
  GFS 0806 

i 
 

 
 

Title Page 

Worcester Polytechnic Institute: 
Construction Management Services for the new WPI Residence 

Hall 
 

A Major Qualifying Project 
Submitted to the faculty of 

Worcester Polytechnic Institute 
In partial fulfillment of the requirements for the 

Degree of Bachelor of Science 
 

 

 

Submitted By: 
James Bellofatto 
Kyle Forward 
Matthew Frasier 
Michael Wood 
 
 

Sponsoring Agency: 
Worcester Polytechnic Institute 
 
 

Submitted To: 
Project Advisors: Guillermo Salazar 
   Paramasivam Jayachandran 
Date: February 28th, 2008 
  



 

ii 
 

Abstract  
 

This project presents an alternative design for the foundation wall of the Worcester 

Polytechnic Institute new residence hall to resist lateral loading during construction. The cost 

implications of this alternative design were also investigated. A 3-D model of the structure of 

the building was also constructed using Autdesk Revit software and a quantity takeoff was 

developed using this model. A cost estimate and takeoff for the structure were also performed 

and an earned value analysis was developed to access the progress of construction of the 

exterior walls.  
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Capstone Design Statement  
 

The capstone design requirements for this Major Qualifying Project are being satisfied 

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 temporary retaining wall during 

construction. If the wall had originally been designed in this matter the effort of re-excavating, 

installation of tiebacks, and backfilling that the construction management firm was forced to 

undertake to complete this project safely could have been avoided. These tasks also had 

scheduling and cost impacts to the project. We compared the actual cost of the solution 

implimented in the field to the cost and impacts of our new cantilevered wall with counterforts. 

 Redesigning the wall consisted of a structural analysis of the existing wall, investigating 

the soil conditions on site to determine the type of retaining wall, and designing the wall to 

support vertical and lateral loads.  Vertical loads on the wall were determined by using 

calculations prepared by Canon Design as well as being calculated by ourselves.  Soil 

characteristics were used to determine horizontal pressures on the wall. 

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

counterforts, due to the fact 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 

construction. 

This project will addressed economic, scheduling, and constructability issues created by 

a differently designed foundation wall.  We examined the increased costs of the project due to 

a foundation wall designed to carry vertical loads while also being able to resist horizontal loads 
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during the construction process.  Additionally we determined how the scheduling and 

constructability of the project would have been impacted if the wall was designed as a retaining 

wall from the beginning and additional time did not have to be dedicated backfilling the wall 

and then removing the fill at a later time. 
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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 

Ǝŀƛƴ Ǝƭƻōŀƭ ǊŜŎƻƎƴƛǘƛƻƴΦ ¢Ƙƛǎ ƛǎ ǇŀǊǘƭȅ ŘǳŜ ǘƻ ²tLΩǎ ƛƴŎǊŜŀǎƛƴƎ ǎǳŎŎŜǎǎ ǿƛǘƘ its global projects 

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 campus with 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, sororities and fraternities. In order to foster the expansion of the 

university as well as provide much needed upper-classman housing, WPI has begun the 

construction of a new residence hall and parking garage between Boynton St. and Dean St. By 

bringing upperclassmen back on campus, Janet Richardson, the Vice President of Student 

!ŦŦŀƛǊǎ ŀƴŘ /ŀƳǇǳǎ [ƛŦŜ ōŜƭƛŜǾŜǎ ǘƘŀǘ άǘƘŜ ǳƴƛǾŜǊǎƛǘȅ ōŜƴŜŦƛǘǎ ƎǊŜŀǘƭȅ ŦǊƻƳ ǘƘŜ ƭŜŀŘŜǊǎƘƛǇΣ 

mentorship, experience and talent of its students being part of the residential community on 

caƳǇǳǎέ1. 

                                                      
1 http://www.wpi.edu/About/NewResHall/facts.html 
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In order to attract the aforementioned upper-class students and their qualities, the 

construction of a new residence hall has begun.  The school wants the residence hall to be 

completed by the fall of 2008 in order that students can move in at that time. Therefore the 

 Project is being performed under a fast-track schedule, meaning that construction began 

before the design phase of the project is completed. The successful implementation of a fast 

track schedule requires close collaboration between the designer 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 the Construction Manager and Cannon Design was 

hired as the Architect. Gilbane is in a construction manager at risk contract with a guaranteed 

ƳŀȄƛƳǳƳ ǇǊƛŎŜ όDatύΦ  Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ƛŦ ǘƘŜǊŜ ŀǊŜ Ŏƻǎǘ ƻǾŜǊǊǳƴǎ ƛǘ ǿƛƭƭ ŜƛǘƘŜǊ Ŏǳǘ ƛƴǘƻ DƛƭōŀƴŜΩǎ 

profits or if costly enough, 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 is to observe the construction management process and to apply 

modern project management concepts and techniques used in cost estimating and project 

control during the building of the new residence hall. The activities conducted in this project 

include: 

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

construction. 

b.) Creation of a 3-D model of the structure based on the 2-dimensional plans and drawings 

using Autodesk Revit, a 3-dimensional Building Information Modeling program. 
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c.) Generation 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.) Preparation 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 the 3-D Revit model. 

f.) An analysis of the relationships of the different parties involved in the project and how 

