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Abstract

This projecencompassed various limited pmonstruction tasksincluding conceptual design

through BIM Modeling, structural design, construction feasibility, cost estimation, and
investment analysi®© 2 Y OSNY Ay 3 2 2NOSAGSNI t2f 0SOKYAO Lyai
the context of integrated practic&Currently Integrated Practice is still young in development

and has had limited exposure to the construction indusihe project determined tht

integrated practices can reduce errors, address issues earlier in the design phases, and reduce
construction timeoonly if specificproject objectives, schedulingand modes of communication

are clearly definedWith proper implementation and organizan, Integrated Practice can

possibly become the standard method of construction in the future.
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Capstone Design Statement

The capstone design requirement of the Master Qualifying project was met through the
design of @hree different components of this project. The first was the design of the trusses to
support the floor of the proposed gymnasium. Another component was #sigeh of an
acceptable site plan design for the construction of the gymnasium. The final component was

the three dimensional model of thieuilding design made using the software Reuvit.

The truss design was of particular importance to the structural desigmis facility ast
providedsupport for the gymnasium floor on the second level of the proposed buildihtde
providing enough open space to allow room for the competition sized pool below. This span of
110feet necessitated the use of a truss systbatause a truss is more efficient at supporting
large loads over a large span than a single beamtriise design was based on the dead loads

and the occupation live loadsd was reviewed for future analysis for lateral loading

The site plan was devaded as asolution for the access, unloading, and storage of
materials. It was also designed faecess to the site for supply deliveries and employee parking
during construction. This is an important aspect when beginning project design. It affects not

only thespeed and ease of constructidmut the WPI community as well

Theschematiaesignof the building allocated space required by the architectural
program. The 3D model allowed fdifferent parties in the preconstruction phases to come
together and esure the buildingvould be completed accuratelgluring constructionThe
model allowedfor changes to be made to the building eanpptentiallyreducing the number of

errorslater in the project. It was particularly important for this project becaug@omotes



collaboration among partieduring the preconstruction phases. Hlsoallowed the group to
see how the work of eactlisciplinewas affecting the overall outcome.

Six of the seven realistic constraints were met during the capstone dekthis @roject.
Further explanations of each are as follows:

Economic:

The economic effects of this project were considered during the capstone design. The truss
was designed to have lower costs than other truss options. This was done by usmg thre
different member sizes to avoid costly overdesign. A common truss type was also selected than
many fabricators would be able to make without any specialty manufacturing charges. The site
plan as designed to provide entrances to the site without needingpend extra money on
police men or temporary traffic lights for traffic control on nearby streets.

Sustainability:

During the Revit design of the building a portion of extra flat roof was found. Through this
design the group was able to find &ape where the option of a green roof could be considered.
As the new athletic facilitis planned to be.EED certifiedhis will certainly add to its
gualification.

Manufacturability/Constructability:

Manufacturability was addressed during thei$s design during truss type and member
size selections. For both situations it was important to select an option that would keep the
fabrication of the trussesimple andess complicated.

The group was only praded with initial rough designs, tisit was up to the group

determine areasonable building draft that could be used during the project. The Revit design
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had to be a realistic design with consideration to constructability.
Health and Safety:

Safety was also a major concern widlgards to the layout of the site during construction
operations. Many students, faculty, and staff travel by foot near buildings located close to the
construction site in the center of ¢ the campus. Due to the extreme hazards of construction, the
site plan was designed in such a manner as to minimally interfere withal@ay routines of
the campus, and to locate the primary construction area distant from-tia@bme campus
traffic in an effort to maximize safety of the WPI community.

Social:

A man factor of the site plan design was to consider the social impacts of the construction
on campus life. The site had to accommodate enough room for work, but also had to be
situated correctly to avoid overtaking too much of the campus. One site plandewedi then
rejected because of social impact had required the site to overtake half the quad. As the quad is

a popular place for student to gather and interact, this social impact was unacceptable.

Another social issue considered during the site plangiesias the effects of using both
union and norunion laborers for the project. larder to prevent the labor unions from
picketing the entrance to the site, a second entrance would have to be appointed for the non

union laborers.

A social strategy utilizeid this project was integrated practice. The different members
of the group met and worked directly with one another to ensure any changes were addressed

quickly and correctly. Integrated practice was a cornerstone of this project and is discussed in
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more detail later in the report.
Political:

One of the few local political issues considered during the site plan design involved the
possibility of using part of a nearby churches parking lot as an entrance onto the work site. WPI
has worked with thighurch before but would need to come to an agreement with them to use

their space.
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1 Introduction

Integrated Practic€lP)is a relatively new way to approach the design and construction
of a building. Standard practices divide up work between disciplines and communicate on a
need to know basis. While these standard practices have been proven to work, there is room
for improvement. Integrated Practice seekspoomote collaboration among all involved parties
through increased communication techniques. Through the use of integrated practices in the
pre-construction phases of a project, errors, issues and changes can be magdaresrl
therefore reduces costs and speeds up construction. While integrated practice seems all well
and good on paper, it has yet to be implemented in the construction industry. In fact, the first
construction project utilizingPin Massachusetts currertly occurring on the Autodesk

Headquarters in Waltham, Massachusetts.

Many companies are tracking this project in order to understand and try to overcome
the challenges of implementing Integrated Practice into their own program. Most of the
resistance tancorporating integrated practices into the industry simply comes from
unfamiliarity with 1P and little willingness to take risk. Integrated Practice is not an addition or a
tweak to standard practices. It is a shift from having disciplines separatedriing as a
group. Many companies prefer the ability to defer responsibility to other parties and protect
themselves, while IP puts every party in the same position. Thus if one part of the project fails,

every party takes the blam&his closednindednessithin the industry is the major hurdle

! SullivanpP. (2008, November 18). Autodesk to Open New AEC Headquarters in Waltham, MA Seeks Leed Gold
Certification for Core an8hell, Platinum Leed for Interidtetrieved February 25, 2009, from AEC Cafe:
http:..www10.aeccafe.com/nbc/articles/view_acte.php?articleid=619494



that IP must overcom@alhile IP has many advantages, this aspect is unappealing to

construction companies anghany are hesitant to implement it.

Worcester Polytechnic Instituggromotes collaboration in the developent of its
construction projects, but it did not explicitly did not pursue IP in the development of its new
athletics facility It is commendable that WPI promotes IP and even exhibits features of IP in
other projects, but due to time constraints, budgahd various other concerns with such a
large project WPIdecided to not to take the risk of trying a new approach to construction WPI
is in a great position to explore IP in future projects as identified in its Revised Stratedic Plan.
Unfortunately,the decision to not take the risk and attempt an unfamiliar and untested
method of constructions a typical response towards IP from most institutions and businesses.
Without proper exploration and studies on how to properly implement IP into the constructi

process it will remain as a side note to the industry.

This Major Qualifying Project (MQB)a limited exploration of how Integrated Practice
can be implemented intothe pr®2 Y & 1 NHzOG A2y LIKIF&aSa 2F 2t LQa yScg
disciplines of constiction management, cost management, structural engineering performed
standard preconstruction tasks within the context of IP. By exploring and implementing various
aspects of IP, and with the aid of Building Information Modeling (BIM), the project teaght

to provide insight intdhe potential benefits and limitations dP to the construction industry

2 Revised Strategic Plan. (2009, April 8). Retrieved February 2, 2009, from Worcester Polytechnic Institute:
http://www.wpi.edu/Admin/president/strategicplan.html



andfrom the results, provide recommendations on how IP can be properly implemented into

other construction projects.

2 WPI New Athletic Facility

AsWorcester Polytechnic Institute (WPI) continues its long term goals of expanding
both its student body and fadies, the need for a newtate-of-the-art athletics facility is now a
top priority for the institution. The current facility is barely adequate for ¢toatinuously
increasing student population, an issue that has been voiced by both the students and the
faculty® With high aspiations of continually revitalizing the experience of undergraduate
education at WP, planning, programming, and design for a brand new athletics facility began in

the 200742008 academic year.

Worcester Polytechnic Institute is a NCAA division Il catiegithletics department
consistingof nin Sy Qa &L NI A Ol sBEXEE Q& Sa na NSTHeBVPYRA ¥ & e
community also includes approximatelyo dozen club sports for students to participate and
even create more with administrative approvBletailed in the WPI Athletics Department
Mission Statement [below] he university firmly believes in the overall development of their
student body by encouraging all students to become involved in athletics and recreational

activities.

