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Abstract

This projecpresents an alternative design for teundation wallof the Worcester
Polytechnic Institutanew residence hall to resist lateral loading during constructidre cost
implicationsof thisalternativedesign were also investigated. A-Bmodel of the structure of
the buildingwas also constructed usigutdeskRevitsoftwareand a quantity takeoff was
developed using this model. A cost estimate and takeoftHerstructure were also performed
and an earned value analysis was develofedccesshe progressof construction of the

exterior walls.
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Capstone Design Statement

The capstone design requirements for this Major Qualifying Preyecbeingsatisfied
by investigating the implications of redesigning a foundation wall that would perform its load
carrying abilities as a foundation wall as well as act as a temporaryiregavall during
construction. If the wall had originally been designed in this madttereffort of reexcavating,
installation of tiebacks, anbackfilling thathe construction management firwas forced to
undertake to complete this project safely ddihave been avoided. These tasks also had
scheduling and cost impacts to the project. We compahedactual cost of the solution
implimented in the fieldo the cost and impacts of our negartilevered wall with counterfors.

Redesigning the wall contgsl of a structural analysis of the existing wall, investigating
the soil conditions on site tdeterminethe type of retaining wall, and designing the wall to
support vertical and lateral loadd/ertical loads on the wallere determined by using
calculdions prepared by Canon Design as well as being calculated by ourselves. Soill
characteristicavere used to determine horizontal pressures on the wall

The proposed solution is a design that is a cantilevered retaining wall with

counterforts, due to thedct that counterforts add tremendous strength without making the
heel slab of the retaining wall to extremely long. This solution would take up minium space as
well as materials and would allow the wall to accept the lateral loads presented by
constructia.

This projecwill addresgd economic, scheduling, and constructability issues created by
a differently designed foundation wall. Wé&aminedthe increased costs of the project due to

a foundation wall designed to carry vertical loads while also being able to resist horizontal loads



during the construction process. Additionally determinedhow the scheduling and
constructability of the projet would have been impacted if the wall was designed as a retaining
wall from the beginning anddditionaltime did not have to beledicatedbackfilling the wall

and then removing the fill at a later time.

Vi
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1.0 Introduction

Worcester Polytechnic Institute (WPI) has seen an annual growth rate for its student body
over the past few years as its undergraduate and graduate programs continue to expand and
Ay 3Ff 2061 f NBO2IYyAGA2Yd ¢ KA A Kksylodalpmjciseé RdzS
program, which send students all around the world to work on either their Initial (IQP) or Major
Qualifying Project (MQP), but more so because of a well thought out master plan for WPI that
seeks to eventually connect the main WPI caswith its new satellite campus known as
Gateway Park. Because of this there has been a need for more undergraduate housing
particularly on campus. Traditionally most students move off campus after their first year into
the surrounding apartments, soroidés and fraternities. In order to foster the expansion of the
university as well as provide much needed uppkxssman housing, WPI has begun the
construction of a new residence hall and parking garage between Boynton St. and D&gpn St.
bringing upperclaamen baclon campusJanet Richardson, the Vice President of Student
' FFFANBR YR /FYLWdza [AFS 06StAS®Sa GKFG aGKS dzy
mentorship, experience and talent of its students being part ofrésdential community on

cay LJdza ¢

! http:/imww.wpi.edu/About/NewResHall/facts.html



In order toattract the aforementioned uppeclass students and their qualities, the
construction of a new residence hall has begtihe school wants the residence hall to be
completed by the fall of 2008 in order that students can move in at tihae. Therefore the
Projectis being performed under a fasitack schedule, meaning that construction began
before the design phase of the project is complet€de successful implementation of a fast
track schedule requires close collaboration betweka tlesigner and the builder. This
collaboration can best be obtained by using the Construction Manager approach with a
guaranteed maximum price (GMP) contract and the selection of competent and experienced
firms. For this reason Gilbane was hired as thestaction Manager and Cannon Design was
hired as the ArchiteciGilbane is in a construction manager at risk contract with a guaranteed
Y EAYdzY LINAOS o6Dat0® Ly 20§KSNJ g2NRaxz AT GKSN.
profits or if costlyenough, even result in a loss for the company. This type of contract works
well for the project as it must be completed in a very tight time frame as the university wishes
to use the housing the 2008 school year.

The goal of this project i® observe tle construction management process and to apply
modern project managemerdonceptsand techniques used in cost estimating and project
control during the building of the new residence hdle activities conducted in this project
include:

a.) Redesign of the BaFoundation Wall of the building to act as a retaining wall during

construction.

b.) Creation of a & model of the structure based on theddmensional plans and drawings

using Autodesk Revit, addmensional Building Information Modeling program.



c.) Generatio of the material quantities for the structural concrete and steel for the
building using the information stored in the Revit Model.

d.) Analysis of the construction progress of the exterior walls of the building using earned
value analysis techniques.

e.) Prepaation of cost estimates of the steel and concrete packages by doing a quantity
takeoff using the drawings and Microsoft Excel as well as by using@BhRe&vit model.

f.) An analysis of the relationships of the different parties involved in the project and how
0KSe S@2f SR (GKNRdAK2dzi O2yaiNHzOGA2Yy d® ¢KAA
can be used as a measure of how the relationships between important construction
team members either hurt or helped the success of the project.MaeS SG Ay 3 t f I &S|
AnaB 3Aa¢ oAff RSAONROS GKS NRESa FyR | GUNROG
FaT GKS t NRP2SO0G alyl3aISNI ¥F2NI DAfolySs bSAf
aStft2y 2tLQa O2yadNHzOUA2Yy O2yadzZ GFyas . NByY

Alfred DiMauro.



2.0Background

Worcester Polytechnic Institute (WPI) has seen an annual growth rate for its student body
over the past few years as its undergraduate and graduate programs continue to expand and
Ay 3Ff 2061 f NBO2IYyAGA2Yd ¢ KA A Kksylodalpmjciseé RdzS
program, which send students all around the world to work on either their Initial (IQP) or Major
Qualifying Project (MQP), but more so because of a well thought out master plan for WPI that
seeks to eventually connect the main WPI caswith its new satellite campus known as
Gateway Park. Because of this there has been a need for more undergraduate housing
particularly on campus. Traditionally most students move off campus after their first year into
the surrounding apartments, soroidés and fraternities. In order to foster the expansion of the
university as well as provide much needed uppkxssman housing, WPI has begun the
construction of a new residence hall and parking garage between Boynton St. and D&gpn St.
bringing upperclaamen baclon campusJanet Richardson, the Vice President of Student
Affairs and Campus Life believes thati KS dzy A OSNEAG& o6SySFTFAGa 3INBI
mentorship, experience and talent of its students being part of the residential community on
cay LJdZa ¢

To appeal to upperclassmerd suitesare designed afour person apartment style dorms
with a full kitchen, living room, compartmentalized bathroom and either single or double
bedrooms. The building also offers wireless internet accesspatitioning, tech suites on

each floorrecreation and fitness spa@nd a separate parking garage able to accommodate

2 http://www.wpi.edu/About/NewResHall/facts.html



the parking demand created by the buildinky.is these services and conveniences téua

hoped to givestudents incentive to remain on ogus throughout their time at WPI.