ǘƘŜȅ ŜǾƻƭǾŜŘ ǘƘǊƻǳƎƘƻǳǘ ŎƻƴǎǘǊǳŎǘƛƻƴΦ ¢Ƙƛǎ ƛǎ ƪƴƻǿƴ ŀǎ ŀ άtƭŀȅŜǊ aŜŜǘƛƴƎ !ƴŀƭȅǎƛǎέ ŀƴŘ 

can be used as a measure of how the relationships between important construction 

team members either hurt or helped the success of the project. The άaŜŜǘƛƴƎ tƭŀȅŜǊ 

Analȅǎƛǎέ ǿƛƭƭ ŘŜǎŎǊƛōŜ ǘƘŜ ǊƻƭŜǎ ŀƴŘ ŀǘǘǊƛōǳǘŜǎ ƻŦ ǘƘŜ ƳŀƧƻǊ ǇƭŀȅŜǊǎ ƛƴ ǘƘŜ ǇǊƻƧŜŎǘΣ ǎǳŎƘ 

ŀǎΤ ǘƘŜ tǊƻƧŜŎǘ aŀƴŀƎŜǊ ŦƻǊ DƛƭōŀƴŜΣ bŜƛƭ .ŜƴƴŜǊΣ /ŀƴƴƻƴ 5ŜǎƛƎƴΩǎ Ƴŀƛƴ ƭƛŀƛǎƻƴ 9Ř 

aŜƭƭƻΣ ²tLΩǎ ŎƻƴǎǘǊǳŎǘƛƻƴ ŎƻƴǎǳƭǘŀƴǘΣ .ǊŜƴǘ !ǊǘƘŀǳŘΣ ŀƴŘ ²tLΩǎ ƘŜŀŘ ƻŦ Ǉƭŀƴǘ ǎŜǊǾƛŎŜǎΣ 

Alfred DiMauro.  
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2.0 Background 
 
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 

Ǝŀƛƴ Ǝƭƻōŀƭ ǊŜŎƻƎƴƛǘƛƻƴΦ ¢Ƙƛǎ ƛǎ ǇŀǊǘƭȅ ŘǳŜ ǘƻ ²tLΩǎ ƛƴŎǊŜŀǎƛƴƎ ǎǳŎŎŜǎǎ ǿƛǘƘ its global projects 

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 campus with 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, sororities and fraternities. In order to foster the expansion of the 

university as well as provide much needed upper-classman housing, WPI has begun the 

construction of a new residence hall and parking garage between Boynton St. and Dean St. By 

bringing upperclassmen back on campus, Janet Richardson, the Vice President of Student 

Affairs and Campus Life believes that άǘƘŜ ǳƴƛǾŜǊǎƛǘȅ ōŜƴŜŦƛǘǎ ƎǊŜŀǘƭȅ ŦǊƻƳ ǘƘŜ ƭŜŀŘŜǊǎƘƛǇΣ 

mentorship, experience and talent of its students being part of the residential community on 

caƳǇǳǎέ2. 

To appeal to upperclassmen, the suites are designed as four person apartment style dorms 

with a full kitchen, living room, compartmentalized bathroom and either single or double 

bedrooms.  The building also offers wireless internet access, air-conditioning, tech suites on 

each floor, recreation and fitness space and a separate parking garage able to accommodate 

                                                      
2 http://www.wpi.edu/About/NewResHall/facts.html 
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the parking demand created by the building.  It is these services and conveniences that are 

hoped to give students incentive to remain on campus throughout their time at WPI.   

 The architect on the project is Cannon Design whose offices are located in Boston, MA. 

The company was founded over sixty years ago ŀƴŘ άis an international architectural, 

engineering and interior design firm recognized for design excellence and technological 

innovation.έ3 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 Angeles. The dormitory (See Figure 1 below) has 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, 

safety, and security"1.  The design program was 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, or Leadership in 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 friendly, or also known as a green building.  

                                                      
3
 www.canondesign.com 
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Figure 1: Computer generated image of new WPI dorm 

 !ƴƻǘƘŜǊ ƻƴŜ ƻŦ ǘƘŜ Ƴŀƛƴ Ǝƻŀƭǎ ŦƻǊ ǘƘƛǎ ǇǊƻƧŜŎǘ ƛǎ άŘŜǾŜƭƻǇƛƴƎ ŀ ǾƛōǊŀƴǘ ƭƻǿŜǊ ŎŀƳǇǳǎ 

that begins to link WPI's main campus with the downtown area and to Gateway Park, the 11-

acre mixed-use life sciences-based campus the university is developing in partnership with the 

Worcester Business Development Corporation4έΦ  ¢Ƙƛǎ ƛǎ ŀŎŎƻƳǇŀƴȅƛƴƎ ǘƘŜ ƛŘŜŀ ƻŦ ŎǊŜŀǘƛƴƎ ŀƴ 

άŀǘǘǊŀŎǘƛǾŜ ǊƻǳǘŜ ŦƻǊ ƳŜƳōŜǊǎ of the WPI community and neighbors heading to the Worcester 

!Ǌǘ aǳǎŜǳƳΣ ¢ǳŎƪŜǊƳŀƴ IŀƭƭΣ ŀƴŘ ǘƘŜ ƻǘƘŜǊ ǾŜƴǳŜǎ ƛƴ ǘƘŜ Řƻǿƴǘƻǿƴ ŀǊǘǎ ŀƴŘ ŎǳƭǘǳǊŜ ŘƛǎǘǊƛŎǘέΦ  

By bringing upperclassmen back onto campus and tying WPI into the surrounding culture, the 

university can become much more hospitable. 