"The Department o f Physical Education, Recreation & Athletics is committed to promoting an
appreciation for lifelong wellness, to fostering growth in leadership, encouraging the pursuit of
excellence, and enhancing the overall experience for our students.

® Richardson, J. (2008, May 2). WPI Town Meeting for FaculBlafitk, & B. Sealund, Interviewers)
*WPI Athletics(n.d.). Retrieved November 24, 2008, from Worcester Polytechnic Institute:
http://wpi.prestosports.com/landing/index



We will provide an environment which develops health, work ethic, teamwork, leadership and
integrity, all of which are essential for our students, both personally and professionally.

Through participation, our students will emerge well -rounded with the skill, knowledge and
abilities to maintain active lifelong learning in order to help them be successful in life."

WPI has establishedlarge masteplan of expansions and renovatiottstake place
over the next ten years in ordéo improve theadministrative,acadenic, housingand
recreational conditiorof the campus’. These improvements are designed meieasestudent
SYNRtftYSYyis FROIFIYyOS FOFRSYAO yR NBaSINOK STF
technology with the humanities.Recently completed pjects include the Campus Center,
opened in the spring of 2001, the Bartlett Center, and the residence Hall currently named East

Hall.

Construction of the twdevel, 15,000 square foot Admissions/Financial Aid building, the
Bartlett Center, was completed 2005 at the cost of four million dollars. The Bartlett Center
shown inFigurel andnamed for the generous donations by the James and Shirley Bartlett,
provides a beautiful and warm welcome to the WPIcampysR &6 & 2t LQa FANRG |
Energy and Environmental DesjgEEDyreen building® With enroliment gradually increasing
eachyear, the need for more coampus living space for upper class undergraduate students
was the next constructioitem2 y 2t L Q& 3INROSNE A&l 2F SEL} YyaAa;

of the Bartlett CenterPresident Berkey and the WPI board of trustaesaunced the

®WPI Athletics Mission Stateme2004, May). Retrieved November 24, 2008, from Véster Polytechnic
Institute: http://wpi.prestosports.com/navbar_red/mission_statement/index

® Revised Strategic Plaf2009, April 8). Retrieved February 2, 2009, from Worcester Polytechnic Institute:
http://www.wpi.edu/Admin/president/strategicplan.html

" Mission and Gaol$1987, October 16). Retrieved January 12, 2009, from Worcester Polytechnic Institute:
http://www.wpi.edu/About/statements.html

8 60ames and Shirley Barlet2008, March 27). Retrieved January 12, 2009, from Worcester Polytechniatinstit
http://www.wpi.edu/About/Bartlett/bartletts.html
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construction of a brand ew five-story residence hallConstruction for the newand alsd_.EED
certified, fivestory, thirty-five million dollar residence hakollowing a fast track schedule,
design started in the summer of 2006, demolitioneafsting buildings quickly followed in the
winter of 20062007 with construction and grourdreakingin the spring of 2007. Currently
named East HalFigurel, it wassuccessfully completed without time delays or budget
overruns in August of 2008, ready for the arrival for the upper classmen for the 208

academic year.

While the construction of new buildings provides modeialy designs and tepf-the-
line materals and technology, major renovations to older facilities on the WPI campus is also
being done to incorporate these upgrad€xurrent renovations include the biology and
chemistry building, Goddard Hall as welklas close out on the renovation in the $oce and
Arts building, Salisbury Lai5The major upcoming changes include the conversion of Alumni
Gymnasium into an academic center, major renovations to Harrington Gymnasium, and the

FRRAGAZ2Y 2F 'y dzy RSNEANRdzy R LINJ Ay3 3l NI 3S

° A New Experience in Student Housi{ngd.). Retrieved January 12, 2009, from Worcester Polytechnic Institute:
http://www.wpi.edu/About/NewResHall/

1 Recent & Ongoing Construction & Renovations at (ZP08, October 17). Retrieved January 14, 2009, from
Worcester Polytechnic Institute: http://admissions.wpi.edu/Images/CMS/AO/Campus_Construction.pdf

5
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2t LQa LXIFYy 2F SELIYRAY3I (GKS Ol YLza FIF OAf Al
Ot SFNJ G2 G(KS AyadAaddaZinzyQa SESOdziA@Sa GKIG GK
restrictingnotonlyi KS RS @St 2LIYSyd 2F (KS,bdpyhaedSNEAG& Qa |
importantly the fithess and athletic graw of the WPI communityAlluding back to the
universities global initiative to attract more students, the construction of a new athletics facility
would exponentially adhere to and help fulfill this gdalith the current main operating
JeYylaidzy FyR IGKfSGAOa OSYyidiSNI 2F GKS OF YLMza

the construction of a new athletics facility quickly rose to the top priority of facility expariion.

During the planning stages t L Q aAthiétisgFacilitythe institutionis faced with a
financialhurdlewith which it has not had tovercomeduring the construction of its previous
facilities. Preliminary estimations have put the cost of constructing the new facility slightly
above $40 nlion with added expenditures such as mitigation efforts. Currently the budget is

not a fixed number but WPI is pushing to keep the design between tet$4dillion.As with

" The Bartlett Center. Photo taken April 2, 2008. East Hall Photo taken August 25, 2008.
!2Richardson,.J2008, December 3). (B. Sealund, & B. Blanck, Interviewers)



any new construction project, funding and financial planning isrgrortant factor in regards

G2 0KS LIN22SO0iQa adz00Saa |yR RS@St2LISyldd ¢KS
facility will look, and more importantly, if it will even be built. During the-poastruction

phases of this projectan economic recessidras j@pardized theplannedconstruction of the

new athletics facility. Even though the recession in the global médrkens2 t L Qa OKI y O0Sa
funding this project, it also lightens the costs of labmiaterials, and equipmenfs a resulbf

the poor economycompetition for fewer jobs amongcontractorsincreases, therefore thegre
biddingsignificantly lowepricesas a method to gain worlOn the other hand, financing is

becoming more stringent which reduces the incentive of owners to take risks and start

congruction projects.With the help of construction managers, WPI can capitalize on this
opportunity andthusreduce the direct costattachedto the construcion ofthe athletics

facility. =

Furthermore, the decision from the board of trustees to begin construction has yet to
bemade2 t LQA& RSaA3ay O2YYA (i id&hleditofdhtindelinith|tie MedignR S NE K
phase of the athletics facility and will continue to monitor the financial situreas time
progresses? With the enormous financial obligatiorisat the new athletics facility will bring,
the institution must weigh the costs and benefits along with economic conditions before the
decision to start construction care made The archiéctural design of the building directly
AYyTFtdsSyO0Sa GKS Oz2ald 2F O2yailiNHzOGA2Y YR &2 Al

committee and Gilbane Construction Company in order to keep the cost within bugde

*Benner, N. (2008, November 26). (T. Grant, A. Petrocchi, & R. Bernard, Interviewers)
1 (2008, December 11). WPI Design Committee Meeting. (T. Grant, & B. Blanck, Interviewers)



the preconstruction process conties, all eyes are on the board of trustees to give the final

thumbs up on the new athletics facility that so many people have been waiting for.



3 Literature Review

The development of a new building requité® personal efforts and skills of many
professionals withirthe construction industryas well as their willingnes$s work togetheras a
teamto complete the project Architects, structural engineers, cost estimators, schedulers,
financialaccountants, contractorsnd project managerall play mgor roles throughout the
process It is important for the reader understand how these divisions fit into the construction
of a building, the roles they play, and how these parties must interact in order to produce a

timely and efficient construction progg.

3.1 Integrated Practice

There is nothing new about architects, clients, and consultants collaborating to produce a
LINE2SOG GKFG FAGAa GKS 26ySNNRa ySSRa la Sttt |
Caudill, FAIA, of the firm Caudill Rowl8tiott, coined the term squatters in the 1950s to
describe meetings between the architect, engineering consultants, owner, andruserthe
26y SNRA K2YS {dzNJF to prEgfagh NBrifyRa&u@sh ahg brain&din désign
ideas. William Lam, the remmed lighting designer, who often worked with Caudill, says,
Gwl LILI2 NI yR aSyairidAiagiide yY2y3a AYyRAQGARdzZ £ a Aa
O2yiAydsSd 'y AYRAGARdZ £ KIF & G2 "OtlisNderedighS | 6 2 dz
note tha Caudill did not mention the use of a construction manager which reveals that

construction managers have not always been part of traditional design practices.

