists who work in their respective specialties somewhat isolated from each other,

t he gfirlantteed Desi gn Processo (I DP) relies heav
project team members including owner, end users, anstrzictors to be working side by

side while defining the design and how it would be realized bounded by the project
constaints. This approachelps themto identify and resolve pettial design conflicts

thattraditionally may not be discovered until construction

The IDP requires the integration of the knowledge of the designers and all stakeholders to
continually interactand work together across the life cycle of the project, from defining
the need for a building, through planning, design, construction, building occupancy, and
operations to develop and evaluate the design for cost, qaglifg, future flexibility,
efficiency; overall environmental impact; prodivdy, creativity; andoccupantsomfort
(International Initiative for sustainable build enviromm, www.iisbe.org). Figure-3

below is a graphic representation of the integrated design process develofiesl by

international initiative for sustainable built environment.

The design documents developed by a discipline consultant should be easily interpreted
and understood by other trade specialists. So, these design documents can be used to
either increase theiknowledge about the project or to build upon this knowledge to
execute a certain syrocess in the development process. Utilizing tidols (model

based technology) such Building information Model (BIM) to generate design documents

can serve this purpes
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Figure 4-5 Integrated Design Process- adopted from the international initiative for sustainable built
environment

To measure the level of {based integration in the design process, the author first,
looked at the majotasks of the traditinal design process in section ,4i8entified
actions and mechanisms related to the organization, process, product and information
technology that need to be taken to satisfy the ITDCI requiremalss, the desired

characteristicef the end product of this phase (integrated design) have been listed.
Anticipated outcomes of an integratedohase

1 Better coordinated design documents with minimum or no design errors and

omissions
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1 Coordinated and integrated building systems@arfiormance requirements.
1 Resolved or min. constructability issues.

1 Harmonized design that fits perfectly into the campus architectural style and

master plan.
1 Regulatory compliant & campus standards compliant design documents.
1 Validated target cost througtontinuous integration.(GC & subs input)
1 Validated targeted schedule through continuous integration.(GC and subs input)

4.4.2.1ITDCI mechanismsin the design phase

1. Effective hvolvement and contribution e owner in the design process in a timely
manner.

2. Assigningsomene in tke project (design facilitatorfp identify in a timely manner
potential conflicts among different design didines and equire design specialists
inputs as required.

3. Continuous inter-disciplinary collaboration betweerarchitects, engineers, cost
engineers, operation staff and other relevant actors right from thenbegiof the design
process.

4-Establishing procedures to ensure that ddlsign decisions that require multi
disciplinary input are made in a timely masm

5- Setting an agreement between the owner and the designers upon the relative
importance of the various performance issues.

6- Considering the harmonization of the facility with other campus facilities.
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7- ldentifying and emphasizing the project constraints in terms of time and cost
continuously while developing the design.

8. Continuous testing of the conformance of the design to the design functional
requirements according to the university codes &mbsrds.

9- Communicating and understanding the developed design to/by all design
professionals.

10. Evaluating different alternatives for cost/schedule and logistics constraints.

11. Evaluating alternatives against fabrication and lead time constraints.

12. Evaluating different alternatives for operability and maintenance.

13. Identifying specific dates for reviewing key submissions and deliverables for
compliance with program goals and design objectives.

14.Using BIM to develop the design documents.

15 Using BIM as a reliable database for communication and collaboration.

16. Using coordinated information network for designers to ensure the availability of the
required knowledge related to the design intent, procedures and options in a timely
manner.

17. Creating a central file repository to post /store and access the different materials or
systems catalogues and brochures.

18. Usingsoftware packagelike Navisworks®or any similar one to detect clashes and
interferences between different design disogdi.

4.4.3 IT-based integrated procurement process:

Traditional procurement process the solicitation and selection process enabling the

acquisition of goods or services from an external source. It is also defribd process
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from the completion of d#gn to the successful commissioning of the assembly of the

building.

In order to reach a decision and to determine the winning bid, there are some steps that
have to be followed such asequest foproposals(RFP),invitation for bids (IFB) and

bids awarding (BA).The traditional form of procurement is where the designer does not have
direct link with the vendors and suppliers and all communication is via the main contractor.
The owner appoints independent consultants, on a fee basis, who fully degigojebeand

prepare bid documents upon which competitive bids are obtained from contractors.

Whilst in the integrated procurement method, there is a direct involvement dfatte
contractorsand vendors from the early beginning of the planning phase to integrate their
knowledge in the process by continuously incorporating their feedback in terms of the
viability of the perceived design. The decision making process in the integrated process
differs from the traditional in a way that key decisions need to be made early to avoid
expensive alteration to the desidrnis also allows early procurement of the different work
packages especially those packages that necessitate long lead times, custom o
prefabricated items (AlA, IPD guide)The use of this system of procurement enables the
commencement of the project to be accelerated, which in turn, should enable earlier

completion to be achieved than when using conventional procurement systems.

Until early last decade, public school districts and institutions of higher education were
required to utilize competitive bidding wit

construction contracts. (Construction and procurement Handbook)
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The S.DI departedrom that traditional basis for awarding contracts by allowing school

districts to use a variety of different contracting methods to obtain the "best value" for the

school district. With this change, school districts are now permitted to consider other

emal uation factors in determining to whom to
priced6 such as: the reputation of the vendor
the extent to which the goods or services meet the district's needs, the's/gador

relationship with the district; and any other relevant factor that a private business entity

would consider in selecting a vendor. However, the new legislation did not provide
adequate guidance to the school districts on what procedures shotilizbd to select

the evaluation factors to obtain the best value for the school.

The fibest valued concept goes well with the
both mandate the inclusion or integration of the necessary knowledge related to the
paticipants, process and the product which is the bid in this phase.

In the following section, the author will list the desired outcomes of the integrated
procurement process then identifies the actions and mechanisms that have to be activated

while executiig each task to maintain the integration of the three components:

Organization, Process and Product with the support-tddTs.

Anticipated outcomes of an integrated procuremenphase
- Continuous and seamless interaction between the design system angplers

to enable detailed and accurate design.

- Optimized and coordinated work packages.
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- Selected products, qualified suppliers, and best products procured at the best

prices with complete confidence and ability to deliver on time and whilndget.

- Orchestrated resources for optimal construction efficiency.

- It-basedaccurate and complete electropmcurement packages includindd 3
product definitions, product specifications, procurement forstahdards, and

supporting analytical models.

4.4.3.1 ITDCI mechanismsin the procurement phase

1- Incorporating of the vendors and suppliers expertise regarding the constructability,
materials availability whilgreparing the bids documents.

2- Certification of the bidder to the owntrat each engineer or architect of its team was

selected based on demonstrated competence and qualifications.
3-Consideration of the owner orench,iteshnicale pr es en
competence, capability to perform and the
members.

4- Evaluating thebidders on the basis of the safety and lergn durability of the

project.

5- Evaluating the different alternative® optimize ad orchestrate the involved
resources.

6- Consideringthe design output performance specifications (bill of materials, schedule,

cost targets, delivery requirements to solicit and evaluate bids, make source selection

recommendations and place orders.
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7- Estblishing procedures to ensure timegration and compatibility of the different
work packages.

8- Accommodating and communicating all of the implemented site changes to all of the
affected parties and packages.

9- Using BIM to extract quantities for progng the different work packages.

10- Deploying the appropriatfl -tools in place to identify and solicit qualified bidders
and support evaluation of source capabilities and ability to deliver.

11- Setting a reliable way of communication to ensure praperstandardized means of
representing information/knowledge to support project management, project controls,
material and labor tracking, engineering and procurement functions.

12- Creating a central file repository to post /store and access the subtanstkeendors
guotations of different materials or systems to maintatirenknowledge bases coupled

with performance specifications.

4.4.4 IT-based integrated construction process:

The construction process of any facility involves all the activiteedied to translate the
available resources into a completed facility. The four major activities in the construction
process are: acquire construction services, plan and control the work, provide the needed
resources and execute the field operation.

The sucessful execution of the construction process is critical to the overall success of
the project [11Q] This is becawsaccording to Lim and Mohamed [10®)e construction

phase is the phase where all the project goals like time, cost, quality, safehe dike

are put to the test. Whilst this may be true in many casestainly in the traditional
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approachi it is not the case in the integrated process where it extends to the pre
construction phase.