The architect on the project iSannon Desigwhose offices are located in Boston, MA.
The company was foundealer sixty years agl Y i ardinternational architectural,
engineering and interior design firm recogrdz®r design excellence and technological
innovation£® Currently Cannon Design has offices in Boston, New York, Baltimore, Washington
DC, Jacksonville, Albany, Buffalo, Toronto, Chicago, St. Louis, Vancouver, Victoria, San Francisco
and Los Angelesh& dormitory (See Figure 1 belgwas 232 beds and 103,610 square feet of
floor space. Janet Richardson stated that "The building is designed specifically with the
students' needs and expectations in mind, including their desire for privacy, independence,
sakty, and security* The desigprogramwas based a great deal on student feedback along
with information provided by neighbors, faculty, and staff. Also incorporated into the design
was to obtain LEED gold certification for the building. LEED, orrsegulan Energy and
Environmental Design, certification involves incorporating alternative materials, recycling,
reducing power consumption, along with many other criteria into the design and construction.

This will make the dormitory environmentally fnigly, or also known as a green building.

* www.canondesign.com



Figurel: Computer generated image of new WPI dorm

lYy20KSN) 2yS 2F GKS YFIAYy 3F2Ffa F2NJ GKAA LINE
that begins to link WPI's main campus with the agwown area and to Gateway Park, the-11
acre mixeduse life sciencebased campus the university is developing in partnership with the
Worcester Business Development Corporatiorb CKA& A& FOO02YLIyeAy3a i
GFEGGOGNT OGA DS NthedNP| canamdityyaBdvhaighbliis heading to the Worcester
I NI adzaSdzyz ¢dzO1SNXIyYy 1 Iff3% FyR (KS 20$KSNJ @Sy
By bringing upperclassmen back onto campus and tying WPI into the surrounding culture, the

universitycan become much more hospitable.

Adjacent tothe dormitory is a 18%pace parking garage to address the parking issues
around campus. This structure will provide parking to the residents, staffiremabers Its

location is adjacent to the dormitory agell as the church as can be seen in figure 1.

4 (http://www.wpi.edu/News/Releases/20078/developers.html, 2006)



2.1Fast Track Process

The new dormitory is being constructed under a fast track schedule. The reason for this is
That WPI would like to have the building first occupied before the ZI8chool. This has led
to atight schedule in which the dorm is to be completed. Starting with demolition of the
existing buildings in April 20Qfe buildingmust be completedy earlyAugust 2008. The fast
track construction process takes places when constructionnsdgefoe design is completed
The design comes out partial packages thaare coordinatedwith the construction As the
design packages are finalized they are turned over to the contractor who then puts them out to
bid. This process allows for a significdatrease in the time between the conceptualization
and construction phases of the project, which directly translates @stanomic benefits in the
form of lower financial costs & early occupancy rental cogtgen thougloverall development
time is reduce, there is the always preseiite need for increased coordination and thisk of
miscommunication, delays, and other human error. There is also less time to fix any mistakes
or changes made in the design, as the construction is being done before the d@@pletion

of construction documents.

2.2 Construction Management
t N22SO0 alyl3SYSyd Aa aiKS NI FyR aOASyoOS
materials, money and schedules to complete a specified project on time and within approved
O 2 & The najor tasks of the management team include organizing different areas of work

and working to identify and solve any problems that may arise including interaction of parties,

° Oberlander, Garold DProjectManagement for Engineering and Construction




conflict resolution, and scheduling issue&ilbane, a Providence, R.l.9eal company, is the

general contractor of the project and as such is in control of the project management.

2.3 Guaranteed Maximum Price (GMP) Contract

Gilbane is theonstruction manager at risk fohis projectand is bound by a
GuaranteedMaximum Pice contract(GMP) AGMPcontract is defined as fmrm of
compensation in @ontract where the comactor is paidor actual costs incurred plus a fixed
fee and the contractor is responsible for cost overrabsve the agreed upo&MPamount
This gives theontractors incentive to keep costs down as they also benefit from the sdvings
With a fast track design, there needs to be sufficipatcentage of the design completéal
providea reasonablyccurate cost estimatiolhe less complete the design isethigher the
contingency allowance is if a GMP is to be given at that point. This means that there is more
room for the GMP to move up or down in cost depending on completion of design. As the
design develops and more construction packages are bid theunicertainty about the GMP
decreases and the contingency allowance decreases as well.

The GMP for a fast track projectgsren early on in the project with a higher
contingency allowance and is narrowed inamthe different trades for the job are boligout
and contracted. This process often takes some time as the design for the building develops and
the scope of the different aspects of construction can be determined by the subcontractors.

The GMP for the new residence hall was not actually determimeill late in the summer 2007,

e (Dagostino & Feigenbaum, 2003)



which was about 3l months after construction for the new residence hall began. The GMP for

this residence hall is $33,479,592.

2.4 Cost Estimating
/| 2yaiuNyzOGA2y O2ai SadAYFGAy3 Aa dadioKaBy RS G SN
given project’é [/ 2a0 SadAYFGAY3 Aa Fy AydS3aNyt LI NI
it provides a means for identifying and organizing materials in terms of quantity and cost value.
Cost Estimates are performed on a project multifihees; from its preliminary conception all
the way through to its completion. There are four of these types of estimates; the first of which
would take place is called a feasibility estimate which is the least accurate. These estimates
determinethe projeded cost of a project which then can be usgslbally by the architedb
develop a cost vs. benefit analyfs the owner These estimates are usually performed
without an actual set of plans or drawings but rather with a general idea and sense of what an
owner wants.Sometimes sketches of the facility are also used in the determinalioa.
estimator must then use his expertisggdgementand experience in the construction field to
produce the feasibility estimate for that project.
The next type of estiatte that would take place is called a prenstruction cost
estimate. Preconstruction estimate gives an owner an idea of the general price a project may
cost. They are performedthen more information about a project is available and they help the

owner ard architects define the scope of work for the project. They also work well as a basis for

" Oberlander, G. D. (1993).



cost comparison for the various designs or modifications a project may include and help the
owner reach the best solution while staying within his budget.

