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ABSTRACT

Traditionally, schools of architecture are not grd@boratories to explore the
collaborative processes and teamwork that are ealsén integrated design and
delivery practices as exemplified by Lean Constouct The pre-eminence of the
“hero-architect” in the design studio is in direanflict with methods that can reduce
risk and improve the efficiency of the design andstruction delivery process. Risk?
Efficiency? Delivery Process? ... not to mention C&ntrol, Schedule and
Constructability, are foreign concepts to the praoh@nt design studio culture.

Integrated practices and integrated project defiae clearly "hot" topics in the
design and construction industry today. They areesponse to pressures from
building owners and developers for more efficient gpredictable processes for
designing and constructing buildings, and to theraasing availability of advanced
digital technologies such as Building Informatiomd&ling (BIM).

Can an institutionally enshrined resistance to tiésv approach to design and
delivery in the Academy be overcome? Should it? s€Ehare the questions that
institutions that teach design and constructiorctpres are wrestling with all over the
country. This paper addresses an approach thatsalfdgerdisciplinary teams to apply
the basic elements of Integrated Practice and Gxarstruction to a real world case
study that is designed using a common Buildingrimftion Model.
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INTRODUCTION

Schools of architecture are known for their “sttidiolture with a strong emphasis on
originality and individuality. Thus, historicalljnéy have not been fertile ground for
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an exploration of the collaborative processes aamtvork that are essential to
integrated design and delivery (IPD) practices>asplified by Lean Construction.
Students learn about, admire, and follow the explof a cadre of “hero-architects”
in the design studio and in their coursework. Mahyhese “heroes” are known for
their unassailable egos and uncompromising atstadeut “their” projects.

This attitude is not compatible with emerging dasénd construction processes
that reduce risk and improve the efficiency of baéding in an increasingly complex
and litigious world. Concepts such as “risk”, “eféincy”, “cooperation”, not to
mention concerns about costs, schedule, and logligtave traditionally been foreign
to the predominant design studio culture in Schobirchitecture.

However, over the past decade the academic cuhase been changing in
response to pressure from the design and constnuptofessions and the exigencies
of the “real world”. Integrated Project Design &belivery (IPD), as defined by both
the American Institute of Architects (AIA) and thean Construction Institute (LCI),
involves a primary focus on a project's objectivemd realignment of an
interdisciplinary team consisting of the projedtssigners, constructors, and owners.

IPD and Lean Construction are clearly "hot" topitshe design and construction
industry today. They are a response to presswes huilding owners and developers
who have been frustrated by an industry that haseen increased productivity for
almost half a century. The consumers of buildingigie and construction are
insisting on efficient and predictable processestlie delivery of building projects,
and the industry is responding with integrated anlaborative methods that are
changing the way we design and build.

The other recent change in both professional aadeauic circles is the continued
development and sophistication of advanced diggéahnologies, particularly with
respect to three-dimensional modelling. Designed @nstructors are now able to
create and share smart, virtual models that corahlithe elements of a proposed
project, including information that can be used dstablish costs, construction
sequencing, and scheduling parameters. The noatarelof this virtual model has
been universally accepted as the Building Infororatlodel (BIM). Thus the world
of construction is changing with new methodolodiks IPD and LC, which can now
be enabled by a highly intelligent tool: BIM.

In contrast to the traditional design and consioaciethodology, the integrated
approach promotes early and active collaborationorgnowners, designers,
constructors, along with planners, landscape dessgnconsulting engineers, and
other members of the design and construction tearoluding input from
subcontractors, major suppliers, and fabricators.

How can Schools of Architecture respond to thisngiag paradigm? Can we
overcome a deep-seated resistance to collaborptaring and design? Can we
respond to the construction industry’s call forgaed, skilled graduate architects
who can “hit the ground running”? Can we beginitowate the essential elements of
this new approach to design and construction imsswork for advanced students? In
an academic setting can we explore...?