15 Pressman, A. (2007, May)tegrated Practice in Perspective: A New Model for the Architectural Profession.
Retrieved January 11, 2009, from Architectural Record:
http://archrecord.construction.com/practice/projDelivery/0705prdj.asp



The construction industry is becoming more and more complex everpelzguse of more
demand fa faster construction, tighter budgets, and more MEP systerhe cultural change
needed within many firms is not an integration of technology but an attitude change, an
adjustment to collaborate effectively from the start of a project to the very encchielogy is
just a tool that requires a conscious choared competencyo use. With the increasing
complexities of construction projects, a better effort to collaborate, with the help of new
technologies, is the next step forward for the constructionustly. In the past the architects
lead the way on most projects but today the process of construction has become much more

complex which requires a new approach.

Integrated Practice (IP) is a relatively new term that seeks to enhance collaboration
betweenparties and facilitate communication§.Lt A& | NB&aLkRyasS G2 GKS
drive for buildings that are faster to design and construct, at lower cost, as well as more
sustainable and of higher quality than those built in the pH3talso rquires the construction
manager (CM) to get involved in the prenstruction and design processes, instead of waiting
until the final designs are completeBuilding Information Modeling (BIM), a relatively new
type of software that creates virtual smartadels of buildings rather than drawing lines that

represent an object, is enablingsome say forcing this informationsharing, integrated

practice culture to emerge.

The advantages to incorporating integrated practice into the design and construction
processes are numerous, but since the term is still in the infant stages many construction

companies do not understand how to properly implement it and therefore disregard it.

18 |bid.
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Integrated practice allows for changes, issues, and problems to be addressedirdheer
construction process than normal practices. By addressing these issues earlier the overall
project can be constructed faster and with less RFIs and chamiges. These RFIs and change
orders are the bane of many construction projects because tleytiane and cost money

which often brings the cost over the original budg®ince IP is still young in development there

are no specified ways to implement its practices and where it fits into the construction process.

Figure2 below depicts how BIM Modelingvhich forces integrated practicefits into the
d0KSYS 2F GKS O2yaidNdzOGAzy LINROSaao lye& LINR2
building. During tk pre-construction process of design, BIM Modeling helps articulate aspects
of the design to various parties well as address issues related to construction planniBiiyl
Modeling is also useduringthe constructionphases of theroject as a referencpoint for

superintendants and managers alike.

~ Discovery ) 2

Enterprise Information Model

Building Information Maodel Building Operations Model

Enterprise

Enterprise ‘
Operations

Operations ‘

Virtual Design |
Construct
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Figure2: BIM Outline"’

3.2 Building Information Modeling
The development of any construction project requires extensive communicatiang
owners, architects, engineers, project managers and contractors. Each of these(phties
vary greatly and their knowledge is rather confined to specific tasks. This increases difficulties
in communications, and when communications break down rkessaare made. However,

there is a push towards the integration of these parties in order to facilitate communications.

Building Information Modeling (BIM) is a relatively new process for the construction
industry that is slowly gaining popularity. BIMsadeveloped in the late 1980s to incorporate
three dimensional modeling, reéime development, spatial relations and more recently
geographical information. Although the origin of BIM is debatable, it is agreed that it was
popularized by Jerry Laiserifii DNJ LKA & 2 F i Q&' BIMXaK be/used to éxaniiné ¢ | NB ©
the life cycle of a building, incorporate materials of construction, define scopes of work, and
display the systems of a building. The most important aspect of BIM is that it promotes
integrated practice between parties involved with a construction project. Although BIM is a
powerful tool for the industry it is not used by many companies. Like any new addition to an
already functioning industry, BIM requires time to become a mainstay ofdhstruction

industry.

Y Mueller, V.BIM Modeling in the Construction ProceSi of NBBJ

'8 Laiserin, J. (2003, January 1®mparing Pommes and Naraj&etrieved January 25, 2009, from The Laiserin
Letter: http://www.laiserin.com/features/issuel5/feature01.php

12



La KIFIa 0SSy RSTAY S Rriedtéd builéirfy devdlopment fool thaty 2 6 2
utilizes55 Y 2 RSt Ay F HORWrGB/Lsimich nore than a modeling method. BIM
has evolved into a method to bridge communication withie #rchitectural, structural and
construction industries. In order to make this bridge BIM encompasses many different
software packages. Although each software package is unique, they all strive to offer similar

components

=

Improved3Dvisualization

1 Suppot 4-D (Time), or B (Cost) Modelthrough interoperability between cost

estimating/scheduling software

M Coordination of construction documents

1 Simple retrieval of vital information such as materials, dimensions, etc

1 Increased speed of delivery

BIM is a tobto enhance the integration of the different aspects of a development and
increase communications between the parties involved. Is pindoject weutilize Revit, a
AutodeskBIM software package, to increase communications, collaboration and exemplify

project integration.

/| dNNBy(Gfeée 1dziz2z/!5u Aa (GKS YlIAyaidlreé RNIFGAY

proven to be quite resilient. Many companies in the industry express concern that using BIM

¥Khemlani, L. (2006Lortractor's Guide to BIM
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modeling means retraining workers and revamping practeces Ly | NBalLl2yasS (2
2003 proposal for the construction industry Bentley Systems Incorporated, a software

engineering company, expressed that starting over with a new software platform is not an

option. This report expresses that the constraatindustry is too heavily dependent on

AutoCAD and that an overhaul of the system will not witkhere are several other BIM
a2F0 61 NS LI O113Sa @rAftlFIoftST &dzOK & !'5¢ 2NJ ¢
front runner. While it is true thattie construction industry is very dependent on AutoCAD, BIM

and Reuvit are still evolving.

Reuvit is simple enough for owners to understand s@phistcated enough for architects
and engineers to design with. The program is capable of creating detailechdatsithat
meet the standards of the construction industry and at the same time it creai2srddels
that a person outside the construction industry can easily visualize. Currently AutoDesk has
produced three distinct versions of Revit: Revit Architegfirevit Structure and Revit MEP.
Each of these packages is based on the same software, but they each have unique capabilities.
Revit Architecture has increased customization capabilities allowing architects to create any
type of object. Revit Structutgas analysis capabilities for structural engineers. Finally Revit
MEP provides information to design MEP systems for a building before it is built. These three
software packages are interlinked which allows users to overlay architectural, structural and
MEP designs on the same model. Many times there are discrepancies between designs,

26yYSNBRQ YSSRA YR AYF2NXYIGAZ2Y LINPOARSR (2 O2y

2 Bentley, K. (2003pPoes the Building Industry Need to Start O\Beftley Systems Incorporated
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communication these differences can be found and dealt quickly with before theyrbe a
problem?
Among the many facets of construction, Revit is gaining the most ground with
architects. Dr. Lachmi Khemlani, a consultant and authé&ubddesk Revit: Implementations in
Practice said,
G¢KS LI NF¥YSGONRO 0 dzihf Raviy.Thas YeRitRliSed the/afchiteci@IK y 2 f 2
profession and brought the fun back into design. Those who have persevered in their
learning and use of Revit have come to love the application and find it anathema to go
back to traditional CAD. For them, theaptice of architecture will never be the same
3Ry dé
In the book Autodesk Revit: Implementations in Practi€bemlani documented several case
studies of architecture firms who just introduced Revit Architecture into their compsugh as
CannonDesigh (G KS | NOKAGSOGdzNI £ F A N¥serfepoNd forhtheQed Yy S &
firms confirmed an increased level of service, quality and performance for their clients. Among
these companies over half reported productivity increase of 50% and 1#8é &6fms reported
productivity gains over 100%. In addition to the increased efficiency firms reported reduced
SNNRENBR 0SOFdzaS 2F wS@OAGQa dzi2YFGAO O22NRAYL

between project designers and IT suppott.

Z Balding, J..)J& Fox, C. (2007ntroducing and Implementing Autodesk Revit Buildengage Delmar Learning
# Khemlani, L. (2004Autodesk Revit: Implementations in PractiCase Study

2 bid.
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This software also supports construction management capabilities. Most construction
management firms require an entire department to scour over drawings and develop
estimations for a project. Much of this wquuch as counting every instance of windows and
doors, then referring to encyclopedia sized specifications for instructisqainstakingly done
by hand. Since Reuvit is object basatican easily create schedules that count objects, total
costs, and link to specs, which drastically cuts down ortithe needed to make these
estimations.lt is interesting to note thathe CM for the athletics facility, Gilbane, is using Revit

to some extent for construction management functions.