A square dot estimate is an estimate which can be performed when the proposed size
of the building is known. A typical square foot cost estimate is broken down into different
components, a cost is assessed to these components and then a cost per square foot is
determined. These estimates also take into consideration geographic area and cost of
construction in these areas. The accuracy of these estimates can vary2oémto +30% of
actual costs.

The most precise type of estimate is a unit price detail estimats. tfpe of estimate
requires a full working set of plans and specificatidam®wn as the working drawingsnd is
GeLaolrtte GKS GeLS 2F SaGAYFGS LISNF2NX¥YSR Ay
determination of the quantities and costs oferything required to complete the project. This
includes the materials, labor, equipment, insurance, bonds, and overhead, as well as an
SalAYFGS 2F LINRPFAOGPE o051 3FJ2al0Ay2T HAnooO CNR Y
the different materals and equipment that will be needed to construct the project. These
estimates are usually organized by trade and are typically accurate wii¥irio +10% of actual
project costs. This is the type of estimdbat was performed in this project.

All of these types of estimates were performed at various stages during the
developmentof this project. Initially Cannon Design performed a feasibility estimate for the
building to help WPI determine the characteristics that they wanted the new residence hall to
have. Gilbanalso performed a cost estimate during the schematic stage of the development as

well as an independent cost consultant.
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2.5Project Scheduling

I YFE22NJ dFal Ay O2yaidNUzOGA2yYy YIFylF3aSYSyi
scheduling is the process of determining the sequential order of the planned activities,
assigning realistic duration to each activity, and determining the start and fimigs dor each
I O A @ Actedtetldn asbufiit schedule for the construction of the exterior wattiased on
the observed progress using Primavera software. After this we observed the actual progress
between  and conducted an Earned Value Analysis) (@\e construction of the exterior
walls. The EVA is a method that can be used to determine if the real progress in the
construction of an activity in terms of its schedule and/or its cost or both. This essentially
discerns if the activity being perford is ahead or behind schedule and whether the cost paid
for the construction performed is either more or less than it should be based on the real
amount of work performed. The exterior walls for this project were initially behind schedule as
problems wereencountered from the architectural precast manufacturer. The first few pieces
of precast arrived late to the site and an acceptable version of the rapaturtain wall was not
initially agreed upon which also lead to delays. Right now they are catchitogtpir schedule

and are almost on track.

2.6 Building Information Modeling

Computer programs that specialize on design have been around for a few decades.
Starting with crude two dimensional Computer Aided Design (CAD) systems, programs slowly
developed the ability to create crude three dimensional and further improved oveye¢hes

11
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model (BIM) is an objedairiented building development tool that utilizésD modeling
concepts, information technology and software interoperability to design, construct and
2LISNI GS | o6dzAf RAy 3 LINE 2 S OF. Programs dol hdve the&bili® 2 Y Y dzy
to incorporate nearly every aspect of a project into et dimensional drawing including cost,
time, time of year, location, and link everything together.

Building Information Modeling is becoming an increasingly prominent aspect of design
and construction. The ability to visualize a building in three dinoassgives all parties
involved a better idea of the overall project. Not only of the outside of the building and its
orientation on the site, but all the other aspects of the building including the foundation,
structural steel, utilities, floors, wallseitings, and essentially every detail of the building. By
using the plans to create the model, it is in fact a scaled replica of the actual building. This then
allows for changes to be made without having to redraw plans, but by simply clicking a mouse
and adjusting the properties or dimensions of an object. BIM Programs even allow the user to
create 4D models by linking the entire project to a time schedule, showing the project being
completed in a scale of the actual times assigned in the work breakdtncture for the
project. Almost everything needed for the entire project can be incorporated into a Building
Information Model, potentially making ithe only document necessary fbinking information

from most all aspects of the construction process

8WWW.BIMForum.org
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Coordination between parties is always a challenge, especially when it pertains to
OKIFIy3Sad 2NJ RAGONBLI yOASa SgAUGKAY | LINR2SOG® o
generate and exchange information, create digital representations of all staigde building
process, and simulate realorld performanceg streamlining workflow, increasing productivity,

YR A YLINE @ Aayiyroblieds canibé seén by all parties in an actual representation of
the building. If there is a problem with thmodel, then there would be a problem with the
actual building unless it is changed.

BIM is becoming increasingly popular within construction as programs improve, adding
features and becoming more usétendly. There are many piBIM groups developing,
spreading the word of BIM and its benefits. One examphessociated General Contractors
(AGC) BIM Forumyww.BIMForum.orgchaired by John Tocci ©bcci Building Corporation
located in Woburn, M& ¢ K S A Ndcil#azelarid adcelerate ghe adopti of building
AVTF2NXIEGAZ2Y Y2RSE Ay 3™ dAnother Bxanipié is th&ationa®BIM A v R dza  N.
Standard project, which takes information from different phases of their projects and work
orders, and calculates an amount that would have been savedt fikely by the ownér. Such
groups supply information and praise BIM to everyone involved in design, construction, or any
other aspect of a project.

Since BIM is becoming ever more useful, it is only a matter of time before more of the
world accepts is a major source of information on a project. Paper drawings and specs are

not going to be phased out, but BIM is a extremely helpful in coordinating this information. A

° Autodesk
Y BIMForum
1 NBIMS
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company bidding on a job is able to display the building developing in real tithexact
NEYRSNAY3I 2F (KS 2gySNRa ¢lyda yR ySSRasz 2NJ
change can show the owner on a three dimensional model in order to get approval. These
characteristics are what make Building Information Modeling popularpamentially the future

of the construction industry.

2.7Foundation and Retaining Wall Design

Foundation Engineering is the science of designing a structure that can adequately support
the loads transferred to it from the structure above, as well as preaagtsideways movement
FNRY GKS SINIKQ& LINBaadzaNSE AyOf dzRAY3I |y 2@SNIdz
designed by a structural engineerifign, while the soil settlement, soil pressure, and other
earth material characteristics of the sogélbw the foundation is evaluated by a geotechnical
engineer. Typical foundations designs are spread footings, slab on grade foundations or deep
foundations. Most foundations are made of concrete with reinforcing steel inside. Concrete is
an extremely sbong material when used in compression, while the steel inside helps protect
the concrete from cracking when loaded in tension. The two work well together because they
expand and contract at a very similar rate.