In the integrated construction process, the designers and other members of the team
project must remain fully involved. Decisions previously made may require clarification;
suppliers' information must be reviewed for compliance with the contract documents; and
alterations must be evaluatelt.is extremely important that the user/clients also stay
involved. Any changes to the original design and necessitate changes in the building
must be thoroughly investigated and discussed among all of the project team members
For IT-based construction integration, information technology tools should be utilized to
support the integration of the process &etp the construction team to model, analyze
and evaluate the performance of the desired facility. Besides, it alsortsuppe
knowledge transfer process between the project team members in a timely manner.
Constructing a well structured and integrated university facility necessitates the capturing
of all aspects of the integrated construction process as discussed altmst fiv the
institute or the university targeted goals and produce a sustainable facility that lasts for
decades. Following, is a list of the desired outcomes or results when executing the
construction process in {based environment.

Anticipated outcomes of an integrated constructiorphase

1 Minimum field changes and better information flow among the design and
construction teams.
1 Better interpretation of the design intent during constructiased on the

utilization of BIM visualization capabilite
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1 Better constructability based on parametric models to see the project components
and how they work together.

1 Fewererrors and corrections in the field due to the ability to produce look ahead
virtual construction models tlustrate the crowdedness tife site at any given
time, utilize available space efficiently, detect conflicts between different
construction trades early and accordingly resolve them

1 More sophisticated site logistics by executifigy h a tscenafios to look at
various sequencing dphs and associated cost.

1 Better visualization of the actual construction schedule versus the planned

schedule allowing identifyingetter ways to accelerate the construction process

4.4.4.1ITDCI mechanisms in the construction phase:

1. Executedonstrutability review sessions to ensure compatibility between tifierent
systems of the building.

2. Developed standards to enhance the accuracy of the shop drawings.

3. Strearfined standard process to shorten shop drawings submittal/approval timed.
4. Discussed and optimized work sequencing among the trade contractors.

5. Revised andoordinated the delivery of materials and equipments according to the
construction schedule to ensure efficient flow of work.

6. Scheduled meetings on a regular basis letlee design and construction teams to
discuss the actual conditions of the construction process to minimize or eliminate field
changes.

7. Used the BIM to execute what if scenarios for site logistics studies.
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8. Tied the construction schedule to the Btvreflect the project progress.
9. Used the BIM to generatevBeek lookahead virtual construction views to help
optimize the constructiorctivities and better track thewnstruction progress.

10. Continually wupdated tcdnetior8l M according to

4.4.5 IT-based integrated O&M process:

The operation and maintenance phase of the development process is very crucial in the
life cycle of educational facilities. All of the information related to the design,
construction, and management ha$é well documented to ensure efficient operability.
Since this information is contained in a number of formats which include paper drawings,
digital CAD fil es, own as, angd maméenanca tesordsisid e si gn ¢
often difficult to mange due to different formats and lack of standardization; it cannot be
easily combined into a single repository of information that is useful for managing a
facility. New emerging IT tools such as BIM can play a distinctive way in organizing,
storing, and raintaining information about the physical nature of a building. Not only
that but when using BIM, a facility manager can click on a component in the computer
model and see information about that item including manufacturer, model, serial number,
specifiations, and even maintenance history. The model could also allow more complex
analysis, such as simulations of smoke propagation during a fire or how the facility

would fare in severe weather.

Anticipated outcomes of an integratedperation& maintenancephase

1 Integrated warranties, brochures and operation and maintenance information.
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T Updated BIM with al/l of the fAas buildt

4.4.5.1 ITDCI mechanisms in the operation &naintenance phase:

1- Obtaining and updating the BIM model with the 'asthinformation.

2- Gathering and documentingl dhe information about manufacturer, model, serial
number, specifications, and the maintenance history for each component or most
components of the building

3- Linking and incorporating the previous information (information about manufagcturer
model, serial number, specifications, and the maintenance history for each component or

most components) in the BIM model.
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Chapter 5 Academic survey

5.1 Objectives

An online survewvas conductetb collect data from the colleges and universities

community segment of the construction indusiitlye main purpose dhe survey was to

validate the model by explorirtge extent to which the ITDCI actions and mechanisms
identified by the researcher were involved in the development of new or renovaion of
existingcapital investment facilities at colleges and universiiiég survey was also

usedto assess thextentto whichthe participantsvere relying onT-toolsto facilitate

this integration. The targeted respondents were askagswer this survey in the context

of a recently completed project @maore than fie years ago) with the following

characteristics:

A The project met. the expected objectives
A T hwasra positive experience in collaborating and communicating with the project
participants.

A Information Technology was used to any ext

and collaboration.

5.2 Survey design

Thesurvey targeted facility owners represented byfalgity planners for higher
educationinstitutionsin the United StateS he respondents tfiesurvey were reached
through the assistance thie Society for College andniversity PlannindSCUB
memberhip via their weekly newslettavhich isdelivered electronically to their

members.
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The survey consisted 6fparts: the first five arts (A, B, C, D &E), andthe final part (F)
which was optional and ask#étk respondents to provitleeir personal contact
information for future contact to providieem withthe research resultS8ach of thdirst
five parts related tone phase of thE' DCI process: planning, design, procurement,
construction and operation and maintenance. For eachhmaphéase was defined and a
set of questions related to the phase follaowedble 51 shows the number of questions

in each part with a total of 78 questions.

Table 51 shows the number of questions in each part

Part #of Qs
Part A 34
Part B 18
Part C 12
Part D 11
Part E 3
Total 78

The survey fornwascreated andnade availablenlineusing the Survey Monkey
website. Survey Monkey is antelligent survey softwar® create professional online
surveys quickly and easibyn a designated Internet address

(http://lwww.surveymonkey.com/

The survey was approved for public distribution by the WPI Institutional Review Board

(IRB). A hard copy of the survey form is Appendix C.
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A glossaryof the most importantermsused in thesurveywas made available to the
respondents at the second page of the guafter a brief introduction tthe research in

the first page.

5.3 Survey Results
The surveywas released on September, 2B08. The SCUPmemberswere asked to

submit their answers withithree weeks periodAfter one week, another followp
message was senttemind the members about tdeadline on the surveizight survey
responsesvere collected through Survey Monkealatabasend transferred tdlicrosoft

Excel spreadsheefThe data were sorted and filtered in accordawith the purpose of

this work.

In Part A, the responders were asked to asgbesextent to which the mechanisms that
promote the integrated development wererporated during the planning phaseheir
projects

Figure 51 shows the percent of responses received for each of the 34 questions included
in this part except questions no. 2, 4 and 16. While thirty one of the questions represented
one ITDCI, quesons (2, 4 and 16) werasked to capture in more detadw the ITDCI
mechanisms were introduced. Ten out of the thirty one questions capture the extent to
which IT-tools were involved to leverage the level of integration. The graph shows that

nine of thoe mechanisms were 100% present in all of the projects.
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Mechanisms showed evidence in all projects

% of responses

Planning phase Questions

Figure 5-1 Overall responses to the ITDCI mechanisms in the planning phase

Five mechanisms were there in 7099% of the projectfQ3, Q15 Q17, Q18and
Q20), while 7 mechanisms were evident in-30 % of the projectéQ11, Q12, Q14, Q21,
Q26, Q31 and Q34)The remaining.0 mechanisms existed in 30 % of the projecte Th
mechanisms that were presengll of the projects were:
1 Holding an initial kick off meetig to bring the project team together.
T Expressing the Ownerés plans and expectat
members.
1 Ensuring a compatiblend shared culture among all project team members.
9 Establishing a timelpnd clear objectives and communicatenthtoall project

team members
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1 Allocating competenkey personnel by the owner who are capable of making
decisions in a timely manner.
1 Committing and dedicating representatives from the different parties involved to
the project.
1 Considering the currentffure operation conditions in the planning phase.
T I'ncorporating the buil dersd perspective i
1 Establishing procedures and actions to solve technical issues that might arise in a
timely manner.
The three questions which were asked to empla more details how the ITDCI were
introduced were questions no.2, 4, and 16. Question no.2 asked the respondents to list
who was involved in the kick off meeting. Figure25shows the percentage of the
involvement of the different project parties irethick off meeting. The lead designers
and the general contractors were involved in all of the projects, the institutional
representatives of the student life , physical plants and the financial office were involved
in 85% of the projects, the institutidneepresentatives of the student body and the
institutional representative were there in almost 50% of the project. The prospective sub
contractors and the legal bodies were not there in almost all of the projects. However it is
very important that they shild be there to provide their feedback and contribute their

knowledge early in the process.
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Figure 5-2 Percentage of the different project partiesnvolvementin the kick off meeting
In Question no.4the respondents were asked to specify the type of actions that they took
to set the tone for cooperation and collaboration throughout the projgee choices
were given tdhem to choose from.heyalsohad the choice to specify any other actions
theyconsidered. In 40% of the responsgethe respondents introduced training programs
and incetives to encouragenore collaborationamong the project teanPartnering
agreement was introduced in one project. Each of the remaining responses, respondents
took different actions like:
1 Discussion of individual and group talents and experience, commitment to shared
vision of the quality of the end product
1 Inviting presence and tone of collaboration set by the Owner and Designer when
CM joined the team

1 Ow n edahdllenge to finish the project by certain date.
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1 Running Design Forumsr Design "Tapedownsduring the planning phase.