* Open and continuous information sharing and tedmlmaration;
» Participatory project leadership;

» Digital technologies to improve design servicesweey;
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« Continuous attention to scope, cost and time;

* Reduced conflict among the design and building team

» Reduced risk of litigation and liability exposu the design team;

» Potential for designers to assume greater leageastd influence projects.

The course the authors have been evolving has foeemlated to begin to address
those questions. The intention of the course igxXplore new practice methods,
specifically IPD combined with exposure to andizaition of BIM technology as it
pertains to design and decision-making in desighcamstruction practice.

At its essence, this course is about a processaandl: IPD is the process, and
BIM is the tool. IPD is a “Relational Contractingppmoach that aligns project
objectives with the interests of key participaritscreates an organization able to
apply the principles and practices of the Lean d@opelivery System”. Mathews
and Howell (2005). BIM’s inevitable universal adiopt will influence—and be
influenced by—changes in project delivery systefexchnology could become “the
tail wagging the dog” in its ultimate effect on ct delivery by facilitating or even
forcing traditionally non-collaborative team mendhén the design and construction
process to work more closely together.

BACKGROUND
CONTEXT

The world of architecture and architectural edusais of necessity changing. The
early exposure of students to the pantheon of @aiiral heroes helps to enshrine
the concept of the architect as a rugged individual the minds of young students.
“To Wright and Howard Roark, are added such twémoentury greats as Le
Corbusier, Kahn, Aalto, and Mies van der Rohe, glonth historic figures like
Palladio, Brunelleschi, and Ledoux” Cuff (1998).eBk hero-architects, along with a
new generation of contemporary “starchitects” anevkn for their signature designs
and uncompromising attitude that many believe assemtial to achieve their
prominence. Even a tempered definition of the aechi “Architects are both
technologists and artists whose design talentsl yaeildings with beauty, stability,
utility . . .” Lewis (2001) continues to perpetudte concept of the architect as the
“author” of the work, supported by a cast of ch&ees that include consultants,
builders, and owners.

This self-actualized vision of the architect asatoe, coordinator, master-builder
and author that has been nurtured over the yeal®tim schools and in practice is
hardly conducive to the collaborative teamwork tistessential in an integrated
process of design and delivery. There is significasistance within the profession to
the sense of the architect’s “loss” of control gadver that the concepts inherent in
IPD and Lean practices imply. It is against thiskaop that schools of architecture
have begun to respond to the pressures from tliegsion, industry, and society.

THE SCHOOLS RESPOND

A major impetus for architecture schools to modHgir curriculum occurred after
the publication of what is generally known as th&oyer Report” in 1996. This
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landmark publication, _Building Community, A New ke for Architecture
Education and Practice, was developed after extensesearch of schools of
architecture and the profession. The authors deseavthat “architecure students and
faculty are too often disconnected from other gisees, . . . and at some schools the
curriculum seems remote from the concerns of dieabmmunities, or the larger
challenges of the human condition”. The authortherrnoted that “the gulf dividing
architecture schools and the practice world hasvgrperilously wide” Boyer and
Mitgang (1996).

Schools of architecture have responded to the pexteand real gap between
practice and the academy by introducing new couwagdsplacing a greater emphasis
on practice concerns into their curricula: “schanis listening and they have reacted
to the profession’s criticism over the years onuanber of fronts . . . Some of the
course offerings offered by the academy look to lateu the professional
environment in order to gain a better understandihghe context and shifting
dynamics of professional practice” Ford (2003).

The pedagogy of simulating at least a portion eflfPD process while at the same
time exploring the building information model and potential for analysis and
decision-making, is the basis for a re-engineepedse in computer applications and
professional practice.