Retaining walls are structures that holddkarocks, soils, and other materiasting on one
side of the wall They are either made of timbers, rock, generally concrete, brick, masonry, and
steel. Retaining wallsre also typically designed birisctural engineers. One of the main
concerns wherlesigning a retaining wall is the internal friction and cohesiveness of the

material that is being retained, because depending on the material the pressures are extremely

14



different ranging from saturated clays that can act like a fluid and exert extressspres, to
RNE az2Afa GKFG oAttt SESNI y2NXIFf SIFNIK LINBA&Adz
exert hardly any pressure on the walls. There are a few different types of retaining walls such

as a gravity wall, cantilevered wall, counterfaralls and mechanically stabilized walls.

15



3.0The New WPI Residence Hall Project

In order tocompletely understand the new dormitory construction project, research was
conducted on site as well as in the library. Construction meetings and owner meetings were
attended weekly from August 3% 2007 to February 282008 in order to stay updated as to
which tasks have been completed as well as any issues that may have risen. At these meetings
weekly meeting minutes were handed out which outlined the relevantdepf discussion and
coordination between the parties. Also other various project documents were handed out at
these meetings which included product specification sheets, weekly project expenses, and sub
contractor bid comparison sheets. These documemis the discussions at the meetings gave
us great insight into the way a building develops as well as the collaboration of different parties
and how critical they are to a projects success and ability to stay on schedutaesearch
extends across manyspects of the design and construction process in order to gain a more
complete understanding of the project.

The main focus of this chapter is to better explain each of main parties involved with this
project. The construction manager for the project, thesigner, and the owner of the project.

The chapter will also help explain how the three main parties interacted with one another
during the duration of our project.

Our objective in completing this MQP is to gain importantt#alknowledge of how
construction takes place. Applying knowledge learned in the classroom and integrating it with a
construction project that is taking place at the same time will give us a very fmamdsd

challenging experience. We hope to gain a more precise understanfioiglengineering
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practices and potentially some direction in terms of where our careers will take us after

graduation.

3.10wner

The owner of the project is WPWith 2,861 undergraduates annually enroltdge demand

for housing has been an increasicancern. Currently, WPI has 33 major buildings on 80 acres
in a residential neighborhod@in Worcester, New England's thitdrgest city. WPI, mmed the
22nd"Most Connected CampubYy The Princeton Reviefor 2006, has a goal to begin the
process of conecting the main WPI campus with its new satellite campus known as Gateway
Park which was completed in 2007. This effort is an atteimparther tie together the campus
as well as begin expanding for the futude the development of the residence hhllilding
there are many individuals representing WPI in the project including Janet Richardson, Philip
Clay, Brent Arthaud and Alfredo DiMawand Jeff Soloman

Janet Richardson issponsible for the delivery of services to more than 3,600
undergraduate and graduate students and for oversight of the offices of undergraduate
admissions, enrollment management, financial aid, and student life, as well as the Career
Development Centerral the Department of Physical Education, Recreation, and Athletics. Her
main role in the project is to help determine and incorporate the important issues that concern
student life with the new residence hdfl.

Philip Clay is the dean of students at \HR.represents WPI and the needs of students
when it came to the design of the new residence hall. Brent Arthaud was hired as a consultant

F2NJ 2tL (2 FOG Fa |y 26ySNRA NBLINBaSyidldAgs

2 http://www.wpi.edu/About/facts.html
13 http://www.wpi.edu/News/Transformations/2004Winter/richardson.html
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and expertise of construan and his main concerns are making sure that the construction of
the new residence hall is completed per plans and specifications within the budget allocated for
the construction of this project.

Alfredo DiMauro is thassistantvice president of fadties at WPI. His main concerns for
the building revolve around the future safe and efficient operation and maintenance of the new
residence hall. Alfredo is responsible for making sure all the systems in the building will be
working properly andire constantly maintained. The facilities department also deals with all
repairs to the facility due to wear and tear and damages. Many of the issues brought up by Mr.
5Aal dzNB RdzZNAYy3I GKS 246ySNRa YSSiAy3aa Aygz2t SR
vandalism ad general wear and tear. Ultimately he wants a building that is easy to maintain,
very user friendly, very safe for the students, and will stay in good condition for a long time to

come.

3.2 Architect

Cannon Design is the architect for this project. Esthbd in 1945Cannoi® services
Ay Of dzRS GLI I yYyAy3IZ | NOKAGSOUGdzNBE 8yHdsa/ SSNAy3IZ
single firmmulti office practice, employing over 700 people and $102.4 million annual
revenu€. Working on the project forahinon are Ed Mello and Lynne Deninger. Lynne
Deninger is the main architect for the project who acts as a representative for Cannon at
owners meetings. She deals with the selection of many of the furnishings and materials needed

in the construction and theesign of the building. Ed Mello works with the contracts between

1 http://cannondesign.com/start_frameset.htm
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WPI and Cannon and helps expedite the process of design changes and coordination issues with
the design. Coordination issues occur when the plans do not exactly meet up with the way the

building is constructed anthinor changes must be made in order to complete construction.

3.3Construction Manager at Risk

TheConstruction Manager at rigkr this projectis Gilbane Building Company. They
have 1800 employees nationaliynd in Puerto Ricandrevenue of $dillion annually. After
F2dzNJ 3SySNIF GA2ya 2F 26y SNE I -NDayt O2yW3iSingsReyg & G A f €
GKSANI Ot ASydStS KIa SELIYRSR (2 GKS aftATS &0A
convention/cultural, governmengducation, missiostritical, corporate, sports/recreation, and
ONRA YAY It 2 dZzaManagir the prdjebt SiiGilane is Neil Benner with Don Venerus
acting as the project engineer. Neil Benner is the project manager for the new residence hall
andis responsible for all the permits, coordinating stdntractors, and buying out the job
among many other things. Don Venerus deals with the engineering issues involved with
construction. Assisting them is WPI graduislitielissa Hinton who works for Gilbaoa the job
site. She works directly with sub contractors on a day to day basis and is involved with the
everyday construction tasks such as coordinating sub contractors, ordering materials, and
clarifying issues pertaining to construction. Ralph Stukoisgke project superintendent who

oversees the day to day operations and coordinates thesitsubcontractors.

1o http://www.gilbanebuilding.com/inside/about.aspx
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3.40wner, Architect, Contractor Relationship

The WPI dorm project is a fast track design with a guaranteed maximum price (GMP).
Because ofhe fact pace and intense coordination for this style of project, there must be
exceptional communication amongst all parties involved. The fast track schedule allows for
barely any mistakes to be made in the construction project in order to meet the ideadl he
construction manager at risk acts as a middle man, taking the ovdsnsnds or the demands
imposed by the designer and portraying them to subcontractors in plans and directives. With
poor communication, it is extremely difficult to get acregsat is needed and wanted by the
owner. This can cause misunderstandings, which can lead to delays, ordering the wrong
materials, or poor coordination. Coordination is necessary to have a smooth flowing project.
There needs to be coordination of mategalabor and in the case of a fast track project, the
design. Any mistakes that are made, starting at the owner, will most often lead to some type of
negative consequence. In the case of construction, this is often depicted in an increase of cost.