 Adjacent to the dormitory is a 189-space parking garage to address the parking issues 

around campus.  This structure will provide parking to the residents, staff, and members.  Its 

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

                                                      
4
 (http://www.wpi.edu/News/Releases/20078/developers.html, 2006) 
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2.1 Fast 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 2008-09 school. This has led 

to a tight schedule in which the dorm is to be completed.  Starting with demolition of the 

existing buildings in April 2007 the building must be completed by early August 2008.  The fast 

track construction process takes places when construction begins before design is completed.  

The design comes out in partial packages that are coordinated with 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 significant decrease in the time between the conceptualization 

and construction phases of the project, which directly translates into economic benefits in the 

form of lower financial costs & early occupancy rental costs.  Even though overall development 

time is reduced, there is the always present the need for increased coordination and the risk 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 100% completion 

of construction documents. 

 

2.2 Construction Management 
 

tǊƻƧŜŎǘ aŀƴŀƎŜƳŜƴǘ ƛǎ άǘƘŜ ŀǊǘ ŀƴŘ ǎŎƛŜƴŎŜ ƻŦ ŎƻƻǊŘƛƴŀǘƛƴƎ ǇŜƻǇƭŜΣ ŜǉǳƛǇƳŜƴǘΣ 

materials, money and schedules to complete a specified project on time and within approved 

ŎƻǎǘΦέ5  The major 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, 

                                                      
5
 Oberlander, Garold D.  Project Management for Engineering and Construction. 
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conflict resolution, and scheduling issues.   Gilbane, a Providence, R.I. based 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 the construction manager at risk for this project and is bound by a 

Guaranteed Maximum Price contract (GMP). A GMP contract is defined as a form of 

compensation in a contract where the contractor is paid for actual costs incurred plus a fixed 

fee and the contractor is responsible for cost overruns above the agreed upon GMP amount.  

This gives the contractors incentive to keep costs down as they also benefit from the savings6.  

With a fast track design, there needs to be sufficient percentage of the design completed to 

provide a reasonably accurate cost estimation. The less complete the design is, the higher 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 then the uncertainty about the GMP 

decreases and the contingency allowance decreases as well.  

The GMP for a fast track project is given early on in the project with a higher 

contingency allowance and is narrowed in on as the different trades for the job are bought out 

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 determined until late in the summer 2007, 

                                                      
6
 (Dagostino & Feigenbaum, 2003) 
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which was about 3-4 months after construction for the new residence hall began. The GMP for 

this residence hall is $33,479,592. 

 

2.4 Cost Estimating 

/ƻƴǎǘǊǳŎǘƛƻƴ Ŏƻǎǘ ŜǎǘƛƳŀǘƛƴƎ ƛǎ άǘƘŜ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ǇǊƻōŀōƭŜ ŎƻƴǎǘǊǳŎǘƛƻƴ Ŏƻǎts of any 

given project.7έ   /ƻǎǘ ŜǎǘƛƳŀǘƛƴƎ ƛǎ ŀƴ ƛƴǘŜƎǊŀƭ ǇŀǊǘ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ ƳŀƴŀƎŜƳŜƴǘ ǇǊƻŎŜǎǎ ōŜŎŀǳǎŜ 

it provides a means for identifying and organizing materials in terms of quantity and cost value. 

Cost Estimates are performed on a project multiple times; 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 

determine the projected cost of a project which then can be used usually by the architect to 

develop a cost vs. benefit analysis for 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 determination. The 

estimator must then use his expertise, judgement and experience in the construction field to 

produce the feasibility estimate for that project. 

 The next type of estimate that would take place is called a pre-construction cost 

estimate. Pre-construction estimate gives an owner an idea of the general price a project may 

cost. They are performed when more information about a project is available and they help the 

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

                                                      
7 Oberlander, G. D. (1993).  
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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 foot 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 vary from -20% to +30% of 

actual costs. 

 The most precise type of estimate is a unit price detail estimate. This type of estimate 

requires a full working set of plans and specifications, known as the working drawings, and is 

ǘȅǇƛŎŀƭƭȅ ǘƘŜ ǘȅǇŜ ƻŦ ŜǎǘƛƳŀǘŜ ǇŜǊŦƻǊƳŜŘ ƛƴ ǘƘŜ ōƛŘŘƛƴƎ ǇǊƻŎŜǎǎ ƻŦ ŎƻƴǎǘǊǳŎǘƛƻƴΦ  άLǘ ƛƴŎƭǳŘŜǎ 

determination of the quantities and costs of everything required to complete the project.  This 

includes the materials, labor, equipment, insurance, bonds, and overhead, as well as an 

ŜǎǘƛƳŀǘŜ ƻŦ ǇǊƻŦƛǘΦέ ό5ŀƎƻǎǘƛƴƻΣ нллоύ  CǊƻƳ ǘƘƛǎ ƛƴŦƻǊƳŀǘƛƻƴ ǳƴƛǘ ǇǊƛŎŜǎ ŀǊŜ ŜǎǘŀōƭƛǎƘŜŘ ŦƻǊ ŀƭƭ 

the different materials and equipment that will be needed to construct the project. These 

estimates are usually organized by trade and are typically accurate within -5% to +10% of actual 

project costs. This is the type of estimate that was performed in this project. 