Part B of the survey wasitendedto assess the extent to which the ITDCI mechanisms
were incorporated during the design phase. It stediof 18 questions. 5 out of the 18
guestions were asked to capture the extent thedlb were involved during the design
phase. Figure-3 below shows that 4 out of the i®2chanisms were present in allkloé
responders selected project. These mashawere:

1 Identifying and emphasizing the project constraints in terms of time and cost

continuously while developing the design.

1 Evaluatingdifferent alternatives for cost/schedule and logistics constraints.

1 Evaluating alternatives against fabricatioddead time constraints.

1 Identifying specific dates for reviewing key submissions and deliverables for

compliance with program goals and design objectives.

Mechanisms showed evidence in all projects

% of responses

Figure 5-3 Overall responses to the ITDCI mechanisms in the desigrhase
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The answers of the responders showed that 6 of the mechanisnzregsein 70%90%

of the projects. These are:

T

Addressing the design decisions that require multidisciplinary input in a timely
manner.

Testing the design conformance to theversity design functional requirements
in terms of codes/standards.

Communicating and understanding the developed design by all design
professionals.

Evaluating the different design alternatives against fabrication and lead time
constraints.

Evaluatingthe different design alternativés operability and maintenance.
Providing a coordinated information network for different design consultants to
ensure the availability of the knowledge related to the design intent, procedures

and options in a timely maer.

As far as the rest of the mechanisms, 5 of them existed in 50% of the projects while the

last 4 mechanisms wepgesenin less than 30% of the projects.

In Part C, the responders were asked to asshesxtent to which the mechanisms that

promotethe integrated development were incorporated duringribneuremenphasen

their projects
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Figure 54 shows the overall replies of the responders to the questions that represents
ITDCI mechanisms (12 questions). 2 out of the 12 questions capture eénétexivhich
IT-tools were involved to leverage the level of integration. The graph shows that two of
those mechanisms were present in all of the projEmts.mechanisms were presant

70%90% of the projects, while threeechanisms existed in 4060% of the projects.

Mechanisms showed evidence in all projects
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Figure 5-4 Overall responses to the ITDCImechanisms in the procuremenphase

One of the mechanisms showed in only one project (represented by Q9hehile
remaining mechanism didndét show in any of
mechanism was:

1 Executing a study to optimize and orchestrate the involved resources.

The two mechanismshat were there in all of the projects were:
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1 Considerationofthe wner or hi s representative of
technical competence, capability to perform and the past performance of the
bi dderds team members.

1 Accommodating and communicating all of the implemented site changes to all of

the affected partiesnd packages.

Part D of the survey wastructuredo assess the extent to which the ITDCI mechanisms
were incorporated during the construction phase. It consisted of 11 qudstionsut of

the 11 questions were asked to capture the etdemhiichthe IT-tools were involved
during the construction phase. Figurd 6elow shows that 5 out of the 11 mechanisms
were present in all of the projects. These mechanisms were:

1 Conducting constructability review sessions to ensure computability between the
different systems of the building.

1 Discussing and optimizing the work sequencing among the different trade
contractors.

1 Coordinating the delivery of the materials and equipments according to the
construction schedule to enseféicientwork flow.

1 Schedulhg meetings on a regular basis between the design and construction team
to discuss the actual conditions of the construction pracesslerto minimize or
eliminate field changes.

1 Considering and coordinating the required information for testing andatisp

with the regulatory agencies.
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Mechanisms showed evidence in all projects
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Figure 5-5 Overall responses to the ITDClmechanisms in the constructiorphase

As far as the other responses, mechanism no. 3 (represented by question no. 3) was
present in 62.5% of therojects. Mechanism no. 2: structuring procedures to enhance the
accuracy of the shop drawing showed in only
Mechanisms no.8, 9, 10, and 11 represented by questions no. 8, 9, 10, and 11 were
introduced in 12.5987.5% of theprojects. These mechanisms were:

1 Using BIMto execute what/if scenarios for site logistics.

1 Tying the construction schedule to the Biivbdelto visualize and understand the

construction progress.
1 Using the BIM model to generatevBek lookaheadconstruction views to help

optimize the construction activities and better track the construction progress.
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1T Updating the BIM model according to the

Finally in part E, the responderaiereaskedonly two questions (each question
represents one mechanisro) assesthe extent to which the mechanisms that promote the
integrated development were incorporated dutiregoperation and maintenarjgeasan
their projectsThe responses showed that the first mechanism was present in 62t of
project. That mechanism was:
1 Documenting and maintaining all of the information about manufacturer, model,
specs and the maintenance history for each component or most of the components

of the building.

After considering all of the responses in eaalt pf the survey at which each part

represented one phase of the ITDCI process, each response was considered separately.
For each response, the total number of ITDCI mechanisms was summed ekl

overall score. Table-8 below shows the ITDCI sce in all of the responses. Although

the highest possible score was 75 points, none of the responses reached it. Response no. 4
achieved the highest score with 61.1 points while response no.2 had the lowest score with

35.2 points.
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Table 52 Overall ITDCI score on all responses

Response | ITDCI score
Response 1 37.9
Response 2 35.2
Response 3 45.5
Response 4 61.1
Response § 40.9
Response ¢ 47
Response 7 43.8
Response § 36.2

Comparing the results of the responses of the highest and the lowest score, it was found
that:

- ITDCI mechaisms were highly introduced nesponse na4, because of the high
awareness of the project team members to promote ITDCI. Thestrpotured
someactions and procedures to maintain ITDCI in the planning phase of the
process. This was represented by the presence of the following mechanisms:

1 Enforcing a prequalification criteria by the owner to assess the ability of the
designer to integratanulti-disciplinary aspects of the facility with the
institution short and long term needs and objectives

1 Establishing procedures to ensure the sufficiency between the personnel and

the role they perform. (The right knowledge, etc.)
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Putting mechanisms (camattual agreements) in place to enforce mutual
respect and open/honest communication flow amongst the different parties
involved

Setting Standard protocols and format for communication between all project
team members.

Setting a contingency plan to manggessible breaching of the previously
identified mechanisms.

Developing format to integrate the expertise from the design and operation of
other campus facilities to the design and construction of this facility?

Creating a central file repository to postdastore the entire project related
documents and information

Deciding upon the software that is going to be used in the planning stage to
support budget preparation and cost control and ensuring that it is operable
with other CAD software that is being alsley the designer.

Establishing preyualifications or selection criteria established to ensure that
all project professionals are equipped with- [bols that support their
provided services and in the time disseminate their knowledge.

Addressing the issuef technology interoperability to crog®llinate their
productsrelated knowledggshare and cproduce electronic files)

Presetting specifications to address the required BIM level of detail for
different areas and disciplines of the project.

Using he Building Information Model to evadite the different alternatives.
(Sensitivity analysis).
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1 Considering the design output performance specifications (bill of materials,
schedule, cost targets, delivery requirements to solicit and evaluate bids, make
source selection recommendations and place orders.

1 Using BIM to extract quantities for procuring the different work packages.

1 Setting a reliable way of communication to ensure proper and standardized
means of representing information/knowledge to support giroj@anagement,
project controls, material and labor tracking, engineering and procurement
functions.

9 Structuring procedures to force the szdntractors to enhance the accuracy of
the shop drawings. (incentives, penalties, standards, etc.)

1 Developing astandard processto shorten shop drawings submittal/approval
time.

1 Tying the construction schedule to the BIM model to visualize and understand
the construction progress.

1 Using the BIM model to generafeweek lookahead construction views to
help optimize e construction activities and better track the construction
progress.

T Updating the BIM model continually acco

On the other handin response no.2, the project team members collaborated
together but without considering yarpre- structured actions. This could be
concluded by the absence of the above mentioned mechanisms and the presence
of the following mechanisms:
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An initial kickoff meeting held to bring the project team together? (Owner,
Chief of Officer, dean o$tudents, director of students affairs and campus life,
director of physical plants, designers and contractors and students as end users)
Specific actions taken to set the tone for cooperation throughout the project
toward a common goal. (Training progranmeentives, etc.)