Through the utilization of BIM modeling, the construction industry cacolne much
more efficient. The use of BIM modeling promotes increased communicaipsagparties,
reduce discrepancies and provide owners with tangible evidence of the progress of their

development. This project strives éxploreaspects of BIM.

3.3 Construction Project Management

The Construction industry is one of the largest and most important industries affecting
the world today. The products of the construction industry can be seen everywhere. From the
residential homes, to commercial office iigs, to industrial factories, the construction
industry is responsible for almost every building known to man. Not only does the construction
industry build buildings, it also is responsible for the infrastructure of any countryoads
and bridges.The construction industry is not just a single job. It incorporateskers and

scholarsof all backgrounds to keep the industry functioning.

16



Construction in itself is a pross to create a finished produd;building or road, on
schedule. Constructiois a detailed and extensive collaboratiamongpeople, materials,
equipment, time, and money. The efficiency of the process of construction directly relates to
the efficiency and state of the resources used to drive this process, as well cataydiof
resources. Similar to any other processes, construction needs to be managed. It is very difficult
for an untrained party to coordinate the involvement of many different people of varying skills
to meet working standards, government laws, company guideline® deadlins, and
financial quotas. Thus, constructioramagement has become a very important role in the
construction industry. It is the duty of construction managers to ensure that the project is
completed in the most efficient and convenient mannehile keepingthec A Sy 1a Q o6Sad A\
in mind¢ and it is during the pre&onstruction phase that this process, and its results, can be

most influenced.

Every construction project, whether large or small, entails at the very least, the involvement
of aproject owner, a designer, and a build&rwWhile the titles and magnitude of responsibility
may fluctuate, their duties are rather sedkplanatory, and the relationships between each of

them are essential to the construction of a facility.

pul

Allprojectss NB RNA @GSy o0& (GKS 26ySNRa AyOSyiuAagsS Iy
the owner decides that a new facility is to be constructed, it is then time to begin appointing a

team that will assist in the development of this facility from project coticgpto opening. The

24NunnaIIy, S. (1980 onstruction Methods and ManagemeRtentice Hall.
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owner must have clear and accurate project objectives to relay to the other team members

most importantly the designer.

These project objectives may be derived and composed in several manners. In projects
where the owner decides tassume a more active role, the owner may take on full
responsibility and seifompose the master plan with all objectives for the project. Another
approach builds upon the previous method in which the project owner will appoint a team,
usually being peoplezhom he/she has a business relationship with, that will assist in
developing the project objectives. In these scenarios, the owner is very involved in the project
development at the early stages and plays a major role in making decisions. A step away from
the intense involvement of the owner occurs when he/she hires an agent to oversee the entire
project. This agent will work for the owner and be granted a large amount of responsibility. In
this scenario, the agent must carefully make decisions and uratestdhat ultimately, the
owner has the final word. Once the owner has established the proper relationships, then the
master plan and project objectives can be further developed in the next phase of the project:

the design.

The primary responsibilities tifie designer are to deliver an architectural, structural, and
mechanical/electrical/plumbing (MEP) solution to the owner based on the project objectives
that have been developed. Several meetings with the owner, as well as extensive preliminary
research othe site are conducted by the architect. This is done to ensure the design will serve

the owner in the most productive manner possible. The architect must a have a thorough
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limitations. These two factors will greatly affect the design product.

Once the designer feels confident in their background knowledge and has a good
understanding of what is requested by the owner, it is then their responsibility to produce a
design. The design is often presented in phases: a conceptual design, a schematic design, and a
detailed development design. One phase builds upon the one preceding it and takes into
account the modifications and opinions that are continuously presented ti&iproject is
constructed. Most construction begins once the detailed design is completed, but in some cases

construction may occur earlier.

CKNRdzZAK2dzii GKS O2yaidNMzOGA2Yy LKIFaS 2F GKS LINEP
responsibility to act as argant to the owner to ensure the building is being is constructed
according to the drawings and specifications that have been set forth. While this type of
relationship fluctuates based on the contractual regulations of the project, it is most often in
the best interest of the owner to have an architect serve as an agent, to ensure construction
accuracy and quality. The architect shall remain as an agent throughout the lifetime of the
construction of the project, maintaining a relationship with both not aihg owner, but the
contractor and construction manager to complete the project and meet all specifications,

design criteria, time and cost limitations, and overall objectives.

For projects being completed using Construction Management services, a poogdssi
construction manager is most often hired during the qoanstruction phase of the project. A

construction management firm has a broader understanding of the construction of facilities and
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can be a positive influence to the design of the project. dfisn very important that the
construction management firm has a thorough understanding of the development of the
design, as well as its key components. The integration of owner, architect, and general
contractor/construction manager will prove to be aryecrucial matter throughout the

development of the project.

Project Management is defined as the art and science of coordinating people,
equipment, materials, money and schedules to complete a specified project on time and within
I LILINE & STPer@ifng id doaistruction, professional construction management unites a
three-party team consisting of the owner, designer, and construction manager in-a non
adversarial relationshif® This threepart team works together under the limitations of people,
equipment, materials, money and schedule, to produce an
Architectural/Construction/Engineering produd he degree of collaboration amotigese
three parties is essential to the development of any project. It is important that each member
understands thathey are a crucial part of the project and that without the other, success is
impossible. While each party may have a thorough understanding of their duties and required
contributions to the project, miscommunication and lack of properly presenting infooma
can cause more severe issues within the project, including cost overruns, schedule overruns,

adversarial relationships, and design flaws.

*Oberlender, G. D. (199Froject Management for Engineering and ConstructideGrawHill.

**Barrie, D., & Paulson Jr, B. C. (19P8)fessional Construction ManagemeiicGrawHill.
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Due to the fact that no two Architectural/Construction/Engineering projects are alike,
the duties of a constru@n project manager are never pigeetermined. Their role and
responsibilities are dependent on the project scope, as well as the contractual relationships
between the parties of the project. However, in a broad sense, the duties of a construction

managercan be broken down into seven categofies

1 Project Planning Managementthis entails planning of the overall project. The
construction manager creates an overall plan and a method of how to successfully meet
GKS NBIldzSada 2F GKS spbgchdipctivestd develbplayhare (i K S
specific project scope is a key task. This scope will then be implemented through the

process of construction project management.

1 Time Managemeng the construction manager must continuously be aware of the
schedulerequirements and trendsmaking sure that all deadlines are met. This entails
creating preliminary schedules, tracking the work as it progresses, presenting periodic
schedule reports to the owner, and assessing if the project is ahead of schedule, on

schalule, or behind schedule.

1 CostEstimation andMlanagement, Cost control is a primary concern of the owner. The
construction manager must create their own cost estimates; keep atoate track of
the costs and expenditures of the project; make sure @lhtharges are accurate;

present the owner with periodic cost analysis reports that assess whether the project is

27 Outline of CM Functionfé.d.). Retrieved March 4, 2009, from Construction Management Association of
America: http://cmaanet.org/outlinecm-functions
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under budget, on budget, or over budget; present cost trends to the owner and provide

recommendations on how to remedy any problems.

QualityManagementg It is the duty of the construction manager to ensure that the
sub-contractors are performing according to the specified details, building codes, and

construction standards.

Contract Administratiorg The construction manager is often contraatly related to the
sub-contractors involved in the project. This makes the construction manager
responsible forthes®2 Y G NI OG2NBEQ ljdzl f Ade 2F (G KSANI LINZ

deliver their project, the cost of their product, and more.

Safety Admiistration ¢ Safety is of extreme concern in the construction industry due to
its dangerous conditions. Safety ratings of the construction management firm are
significant factors in developing a positive reputation. Projects can be stopped and
ceased dued the potential costs of severe accidents that take place on site. It is the
responsibility of the construction manager to perform periodic accident reports and on

site inspections to ensure all safety standards are met.

Professional Practiceln essencell KA & Rdzié A& aLS2LX S YIylF3asSy
project runs smoothly and efficiently. Here the construction manager organizes and

leads the project by implementing project controls, defining roles and responsibilities,

and developing proper communittan protocols. The CM also takes on the

responsibility of identifying elements of project design, project construction, and

contract administration likely to give rise to disputes and claims.

22



An extensive process takes place in hiring a construction genant firm. The firm can be
introduced to the project in one of two wayghy negotiation, or via a proposal and bidding
session. Negotiation is limited to private projects only, and results in the owner choosing the
firm to construct and manage the praje This negotiation process is often the result of a
lasting relationship between the owner and the general contractor or construction
management firm. If the owner decides to bid out the project, a requirement of all public
projects, an invitation to bids sent out to various general contracting firms or construction

management firms who will then choose to accept the invitation and create a bid proposal.