 All of these types of estimates were performed at various stages during the 

development of 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. Gilbane also performed a cost estimate during the schematic stage of the development as 

well as an independent cost consultant. 
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2.5 Project Scheduling 

! ƳŀƧƻǊ ǘŀǎƪ ƛƴ ŎƻƴǎǘǊǳŎǘƛƻƴ ƳŀƴŀƎŜƳŜƴǘ ƛǎ ǘƘŜ ǎŎƘŜŘǳƭƛƴƎ ƻŦ ŀ ǇǊƻƧŜŎǘΦ  άtǊƻƧŜŎǘ 

scheduling is the process of determining the sequential order of the planned activities, 

assigning realistic duration to each activity, and determining the start and finish dates for each 

ŀŎǘƛǾƛǘȅΦέ ²Ŝ created an as-built schedule for the construction of the exterior walls based on 

the observed progress using Primavera software. After this we observed the actual progress 

between      and conducted an Earned Value Analysis (EVA) of the 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 performed 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 were encountered from the architectural precast manufacturer. The first few pieces 

of precast arrived late to the site and an acceptable version of the mock-up curtain wall was not 

initially agreed upon which also lead to delays. Right now they are catching up to their 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 over the years 
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ƛƴǘƻ ƳƻǊŜ ŦǳƴŎǘƛƻƴŀƭ ǇǊƻƎǊŀƳǎ ǿƛǘƘ ƳƻǊŜ ŎŀǇŀōƛƭƛǘƛŜǎΦ  ¢ƻŘŀȅ ǿŜ ƴƻ ƭƻƴƎŜǊ ƘŀǾŜ άŎǊǳŘŜέ 

ǇǊƻƎǊŀƳǎΦ  ²Ŝ ƘŀǾŜ ǘƘŜ ƭǳȄǳǊȅ ƻŦ .ǳƛƭŘƛƴƎ LƴŦƻǊƳŀǘƛƻƴ aƻŘŜƭƛƴƎΦ   ά! ōǳƛƭŘƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ 

model (BIM) is an object-oriented building development tool that utilizes 5-D modeling 

concepts, information technology and software interoperability to design, construct and 

ƻǇŜǊŀǘŜ ŀ ōǳƛƭŘƛƴƎ ǇǊƻƧŜŎǘΣ ŀǎ ǿŜƭƭ ŀǎ ŎƻƳƳǳƴƛŎŀǘŜ ƛǘǎ ŘŜǘŀƛƭǎέ8.  Programs now have the ability 

to incorporate nearly every aspect of a project into a three 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 dimensions gives 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, walls, ceilings, 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 breakdown structure for the 

project.  Almost everything needed for the entire project can be incorporated into a Building 

Information Model, potentially making it the only document necessary for linking information 

from most all aspects of the construction process. 

                                                      
8
 www.BIMForum.org 
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Coordination between parties is always a challenge, especially when it pertains to 

ŎƘŀƴƎŜǎ ƻǊ ŘƛǎŎǊŜǇŀƴŎƛŜǎ ǿƛǘƘƛƴ ŀ ǇǊƻƧŜŎǘΦ  ά²ƛǘƘ .LaΣ ŀǊŎƘƛǘŜŎǘǎ ŀƴŘ ŜƴƎƛƴŜŜǊǎΣ ŜŦŦƛŎƛŜƴǘƭȅ 

generate and exchange information, create digital representations of all stages of the building 

process, and simulate real-world performance ς streamlining workflow, increasing productivity, 

ŀƴŘ ƛƳǇǊƻǾƛƴƎ ǉǳŀƭƛǘȅέ9.  Any problems can be seen by all parties in an actual representation of 

the building.  If there is a problem with the model, 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 user-friendly.  There are many pro-BIM groups developing, 

spreading the word of BIM and its benefits.  One example is Associated General Contractors 

(AGC) BIM Forum, www.BIMForum.org, chaired by John Tocci of Tocci Building Corporation, 

located in Woburn, MAΦ  ¢ƘŜƛǊ Ǝƻŀƭ ƛǎ ǘƻ άfacilitate and accelerate the adoption of building 

ƛƴŦƻǊƳŀǘƛƻƴ ƳƻŘŜƭƛƴƎ ό.Laύ ƛƴ ǘƘŜ !9/ ƛƴŘǳǎǘǊȅέ10.  Another example is the National BIM 

Standard project, which takes information from different phases of their projects and work 

orders, and calculates an amount that would have been saved, most likely by the owner11.  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 it as 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 

                                                      
9
 Autodesk 

10
 BIMForum 

11
 NBIMS 
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company bidding on a job is able to display the building developing in real time with exact 

ǊŜƴŘŜǊƛƴƎ ƻŦ ǘƘŜ ƻǿƴŜǊΩǎ ǿŀƴǘǎ ŀƴŘ ƴŜŜŘǎΣ ƻǊ ŀ ŎƻƴǎǘǊǳŎǘƛƻƴ ŎƻƳǇŀƴȅ ǘƘŀǘ Ƙŀǎ ǘƻ ƳŀƪŜ ŀ 

change can show the owner on a three dimensional model in order to get approval.  These 

characteristics are what make Building Information Modeling popular and potentially the future 

of the construction industry. 