Owner's (Board of trustees, President) plans and expectations expressed and
understood by all team members. (Characteristics of the desired facility,
constraints, etc.)

All team members share a compatible philosophy with the ownerhier t
project. (culture, vision and goal congruence)

Clear and complete objectives established and communicated to all project
members.

Committing and dedicating representatives from the different parties involved
to the project.

Establishing procedures tallow the owner and designers exchange the
information in a continuous manner.

Schedulingmeetings on a regular basis between the design and construction
teams to discuss the actual conditions of the construction process to minimize
or eliminate field chnges.

Considering and coordinating the required information for testing and

inspection with the regulatory agencies.
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- Another reason for the big difference between the ITDCI in botlonsgs is the
absence of the ITools in response no.2 while it wastensively introduced in

response no.4.

By looking at all of the eight responses, it was found that some mechanisms were there in

all of the projects as expected by the author which were necessary to promote a
collaborative work environment for integratio Some of those mechanisms were
managerial actions to leverage the level of integration by holding an initial kick off
meeting to bring the project team al/l toget
and to promote a tone of cooperation and sefinotpcols for enhancing communication.

From the technical point of view, there were some mechanisms which were considered to
maintain integration between the design documents and construction. Examples of these
mechani sms wer e: i n c perspectivea ih ithe gdesignhpeoceds,ui | der
evaluating the different design alternatives against cost/schedule/ fabrication.

Important mechanism such setting a contingency plan to manage possible breaching of

the ITDCI mechanisms was absant80 % of the projets. However, it should be clearly

stated in the contract.

As far as the IT mechanisms that were put in place to assess the extent to which the
project participants were utilizing the -tdols effetively to promote integration, they

showedvery little involvement in all of the projects. In only onmject, (response no.4)

BIM was utilized in all phases to act a basis for collaboragiod knowledge sharing.

Thiswas an expected outcome because the IPD method (Integrated Project Delivery) was

used as a elivery method. Table-8 shows the distribution of both the IT and Adn

mechanisms in each response and the ITDCI score in both cases. Although there were 26
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IT mechanisms, none of the responses scored more than 6 points (almost 25%) except for
respons&o.4 which received 21.5 points (80%).
Figure 56 below showshetotal ITDCI score that was involved in the responsesliside

side with the ITDCI score with and without the IT mechanisms

4 A
Comparison of ITDCI Score w/ & w/out IT
mechanisms

80 w/out IT mechanisms
70 B [T mechanisms
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Figure 5-6 ITDCI score w/& w/out IT mechanisms

5.4 Discussion

The above results reflected the responiteglies to the survey published by the author

to captureghe extento whichthe I TDCI mechanisms were presanttheir projecs.

After analyzing the survey results, the author was able to observe and ffitiek drends

that were presenh the responses of the survey participants. From the managerial point

of view, all of the projects experienced open, clear, standard and timely coratram
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evidenced by the respondersd6 responses t
responses all of the projects had considered the integration and harmonization of the
different disciplines and work packagesolved. All of the projectstilized more than

50 % of the integration mechanisms (more than 6 points out of 12) in the procurement
phase. Also, the evaluation of the different alternatives for cost, schedule, fabrication lead
time and operability and maintenance were considerall of the involved projects. The
vendors and the end users perspectives were also involved. However, in the procurement
phase none of the responses replied that there was a consideration for the evaluation of
the different alternatives to orchestrate ithalved resources.

Recommended mechanisms that were missing in most of the projects were for example:
presetting actions and standard protocols for communication and collabosetiimg an
agreement between the owner and the designers upon the réelgpogance of the
various performance issuésother important missing but needed mechanism in 5 out of
the 8 responsewas assigning somebody (design facilitattr) identify in a timely
manner potential conflicts among different designcigisies and acquire design
specialists inputs as required. It was even absent in response no.4 at which the project
team used the Integrated Project Delivery.

As far as the technology is concerrtedsupport collaborative team work, information
technology ¢ols werenot introduced properly enougfhis was evidenced by the
absence of the IT mechanisms in almost all of the projects. Recommended actions
include: enforcing a contractual agreement to enforce the use of uséooldTo support
the communication and catination process; ensurirgn IT infrastructure is in place

starting from the beginning of the planning phdse implementing any necessary

113

o

t



organizational changdse enable effective utilizeon of information technologySetting

up a central file reposity to post and store all of the project related documents and make
it available for all participants; andusing appropriate software for planning and
budgetingthat isinteroperable with the design software. Finally, the project task force
must be well quipped and trained with ¥ftools that support their provided services and

in same time help them to disseminate their knowledge in a timely manner.

More attentionshould be directetb utilize IT-toolssuch as project websitaadBIM as

a basis for collaboration and exchanging the knowledge of the different parties involved
andleverageshe level of integration among them

In terms of model validation, the author concluded that the model is significantly
important to be used to measure lhneel of ITDCI involved in the project. Although all

of the survey respondents were asked to select projects that experienced a high level of
IT-based integration based on extensive level of knowledge transfer and the use of it
tools, the results obta#d by using the model showed a discrepancy. There was a
difference between the levels of ITDCI obtained for each response. Minimum ITDCI
score response was 35.2 points while the maximum score was 61.1. Using the model
provided a baseline or a standardni@ar the respondert® assesthe extent to whiclthe

ITDCI were present in their projects which enabled the quantification of the ITDCI level
by using the developed ITDCI model

Comparing the ITDCI model with the model developed by Mitropoula$ &atum
(2003) it can be concluded that the ITDCI model is considenedegpansion of
Mitropoulos and @atund smodel. In their model they recommended that project

participants shoulddoptglobal integration mechanisms to foster integration

114



1) Contractual mechasm such as design/bdil contracts or joint ventures2)
Organizational mechanisms such partneringr crossfunctional units; and 3)
Technological mechanisms electronic linkages between involved organization. They did
not go beyond these suggestions. Hesvein the IITDCI model, the integration
mechanisms were developed to a high degreetafld&€he author considered the ITDCI
mechanisms thdtave to be activated in all of the tasks needed to execute each phase of

the development process of the project.
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Chapter 6. Case Study: WPI New Residence East Hall

In this chapter the author used the WPI new resid&ast Hallproject tovalidate and
experiment with thelTDCI model that was developed. The chapter starts with a
background of the project followed by a description of the different phases of the
development process. The analysis of the integration was first performed with help of an
undergraduate student. lmer Major Qualifying Project (MQP)she conducted an
integration analysis of the new WPI Residence Hall building. In her analysis, the student
used the driving/deterring factors of integration developed by Rahman and
Kumaraswamy in 2005The Project integtion factors were ranked according to their
usage and importance levels and comgppaheough a Pearson Correlation [58JAlso,

she identified the areas to increase integrafldre author furthegained some insights
regarding the project integratidevel based on the interpretation of the project team with
the aid of the meeting minutes. The ITDCI model was then used to assess the level of
ITDCI that was involved. A comparison of the two scenarios was conducted and a

summary of the results was thietlowed.

6.1 Background

Worcester Polytechnic Institute (WPI) decided thatvanted to provide more upper
classmen housing in order to draw students back to campus acdoimmodate future
growth. h the summer of 2006he school hired Cannon Desi¢m start to develop a

study for an existing building site on campus. Cannon Dgesigrnof Boston, MAis a
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renowned design firm demonstrating proficiency in educational buildihg project is
located next to Founddyrs Hfaclnd Boynton Streetand involves new residence halls

and a new parkingarage

Figure 6-1 Aerial view of WPI Residence Hall on Boynton Street

Figure 61 shows an aerial view of the proje@P| wanted to achievés goalsfor new
residential spacevhile being environmentally sensitive, respectful of the surrounding
Worcester community, and also incorporate arts walk into the arts section of
Worcester. In order to maintain environmentally safe the WPI Residence&tdaéd to
achieve asiver ranking from the Leadership in Energy and Environmental Design
LEED. LEED isa program administered by the US Green Building Coungiromote
sustainable building practicesThe WPI ResidencBastHall projectwas a fasttrack

Construction Management Project.
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6.2 Goals of Project

The goals of the new WPI Residence Hall Project as outlined by WPI are:
1 Provide uppeclass housing to draw students back to campus
1 Maximize use of the site
1 Relate to and respect tiiéorcester community
1 Design a project that is environmentally sensitive
1 Accommodate the Arts walk to the south, adjacent to Founders Hall

[14].