HISTORY OF THE COURSE

The course in question has been in the curriculummiany years. It has always been
titled: Computer Applications for Professional Riae. Up until recently it had been
a popular elective course that many students teoolorder to learn and apply
advanced digital software programs that had both @&rametric modeling
capabilities, as well as 2D drafting elements. &semce, this was an advanced
computer application course with a focus on Revikgchitecture, and other
complimentary software titles, particularly Autodescotect Analysis®, and
Autodesk Navisworks®, which provided the studentghwadditional tools to
understand the potential for environmental analgss scheduling animations.

However, over the past few years the course halexion several significant
ways. Most importantly, the course has incorpordpedfessional practice” aspects.
This course now combines the tool, BIM, with a @®s IPD, in a simulated case
study of the first phases of the design of a simmatively small project. The case
study incorporates the concept of teamwork invajvthe three critical roles in a
design/construction project: the owner, the comstm)y and the designer, in
collaboration with an outside construction managengeoup from the Construction
Management (CM) Program.

In addition, the course has become a required eolas both the Bachelor of
Science in Architecture and the Master of Architeetprograms. As a required
course, the content is scrutinized in the accraditaprocess, and a recent
accreditation visit singled out this course forpadal commendation with particular
emphasis on several elements: Collaboration, Rrdjéanagement, Leadership,
Financial Considerations, and a better understgnafithe Client role in Architecture.
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COURSE OVERVIEW

The course has a goal to prepare students to #rgrrofession of architecture, to
prepare for licensure, and to provide for a swgfitidepth of understanding of the
components of architectural practice. Althoughgniéged practices have been utilized
by industry for decades, IPD is in its relativeaimfy in the design and construction
world. The outcomes reported thus far show reampse for an industry that is
itching to emerge from a half-century decline indaproductivity when almost every
measurable aspect of our economy is achieving fgigni productivity gains. A
transformative process, enabled by technologydsrégl to change that course.

THEORETICAL UNDERPINNINGS

We begin the course with the question: IF IT AINBROKE... WHY FIX IT? To
which we quickly respond: BECAUSE IT'S BROKE!, whié¢s supported by the now
famous chart from the US Department of Commercae®uw of Labor Statistics
showing the decline in construction productivitgcs 1964.

Construction & Non-Farm Labor Productivity Index (1964-2003)

Constant § of contracts / workhours of hourly workers
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Figure 1: Construction & Non-Farm Labor Productivitdex (1964-2003) Source:
US Dept. of Commerce, Bureau of Labor Statistics

This example, and others makes the case for ausesaploration of alternative
delivery methodologies that can help the design @mstruction industry catch up
with the rest of the non-farm economy. Another ggalo get the students excited
about the concept of integrated practice utilizattyanced digital tools to create the
BIM, and at the same time overcome their resistdao@llaboration and teamwork.
Fortunately, there’s an astounding quote from ReitzPrize winning “starchitect”,
Thom Mayne of Morphosis which statéBrepare yourself for a profession you are
not going to recognize a decade from now. Surviviayeu want to survive you will
change. You will not practice architecture if yoe aot up to speed with [BIM]'If

® From an address by Thom Mayne to the 2005 AIA @ation.

Learning



Graham, Evans, Celik, and Gould

one of their heroes believes it, it must be tru@shelps diminish the “threat” of loss
of control and influence in the making of buildingshich is amplified by a new
definition for a more collaborative future whereitintegrated practice leverages
early contributions of knowledge through utilizatiof new technologies, allowing
architects to better realize their highest potésmitia designers and collaborators while
expanding the value they provide.” American Insétaf Architects (2007).

PAST AND PRESENT PROTOTYPES OF THE INTEGRATED PROCESS

The initial assignment requires students to exptheetheoretical underpinnings of
integrated practice by researching both historexedents for manufacturing in post
World War II Japan such as the Kaizan process imgmnents and the work of
William Deming, as well as more contemporary thesrihat have generated Lean
practices and IPD. The product of the first assigniris a poster that demonstrates
knowledge of the process and example(s) of contemnpoprojects that were
developed using IPD and BIM technology.