If the invitation is accepted, a bid package is sent out to the firm which specifically details
the project objectives, deadlines, conceptual designs, and project limitations. At this point, the
general contractor or construction management firm composes a bid package to be presented
to the owner in an attempt to win the project. In compiling this pagdathe firm must
convince the owner that they are the best suited firm to manage the project and provide
extensive information to the owner in an attempt to prove this point. To do this, the firm will
gather background knowledge of the area in which thejgct is being constructed, research
secondary logistics that the project is concerned with, explain their experience with similar
projects, prove to be financially stable, and produce a cost estimate with a schedule that will
meet the requirements of thewner. All firms who have submitted all materials as requested
will be reviewed and some will be allowed to present their informatiopenson. Based on all
this information, the owner will then choose the firm to manage and construct the project, at

which point, the contract is discussed, awarded, and finalized.
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NRA &1 ¢ 0l &atrskbcortract istypigaftfarmatted in the following manner:

[ ownen }

{ CONSTRUCTION } ARCHITECTURAL/ J

MANAGER ENGINEERING
FIRM

Ceon | (o) (o] (o] (o) (o]

Figure3: CM at NoRisk®

In this format, the owner has separate, direct contractual relationships with the
Architectural/Engineering firm, the Construction Management firm, and each of the
subcontractors involved in the project. Although theyriwavith one another very closely, the
construction management firm and architectural/engineering firm do not have a contractual
FANBSYSYy(l 06SGoSSWABRIEY D2 VYIRS NIGIE dyKS / a FANY |
owner and is released from the financald scheduling obligations, with the subcontractors. It
Ad GKS 26ySNDa NBalLRyaAoAtAGe G2 dzZ GAYF(GSte y
usually with advice from the construction manager. However, the construction management
firm does hold tle responsibility of executing the contracts that have been negotiated with the
owner. While the construction manager may not be at a direct financial loss for mishaps with

the subcontractors, their reputation for successfully managing projects is at stake

*8Barrie,D., & Paulson Jr, B. C. (19'Mpfessional Construction ManagemeicGrawHill.
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Construction management firms involved in Apsk contracts typically charge a fee to
the owner for their services. This fee may be a lusnm price or a percentage of the project

cost.

[ 2y aiNHzOG A 2y NN &/ €3 SOSWHINIGD (iiam hasisgdadbmipletes A G K G F
responsibility for the coordination of the project, as well as the project cost and schedule. A

CM at Risk relationship is sep as follows:

[ cunen J

[ CONSTRUCTION J ARCHITECTURAL/

MANAGER | 77 ENGINEERING

FIRM
=)
sSUB SUB

Figure4: CM at Risk

Here, the owner has a direct contractual relationship with the construction
management firm, and the architectural/engineering firm. It is important to note once again
that, while the construction management firm and architectural engineering firm wosetfo
together throughout the entire project, the two organizations do not have a contractual
relationship. As the above figure represents, the CM firm has direct contractual relationships
with all subcontractors involved in the project. The subcontractweshired and managed by

the construction management firm, and it is the responsibility of the construction managers to

2 bid.
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ensure that these contracts are performed as specified. As a result of these relationships, the
construction manager is entirely respsible for cost and schedule commitments. Therefore, if

the subcontractors do not perform under their contractual obligations, the construction
management firm will suffer from all cost and schedule overruns. These obligations make many
construction managé Sy i FAN)XY & LIS NSEIRANJA yA2 Wiy NRISMG & | GNB T G S
the owner to complete the project at a Guaranteed Maximum Price (GMP). Under a GMP, the
construction management firm ensures the owner that the project will be completed for no
moretha/ (G KS &ALISOATASR YIFEAYdzY LINAOS® LG Aa GKS
ensure this contractual arrangement is met, and if not, they will suffer the losses. The

Construction Management firm is compensated for their services based on a negdéated

with the owner.

There are many benefits to taking a construction management approach within the
construction industry. The simple fact that an experienced professional is managing the project
is the greatest benefit most especially during the preonstruction/design phases of the
project developmentThe professional construction management firm has the resources and
knowledge to properly handle all situations within the project and execute the job in the most
efficient manner. An added benefit of iag a construction manager drand, is that there will
most likely be an overall time reduction of the project which can greatly affect the projected

cost.

Benefits of a construction manager deth prominent and very influential to the

project during tle design phaseThe construction manager is available to provide construction

26



expertise and knowledge in areas where the architect does not have axigfassional
authoritative knowledgef the situation. With a construction poistf-view as a resourcehe
designer can avoid taking the time to develop an idea and design componers thatt

feasible for constructionin preparation of construction, professional construction manager
develops site plans and constructability reviews that will faucet cactibn approach best

suited for the building and construction scenario. This service, acting not only as a means of
increasing the efficiency with which the building is constructed, but also researches any major
issues which may potentially force the owrieto re-evaluating his decision to build. This
opportunity for the owner saves extremes amount of money when compared to situations
where major issues are discovered once the construction phase of the project has already

begun.

Besides their expertis@ iconstructability, construction managers also provide the
owner with cost and schedule estimates. These estimates provide a characteristic gauge for the
life-cycle of the project developmenthis service allows the owner to have an early
understanding ofthe approximate length of time the project will take to complete, the
associated costs, the relationship between the two, and, any possible infringements that may
force either prediction [cost or time] to stray from its estimated traCkNB Y (1 K Side2 6 Y SND &
the construction manager is a professional consultant with binding responsibitityshoulders
some of the risks involved with construction. The construction manager also has professional
experience with the interaction of sutontractors which redts in better cost control and a

much less risk of overruns from sabntractor issue
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At the end of a project, the Construction Manager is responsible to ensure that all
aspects of the project were carried out and completely properly and as per the rexjoktte
owner. As a benefit to the owner, the contract of the Construction Manager is continually

binding until all requirements are met and the owner is fully satisfied.

3.4 Structural Engineering

Many consider the Colosseum in Rome to be the first #thfacility. Constructed
between 80 and 96 A.D. it housed many sporting events including chariot races, naval battles,
and gladiatorial combat. Built with blocks of solid travertine, the Colosseum was built with little
explicitconsideration to structurahnalysis. The building was constructed using overly large
stone blocks which guaranteed that the building would staffiese examples imply a primitive
sense of structural design and analygisiuge supply of material and a bloated budget made
this featpossible. As the available materials and financial constraints changed, structural
analysis became more important. Modern athletic facilities are constructed of many different
materials that rely upon proper structural analysis to obtain the greatest gttefrom the

economical components.

The structural branch of civil engineering was one of the earliest to distinguish itself.
{ GNHzOGdzNY £ FylLftéara Oy 06S F2dzyR a SIENXeé | &
A0ASyO0Sa¢ g a Lhzbi€ maaukcBpRhe keyiewkdekperimgnis doncerning the
strength of materials in different construction situations such as cantilever beams and simply
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with three bars and a single redundancy. Through his study he established some of the earliest

truss analysis equations.

The profession of a structural engineer is t@ usathematical calculations to satisfy the
design criteria of a specified brief. Although most vkelbwn for the design and analysis of
buildings, this profession is much broader. Structural engineers may also work on projects
involving bridges, tunnelslams, or even submarines. They are also not restricted to just
projects before or during initial construction, but also work on the renovation of historical

buildings in need of restoration.

When designing a project, a structural engineer is not only nesitde for computing
the most cost efficient solution for the owner, but more importantly is responsible for the
safety of the users of the design as well. This makes it imperative for structural engineers to not
only adhere to the local building code dugithe initial design, but to ensure the structure still
remains true to it after any revisions. One example of substandard work is the Hyatt Hotel
disaster of 1981 in Kansas City. One of the most attractive features of this new hotel was the
aerial walkwgs that spanned the lobby. There were three suspended walkways in all, one on
each of the second, third, and fourth floors. The walkway on the second floor was placed
directly beneath that on the fourth. The design conducted by Jack D Gillumé& Assoclkés ca
for two W 16 X 26 beams to cross the lobby connected by box beams created from pairs of MC
8 X 8.5 beams welded tete-toe. The initial design had these walkways secured individually by

a series of rods hung from the ceiliiggure5. During construction a series of calls were
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conducted between the engineering firm and the fabricator, the Havens Steel Company, to

revise the design from a single hanger rod system to a double hanger rod system.