6.3 Design Stages

This section provides a brief descriptiontbé three stages of théesign phase of the
WPI Residence Hall Projectonceptual design, design developmant construction

documents

6.3.1 Conceptual Design

The conceptual design phasehs first phase of design where drawings are the dominant
tool and product. Usually, drawings in this phase are composed of simple;lsiagle
floor plans, building sections, elevations, and site plan&fter two months of
investigation and deliberatiomadlifferent design schemes for the buildikgP1 decided

on the desigischemeshown in figure &. This €£heme provides 232 beds and-kgels
building facing Boynton Street next to Founders and abutting the Church of Our Savoir.
In addition to theaesdentialbuilding, a 150 car external parking garage structure is also

included in the project. The construction estimate performed by both Gilbane and
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Camon Design indicat@ that therewere $31.5 million in construction costs for the
building and $2.5 fothe garage and the projests carrying around $4.5 million in
contingencies. The conceptual design phase of the New WPI Residence Hall wa

completed on November 17, 2006

BOUOYNION SIREE]D

DEAN STREET
Figure 6-2 Design Schem¢14 ]

6.3.2 DesigrDevelopment

The designdevelopmenis the second stage of design during the design phase which
represents the period where all questions about the project are identified and general
concepts are refined in order to repregbptultimate design. &igndevelopment is not
specifically detailed;nistead it merely just identifies details that require further study. It
does however offer the first understandable look at the building and shows the ultimate

form and character of the building. The desdgvelgpmentphase of the New WPI
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Residence Hall was completed as of January 31, 20Bgure 63 below shows a

rendering of the perception of the design development.

o = ' =

Figure 6-3 3-D Design Development Perception [14

6.3.3 Consruction Documents

The constructiondocumentg(CD) stage is the lagthasein the designprocessand is
where the design reaches 100% complétke constructiondocumentof the New WPI
Residence Hallvere released ofriday, April 20, 2007.

Since the WPI New Residen&mastHall was a fast track projectgonstruction for the
project hadstarted and began before tbenstructiondocumentsstage was complete.
The information obtained from the schematic alesign developmerdtages provided
enaugh information to allow the project to proceed to constructi@annon Design met
with the WPI Residence Hall Committee (listed in section 6.4 Aydakly to discuss

final program requirements, building standards, and finishes in order to confirm the
layout, size, and adjacencies of each element, fixture, and finish. Below is a picture of

the new WPI Residence Hall from the perspective along the arts walk.
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Figure 6-4 : Rendering along Arts Walk [14]

6.4 Parties involved

The Project Teantonsisted of three main partieg/orcester Polytechnic Institute,
Cannon Design, and Gilbane Company. An overview, description, and the role of each

party are provided below.

6.4.1 WPI

Worcester Polytechnic Institute is tloevne of the project. WPl members who nge
involved with the prgect represergd the different interests and aspects of the WPI
comnunity. That includedhe student body, residential services, financial representative,

plant services, students conductinge@ch on the project, and the dean of students. The
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individuals and their association are explainedeatadin the investigation and analysis

section of this project.

6.4.2 Cannon Design

Camon Design is an architecture, engineering, planninggrior design, and project
delivery firm headquartered in Boston, MA with other locations at various spots in the
US. The firm was established in 1945, has around 700+ employees, and currently
grosses $104.2 million dollars in revenue each year. Theg performed projects at
other colleges and universities including the John Hancock Student Village at Boston
University, buildings at USC, UBerkeley, Tufts, University of Maryland, and SUNY

Oswego 27]. Cannon Design was selectedtas degyner for the WPI Residence Hall.

6.4.3 Gilbane Building Company

Gilbane Building Company is a welkstablished building company that offers
construction sefces, turnkey services, and facilities management. Gilbane was brought
onto the WPI Residence Hall Project as Construction Manager of the project. Gilbane
was founded in 1873 by Thomas and William Gilbane as a family run carpentry and
general contracto shop out of Providence, Rhode Island. The company is now in its
fourth generation of leadership and is still a privately owned and family run business.
The company is pulling in over #3llion dollars in revenue each year and employing

over 1800 emplgees across the country and US territories. They have been involved
with building a variety of iludngthec298 over

Olympic Venues in Lake Placid, NY, the Vietham War Memorial, and even the
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President 06s Ho aersitg in RrovideBae.o GilbaneJhas previous work
relationship with  WPI through the construction of its newdrainistration building

(Bartlett center)39].

6.5 Project integration analysis using Rahman and
Kumaraswamy factors

In order to estimate the extetiot whichthe project was integrated, the driving/ deterring
factors for integration developed IRahman and Kumaraswaniy 2005 were used to
estmate the level of integration. 4uestionnaire concerningromotionaland deterring
factors of project integratiomwas prepared andsed to determine which factovgere
evident in the WPI Residence Hall Project.

A statistical analysis of thndings was produced and computed to demonstrate (1) the
usage and importance level of each factor of integration of the pr(j¢the usage and
importance level of each category of faciqf® the correlation betweehe usage and
importance levetsand(4) determine areas of whete increase integration

Before proceeding with the analysis, both the project work environment and the project

organization structure were explored.

6.5.1 Project work environment

The WPI Residence Hall Projegtas based on a Construction Management project
delivery system. The owner (WPWas highly involved with the process and only
enlisted one agent outside of the organization, a civil engineer from Cardinal
Construction, as an addition to their project teammémitor construction cost and project

production. All parties involved in the projeatere using Primavefasoftware to
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produce schedules for the project. The cost estimates for the puejegbroduced by
Gilbane Building CompanysingTimberliné€® Predsion Estimating.

The projectcommitteetypically mete ver y Wednesday at 2pm on WP
and almost all the meetingsereattended by WPI, Cannon Design, and Gilbane Building
Co. Decisionmeeded to be takeinvolved the input of all the diffeent parties of the
project in a timely manner Responsibility for certain decisionwas placed on
individuals within each party but the committee as a whole over the period of analysis
had demonstrated an integrated and collaborated approach to cogfissties, making
decisions, and solving problems.

As far as the information technology tool that the project team was using for
communication, the team creataavebsite on nywpi websitefor committee membeio

post andaccess to the documents for theject.

6.5.2 Project Organizational Structure

WRPI is the owner of the project and has contra€adnonDesign from Boston, MA as

the Architect for the project; the Construction Manager for the Project (selected after a
series of metings between WPI @Cannon) was Gilbane. Within WPI thereree
different parties that aetl on behalf of WPI Those wee WPI Plant Services, Chief
Financial Officer, Dean of Students, a WPI Student, Director of Residential Services,
Current Residential Advisor of a WPI Dor (RA), Head of Academic Technology
Services, WPl Academic Participant, and three various project teams from Civil
Engineering o were tracking the project. Canndhe Architectural Designer of the

project lad different representativesicluding Project Managers, Project Designer
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Design Principal, andProject Plannex Table 61 below shows the breakdown of the

project organization.

Table 6-1: WPI Residence Hall Organizational Breakdown

Organization | Job Title Name ofPersm

WPI (Owner) | Chief Financial Officer Jeffrey F. Solomon
Dean of Students Philip Clay
President Dennis Berkey
Vice President of Student Affairs & Camp| Janet Richardson
Life
Associate Director of Physical Plant Christopher Salter
Director ofPhysical Plant John E. Miller
Director of Residential Services Naomi B. Carton
Director of ATC Mary Beth Harrity
Academic ,Professor of Civil Engineering | Guillermo Salazar
Executive Director of Corporate & Foundati{ Denise Rotho
Relations, WPI Development
WPI Student Heather M. LaHart
WPI Student Jennifer Arellano
WPI Student Christine Conron
WPI Student Ryan Young
WPI Student Krystal Parker
WPI Student Jonathan Bourque
WPI Student Nathalia Arenas

Cannon Project Manager Lynn Deninger

Design

(Architect)
Project Planner Peter Hourihan
Project Designer Antoni Borgese
Design Principal John Berchert
Project Principal Bob Peterson
Planning Principal Peter Hourihan
Engineer Principal John Swift
Plumbing & FireProtection Engineer Ron Furbish
Electrical Engineer Brian Pineau
Mechanical Engineer Fletcher Clarcq

Gilbane Co. Project Executive Bill Kearney

(Construction

Manager)
Project Manager Neil Benner

Brown Design Principal Bill Brown

Sardina

(Landscape
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Architect)

Cullinan Vice President, Chief Engineer Ken Hodgson
Engineering
Owner 0s

6.5.3 Data Collection

The data for the analysis was collected throdigh attending some of the project
meetingsand distributing a questionnaire ranking the usageé importance levels of
promotional and deterrent factors of integrati@®] The descriptiorof the meetings is

provided in Apendix C

6.5.3.1 Questionnaire on Integration Factors

A questionnaire wagrepared anddistributed to all parties involved on the WPI
Residence Hall Committee. This questionnaire askedp#récipantsto conjecture
his/her personal opinion on the usage level and importance level of identified driving and
deterrent factors of integrationThere were 31 driving factors and 31 deterring factors
identified in Rahman and Kumaraswanrgsearch study. A list ofhese factors was
presented in Bapter 2The specific questions have been removed from the chart and just
referred to by the correspongdi number. Theesponsesvere recorded individually and
then organized accordjnto their associated group oésignes, mnstuction nanages,

or owner.