The owner, architect, contractor relationship and collaboration for the new residence
hall at WPI has been exceptional based on observations from the attendance of weekly
meetings. Gilbane has worked for WPI before on the new admissions building that was
constructed in 2006. In fact Neil Benner was the project manager for that project as well and
his relationships with the entire WPI faculty concerned with the project are very good. He is
Ffa2 @OSNE 1y2¢fSRASIO6tS 27F (K Sasfihéldcal warkeNS 3 dzf |
conditions. Meetings have run very smoothly and there is little tension or disagreement over
issues. There have been no major delays to the project as a result of bad relationships between

the contractor, architect or owner, despitmany disagreements on different concerns.
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One main issue arose at the morning meeting on Wednesday, Septenb&00z. The
issue was related to the metal studs for the interior wall, in particular about the wayré&mi
connects the wall to the ceilingnainly concerning its specs. Cannon had designed it to use a
certain Hilti top track that was both a connection and a fire stop. Neil Benner (Gilbane) had
found a product that met the all the requirements of the Hilti brand but was less expensive. Ed
Mello (Canon) was very fervent in his belief that the substitute could not be used in place of the
Hilti top track, and if it was used he tried to say it would note meet the intent expressed by
[ Fyy2yQa 5SaArdy FT2N G§KS (ud WPHithed éplainingito Ed thatA NB
it would not be a problem, but Ed was not budging on his stance about the design, and

eventually convinced them to go with the Hilti top track.

3.5Project Progress Fdate

According to Melissa Hinton, the dormitorycigrrently 50-55% completed. This figure
has been calculated by a program which accounts for the square footage of walls, precast, and
other calculable aspects of the project as well as percentage of non calculable portions of the
project. These figuredien provide an overall percentage completed. However, these figures

are not exact, as there are many non quantifiable parts to the project.
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4.0 Cost Estimating

A cost estimate for the structure of this building was performed by using the working
drawings and specifications for the new residence hall as well as Microsoft Excel. The physical
drawings for the residence hall were obtained through Melissa Hinton w/assisting the
Project Manager Neil Benner. The drawingsdto complete the estimate include the
foundation plan, the firsfloor through fifth-floor framing plans, vertical steel plan and the roof
plan. The specifications for this building were alseded to fill in the gaps that the plans left
out such as material types and specifications.

Once the materials werguantified fromthe plansthe cost estimatdor this buildingwas
peNF 2N SR dzaAy 3 wao{ aSlyQa YSiKARy@ostIndedzA f RA Y 3
value was then applied to the prices in order to get a more accurate value for the construction
costs in Worcester, MAJnfortunately Worcester was not listed soet closest cityo Worcester

listed was Springfield, MA so the value of 1.0&8swised.

4.1 Definition of Quantities

The quantity used to measure the concrete needed for construction is the Cubic Yard (CY).
Often times Cubic Feet (CF) are also used and then convertedktic YardsA volume
measuremenbf 1 cubic yard is equivalent 7 cubic feet of material.

The measurement used to quantify the steel in the project is the ton. Steel is quantified by its
weight and then an associated cost is attached to the weight of the material. One ton is the

equivalent to 2000 Ibs of material.

®RS Means Building Construction Cost Data 2006
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4.2 Concrete and StegDuantity Takeoff

The first step for performing a cost estimate involves quantifying the materials needed for
construction. Starting with concrete the different elements that comprise the foundation for
the new residence hall include g&d footings, piers, continuous footings, grade beams, and
slab. The spread footings are taken off individually by their volume which is a combination of
their length multiplied by width and height. These foundations are located in the ground
underneath the building in the various places which are needed to withstand the vertical loads
of the building.These are below grade andeh of these spread footings is connected to the
building structure by aerticalpier that attaches from the spread footing tatleer the slab or
continuous footing of the building. These piers are also taken off by their volume and vary
based on the depth of the spread footing.

The continuous footing runs under tiperimeter of the building and arsometimes
visualized as the fouradion wall. In the case of the new residence hall there is no underground
basement so the continuous footimgns under the structurdioundation wall. The continuous
footings are taken off by volume and the maispectthat changes for the continuous faag is
its height. In areas where the loads on the building are greatest the continuous footing will go
deeper into the ground in order to support the loads. Grade beams are a special kind of
continuous footing that connects different spread footings tdg&tfor improved strength by
running a continuous footing between the piers of two or more spread footings. There are only

a few grade beams in the new residence hall and they are also taken off by volume.
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The structural concrete slab, which is found oemnfloor starting from the first floor up to
the rooftop, supports the various loads on each floor and transfers these loads to the structural
steel. The slab provides a solid surface to walk on and is taken off by volume. The square
footage of each flobis calculated and then multiplied by a uniform depth. In the case of the
new residence hall the square footage was calculated by breaking the whole floor plan into
separate sectiong/hich is a common practice in estimating the square footage of flobr sla
Usingthis methodthe square footage and concrete calculations for each floor slab were made.
The spreadsheets for the quantification of all the structural concretevidies can be seen
in Appendix CA short table of the concrete volumes for eaxtiivity shows that the Concrete
Slab for all of the floors and the roof is 1827.84 cubic yards. Each floor slab averages 290 cubic
yards. The grade beams that are found under the first floor slab are equal to 20.42 cubic yards.
The spread footings whiclake much of the structural compressive load of the building are
equal to 700.39 cubic yards of concrete. The continuous foatimbfoundation wallis 213.25

CY. The entire volume of the structural concrete found in the building is 2815.79 cubic yards.
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Tablel: Concrete Quantity Total

Concrete Total

Activity Volume (CY)
Concrete Slab 1827.84
Grade Beams 20.42

Piers 53.89

Continuous Footings Walls 213.25

Spread Footings 700.39

Subtotal 2815.79

Quantifying thesteel in the structure is done by separating the different types of steel
beams used in the structure individuallorizontal beams run across the floors of the building
providing a surface fametal decking to lay on which then holds the sl@olumnsun vertically
from the foundation up to the different floors conneing the frame of the building along with
the bracing which reinforces the structure.

Thesteel beams are broken down by floor andthg columnsthat connect these
floors. Once all of thdifferent types of steel beams were identified they were quantified by
taking their linear feet measurements from the working drawings. Once this is done the
information for the steel is used to calculate the tonnage of the steel basdtle crosssection

of the beam and its linear foot measurememivery specific type of steel beam has a different
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weight/length measurement. These measurements are given in lbs/feet and then multiplied by
linear feet of steel in order to obtain a value for weight.