   

2.7 Foundation 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 prevent any sideways movement 

ŦǊƻƳ ǘƘŜ ŜŀǊǘƘΩǎ ǇǊŜǎǎǳǊŜ ƛƴŎƭǳŘƛƴƎ ŀƴ ƻǾŜǊǘǳǊƴƛƴƎ ƳƻƳŜƴǘΦ  ¢ƘŜ ŦƻǳƴŘŀǘƛƻƴ ƛǘǎŜƭŦ ƛǎ ƴƻǊƳŀƭƭȅ 

designed by a structural engineering firm, while the soil settlement, soil pressure, and other 

earth material characteristics of the soil below 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 strong 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 hold back rocks, soils, and other materials acting on one 

side of the wall.  They are either made of timbers, rock, generally concrete, brick, masonry, and 

steel.  Retaining walls are also typically designed by structural engineers.  One of the main 

concerns when designing 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 
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different ranging from saturated clays that can act like a fluid and exert extreme pressures, to 

ŘǊȅ ǎƻƛƭǎ ǘƘŀǘ ǿƛƭƭ ŜȄŜǊǘ ƴƻǊƳŀƭ ŜŀǊǘƘ ǇǊŜǎǎǳǊŜΩǎΣ ǘƻ ŘǊȅ Ŏƭŀȅǎ ǘƘŀǘ ŀǊŜ ǾŜǊȅ ŎƻƘŜǎƛǾŜ ŀƴŘ ǿƛƭƭ 

exert hardly any pressure on the walls.  There are a few different types of retaining walls such 

as a gravity wall, cantilevered wall, counterfort walls and mechanically stabilized walls. 
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3.0 The New WPI Residence Hall Project 

In order to completely 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 25th, 2007 to February 28th 2008 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 relevant topics of 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 documents and 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 schedule.  Our research 

extends across many aspects 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, the designer, 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 important real-life knowledge 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 hands-on and 

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

graduation. 

3.1 Owner 
 

The owner of the project is WPI.  With 2,861 undergraduates annually enrolled the demand 

for housing has been an increasing concern.  Currently, WPI has 33 major buildings on 80 acres 

in a residential neighborhood12 in Worcester, New England's third-largest city.  WPI, named the 

22nd "Most Connected Campus" by The Princeton Review for 20068, has a goal to begin the 

process of connecting the main WPI campus with its new satellite campus known as Gateway 

Park which was completed in 2007. This effort is an attempt to further tie together the campus 

as well as begin expanding for the future.  In the development of the residence hall building 

there are many individuals representing WPI in the project including Janet Richardson, Philip 

Clay, Brent Arthaud and Alfredo DiMauro and Jeff Solomon. 

 Janet Richardson is responsible 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 Center and 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 hall.13 

 Philip Clay is the dean of students at WPI. He 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 

ŦƻǊ ²tL ǘƻ ŀŎǘ ŀǎ ŀƴ ƻǿƴŜǊΩǎ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ŦƻǊ ²tLΦ IŜ ǿŀǎ ƘƛǊŜŘ ōŜŎŀǳǎŜ ƻŦ Ƙƛǎ ƪƴƻǿƭŜŘƎŜ 

                                                      
12

 http://www.wpi.edu/About/facts.html 
13

 http://www.wpi.edu/News/Transformations/2004Winter/richardson.html 
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and expertise of construction 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 the assistant vice president of facilities 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 and are 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. 

5ƛaŀǳǊƻ ŘǳǊƛƴƎ ǘƘŜ ƻǿƴŜǊΩǎ ƳŜŜǘƛƴƎǎ ƛƴǾƻƭǾŜŘ ƳŀǘŜǊƛŀƭǎ ŀƴŘ ǘƘŜƛǊ ŀōƛƭƛǘȅ ǘƻ ǿƛǘƘǎǘŀƴŘ 

vandalism and 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.  Established in 1945, CannonΩs services 

ƛƴŎƭǳŘŜ άǇƭŀƴƴƛƴƎΣ ŀǊŎƘƛǘŜŎǘǳǊŜΣ ŜƴƎƛƴŜŜǊƛƴƎΣ ƛƴǘŜǊƛƻǊ ŘŜǎƛƎƴ ŀƴŘ ǇǊƻƧŜŎǘ ŘŜƭƛǾŜǊȅέ14.    It is a 

single firm-multi office practice, employing over 700 people and $102.4 million annual 

revenue9.  Working on the project for Cannon 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 the design of the building. Ed Mello works with the contracts between 

                                                      
14

 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 and minor changes must be made in order to complete construction. 

 

3.3 Construction Manager at Risk 
 

The Construction Manager at risk for this project is Gilbane Building Company.  They 

have 1800 employees nationally and in Puerto Rico and revenue of $3 billion annually.  After 

ŦƻǳǊ ƎŜƴŜǊŀǘƛƻƴǎ ƻŦ ƻǿƴŜǊǎΣ DƛƭōŀƴŜ ƛǎ άǎǘƛƭƭ ŀ ǇǊƛǾŀǘŜƭȅ ƘŜƭŘΣ ŦŀƳƛƭȅ-Ǌǳƴ ŎƻƳǇŀƴȅέ15.  Since 1873 