6.5.3.2 Data analysis

The collected datafrom the questionnaire distributed to the WPI Residence Hall
Committee was analyzdd investigatethe extent to whiclhe integrationwas involved

50% of the questionnaires (six out of the twelve questionnaires handed out) were returned
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The six returned questionnaire forms were filled out impeé members frorthe WPI
committee, tw from the construction manag&ilbane, and one from the designer
Cannon Dseign The researcher followed the approach used Rghman and
Kumaraswamyo perform the analysisf thereturned questionnaire. Both theage and
the importance level of each famt were extracted from the respons@he average of
each driving factords usage | evel ver sus t h
figure 65. The graph provides aomparison of the usage levatempared to the
importancelevels ranked by the responsesThe driving factors range from 1 to 31
because there are 3ffferent driving factors of integration. The usage levdlgach
factor seen in yellw was ranked on a seven pointskert scale (y-axis) where 1
indicates a &ry strong usage level of that factor ariddicates no usage level of the
factor. The corresponding importance levels of each factor are shamagentaand are
rankedthe same Likert scalé/-axis) where 1 indicates the highest importance and
indicaies the least importance of tif@ctor to project integrationThe closer that the
average usage amhportance levels are tq the more they are being used and the more

importance they hold and vice versa for least usage and importance.
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Average Usage Levels v. Average Importance Levels

4
D Usage Levels |

1l
I . B Importance Levels

0 L L] LI LI L L L] ' '
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 10 20 21 22 23 24 25 26 27 28 29 30 31

Factor

Figure 6-5 Usage levels and importance levels of thetegration driving factors.

The top factorshat wee mostly used are:

1 Fact or #téned andeenthusiasgtic client.

1T Factor #8, Awillingness/ enthusiasm of inv
1 Facor #2, Adknowledgeable client about pr o]
T Factor #10, fAadequate resources and techn

The top factors whiclwvere mostly important
1T Factor #1, fAdenlightened and enthusiastic
1T Factor #10, Nfade gpurdatne cmrésckrides.and
1T Factor #2, Aknowledgeable client about pr

f Factor #5 MAcooperative |l earning with proj
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1 Factor#1 1 Aprevious performance records on h
safety. o
T Factor o#up2,coingbri ned responsibility insteac
From the above results, it was found that the thae®rs: 1, 10, and 2 weoemmon
having the highest usage and most importance.
In order to determine if there is any correlation between the twoblesia further
analysis needed to be consideradhich was a Pearson CorrelationA Pearson
Correlation is a measure of correlation between two variables of measure on one object
and determines if the two variables have a tendency to decrease or incittasae
another. The correlation ranges frefinto 1, and an answer of 1 means that a linear
equation describes the relationship perfectly with all the data points lying on the same
line and as variable 1 increases variable 2 increases and vice versalueAof O
indicates that there exists no linear relationship amongst the variables and they are not
correlated with one another. The linear equation which represents this relationship can be
generated from linear regression, and this equation can deasest predict the value
of one measurement through the knowledge of the other. The answer provided by the r
value (the Pearson correlation coefficient) is the ratio of explained variation to total
variation, and is provided by the following equation:

_& (- x(y-Y)
& - 0?a (-7

Equation 2 Correlation Coefficient between the highest usage and most importance
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The variables x and y are the sample means and x bar and y bar are the sample variable
entries. By squaring r the coefficient of determination can be determined which
demonstrates the proportion of variability in a data set. Thasl means that thetfied

model explains all variability in y where @ = 0 means that there is no explanation
available through a linear model.

From the information obtained through the questionnaire a correlation between the usage
levels and importance levels of the intgwn driving factorsvasderived. The Pearson
correlation (correlation coefficient), line of regression, and coefficient of determination
were useful tools which helped to explain whether the two variables were correlated or
not. The correlation coeffient calculated was determined todss7g which means that
therewas a 76.78% correlatianAs x increases or decreases y will also increase or
decrease along with it or vice versa. The graph that demonstrates the regression line of
the correlation beteen usage and importance levels is seen beldwgure 66. The
coefficient of determination was evaluated to be 0.5896. If the two axes were switched
the variation would not change even though the equation of the line would.

The optimalscenariofor the project integration wouldccur whenall of the driving

factors of integratiorare bothvery stronglyusedand have the highest importance level

Not every party in a project holds the same opinion in relation to these concepts. In the
sample populatin there were three different parties which the samples could be
categorized according tBecause each party fa different role and perspective of the
project therewasa possibility that there could be ta&n biases amongst the partiés.
determineif there were biases amotige different partiesthe responsewere grouped

according to theirole in the project, whethexrs an agent of the own@VPl), designer,
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or construction manager. A graph which shows the different levels indicated by each

growp is shown below ifigure 67.

Usage & Importance Level Correlation
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Figure 6-7 Parties involved average usage levels
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It can be seen that WPI rastktheusage levels for certain factors slightly lower than both
Cannon and Gilbane. In order to see if theesa correlation between the usage levels
as indicated by the different sample groups of Cannon and Gilad&®arson correlation
was used. The rekssi provided that the coefficient of correlation for Cannon and Gilbane
was0.4295 for Gilbaneand WPIwas 04127, and for WPI and Cannaras 0.2280.

An additional study was conducted maximize areas where driving factors of
integration carbe increasd and deterrent factors of integration candezreasg In
order to determine areas of where integration in the project could be in¢rézesed
averageusage levels of the factors were compared with their correspoad®Egge
importance levels. If therexisteda factorthat wasranked of high importance but had
low usage levels, by increasing the usage levels ofdtheng factor, the level of
integration of the project could be increased.

As shown in the above graph86 there existd eight areasthat indicatel that the
importance levelvascloser to 1 than the usage level. Theseefactors 3, 8, 11, 12, 13,
25, 28, and 29. Since the respondetermined that these areas had higher importance
than th& level of usagethese werareasat which theusage levels of driving factors of
integration could be increased. If the usage levalriving factorsincreasegdthen the
project integrationcan beincreasd. Consideringthe deterrent factorghe closer the
usage levels and thmportance levelsvere to7, the less likely that the deterrent factors

indicated in the questionnaire are detertimg project integratian
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Average Usage & Importance Levels
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Figure 6-8 Deterrent Factor Importance & Usage Level Integration Evaluation

By looking at the high ranked usage levels of deterrent factors it demonstrates which
factors are deterring integration withe project The graph indicatetthat factor 6, factor

20, and factor 3had usage levels that are relativelygher than theircorrespondig
importance levels. If the usage levels of those factors dam reduced, the project
integrationcouldincrease

Using the driving factors/deterring factors for analyzing integration evidenced that the
project experienced a certain level of integratitue to the existence of some of the
driving factors of integration such as the enthusiasm of the project participants to share

their knowledge, their high technical skills, their knowledge about the project processes

133



and integration and their previous fmemance records.However, there were some

factors that deter integration.

6.6 Project integration using the meeting minutes of the project

Some of the meeting minutes of the WPI Residence Hall Committee meetings were used
to assesshe projectintegrationsupported byvith above provided analysis of the driving

and deerring factors of integration. Example tietusedmeeting minutesire provided in
Appendix C. The project experienced integration between the different parties involved.
They werecontinuously meeting every Wednesday to discuss all different issues. All of
the participants were sharing a compatible vision and unified goal to execute the project
successfullyThis wassupported byCanno® s Pr o e c t:thstahe angoentof not e
involvement that WPI had in the project (from students, students doing projects, teachers,
ATC, and other administrators) added greatlythe development of theroject He

added thafit is not usual to find such a highly integrated amount of people fham t
owners i d e OHe thaudht thatvasprovided the best building for the school. He also
said that the collaboration between WPI &ahnonhas been very effective.