The spredsheets for the quantification of structural steel for the loling can be found
in Appendix EThe second floor framing which is comprised of horizontal steel members
weighed 61.21 tons. The third floor through fifth floor had identical steel framingsdaual
their weight was 60.29 tonsach The roof framing weighed more than the other floors
because of the live loads imposed on the roof by the green roof system. The roof framing
weighed 72.74 tons. Bracing which connects different floors together tease the rigidity of
the frame weighed 28.4 tons. Tlwelumns for the building wer240.81 tonsThe total tonnage

for the steel frame of the building came out to be 484.03 tons.
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Table2: Steel Quantity Tonnage per Floor

Steel Tonnage per Floor

Steel Quantity

Activity (Tons)

2nd Floor Framing 61.21

3rd Floor Framing 60.29
4th Floor Framing 60.29
5th Floor Framing 60.29
Roof Framing 72.74
Bracing 28.4
Columns 140.81
Total Tonnage 484.03

4.2.1 ConcretePricing

Once the structural concrete and steel were quantified the next step in the process of
performing the cost estimate is pricing the different activities associated with the construction.
RS Means has a few different ways of pigcactivities. One way to do this is by breaking down
activities into specific tasks that can be priced individually. An example of this would breaking

the floor slab activity into the material cost of concrete, the cost of formwork, the cost of
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placing cocrete, the cost of reinforcing, the cost of curing and the cost of finishing. This
method is very specific and in depth thus producing the most accurate estimates for the true

LINAOS 2F O2yaiNHzOOA2y® | y2UKSN) A& S¥Y2 LINROS
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be a slab system that includes the price of concrete, placement, formwork, and reinforcing all
together. The price for this system isetlhpplied to the volume of concrete (CY) of the slab.
System pricing is more inaccurate but often times much simpler and leaves less chance of error
by the estimator in forgetting to include something in the estimate.

For the concrete pricing combination$ both methods were used. The slab was first
broken down by floor and cubic volume. The cubic volume of concrete was the multiplied the
cost per CY to obtain the cost of materials. The cost of placing the concrete was then
determined by multiplying a coger CY for each floor. Additions were made for pumping the
concrete to higher floors as the placement of concrete is more expensive the higher above the
ground it needs to be placed. The cost of formwork was then determined by figuring out the
linear fed of formwork needed to place the slab. Given that the floor slabs are almost identical
the formwork could be reused for every floor which led to a lower cost per linear feet of
formwork. The slabs for the residence hall include fibrous reinforcing wheighs 33
pounds/CY. The unit price for this reinforcing was then determined and multiplied by the
volume of cubic yards. The cost of finishing the slabs and curing the slabs were determined
based on the square footage of slab multiplied by unit costs &heactivity. The average price
for each floor was about $56,000. The price for all of the slab activities for the building was

$279,975.
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The grade beams for the building were priced in the same way that the slab was. The
cubic volume of the grade beams memultiplied by different unit price factors to determine
the price of concrete, placement and formwork. The cost of reinforcing was done using the
crosssection of GBO1 from the drawings to determine first the tonnage of reinforcing and then
the price. e grade breams for the structure cost $5,381.

The piers which connect the spread footings to the slab were taken off using the system
YSGK2R® | &aeaaSy O02aid 61a&a FT2dzyR FT2N) 620K GKS
P30 footings. The systeimcluded forms, concrete, placement as well as reinforcing and the
total cost for the concrete piers in the building is $39,814.52.

The spread footings for the building and foundation walls were also priced using the
system method. All of the spread foogsa for the building are greater than 1CY so they all fit
into one unit price category for spread footings which includes formwork, concrete, placement
and reinforcing. There are 700.39 CY of spread footings in the building and their cost was
determined tobe $202,594.81.

The continuous footings for the building were taken off individually. Their volume of
concrete was multiplied by a unit price to determine the cost of concrete. Their placement cost
was also figured out using the volume as all of the faggiare below grade. The formwork for
these footings was determined by figuring out the contact area of the footings and multiplying
that by the linear feet of footing. The reinforcing for the continuous footings was determined
by multiplying a weight/foofactor to the linear feet and then multiplying that weight by the
associated unit cost for steel reinforcing. The total cost for the continuous footings was

$60,306.
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The pricing spreadsheets for the structural concrete can be found in Appendix D. Once
the price for all of the concrete was determined this price was then multiplied by the City Cost
Index rate for Springfield, MA which is 1.08. A brief table of the prices of concrete shows that

the total price determined for all of the structural concrete 83%,118.

Table3: Concrete Total Cost

Concrete Total

Activity Volume (CY) Cost
Concrete Slab 1827.84 $279,975.05
Grade Beams 20.42 $5,381.87
Piers 53.89 $39,814.52
Continuous Footings 213.25 $60,305.99
Spreadrootings 700.39 $202,594.81
Subtotal 2815.79 $588,072.24

Cost Index: Springfield MA

x1.08 $635,118.02

Total $635,118.02

4.2.2 Steel Pricing

The pricing for steel was done using a unit price per ton of steel and applying that to
eachactivity of steel. The unit price for steel for the building was determined by averaging the
minimum and maximum values for a school construction project which were $2,222/ton and

$3,338/ton which gave a value of $2780/ton. The spreadsheets for stie#grcan be found in
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Appendix FThe cost of the structural steel was then multiplied by the city cost index which was
1.08.The total cost of the structuratesel for the building was $1,269,474.7/ach floor had an

average steel cost of abo168500andthe columnsand bracing cost about $280,000.

Table4: Steel Tonnage Cost per Floor

Steel Tonnage per Floor

Steel Quantity

Activity (Tons) Cost

2nd Floor Framing 61.21 $170,163.80
3rd Floor Framing 60.29 $167,606.20
4th Floor Framing 60.29 $167,606.20
5th Floor Framing 60.29 $167,606.20
Roof Framing 72.74 $202,217.20
Bracing 28.4 $78,952.00
Columns 140.81 $391,451.80
Total Tonnage Cost 484.03 $1,175,439.60

x City Cost Index

Springfield MA: 1.08 $1,269,474.77
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5.0 Scheduling and Control

Gt NP2SOG { OKSRdzf Ay3d A& (GKS LINRPOSaa 2F ARSy ()

complete the project. Project Scheduling is the process of determining the sequendialof

the planned activities, assigning realistic durations to each activity, and determining the start
YR FTAYAAK RI (% mordeetdlduRésshmly sthéuiild apkojed, i must first be
completely planned out. The omission of anynatt would be detrimental to any schedule
developed including the omission. It is the goal of construction project management to
thoroughly plan and schedule a project. This information is then used to coordinate all
activities performed by all partiesn the construction project in an effort to improve efficiency,

decrease delays, and increase profits.