Figure5: Double Hanger Rod System

As shown irFigure5FigureSthe double hanger rod system involved hanging the second
floor walkway from the wkled cross beams of the fourth floor walkway instead of hanging it
from the ceiling. Although this was thought to reduce the complexity of the construction

process it also effectively doubled the load on the fourth floor box be¥ms.

On July 17, during arlge dance event, the connections failed on the fourth floor
walkway resulting in a catastrophic collapse killing 114 and injuring more than 200 more. In the
following investigation it was discovered that the hanger rod connections were not designed to
hold the loads specified in the Kansas City Building Code. The initial connection design of
hanging the walkway from the ceiling could only hold approximately 60% of the load required
by the code and the revision only compounded the problem. As a resultsinttident Daniel
Duncan and Jack Gillum, the structural engineers for the project, were found guilty of gross

negligence, misconduct, and unprofessional conduct in the practice of engineering. They were

¥ Hyatt Regency Walkway Collapge.d.). Retrieved November 9, 2008, from Engineering.com:
http://www.engineering.com/Library/ArticlesPage/tabid/85/article Type/AsteView/articleld/175/Walkway
Collapse.aspx
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subsequently stripped of their engineering licengegractice in Missouri or Texas. G. E. C.
International, the father company to Jack D. Gillum& Associates, was also found guilty of these

charges and its certificate of authority as an engineering firm was revked.

Figure6: Hyatt Regency Walkway Collapse

As depicted in the Hyatt Regency Hotel incident, each project is unique and has specific
problems that must be solved. In this MQP the ceiling trusses of the natatorium were chosen
for design. Following the trend of multitude$ previous projects, this design came with its own
unique problems. Since these truss systems spanned over the pool they were subjected to
conditions different from other recreational areas. The air was more humid than most areas
and corrosive vapors, sii@s chlorine, were present in much larger quantities. This situation
also required the trusses be able to provide support over an open span of at least séventy

feet. Another uncommon aspect was that a gymnasium was located directly above it. This

* bid.
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cawsed the live loads to be much greater than in other cases. A few solutions for dealing with
these issues included using appropriately sized beams within the trusses to provide enough
support to satisfy local, state, and national building codes and co#ierg with an anti

corrosive paint.

3.5 Budgeting, Investment Analysis, and Community
The goal of every academic institution is to provide students with the best higher level
learning opportunities available, but every institution needs funding to functidhere are
manyavenues to attain funding for a university but in the case of a private college much of that
money comes from student tuition. If a university cannot provide adequate facilities for
students how will isupport academic and sociainctions? No matter how a person looks at
the situation,except for some welinvested schools such as Harvaadiniversity needs student
GdzZA A2y G2 FTAYFIyOS GKS NBal 2F aoOKz22f Qa 2LISNI
{ OK22f FIOAfAGASE ASNIBS |y AYLRZNIFIYG NBES
university to attend. Though academic factors will always serve as the primary decision maker,
facilities do provide some additional pull for schools to bring in new stisdeAccording to a
study done by Matzdorf, Smith, and Agahi, depending on the institution, facilities can play a
YF22N) Nt S Ay I &l dZRBesiudy showskhat kePufatiod dnd fazjlity S N& A
guality serve as two different factors in caje choice, where the weight of each factor
RSLISYRa&a dzLll2y G(KS a0Kz22f A0aStF¥ IyR (KS Llzof A0
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% Matzdorf, F., Smith, L., & Agahi, H. (2003). The Impact of Facilities on Student Choice of Uifiigeilitiys
21.1Q
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that the more moern and clean facilities of a university are, the more of an imgrast will
have upon student enrollment

The new athletic facility can serve an important role in the development of not only the
WPI community but the surrounding areas of Worcestewali. Though there have been
studies proving that there is no statistically significant correlation between newly constructed
sports facilities and local economic development, promotional studies usually state just
opposite®* Promotional studiesrefei2 £ A 1 SNI G dzZNB 6NAGGSy (2 &0NBy
their own respective facilities using selective evidence. These studies refer to professional level
sports arenas, such &nway Park or Yankee Stadiumat smaller facilities ofnstitutions and
their local communities. For relatively small facilities such as the one WPI is planning, the
negative impacts discussed by these studies are negligible. This new facility will add to the
recently renovated look of the campus already provided by the Baflenter and East Hall
dormitory. The more attractive a campus, the more the community will enjoy campus and the
area around WPI. The new athletic facility can only bring help to the community. Local camps
and groups will be able to rent the gym spdoeuse during the summer, using it however they
see fit. Summer athletic programs may use the fadititypractice or game spaca/hile the
new athletics facilityserve many functions on campus and possibly generate some revenue,
gaining funding such large project can stop it before it gets off the ground.

There are many ways in which organizations generate funding for capital projects. One

such way is through alumni donatioméichaccount for a significant part of funding. Alumni

* bid.
3 Siegfried, J., &imbalist, A. (2000). The Economics of Sports Facilities and Their Commdmitiaal of
Economic Perspectived4.3
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donations help ® pay for other items such as scholarships and professorships. Donations can
range from 100 dollars to legacy gifts. A legacy gift is one in which a person donates a portion
(usually 10 percent) of their netawth to the organizatiorafter their passingway. Another
way in which organizations fund new projects is through tax exempt boNds for Profit (NFP)
organizations such as WPI can issue these bonds to be traded on the market. The way these
bonds work is since WPI is NPF the interest paid tdtrel holders is exempt from both
Massachusetts state tax as well as federal tax. WPI also pays a lower interest on these bonds
since it is a NPF organizatidhthile WPI is an institution that wants its facilities to be up to date
and technologically adveed within the realm of financial feasibility, it also needs to be aware
of its impact on the health of the people using those facilities.

Ly (2RI &Qa ¢ 2 NifaRral@nkiSnmgndis ilngbfant2ofevelyda&
including institutions. We as thauman race have a responsibility to tmgt to pollute the
planet in order to sustain our current environment. LEED or the Leadership in Energy and
Environment Design Green Building Rating System will be used to rate the new athletic facility.
The goal 6LEED certification is to reduce the negative environmental impacts a building may
KF@gS 2y Ala SY@ANRYYSYOGT |a ¢Sttt a AYLINROAY3
system has four levels of certification: Certified, Silver, Gold, and Platifitiese are achieved
through five different green categories: sustainable sites, water efficiency, energy and
atmosphere, materials and resources and indoor environmental qu#lityis important that
the new building obtain the highest ratimpssiblein order to show that the Institution is

interested in environmental sustainability. Environmental sustainability is an important subject

% U.S. Green Building Council. (200BED for New Construction & Major Renovations (Versionl2)Green
Building Council.
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that everyone considers in order to continue living on this planet. If we do not try and sustain

our current environmat then the Earth will deteriorate. The higher the LEED rating, the more

GKS Ayadalbdzirazy gAft akKz2g OGKFdG AG Aa AyiaSNBadi
AYONBI ASR LISNF2NXI yOS Asystaindbifty tiralghthBge ¢f3 Q& Sy @A N
recycling technologieand better construction practicesCertified buildings are receiving

marketing exposure through the United States Green Building Council (USGBC) Web site,
Greenbuildconferences, and media announcements. There are also an increasing number of

state and local government incentives such as tax breaks available, depending on the level of

certification.
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4 Methodology

This MQPricorporates various taskad ties them ogetherwithin the contextProject
Integration. Every individual bothdespecificpre-constructiontasksand constantly
collaborated on group worthroughout the project.The five major topics of work that this
MQP includes are Integrated Practice, Camsion Management, Structural Engineering, BIM
Modeling, and Cost Analyslsis important to note that even though each member has
different trainingand individual tasks to completeveryone was working on the same project

with the same goals in mind.

4.1 Integrated Practice

In order to complete the project within the context of integrated practice, the project
team first defined various integrated practice activities and programs before splitting up into
individual tasks. It is important to note théiese programs were designed and implemented
before actual work on the new athletics facility began. These programs, along with BIM

practices, were designed to force collaboration among the team members.

The various methods the project team implementedluded the use of technology,
scheduledgroupmeetings, andndividual meetingsThe project team used the myWPI website
where project members posted information for all to examine and collaborated on materials
hosted. Weekly meetings were scheduladrder to force communication among members
and keep the project on schedule. These meetings became increasingly frequent as the project
progressed, in parallel the increasing amount of work the project entailed. Lastly the individual

meetings were performedutside group meetings and were more focused on specific tasks
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that required input from different disciplines, such as the design of the truss system which

required the attention of the structural engineer and BIM modeler.