ǘƘŜƛǊ ŎƭƛŜƴǘŜƭŜ Ƙŀǎ ŜȄǇŀƴŘŜŘ ǘƻ ǘƘŜ άƭƛŦŜ ǎŎƛŜƴŎŜǎΣ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣ ƘŜŀƭǘƘŎŀǊŜΣ 

convention/cultural, government, education, mission-critical, corporate, sports/recreation, and 

ŎǊƛƳƛƴŀƭ ƧǳǎǘƛŎŜ ƳŀǊƪŜǘǎέ10.  Managing the project for Gilbane is Neil Benner with Don Venerus 

acting as the project engineer. Neil Benner is the project manager for the new residence hall 

and is responsible for all the permits, coordinating sub-contractors, and buying out the job 

among many other things. Don Venerus deals with the engineering issues involved with 

construction.  Assisting them is WPI graduate Melissa Hinton who works for Gilbane on 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 Stukowski is the project superintendent who 

oversees the day to day operations and coordinates the on-site subcontractors.  

 
 
 

                                                      
15

 http://www.gilbanebuilding.com/inside/about.aspx 
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3.4 Owner, Architect, Contractor Relationship 
 

The WPI dorm project is a fast track design with a guaranteed maximum price (GMP).  

Because of the 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 deadline.  The 

construction manager at risk acts as a middle man, taking the owners demands 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 across what 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 materials, labor 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 

ŀƭǎƻ ǾŜǊȅ ƪƴƻǿƭŜŘƎŜŀōƭŜ ƻŦ ǘƘŜ Ŏƛǘȅ Ψǎ ǊŜƎǳƭŀǘƛƻƴǎ ŀƴŘ ƻǊŘƛƴŀƴŎŜǎ ŀǎ ǿŜƭƭ as of the local market 

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, despite many disagreements on different concerns. 
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One main issue arose at the morning meeting on Wednesday, September 12th 2007. The 

issue was related to the metal studs for the interior wall, in particular about the way top-track 

connects the wall to the ceiling, mainly 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 

/ŀƴƴƻƴΩǎ 5ŜǎƛƎƴ ŦƻǊ ǘƘŜ ǘƻǇ ǘǊŀŎƪ ŀǎ ŀ ŦƛǊŜ ǎǘƻǇΦ  .ǊŜƴǘ !ǊǘƘŀud (WPI) tried explaining to Ed that 

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.   

 

3.5 Project Progress To-date 
 

According to Melissa Hinton, the dormitory is currently 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 figures then 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 who is assisting the 

Project Manager Neil Benner. The drawings used to complete the estimate include the 

foundation plan, the first-floor through fifth-floor framing plans, vertical steel plan and the roof 

plan. The specifications for this building were also needed to fill in the gaps that the plans left 

out such as material types and specifications. 

Once the materials were quantified from the plans the cost estimate for this building was 

peǊŦƻǊƳŜŘ ǳǎƛƴƎ wΦ{ aŜŀƴΩǎ ƳŜǘƘƻŘ ƻŦ .ǳƛƭŘƛƴƎ /ƻƴǎǘǊǳŎǘƛƻƴ /ƻǎǘ 5ŀǘŀ16. A City Cost Index 

value was then applied to the prices in order to get a more accurate value for the construction 

costs in Worcester, MA. Unfortunately Worcester was not listed so the closest city to Worcester 

listed was Springfield, MA so the value of 1.08 was used. 

 

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 converted to Cubic Yards. A volume 

measurement of 1 cubic yard is equivalent to 27 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 lbs of material. 

                                                      
16

 RS Means Building Construction Cost Data 2006 
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4.2 Concrete and Steel Quantity 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 spread 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 and each of these spread footings is connected to the 

building structure by a vertical pier that attaches from the spread footing to either 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 the perimeter of the building and are sometimes 

visualized as the foundation wall. In the case of the new residence hall there is no underground 

basement so the continuous footing runs under the structural foundation wall. The continuous 

footings are taken off by volume and the main aspect that changes for the continuous footing 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 together for 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 on every floor starting from the first floor up to 

the roof top, 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 floor is 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 sections which is a common practice in estimating the square footage of floor slab. 

Using this method the square footage and concrete calculations for each floor slab were made. 

The spreadsheets for the quantification of all the structural concrete activities can be seen 

in Appendix C. A short table of the concrete volumes for each activity 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 which take much of the structural compressive load of the building are 

equal to 700.39 cubic yards of concrete. The continuous footing and foundation wall  is 213.25 

CY. The entire volume of the structural concrete found in the building is 2815.79 cubic yards. 
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Table 1: 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 the steel in the structure is done by separating the different types of steel 

beams used in the structure individually. Horizontal beams run across the floors of the building 

providing a surface for metal decking to lay on which then holds the slab. Columns run vertically 

from the foundation up to the different floors connecting the frame of the building along with 

the bracing which reinforces the structure.  