On the other hand, there were some issues that reflected lack of integration duto the
existence of the needed person with the sufficient level of authority in a timely manner.
That was concluded from an event related to the preliminary design of the building.
While Cannondeveloped the design based upon the information that WPI athatiors

had al ready s uppos adhninigtratargid neteanmonitate tha/Besigns

to President Berkey (WPI president) in a timely manner. President Berkey did not like

any of the building design schemes tl@annonhad developedC a n n o n éck Proje
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Manager said that i f President Berkeyos
of the design phase it may have reduced the possibility of redasttime could have

been saved

After exploring the New WPI Residence Hall meeting minutes anddatigisome of the
meeting by the undergraduate student who helped with this case study, it can be
concluded that all the factotisat affect the integration of the project could be witnessed
firsthand. The project was moving smoothly and with a fair amotinttegration and

collaboration from all parties.

6.7 Project integration using the ITDCI model

Lastly, the developed ITDCI model was used to explore the level of integration that was
involved in the project. The model was sent to representatives of the three parties
involved in the form of survey using the Survey Monkey website: Frederick Di Mauro,
WPI, Eddie Mellow, Cannon Design, and Neil Banner, Gilbane.

The returned survey responses yielded an ITDCI sconepessented in the below graph.
Figure 66 shows thatWPI had an ITDCI score af0.9 points out of 75 point€annon
Design had47 pointsout of 75 pointsand Gilbane had a score 48.8 points out of 75

points
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It can be concluded that the ITDCI model helped the three parties of the project to
interpret the level of integration in consistent w&gpth the mean and the standard
deviation were calculated for the obtained ITDCI scores. ITB&C| score obtained by

the parties involvedyielded consistent results with mean of 43.9 and atandard

Figure 6-9 ITDCI score for parties involved in the project

deviaton SD with 3.09

The three parties almost usid same exact metrics to determine the level of integration

that was involved in their project. The survey forms of their responses are provided in

appendix D

6.8 conclusion

By comparing the results of thietegration analysis in both scenarios: the first scenario

using the driving/deterring factors developed Rghman and Kumaraswamy in 2005
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with the help of the project meeting minutes and the second one using the ITDCI model,
it was found that:

Although tte first scenario helped to evidence integration of the participants of the

project due to the existence of the driving factors of integration, it wgsosstbleto

guantify the exact level of integration involved in the projadditionally, these facts

used did not capture the specific aspects of the different phases of the development
process. The firstcenario could not capture thetentto whichthe project participants

were relying on the appropriate IT tools to facilitate and promote the atit@yr

However it wagletermined fronthe meeting minutes that the participants created a
website on my WPI website to exchange ecojnformation but it did namply the

frequency that they were using it or whether they were depending on other way of
communicatiors.

Using the ITDCI model enabled the project parties to quantify the integration in each
phase while developing the project in consistent manner. Moreover, the model helped to
guantify the extentio whichthe project participants were using I'D®to promote

integration. This dateas achieved by answering therdlated questions in each phase

of the project.

Finally, the ITDCI model provided well structured guidelines to capture the level of
integraton that was involved in WPI new residence hall accurately and consistently.

The responses of the survey results sent to the project participants getresistent

ITDCI score of the projeawith a standard deviation of 3.09.
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Chapter 7 Conclusions & Future work

This chapter provides the conclusions, contributions and limitations of this research. A

discussion of future research in the quantification of the ITDCI is also presented

7.1 Conclusions

Themain objectiveof this research was develop dormal model to measure the

different levels of ITDCI during the facility development process within colleges and
universities.

ITDCI is a collaborative knowledgleased activity in which each participant continuously
and timely contributes and shares Inés/knowledge to realize a specific goal, bonded by

a unified and cohesive culture with the use of the supportitedls. Executing the
project in an ITDCI fashion requires the satisfaction of these conditions. This research
developed a formal modeldh consists of 75 ITDCI mechanisms distributed over the
different phases of the facility development process within colleges and universities to
enable the knowledge transfer process and achieve the highest level of integration. The
level of ITDCI involvedin a particular project can be then measured by quantifying the

number of ITDCI mechanisms introduced.

The research methodology included the following activities: reviewing the related
literature, developing and validating a scenario for tlditia development process of a
typical college or university through literature review and interviews, providing a
definition for each phase of the process to be executed in an ITDCI fashion, and finally
identifying actions or mechanisms that have to be activatettain the highest level of

ITDCI. The model was validated through an online survey that targeted the members of
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the Society of Colleges and Universities

residence facility was used as a case study to validat@odel.

The survey results reflected the extent to whitelhITDCI mechanisms were presant

t he r e s p@entd Eha respdanses to the survey were analyaesbserve and find
outthe trends that were presented.

From the managerial point ofew, all of the projects experienced open, clear, standard
and timely communication evidenced by t
guestions. Technically, all of the projects had considered the integration and
harmonization of the different discipks and work packages involved. All of the projects
utilized more than 50 % of the integration mechanisms (more than 6 points out of 12) in
the procurement phase. Also, the evaluation of the different alternatives for cost, schedule,
fabrication lead timeand operability and maintenance were considered in all of the
invol ved projects. The vendorsdéd and the
However, in the procurement phase none of the responses replied that there was a
consideration for the evaltian of the different alternatives to orchestrate the involved
resources.

Recommended mechanisms that were missing in most of the projects were for example:
presetting actions and standard protocols for communication and collaboration, and
setting an agraaent between the owner and the designers upon the relative importance
of the various performance issuésiother important missing but needed mechanism in 5

out of the 8 responsagas assigning somebody (design facilitator)dentify in a timely

mannermotential conflicts among different designaiidines and equirethe inputof the
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designspecialists as required. It was even absent in response no.4 at which represents a
project team that used the Integrated Project Delivery.

As far as the technologg concernedo support collaborative team work, information
technology ¢ols were not introduced properly enougfhis was evidenced by the
absence of the IT mechanisms in almost all of the projects. Recommended actions
include: enforcing a contractuagir@ement to enforce the use oftols to support the
communication and coordination process; ensuring IT infrastructure is in place starting
from the beginning of the planning phasgimplementing any necessasyganizational
changes to enable effeaiwutilizetion of information technology;
setting up a central file repository to post and store all of the project related documents
and make it available for all participangdusing appropriate software for planning and
budgeting whichs interoperal@ with the design softwaie also necessaryinally, the
project task force must be well equipped and trained withtd®ls that support their
provided servicesat thesame time help them to disseminate their knowledge in a timely
manner.

More attention should be directetb utilize IT-tools such as project websites, BIM as a
basis for collaboration and exchanging the knowledge of the different parties involved
and leveraginghe level of integration among them

In terms of model validation, the autheoncluded that the model is significantly
important to be used to measure the level of ITDCI involved in the project. Although all
of the survey respondents were asked to select projects that experienced a high level of
IT-based integration based on exdwe level of knowledge transfer and the use of IT

tools, the results obtained by using the model showed a different result. There was a
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difference between the levels of ITDCI obtained for each response. Minimum ITDCI
score response was 35.2 points witihe maximum score was 61.1. Using the model
provided a baseline and a standard way for the respondeusifyp the different
interpretation of the AEC industry practitioneshile assessing the ITDCI mechanisms
that were presented in their projects

Comparing the ITDCI model with theodel developed by Mitropoul@gsn d T g65]uy mo s
it was concluded that the ITDCI model can be considenred @ x pansi on of Mi tr
and Tatund snodel. In their model they recommended that project participants should
corsider global integration mechanisms to foster integration: 1) Contractual mechanisms
such as design/bdil contracts or joint venture®) Organizatioal mechanisms such
partnering or crossfunctional units; and 3) Technological mechanisms electronic
linkages between involved organization. They did not go beyond these suggestions.
However in the IITDCI model, the integration mechanisms were developed to a high
degree of detil. The author considered tHEDCI mechanisms thatave to be activated

in all of the tasks that are needed to execute each phase of the development process of the
project.

WPI6 sew residence facilitifast Hallwas used as a case study to validate the madel.
integration analysis of the project was conducted using two different scenarios: the first
scenario using the driving/deterring factors develope&&lyman and Kumaraswamy in
2005with the help of the project meeting minutes and the second one usifigbiGé
yielded from this research.

The first scenario evidenced the integration of the project participants due to the

existence of the driving factors of integration and also from the way the project parties
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were collaborating as provided in the meetingutes of the project. However, the exact
level of integration involved in the project could not be quantified. In addition, the
integration factors used did not capture the specific aspects of the project involved in the
different phases of the developm@nocess. Also, the driving factors foregtration

could not capture thextent towhich the project participants were relying on the
appropriate IT tools to facilitate and promote the integration. However it was provided in
the meeting minutes that tparticipants created a project website on myWPI to
exchange the projectformation but the minutes did nishply the frequency with which
they were using it or whether they were depending on othes @fa@pmmunication.