4.2 Construction Management

In ary preconstruction process, there aseveral professional tasks that must be
executed by the construction manager during the early phases of dédigmstudent project
concentrates on the followingsite plan, project schedulepnstructability reviewand the use

of union vs. norunion labor.

The site plan is an important issue with regards to any construction project. For the
construction of the WPI new Athletics Facility the design of the site plan requires additional
attention due to the added comderations of volume of traffic throughout the college camgus
thus making safety an important matter of busine$¥ith reference to literature used within
the academia and professional realmeyeral site plan alternatives have been designed as
optionsduring the construction phase of the actual project. As a topic for project integration,
the site plans were analyzed with a final site plan providing the best compromise of the issues

chosen.

A project schedule has been composed to provide deadlinesowe the project along
as time passes. The schedule includes the planning and programming phase, design phase,
construction phase, and posbnstruction project closeoutCombined with their working
knowledge of constructioftask durations, he teamanalzed theschedules o$imilar,
previouslycompleted facilities to composie schedule of the WPI new Athletics Facilityhe

schedule accounts for all possible concerns that may affect the efficiency of the work.
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A constructability review of the site waconducted to properly acknowledge and
become aware of the standing issues related to the feasibiligoaktructionthe project
design Major considerations for any construction project lie within the general topics and
concerns that constructability xeews encompass. The project team consulted a guidebook,
written by professional consultants, in order produce a constructability review of the WPI new
Athletics Facility. The results and general conclusions generated from the constructability

review wereconsidered during the design phase of the WPI new Athletics Facility.

The use ofJnion vs. Non Union labor was researched to determine the benefits and
downfalls of hiring one versus the other to complete work on a building. The typical contractual
stipulations associated with these parties were analyzed with consideration to the early stages
of the project development and the design process. The financial obligations and managerial

obligations associated became the prime area of research and comparison.

4.3 Structural Engineering

TKS LINR 2SOl (s$ivowerthe deskrivi@hdsuppbrengstructure forthe
floor above the large new natatorium arose. A large truss system wa® gtructural steel was
desigred to accommodate the gym floor abov&heuse a long girder to support the ceiling
was also considered as an alternative solutibfowever, this was not used because of the
ridiculously large beam size it would requif@ue to the truss being in a high humidity area
wood was quickly elimintad as an option. Synthetic materials were also considered though
their higher price wasoo high given the limitations of thé dzA f R A y 3A3% stéeldeBs3 S (I ©

selected for the truss members because it is a common steel type and can withstand
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reasonableveather conditions, including heat and humidity, with little or no extra

weatherproofing.

Joists weralsodeemednecessary to provide stability to the floor slabs between the
trusses. Joist size selection was based off of the dead load of the flotihentaximum load
cgpacity of each type of joist. -B6 deel was used again here to simplify the connections

between trusses and joists.

The most important references used during this portion of the project were the
Massachusetts State Building Code #mel ASCE 7 manuals. These references included vital
information regarding expected loading patterns, regional building regulations, and load

combination equations.

4.4 Building Information Modeling (BIM)

Though BIM is a relatively new practice for mangstouction companieg was
incorporated it into the pre-construction processs of this student project in order to explore
its uses and challengedn order todevelop preliminarcost estimates, scheduling and
feasibilityanalyses, the project teamssumed both the role of an architect and a construction
management firm. The design procesgolveda constant dialogue betweethe group
members in order to address any concerns that arose. Every section of work in this project
either directly or indiredy influenced another. This constant influence required us to work
very closely with on@nother. In order to create the BIM model a simple design cycle was

conceived that encompassed several checks and balances.
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Evaluate Review
<—

Figure7 BIM Chart 2

This process was applied to every facet of the BIM Model; from the design of trusses to the
odzA f RAy3Qa f I & PxdmiplesoffthisiitétabtiveipkoteSs atdistriyedin the

Results section below.

Considering that the design pregss was a constant ebb and flow of changes we used
the model to constructwo major and several minaguantity take offs with varying accuracy.
As the projecscope was gradually defindde estimates became increasingly accurate. These
estimates were tbn compared with the budget and the buildidgsignwas changed

accordingly.

4.5 Cost Analysis

Two major preliminary cost estimates were performed from the Revit models produced
by the project team The first estimate was based on a square footage esarfram massing

models, and the second, more accurate, estimate was based on a rough schematic design Revit
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model.In order to estimate the cost of the building several key items must be determihed
size of the building, geotechnical soil repottse cost of materials based off of current market
values labor costsandthe project scop@ Ly G2RI&Qa SO2y2YyYe Al A& 7

made to make sure the project is feasible.

A large source of information for the project group wastorical dad and interviews
Historical data provided a basis for preliminary cost estimate with an accuracy of +3R084o0
for a conceptual design. An example of historical data reseaashhow the project group
determined the cost of materials from similar corafdd projects around the countrgilbane
Construction CompanyCardinal Construction, and the RS Medata. Interviews helped take
historical data and refine it to be more accurate within the context of the current project.
Multiple faceto-face interviavs were conducted with key personnel related to the actually
construction project. The interviews were accomplished using ageted questions leaving

much time for the interviewee to delve further into any subject they felt was important.

Lastly the poject team examined the probable maintenance costs of the proposed
facility and researched the impact LEED certification can have over the life cycle of the building.
These analyses were completed through interviews and research into the constantly growin

movement of green building and design.

5 Integrated Practice

In order to explore the concept of integrated practice, the student project team

identified different roles and developed an internal organization and coordinated their
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activities in an integated fashionOrganized collaboration and efficient integration became the
foundation upon which the project team formulatets solutions and results of the new WPI
Athletics Facility MQPhe student project tearmcorporated integrated practicnto the pre-
construction tasks gblanning,design,organization, project management, and analysis. In order
to combine and relate each aspect of the projdtie team establishedseveral systematic
methods of collaboration which allowed for efficient communioat organized file exchange,

efficient problem solving, and supportive use of resources.

The decisiormaking process for the WPI new Athletics Facility MQP team, although
rather simple, was effective. Being efficient can be described as the strongebtraiian of

effectiveness and use of time. Thus, utilizing the simplest method of achieving a task is

equivalent to using the most efficient methotl.K S LINRP 2SOiG (S YQa RSOA&AZ2

derived from the discussions pfoject details, goals, and olggves n faceto-face weekly
meetings.At these meetings, the project members came prepared with completed work,
necessary materials, reliable resources and background knowledge, all available to support
input into the decision making process. Presentimgse materials in a physical manner allowed
for other project members to clearly understand the project status, provide input, and work

together on deciding what needed to be done in order to move forward with the MQP.
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CONCLUSIONS AND
DECISIONS

Figure8: Decision Making Process of MQP Team

Communication served as the basis for all warkj quickly became thmost crucial
aspect of project integration for theuccess of the MQP tearKnowing that technology would
serve as an integral tool to the commuaimn processut recognized that it coulthamper
communication the project teanscheduledaceto-face meetings andpen forumdiscussios
of work These meetings were established in an effort to redemafusionmade from
technology and improve efficiey. During the beginning weeks of the project, thi€Pteam
scheduled two weekly meetings; one thatly included the project members to discuss the
progress of work internally, and a second meeting to display and communicate this progress of
work to the poject advisorsand collecttheir feedback. This system of holding internal
meetings allowed for the project members to decide and combine thoughtasksthat
needed to be done, sateadlines divide work fairly and accordingly, and to review previous

work completedwith the feedback given from meetings with project advisors.
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To better organize their work over the life of the MQP, one of the earlier meetings
0SU6SSY GUKS YSYOSNAR 2F GKS LINE 2SOidl NIRSD | Yb ENBLaydzt
constuctionjargor | @ Ol NR ( NR O] ¢ AcéntrdctorbiNBhedidtte Ay KA O
construction of a building meet together with their majaskswritten on postit notes. With
the project scheduler often acting as the organizer of the meetingsttecontractors would
GaitAoOlé UGKSANI RdziASa 2y | f -toNtBaGors@lsofp&fgrRihgN Ay N.
work on the projects seen irFigure9. Relatel activities are connected and the result is a
time-lined network of project activities® Understanding that much of the work performed for
the project is interrelated, the project team simulated this process and proceeded to write
down the respective adtities they each plan to accomplish over the course of the MQP on
postit notes. With some trial and error, the project team was able to successfully create an
organized network of activities. The network put into perspective how the integration process
throughout the life of the MQP will evolve and clearly identify which activatresdirectly

depend on the onanother.