The steel beams are broken down by floor and by the columns that connect these 

floors. Once all of the different 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 based on the cross-section 

of the beam and its linear foot measurement. Every 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 spreadsheets for the quantification of structural steel for the building can be found 

in Appendix E. The second floor framing which is comprised of horizontal steel members 

weighed 61.21 tons. The third floor through fifth floor had identical steel framing plans and 

their weight was 60.29 tons each. 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 to increase the rigidity of 

the frame weighed 28.4 tons. The columns for the building were 140.81 tons. The total tonnage 

for the steel frame of the building came out to be 484.03 tons. 
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Table 2: Steel Quantity Tonnage per Floor 

Steel Tonnage per Floor 

 

  

Activity 

Steel Quantity 

(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 Concrete Pricing 
 

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 pricing activities. 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 concrete,  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 

ǇǊƛŎŜ ƻŦ ŎƻƴǎǘǊǳŎǘƛƻƴΦ !ƴƻǘƘŜǊ ǿŀȅ ǘƻ ǇǊƛŎŜ ŀƴ ŀŎǘƛǾƛǘȅ ǿƻǳƭŘ ōŜ ǘƻ ŀǇǇƭȅ ŀ άǎȅǎǘŜƳέ ǇǊƛŎŜ ǘƻ ǘƘŜ 

ŀŎǘƛǾƛǘȅΦ ¢Ƙƛǎ άǎȅǎǘŜƳέ ǇǊƛŎŜ ŜȄǇƭƛŎƛǘƭȅ ŘŜǎŎǊƛōŜǎ ǿƘŀǘ ƛǎ ƛƴŎƭǳŘŜŘ ƛƴ ƛǘΦ !ƴ ŜȄŀƳǇƭŜ ƻŦ ǘƘƛǎ ǿƻǳƭŘ 

be a slab system that includes the price of concrete, placement, formwork, and reinforcing all 

together. The price for this system is the applied 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 combinations of 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 cost per 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 feet 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 which weighs 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 for each activity. 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 were multiplied by different unit price factors to determine 

the price of concrete, placement and formwork. The cost of reinforcing was done using the 

cross-section of GB01 from the drawings to determine first the tonnage of reinforcing and then 

the price. The grade breams for the structure cost $5,381. 

The piers which connect the spread footings to the slab were taken off using the system 

ƳŜǘƘƻŘΦ ! ǎȅǎǘŜƳ Ŏƻǎǘ ǿŀǎ ŦƻǳƴŘ ŦƻǊ ōƻǘƘ ǘƘŜ нпέ Ȅ нпέ tнп ŦƻƻǘƛƴƎǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ олέ Ȅ олέ 

P30 footings. The system included 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 footings 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 to be $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 footings are 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/foot factor 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 is $635,118. 

Table 3: 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 

Spread Footings 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 

each activity 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 steel pricing can be found in 
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Appendix F. The cost of the structural steel was then multiplied by the city cost index which was 

1.08. The total cost of the structural steel for the building was $1,269,474.77. Each floor had an 

average steel cost of about $168,500 and the columns and bracing cost about $280,000. 

 

Table 4: Steel Tonnage Cost per Floor 

Steel Tonnage per Floor 

  

   

Activity 

Steel Quantity 

(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 
 
άtǊƻƧŜŎǘ {ŎƘŜŘǳƭƛƴƎ ƛǎ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ƛŘŜƴǘƛŦȅƛƴƎ ŀƭƭ ǘƘŜ ŀŎǘƛǾƛǘƛŜǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ǎǳŎŎŜǎǎŦǳƭƭȅ 

complete the project.  Project Scheduling is the process of determining the sequential order of 

the planned activities, assigning realistic durations to each activity, and determining the start 

ŀƴŘ ŦƛƴƛǎƘ ŘŀǘŜǎ ŦƻǊ ŜŀŎƘ ŀŎǘƛǾƛǘȅΦέ17  In order to successfully schedule a project, it must first be 

completely planned out.  The omission of any activity 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 parties on 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 Gilbane, such as the one shown in Appendix B: Gilbane 

Construction Schedule.  Primavera is a computer program 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 duration of the project.  A simplified version of the construction schedule, shown 

in Appendix T: Simplified Gilbane Construction Schedule, was created in order to gain a better 

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 

                                                      
17

 Oberlander, Garold D. Project Management for Engineering and Construction. 
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activities opposed to the hundreds present in a fully detailed schedule.   Using this simplified 

version it was determined that the critical path of the project was through the following 

activities:  Site work & FoundationsĄSteel ErectionĄFloor Construction.   This is not the path 

for the entire project as the simplified schedule, shown in Appendix T: Simplified Gilbane 

Construction Schedule , does not include all activities in the project.  

 

5.2 Exterior Walls 
 
Although a simplified scheduled 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 for 

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 shown in Error! 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 Pre-cast, Exterior Sheathing, North Pod, and South Pod.  Each section was then 

further broken down according to location such as East, West, North and/or South Elevations.  

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 each façade they will be performed on 

by location such as East or West. 
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Figure 2: Plan View 

 

5.3 Earned Value Analysis 
 
An earned value analysis was performed on the construction of the exterior walls during 

the project.  Photographs were taken at two separate times, once on December 12th, 2007 and 

again on January 30th, of 2008, that captured the process of the exterior wall construction. 

North Pod South Pod 

West Elevation 

East Elevation 
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Figure 3: 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 categorized in Error! 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 Budgeted-Work Hours.  In order to do so, the Total Labor 

Hours were 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 Elevation/North Pod: Brick Veneer activity is provided for 

clarity.   

 

Table 5: 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 

East Elevation/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 building, as depicted in Figure 

4: Running Bond and Solider Course.  Conveniently, both bond patterns use 6.75 bricks per 

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

. 

Figure 4: Running Bond and Solider Course 

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

Elevation/North Pod: Brick Veneer activity: (6.75
ὄὶὭὧὯί

Ὓ.Ὂ.
5z100 Ὓ.Ὂ.)/ 1000 =  34.425 M.    