Using the ITDCI model enabled theopect parties to quantify the integration in each
phase while developing the project in consistent manner. Moreover, théhabxs to
guantify the extentio which the project participants were using IT tools to promote
integration. That was achieveg Answering the |Felated questions in each phase of the
project.

In conclusion, the ITDCI model prales well structured guidelinésr the project
participants to capture the level of integration that is involved in their project in an
accurate and ewmsistent manner. Additionally, it captures the different aspects of the
processes and organizations involved. The integration mechanisms developed in each
phase ensure the knowledge transfer process among the different project participants.
However, diffeent weights should be added to the different phases to reflect the level of
importance of the integration of each phase on the overall score of integration. More

weight should be considered in the planning phase since it represents the most important
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pha® that has a significant impact on the cost and other decisions being made at this

early stage.

7.2 Research Contributions

This model isconsidered an advancement of the current industry practices. It adds a
contribution to the construction industry besaut acts as measuring tool to assess the
corresponding level of ITDCI in théacility development processithin colleges and
universties It also helps to develop a common understandingong the industry
practitioners on what is required tohaevea desired level of ITDCh their project. This
comprehension would guide them to a better recognition of the benefits and
consequences of each specific level obBAsed integration on their project outcomes. It
will also enable them to execute more aeatel cost/benefit analysis and eventually opt

for the optimum ITDCI level.

7.3 Future Research

In this research, the ITDCI model was developed for colleges and universities.

For future work, he model could be experimented and refined by testing projects.
Different weights should be added to the different phasesefiect the level of
importance of the integration in each phatehe development processlore weight
should be considered in the planning phase dusigsificant impact on the pject

performance.
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Finally, the model could be expanded to include other types of facilities such as:
residential, healthcarapndcommerciafacilities to achieve wider adoption by the AEC

industry.
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Appendices

Appendix A Interviews
The main purpose of the interviews was to identify new issues that were not identified

during the literature review. The interview included three main questions as follows:

1 Inyourdefinition, what is Design and construction integration?

1 How to recognize that a project is a well integrated or not? What indicators

should one look for to identify integration in a project?

1 What is the role of those emerging information technologiesasicBCPM, BIM

and others in promoting design and construction integration?
In addition to the previous questions, the author gathered the interviewees view on the
potential benefits of integratidmsed upon their experience from integrated projects
In your definition, what is Design and construction integration?

Bill Kearney:

Design and construction integration can occur in the different phases of the project at
different levels. From the preconstruction phase with the early version of the design all
project parties start looking at the same design from different point of views. The CM
look at the cost estimate, Builders look at the buildability or the constructability of the
design, schedules and the materials availability. Theyiremity contact eaclothers to
revise and update the project documents and sometimes find more feasible construction
methods in terms of time and cost. Also, the owner works closely with the designers and

the builders for better planning and circulation.
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Rob Taylor:

The industry is pretty fractious and need to be integrated. Everybody should look for
models to help them better understand and integrate the different phases of design and

construction.

DCI is that the design and construction teams are working togetrardayone in a
paralleltrack The constructors doné6t wait for the
are working together from the beginning to investigate different design alternatives in

terms of workability, feasibility, etc.

He hopes that the systertist are being used to design the building can be used later in
monitoring the performance of the building in the operation and maintenance phase.

He believes that IT tools can do this.

Design Build approach imposes more involvement of the owners tdlgireideas and

feedback. The owner involvement in the process is taken for granted, dhduid be

structured in a wathat benefi the project.

One of the problems that they are facing and it impedes the integration is that the owner

d o e s n 0 & samatwos theylare using.
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John Miller:
Integration means that you hire thentractor right away from theonceptual phase to
discuss design ideas and to figure out some other ways to build the building faster and
cheaper.

2. How to recognize that aproject is a well integrated or not? What indicators

should one look for to identify integration in a project?

William Kearney

1 Good Communication.

1 Working together as one unit or company not for each one own interest.(shared

profit and loss.

1 Decision malkng in a timely manner by all project parties.

1 Well organized site, equipments, trades, and logistics.

1 Good flow of information. (can be achieved using prolog, everyone can log into).
Rob Taylor
If we have an integrated project: ‘that means that the sdsédule and quality of the
project are not surprising all over the project life cycle. (consistent CSQ).
The success of the mulayered building process is heavily influenced by the degree of
integration of all components
May be those are markers of @t success, but project integration??
Some indicators are:

T Time to respond to RFI 6s.

1 Time to take decisions.
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John Miller:

Less change orders.
Less RFIs.
No surprises.

Less changes to the original scope.

3. What is the role of those emerging informatiortechnologies such as: OCPM, BIM

and others in promoting design and construction integration?

William Kearney:

Lot of IT tools can promote integration by enabling long distance communication.

1 Webinar is an example at whi@® people can communicate togethemotely
with the help of a moderator. Project parties can point at the screen, chat, and
discuss several issues without being physically in the same place.
1 Video teleconferencing.
1 BIMOd Cost estimating or clash detection.
1 E-Mails.
1 Prolog website: computegenerated documents are all put on the website to
coordinate between them
Rob Taylor
The <current | T tools are becoming more
integration.
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They are using Microstation, ADT, Microsoft project for project scheduliimberline

for estimating, and Prolog for project management.

One problem is that they are using timberline which is not compatible with the BIM
software. He added that ArchiCAD®&nored timberline and createtheir own
estimating module.

John Miller :

Common websites for the project can really help to share all related and necessary

information

In general, how do you see the Potential benefits of integration?

A summary of the benefits of integration accordinghi® three intervieweagplieswere

as follows:

- More detailed design information.

-Designers and constructors are responsible for the project equally.

- Open and rore trust worthy communicatidretween designers and builders.

- More complete design. (Buildable design).

- Shorter duron as a result of good communication and enhanced information flow.

- More effective schedule.
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After analyzing the results of the interviews, the author got better insight on the definition

of the design and construction integration, all of them agreatdfor integration to be

exi sts: Aal l project participants should be
knowl edge and responsibility seamlessly fror
the indicators that one should look for to idnintegration, they suggested: more

effective communication, less RFIs, less time to take decisions and less change orders. As

for the new emerging IT tools that promote integration, they all replied that they have

been exploring a variety of those toolke: Webinar which allows people to

communicate together remotely, BIM for modeling, cost estimating and clash detection.

The interviewees also added that usingddls such as Prolog or project websites can

promote collaboration and integration to g bktent.

162



Appendix B Hardcopy of the survey

Measuring Design and Construction Integration with the use of

1. Introduction

The main purpose of this survey is to explore the extent to which the actions and mechanisms identified by the
researcher to promote a continuous and interdisciplinary sharing and integration of knowledge, goals and information
were involved in the development of new or renovation of capital investrent facilities at colleges and universities.
And to what extent were the participants relying on Information Technologies to facilitate this integration.

We ask you to answer this survey in the context of a recently completed project (no more than five years ago) with
the following characteristics:

» The project met the expected objectives

s There was a positive experience in collaborating and communicating with the project participants.

« Information Technology was used to any extent to support and facilitate communication and collaboration,

This survey should take 15-20 minutes to be completed. It consists of 6 parts: the first five Parts (A, B, C, D & E).
Each of the five parts represents one phase of the building development process. The author will first provide a
definition of the phase followed by the related questions. And finally part F which is optional and requires that you
enter your personal contact information for future contact to provide the research results.

Confidentiality: Please read carefully and review the following before responding to the survey:

a. Your participation in the survey is voluntary. You may decline to answer any question(s), but the researcher
appreciate if you kindly answer each question.

b. There is no particular benefit to your participation in this survey, but you may find the research results useful. If
you choose to provide contact information at the end of the survey, we will share the study results with you.

¢. No personal information about you or information about your organization will be published as a part of this
research. The information to be published will only include the aggregate data obtained from all the survey
participants,

d. SurveyMonkey (Website used to host the survey) has policies on privacy and confidentiality which you may wish
to review before completing this survey. See (link). SurveyMonkey will not re-publish the information you provide
and will not disclose your identity.

e. The only foreseeable risk of participation is that you may disclose information that is potentially embarrassing;
however the investigator will not have access to your identity unless you provide us with that information.

f. There is no compensation being offered for your participation in this research.

g. Should you have any questions about the research or your participation in this survey, please contact me: Hala
Mokbel (hnmokbel@wpi.edu). You may also contact the WPI IRB which has approved this research at irb@wpi.edu.

For your reference, a glossary of terms used in this survey is provided in the second page.
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