This background assignment establishes the fowrdédr the rest of the course,
wherein teams are formed, a project is assignadrdisciplinary connections are
made to CM “consultants”, and a project is devetbfgough the first stages of the
IPD Process: Conceptualization, Criteria Desigm, Betailed Design. The remaining
phases of work including Implementation Documemgency Review, Buyout,
Construction, and Closeout are anticipated anddided in collaboration with the
construction management consultants.

ESTABLISHING THE TEAMS AND ROLES

At the outset of the course, students are dividea three or four person teams. Each
student selects a role to play as designer, caretiuowner, or consultant. Each
individual takes on the responsibilities of thedter for the duration of the project.
However, it is recognized that each team membaregEssity must wear two hats,
the role they are playing in the IPD team, and asember of the BIM development
team since everyone needs to learn how to develdpvark with the shared model.
Students in the “owner” role meet with the proposamject’s proponent,
(generally a real world client), and ultimately d&p the project’'s functional and
cost parameters. Students in the “constructor” talke on responsibility for site
logistics, building systems, and initial constroaticosts considerations, which are
supplemented with the involvement of consultantsmfrthe CM program. The
“designer” role is perceived by the architectunedsnts to be the easiest to assume,
yet the collaborative nature of the IPD processiireg the architect to proceed with
critical design decisions with the advice and cohsé the owner and constructor.

ESTABLISHING GOALS AND METRICS

In order to be consistent with the IPD project aggh, each team takes on risk as a
team and is rewarded as a team, in this case witldeg instead of bonus
compensation. The teamwork starts at the earltagesof the project when the IPD
team meets to share expertise and decision-makirspon becomes clear that the
goals of the project need to be placed ahead dVithdhl interests of the team
members. It also imperative that coherent goalsafproject need to be established,
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and as importantly those goals need to be quashtifieh metrics to eventually judge

a project’'s success. Typically teams establish gydat the performance of the
building: size, annual energy usage, life-cyclegosesthetic success, and aspects of
the process: meeting the budget, schedule, andrsifoactional program. The goals
and metrics are the basis for the subsequent dawelat of the project.

CONCEPTUALIZATION

The first phase in the IPD project construct is enceptualization phase also
known as extended programming. This phase detesnttime scope, character, and
initial costs and schedule for the project. Stuslemte urged to “GET IT RIGHT
FROM THE START". This is also the phase the detessithe makeup of the team
including the primary roles of owner, constructand designer, but also in practice to
consider the appropriate engineering consultaetg skib-contractors and suppliers to
expedite the goals of the project. In the authapsion, this phase is one of the
distinguishing features of an IPD/Lean project. ditianal design and delivery
methodologies generally do not incorporate thisicaii formative stage where the
most important decisions are made, the persoratioakhips are established, and the
BIM is initiated. Some examples of elements thatdeveloped in this phase are:

Program Development and Analysis

Working with the owner, students develop a progadmequirements for the project,

study the program and its implications using tiad#l program planning methods,

explore layout options with the Affinity softwareqgram, set up room arrangement
diagrams, and determine optimum physical relatigpssh

Site Selection and Analysis

In order to help the owner select a site, studentduate three potential sites by:
developing site selection criteria to meet theldisthed goals, create a dynamic site
selection matrix to “score” criteria for each sitank each site on the basis of the
scoring, select one of the three sites, constiuetselected site as virtual model,
perform a detailed site analysis for the selecitedts include sun and shadow studies.

Conceptual Design

The above considerations are the basis for an sisatf conceptual layouts that
involve form, orientation and positioning of thrdmilding alternatives for the
selected site. A conceptual model allows each téarmvestigate energy related
issues for each alternative by using the analytiaphbilities in Revit® Architecture.
The form studies and building performance resultsvide a rationale for the
selection of a particular alternative. The selecéétgrnative is developed in the
subsequent phases of the project.