5.1 Project Scheduling

A schedule was created using Primavera software as well as acquiring information from the
schedule reports acquired from Gilbgrsich as the one shown Appendix B: Gilbane
Construction SchedulePrimavera is eomputerprogram that allows for inputs of scheduled
starts, durations, and finishes as well as the development of a schedule based on the critical
path method (CPM). Further, it allows the users to input labor units and cost in order to track
cost over the durabn of the project. A simplified version of the construction schedsi®wn
in AppendixT: Simplified Gilban€onstruction Schedu)&vas created in order to gain atter
understanding of the scheduling involved in a construction project. Examination of the project

schedules developed by Gilbane allowed for the creation of a schedule containing roughly 90

1 Oberlander, Garold DProject Managementar Engineering and Construction
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activities opposed to the hundreds present in a fully detagededule. Using this simplified
version it was determined that the critical path of the project was through the following
activities: Site work & FoundatiofsSteel ErectioA Floor Construction.This is not the path
for the entire project as the simpiked schedule, shown iAppendixT: Simplified Gilbane

Construction Scheduledoes not include all activities in the project.

5.2 Exterior Walls

Although a simplifiedcheduled was used for most project activities, a fully detailed
schedule of the exterior walls was created using Microsoft Project. Project was chosen because
of its simplified input format that more closely matched the less complex values calculated fo
the Exterior Wall Section. This allowed for the input of estimated costs per activity as opposed
to a more complex resource breakdown by labor crew, material, and equipment. However, all
of these factors were taken into account as showkiror! Reference source not found.

The main purpose of this schedule was to allow for an Earned Value analysis of the work
package.The schedule was broken down by section of the building. The sections were
Architectural Precast, Exterior Sheathing, North Pod, and South Pod. Each section was then
further broken down according to location such as East, West, North and/or Soutti&ihesv
Activities for the North and South Pod include Veneer Ties, Spray foam and membrane, Staging
erection, Brick Veneer, Washdown and Staging Removal, Punch Windows, Curtain Wall, and
Curtain Wall trim and seal. The activities are assigned to egeldéahey will be performed on

by location such as East or West.
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Figure2: Plan View

5.3Earned Value Analysis

North Pod

An earned value analysis was performed ond¢bastruction of the exterior walls during

the project. Photographs were taken at two separate times, once on DecemBep@@7 and

again on January 80 of 2008, that captured the process of the exterior wall construction.
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Figure3: Photograph Taken on December 12th, 2007

Using these pictures, estimates were made as to the percent completion of the work

performed for each particular activity as categorizedimor! Reference source not found.

5.3.1 Methodology

The initial step of the analysis was to determine the total amount of work planned to be
completed on the building, known as Budgetétbrk Hours. In order tdo so, the Total Labor
Hourswere calculated. The Total Labor Hours is simply the amount of time it takes a trade to
complete one unit multiplied by the total number of units per activity. An example calculation

of the Total Labor Hours for the East Elgan/North Pod: Brick Veneer activity is provided for

clarity.

Table5: Sample Total Labor Hour and Cost Calculations

Activity Unit Labor Material Labor Cost/Unit # of Total Total Cost
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Hours Unit Labor
Hours
EastElevation/North
Pod: Brick Veneer M 26.667 470.000 880.000 1350.000 34.425 918.011 $46,473.75

In this example, the unit M is for every 1000 bricks. There are two types of bonding
patterns used for the veneer of the building. A running bond constitutes most of the veneer
while a double soldier course is used to separate the floors of the builaéndepicted irFigure
4: Running Bond and Solider Courgeonveniently, both bond patterns use 6.75 bricks per

square foot of wall place The totalarea for the East Elevation/North Pod Brick was 5100 S.F.

Figure4: Running Bond and Solider Course

The following equation was used to calculate the total number of bricks placed during the East

8130
~O

Elevation/North Pod: Brick Veneer activifg.75 25100 "Y'0O)/ 1000 = 34.425 M.

Next, the Total Labor Hours was calculated as the prodiicabor Hours and the total

quantity of the unit. Continuing with the previous example, the calculation would be
OCGET Qi

performed as follows26.667b,—z 34240 = 918.011 0CX¥i "Ai. The totalnumbers

of Labor Hours for all activities wecalculated in a similar manner and may be viewed, in
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addition to all other calculations performed in this sectionkEmor! Reference source not

found.. The same quantity unit was used to determine to determine the total cost of the

activity as shown in this calculation taken from the same exan3dl24 0 Z $135000 _

$46,473.75. Again, the total costs for all activities were calculated in a similar manner

The calculations of the Actual Labor hours and Scheduled Labor hours were simply a matter
of multiplying the estimated actual percentage of work complete and the scheduled percent
completion by the Total Labor hours, respectively. A sample of the sgheatiused for these
calculations is shown ihable6: Sample Spreadsheet for Actual and Scheduled Labor Hours
Complete The Actual Cost of Work Performed (ACWP)Baratheted Cost of Work Performed
(BCWP) were calculated in a similar manner as depictédbie7: Sample Spreadsheet for

ACWP and BCWBIimilar calculations were mafdier all exterior wall activities.

Table6: Sample Spreadsheet for Actual and Scheduled Labor Hours Complete

Scheduled Labor
Scheduled Complete Hours

Total

Labor January Jan

Activity Dec. 12 Jan 30th Dec. 12 Jan 30th Hours Dec. 12 30th Dec. 12 30th
East Elevation/North
Pod: Brick Veneer 50.00%  100.00%  100.00% 100.00% 918.011  459.01 688.51 918.01 918.01

Table7: Sample Spreadsheet for ACWP and BCWP
Complete BCWP
Dec. Jan Dec. Jan

Activity 12 30th 12 30th Total Cost Dec. 12 Jan 30th Dec. 12 Jan 30th
East Elevation/North Pod
Brick Veneer 50% 100% 100% 100%  $46,473.75 $23,236.88 $46,473.75 $46,473.75 $46,473.75

5.3.2 Results

The earnedvalue system was used to monitor the progress of work and compare

accomplished work with planned wotk. This was accomplished using a Microsoft Project

18 Oberlander, Garold DProject Management for Engineering and Construction
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feature that allows for the exportation of timecaled data into Microsoft Excel for graphical

analysis. This project lacked access to the Actual Costs of Work Performed (ACWP) therefore

ACWP was set equial BCWP in an attempt to illustrate the methods used in an earned value

analysis. However, all scheduling information is believed to be accurate.