% Frank, J. (2004, DecembefJonstruction Scheduling 1Retrieved November 24, 2008, from Pinnacle One:
http://www.pinnacleone.com/assets/files/PinnacleOne_Characteristics_Good_Construction_Schedule.pdf
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PROJECT NETWORK
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Figure9: Card Trick of all activities of WPI new Athletics Facility M@P), with graphicrepresentation pottom)

The project teammade efforts tomake the communication process more efficient by

dzaAy3d YSGIK2R& 2F RANBOG O2YYdzyAOlI A2y d 5ANBOI

AYVTF2NXYEFGA2YE GKNRBIZAK | YA RRMicaddnagwellias Srdidg F 2 NB

information being transferred. By directly communicating with fellow team members,

conversations discussing work could be effective and productive.
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The WPI new Athletics Facility MQP tedith not have to use eniddlemanwithin the
communication process. Quite often the industry, this situation is uavoidableg or is
implemented for convenience; however, direct communication provides many benefits when
collaborating with several team memberAs shown below, the use of addle-man increases
the chance of miscommunication between party members ead reducehe owerall efficiency

of the process.

Middle Man
Advisors
Advisors
MQaP Less Efficient Method

FigurelQ: Lines of CommunicationMQP team vsActual Design Team

Overall, direct, facg#o-facecommunication with the support of intermediate -enalils,
proved to be a successful method of collaboration for the project téEmese meetings were
designed to makenembersawareof their responsibilitiesas well as tensurean
understanding of how eachJS N& 2 y @téracted with) each other and the project as a
whole. Along with the use of-enail for quick updates, the project team stayed in constant
contact and continuously understood the goals and projected status of the project for

upcomingwork development
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With technologyas the primary tool used to produce work and results for pine-
construction taskef the WPI new Athletics Facility, utilizing a convenient and organized file

SEOKIY3S LERNIIf &1 & ONMHzOA | fscdligboralict&GndSTFFAOASy O

integration. Within this approach are several software packages and programs used to

P
w»
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any one member of the project team would be integratehvwork done by another member
of the team, the myWPI portal for communication and file exchange was implemented as a way

of conveniently transferring files.

m Comins .

L AR ATHLETICS FACILITY (MQP. GF 5050 |- 00 COET) + COURSE MATERIALE

\‘\"y Course Materials
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Project Matwork xlsx e 747 k3
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To create efficient teamwork and integration through use of the my\Sipijlar to the
GOFNR GNRO1¢ LINPOSRdAzNBZ SFOK GSFY YSYOoSNIy2GaS
they were responsible for, and from this, created foldersnoyMVPI that would house all

47



materials related to the completion of this portion of worlhrough discussions between the

GSFY YSYOSNAR |yR (GKS LINRP2SOG ROA&A2NAI GUKS AY
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culmination of all materials presented by the project team members. This allowed the team to
O2yAydzZ ffe K2fR | &aSyasS 2F aLISNOSyid 0O02YLX SiGS
team, as well athe advisors, agreed thain efficient tracking system would increase efficiency

throughout the lifespan of the project.

MyWPI served its purpos&s a collaborative devicgell, however it was not without
some faults. Whileve plannedto gather reports ad resultsin a constantly updated file, at
times it created confusion. By not signing updates or hosting incorrect files at various times
sections of results were lost. It was reassuring that every member kept personal copies of the
individual work, but these confusions produced minor delays in the generation of the final
report. Another example of miscommunication using myWPI was the absence of submittals.
Appendix B: Meeting Minutes shows the minutes from weekly meetings witipithject team
and the advisors. Unfortunately as the project progressed, reporting these minutes onto
myWPI became lax and copies are missing. This failure to report can have major implications in
the real work place and cost a company valuable time andewdt is important to note that
this file sharing technique was very successful in the creation of the BIM model where
individual designs, specifications and analyses were compiled in an easy to acces®folder
utilizing myWPI, the project team was alib implement the BIM process efficientlyut
overall any type of file sharing network needs explicit directions on how to conduct the
collaboration in order to reduce confusion
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One of thekeyfactors in determining the level of efficiency of integaatiis thespeed
with which problems arédentified, resolved andolutions implementedWhile each member
contributed their own ideas, values, methods, and practices to the working MQP project team,
allmembersdeveloped a very similar approach and undenstiing of team work and
collaboration. Similarly, the members of the team often sought the input and advice of other
project members as a method of improving work and ensuring the end product was a fair
representation of a group efforeroject team membes understood that each decision made
no matter howsmali RdzS G2 GKS fS@St 2F AyadSaANIXrdAzy I yR
have a global effect on the projeclt was from this understanding that constant

communication was prevalent throughoutelproject.

Important to the advancement and development of the WPI new Athletics Facility MQP
was theability to attend the bimonthly design committee meetings witlembers of the WPI
executive team, Gilbane Inc., Cannon Design, and fellow WPI commumitpene These
meetings were led by Cannon Design and occasionally Gilbane with the purpose of defining the
project scope and discussing various design optitins important to note that Gilbane and
I'Lyy2y 5Sairaday YSSO 2y | nflaedc® totwérk ob vasiolsidesBpaidl 4 A R S
cost estimatingssues that are more involved than defining the scope. In comparison the MQP
team met more often in the given period of three academic terms, initially having biweekly
meetings and increasing to 4weekly meetings near the end of the project, however Gilbane
and Cannon Design have dozens of professionals at hand constantly working on this project

AYOSNYyLrfted LG Aa RAFFAOMZ G G2 aleée gKSGEKSNI 2N
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Gilbane ad Cannon but it is clear that project integration used both in this MQP and in the

actual design process greatly increased the efficiency of work.

Overall,the project team relied on their own personal efforts and interactions to
procure meetings and to gaer resultsg only reverting to technology as a form of simple
discussion or convenient transfer or filesgerson discussions served as the foundafionthe
integration process andllowed to team to clearly transfer ideas, explain material, and make
definitive decisions. This method was a prime factor in reducing the amount of effort and time

required to generate results, thus instituting an efficient integration process.

As integrated practice was the grand scheme of the project, each resulbsect
reflects on how it affected the work. It has already been documented that integrated practice
increases efficiency, reduces errors, and reduces construction costs, but many construction
companies do not how to implement integrated practices. While ¢hisrno tried and tested
way to implement project integration, this project attempted to exemplify how valuable

integrated practices can be.
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6 Construction Management

The processes represented by the construction managerperiton of the WPI new
Athletics Facility MQP (site plan with analysis, constructability revigwject schedule, and
cash flow analysis) are the predominant tasks performed by professional construction
management firms. These tasks are essential to the feasibility and execution of construction,
accuracy of the project timeline, and accomplishmenthaf project budget. The end result of
each task is the culmination of an integrated process involving the input and expertise of the
important stakeholdergérom within the project. Whileorganized and detailediscussions are
required to assemble such @jeams, tablesand figuresthe representation, understanding,
and continuous trackingf the project site plan, constructability review, project schedule, and
cash flow analysithroughout the lifecycle of the projecprovesthe importance of efficient
project integration.Proper tracking of such issues and tasks from project start through project
end constantly have an effect on the major restocis and definitive outlines to thproject¢
time, cost, and scope. Properly representing the project dé& pconstructability review,
schedule, and cosdnalysis and relying their information periodically throughout the lifespan of
the project through a method of efficient integratignvill allow the major stakehders of the
project to remainaware of anypossible cost overruns, schedule delays, or scope discrepancies
of the projectc all of which can be proven to have drasticeets on the overall success of

construction.

6.1.1 Site Plan 1
The purpose of the following site plan analyses were to aseesteasibility of various

site plan options in terms of accessibility, campus disruption, construction equipment, and
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safety. In order to determine the best site plan, each option was thoroughly analyzed to
produce various pros and cons. The results esthanalyses were weighed with the input from

other group members and a final decision was made.

Site plan 1 places the primary construction area on the main campus of the university,
taking over the western half of the quadrang@iven the footprint othe proposed facility, the
main concern and overall goal with the site plan design is tstrocta way to best facilitatall

necessarygonstruction activities.

Figurel2: Site Plan 1

Figurel2, showing the design of Site Plan 1, illustratess construction site area
including the location of the necessary-site resources, such as disposal, storage and
equipment of materials, field office, and traffic patterddthough this arrangement has a
major effect on the look, as well as daily &ityi of the main campus, it has several benefits.
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