  Next, the Total Labor Hours was calculated as the product of Labor Hours and the total 

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

performed as follows: 26.667
ὒὥὦέὶ Ὄὶί

ὓ
3z4.24 ὓ= 918.011 ὒὥὦέὶ Ὄὶί.  The total numbers 

of Labor Hours for all activities were calculated in a similar manner and may be viewed, in 
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addition to all other calculations performed in this section, in Error! 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 example: 34.24 ὓᶻ
$1350.00

ὓ
=

$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 spreadsheet used for these 

calculations is shown in Table 6: Sample Spreadsheet for Actual and Scheduled Labor Hours 

Complete.  The Actual Cost of Work Performed (ACWP) and Budgeted Cost of Work Performed 

(BCWP) were calculated in a similar manner as depicted in Table 7: Sample Spreadsheet for 

ACWP and BCWP. Similar calculations were made for all exterior wall activities. 

Table 6: Sample Spreadsheet for Actual and Scheduled Labor Hours Complete 

 

Actual Percent 
Completed Scheduled Complete 

 
Actual Labor Hours 

Scheduled Labor 
Hours 

Activity Dec. 12 Jan. 30th Dec. 12 Jan. 30th 

Total 
Labor 
Hours Dec. 12 

January 
30th Dec. 12 

Jan. 
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 

Table 7: Sample Spreadsheet for ACWP and BCWP 

 

Actual Percent 
Completed 

Scheduled 
Complete 

 
ACWP  BCWP 

Activity 
Dec. 
12 

Jan. 
30th 

Dec. 
12 

Jan. 
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 earned-value system was used to monitor the progress of work and compare 

accomplished work with planned work.18  This was accomplished using a Microsoft Project 

                                                      
18
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feature that allows for the exportation of time-scaled data into Microsoft Excel for graphical 

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

ACWP was set equal to 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 was Figure 5: Integrated Cost/Schedule/Work Graph which is more 

ŎƻƳƳƻƴƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ŀ ά[ŀȊȅ-{ /ǳǊǾŜέ ōŜŎŀǳǎŜ ƻŦ ƛǘǎ ŎƻƴǎƛǎǘŜƴǘ ǊŜǎŜƳōƭŀƴŎŜ ŀǎ Ŏŀƴ ōŜ ǎŜŜƴΦ 

     

 

Figure 5: Integrated Cost/Schedule/Work Graph 

This graph is 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 walls is 14019.207 
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Total Labor hours accumulating a Total Cost of $1,608,858.61.  The input of the ACWP and the 

Actual Work Completed on any date along the X-axis results in the determination of the current 

status of the project with respect to the baseline schedule.  This is known as the Percent 

Complete Matrix Method.  Using this method, it was determined that as of December 12th, 

2008 the exterior wall activities were 1387.94 labor-hours behind schedule and $143,712.69 

under budget.  As of January 30th, 2008 the activities were 1804.79 labor-hours behind 

schedule and $46,487.29 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 overpaid. However, 

further analysis must be performed to interpret the true trends of the project.    

The Cost Variance (CV) and Schedule Variance (SV) were calculated using the following 

equations: ὅὠ= ὄὅὡὖ ὃὅὡὖ     Ὓὠ= ὄὅὡὖ ὄὅὡὛ.  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, -143,712.69 and -46487.29, respectively.  This reduction in variance indicates that 

the activities have gained time on the schedule between December 12th, 2007 and January 30th, 

2008.            

In addition to the variances, the Cost Performance Index (CPI) and 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 

are show here: ὅὖὍ=
ὄὅὡὖ

ὃὅὡὖ
            ὛὖὍ=

ὄὅὡὖ

ὄὅὡὛ
 .  Both Indices give a value greater than one for 

favorable performance, i.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 equal to .75 on this date showing the project was behind 
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schedule.  This is displayed in Error! Reference source not found..  Similar calculations 

produced a CPI equal to one and an SPI of .85 for January 30th, 2008 and are illustrated in Figure 

7: Cost and Schedule Variance Graph for Jan. 30th.  The increase of the SPI by .10 confirms the 

fact that the progress of the activities has gained time on the schedule.  This is further 

illustrated in Figure 8: Cost Performance Index (CPI) vs. Schedule Performance Index (SPI) as the 

movement toward 1.0 is shown graphically. 

 

Figure 6: Cost and Schedule Variance Graph for Dec. 12
th

 

  The Percent Complete of the exterior wall activities were calculated for both dates and 

determined to be 33% and 89%, respectively.  Percent complete is equal to the Budgeted Units 

minus the Units to Complete divided by Budgeted Units.  The values were calculated using 

Microsoft Project as shown in Appendix M: Microsoft Project Screenshot December 12th, 2008 

and Appendix N: Microsoft Project Screenshot January 30th, 2008 
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Figure 7: Cost and Schedule Variance Graph for Jan. 30
th 

 

 

Figure 8: Cost Performance Index (CPI) vs. Schedule Performance Index (SPI) 
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6.0 Building Information Model ς 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, styles, furniture, 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 the drawing, 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 BIM-based design program. 

 

6.1 Model Design 

Going by the drawings and specifications, our 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 properties, 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 many options (See Figure 9: Revit 

MenuError! Reference source not found.).  The left side 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 options, 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 navigate. 

 

Figure 9: 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 