The first graph created wdsgureb: Integrated Cost/Schedule/Work Grapinich is more

O2YY2yte NBTSNNOYRIZNZES: 5 SOladplS 82 F A& O2y&AAQ

Integrated Cost/Schedule/Work Grapt
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Figureb: Integrated Cost/Schedule/Work Graph

This graphg created simply using the cumulative cost and work scheduled over the course of a

project vs. time. As is shown, the projected amount of work for the exterior wall0i%9.207
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Total Labor hours accumulating a Total Co$t19608,858.61 The input othe ACWP and the
Actual Work Completed on any date along thaxis results in the determination of the current
status of the project with respect to the baseline schedulis is known as the Percent
Complete Matrix Method. Using this method, it wagetenined that as of December 12

2008 the exterior wall activities werE387.94labor-hours behind schedule artil43,712.69
under budget. As of January"3®008 the activities wer&804.79abor-hours behind

schedule an46,487.29 under budget.The ACWP is considered equal to the BCWP in this
analysis and because the actual work was behind the crews were not being ovétpasever,
further analysis must be performed to interpret the true trends of the project.

The Cost Variance (CV) and&tilie Variance (SV) were calculated using the following
equations:6w= 6600  H6WL "Yo= 66w0 66w"Y The Cost Variances for both dates
were equal to zero due to the equality of BCWP and ACWP. The Schedule Variances for the two
dates were-143,712.6%and-46487.29 respectively. This reduction in variance indicates that
the activities have gained time on the schedule between DecembBr2@07 and January 30
2008.

In addition to the variances, the Cost Performance Ind@&t)(@nd the Schedule
Performance Index (SPI) were then used to track the trends of the current project using the
BCWP, ACWP, and Budgeted Cost of Work Schedule (BCWS). The equations for these indices

6600 66m0

are show hered0'G= —— NG —
oowv oow’Y

. Both Indices give a value greater than one for

favorable performancei.e. under budget and ahead of schedule
The CPI was equal to one because BCWP is equal to ACWP for the project without actual

costs. The SPI, however, was edoal’5 on this date showing the project was behind
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schedule. This is displayedHrror! Reference source not found.Similar calculations
produced a CPI equal to one and an SPI of .85 for Janu&r2308 and are illustrated iRigure
7: Cost and SchedeiVariance Graph for Jan."™80The increase ofie SPI by .10 confirms the
fact that the progress of the activities has gained time on the schedule. This is further
illustrated inFigure8: Cost Performance Index (CPI) vs. Schedulefsance Index (SPk the

movement toward 1.0 is shown graphically.

Cost and Schedule Variance Graph for Dec. 1.

Cost
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Days
m Total ACWP CV=BCWRCWP=0
m Total BCWP CPI=BCWP/ACWP=1
Total BCWS SV=BCWBCWS<43,712.69

SPI=BCWP/BCWS=0.75

Figure6: Cost and Schedule Variance Graph for Ded’ 12

The Percent Complete of the exterior wall activities evealculated for both dates and
determined to be 33% and 89%, respectively. Percent complete is equal Butlgeeted Units
minus the Units to Complete divided by Budgeted Unitee values were calculated using
Microsoft Project as shown ippendix MMicrosoft Project Screenshot December"12008

and Appendix N: Microsoft Project Screenshot Januaf¥, 2008
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Cost and Schedule Variance Graph for Jan. 3
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Figure7: Cost and SchedalVariance Graph for Jan. 50
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Figure8: Cost Performance Index (CPI) vs. SchedulddPmance Index (SPI)
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6.0 Building Information Modelg Revit

The program which we are using to create our Building Information Model is Revit
Building 9.1 by Autodesk. Published in 2006, the program has since been replaced by Revit
Architecture 2008, but it is still applicable to most any current construction project. It has many
useful features of design, a vast library of materials, stylggjture, and various other
components. Revit also has the capability to import other design program files, such as
AutoCAD. This can be useful to convert a 2 dimensional layout and turn it into a multi story
structure. It can also export data from éhdrawing, eliminating the need to quantify by hand as
well as DWG format into AutoCAD. Autodesk is a prominent name in CAD and BIM, with Revit

being its major architectural BWdased design program.

6.1 Model Design

Going by the drawings and specificatioasr model was developed over the past three
terms. With little background in Building Information Modeling, our group was somewhat
nervous approaching the Revit design of the dormitory. At first, it was a bit frustrating, learning
the program and its mperties, not knowing commands or how to approach the design.
However, with time, we became fairly proficient with Revit. Much like an education, we started
at the foundation, doing what we thought was right, and learning from our mistakes along the
way. However, as the building went up, so did our understanding of the program. By the time
we had the structure done, we were able to make the building much more accurate and

realistic.
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6.1.1 Getting Started

Opening Revit, it seems as if you have far too mations (Sed-igure9: Revit
MenuError! Reference source not found. The lefside of the screen has 10 main tabs, each
with numerous options within them. Right next to the tab there are expandable views from
different viewpoints as well as legends, sheets, families, and other options. At the top of the
screen are countless optig, ranging from an eyeball (dynamically modify view), to a hammer
(demolish). These are very confusing at first, but each option has some benefit which gets
discovered later and what once seemed like too many options becomes much more

comfortable to nawgate.

fid' Autodesk Revit Building 9.1 - [WPIdormNewElev.rvt - 3D View: {3D}]
= File Edit View Modeling Draftng Site Tools Settngs Window Help

T DEEHE &S B < |os =K QU
S5 Plane  HH | 0 A2EDRD S &, Demoliish | 7 Mign 3
[:] [1Press + Drag D

Basics

View =@ Views (all)
Modeling = Floor Plans
Drafting +-- Ceiling Plans
Rendering = 3D Views
Site Building Bxterior

Retaining Wall

Steel Structure
Structural 30}

Room and Area

% Modify +-- Elevations (Building Elevat
+- Area Plans {Gross Building
I\\. — Legends

=-BH Schedules/Quantities
Door Schedule
Floor Schedule

H Structural Colur Structural Column Schedul
@ structural Wall Structural Foundation Sche

Structural Framing Schedu
T geam Wal Scheddle
£ Erace Window Schedule
Em:a[r Component =0 Shests (&)

= A101 -MQP C 08

¢ Roof » =8 Famiies
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Womsoen |3 55
%L Foundation » +-- Curtain Panels

Figure9: Revit Menu

Once we got our bearings straight, our model began by creating the levels of the

building. These levels start with the foundation and go all the way up to the top of the screen
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