BIM ELEMENTS IN CONCEPTUALIZATION

The teams construct the site in the Revit® modeld @ahe next steps were
constructing mass model options using the Revit&snol or Sketch Up. The
Energy Analysis tool introduced in Revit® Architest 2012 was utilized to
determine the most energy efficient form, oriemtatand construction method as a
preliminary assumption. The students were introdutte Trelligence Affinity™ to
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convert the written program into a diagrammatioolaty It was used as a planning
tool to test the program and room relationshipse Mffinity scheme was imported
into Revit and a simple room scheme was developled.resultant conceptual design
was then tested in Autodesk®reen Building Studio’s energy analysis program,
allowing the teams to study energy performance ldadcycle implications of the
form and materials under consideration.

SUBSEQUENT DEVELOPMENT OF THE PROJECT

The scheme that was defined in the Conceptualizgtitase was the basis for a
project that was continually developed for the remer of the semester. At each
stage the building was analyzed by the IPD for confince with their original goals

and metrics. As the designs continued in developmEnotect Analysis® was

introduced to study daylight optimization and shgdidevices and Autodesk
Navisworks® Timeliner was used to give visualizatio the construction schedule
that the students, headed by the CM teams, hadageekin their prior meetings.

The IPD teams met with their CM counterparts thiaug the semester including
several half-day workshops, as well as many off-lmeetings. During the early
phases of work the CM consultants evaluated thddibgi alternatives for site
logistics and constructability issues, provided storction cost assessments for the
alternatives, and offered constructive criticismaamember of the IPD tearfhis
discussion resulted in the teams revisiting thetial decisions and then proceeded to
develop the project into the Criteria Design, amddiled Design phases.

INTRODUCING THE CONCEPT OF “V ALUE”

The final collaborative workshop, ostensibly in timéddle of the Detailed Design
phase of the IPD process, the teams were givenngate to reduce the construction
cost of the project by a factor of 20 percent. Theml world” crisis initially resulted
in severe consternation, but ultimately producesitive and pragmatic solutions that
resulted from a truly cooperative collaborationvwextn the architects and their CM
consultants. Each team was forced to considergssfiscope, program, and quality
to achieve the mandate of savings and ultimateisodiuced students to the value
equation that is at its essence an integral aggdatan Construction thinking. This
experience represented a true test of relationsmpsconfidence in each other that
had been built up over the course of the semester.

INTERDISCIPLINARY COLLABORATION WITH CM CONSULTANTS

The key to a successful IPD process is the quafithe collaboration and the ability
to work together effectively. The addition of thé1CConsultants to the IPD team
proved to be among the most meaningful aspectseoémntire course. Aside from the
essential input on matters of constructability,tspand schedule the CM consultants
added a completely different ingredient to the wipersonalities on the teams. It's
clear that no matter how well the architecture stusl could assume the functional
roles of an IDP team, they were still architectsitedents. However, the CM students
had a very different type of personality, more grded and schedule driven, which
provided a necessary tension between members ofetme, which in effect, was
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more representative of a “real world” interdisanaliy team. This “clash of cultures”
provided some of the teams with transformative iripuheir developing project,

CONCLUSIONS

It is evident that Architecture and CM programs seeking ways to integrate BIM
and IPD topics and technologies into the curriculidiongside this, there is an
increasing understanding that these technologied systems used today in
construction encompass all disciplines and are wsedescribe and document the
contributions of each member of a project teamdfighKunz (2004). Consequently,
the collaboration among the Architecture and CMdsiis, helped both programs
address IPD and BIM theories, technologies, ant theerdisciplinary nature. This
successful collaboration is resulting in new cosiraed greater coordination between
these design and construction disciplines.

The authors recognized the need to teach IPD aad peactices in Schools of
Architecture. By integrating the architecture studewith CM students we have been
able to simulate IPD and a Lean Construction enwrent: an environment where
technical skills and communication are a necessity;environment where mutual
respect and collaboration are required: an enviemimvhere our students will be
playing a leadership role in a few short years.
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