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Abstract  

This project encompassed various limited pre-construction tasks, including conceptual design 

through BIM Modeling, structural design, construction feasibility, cost estimation, and 

investment analysis ŎƻƴŎŜǊƴƛƴƎ ²ƻǊŎŜǎǘŜǊ tƻƭȅǘŜŎƘƴƛŎ LƴǎǘƛǘǳǘŜΩǎ ƴŜǿ ŀǘƘƭŜǘƛŎǎ ŦŀŎƛƭƛǘȅ ǿƛǘƘƛƴ 

the context of integrated practice. Currently Integrated Practice is still young in development 

and has had limited exposure to the construction industry. The project determined that 

integrated practices can reduce errors, address issues earlier in the design phases, and reduce 

construction times only if specific project objectives, scheduling, and modes of communication 

are clearly defined. With proper implementation and organization, Integrated Practice can 

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

The capstone design requirement of the Master Qualifying project was met through the 

design of a three different components of this project. The first was the design of the trusses to 

support the floor of the proposed gymnasium. Another component was the design of an 

acceptable site plan design for the construction of the gymnasium. The final component was 

the three dimensional model of the building design made using the software Revit. 

The truss design was of particular importance to the structural design of this facility as it 

provided support for the gymnasium floor on the second level of the proposed building, while 

providing enough open space to allow room for the competition sized pool below. This span of 

110 feet necessitated the use of a truss system because a truss is more efficient at supporting 

large loads over a large span than a single beam. The truss design was based on the dead loads 

and the occupation live loads and was reviewed for future analysis for lateral loading. 

The site plan was developed as a solution for the access, unloading, and storage of 

materials. It was also designed for access to the site for supply deliveries and employee parking 

during construction. This is an important aspect when beginning project design. It affects not 

only the speed and ease of construction but the WPI community as well. 

The schematic design of the building allocated space required by the architectural 

program. The 3D model allowed for different parties in the preconstruction phases to come 

together and ensure the building would be completed accurately during construction. The 

model allowed for changes to be made to the building early, potentially reducing the number of 

errors later in the project. It was particularly important for this project because it promotes 
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collaboration among parties during the pre-construction phases. It also allowed the group to 

see how the work of each discipline was affecting the overall outcome. 

        Six of the seven realistic constraints were met during the capstone design of this project. 

Further explanations of each are as follows: 

Economic: 

        The economic effects of this project were considered during the capstone design. The truss 

was designed to have lower costs than other truss options. This was done by using three 

different member sizes to avoid costly overdesign. A common truss type was also selected than 

many fabricators would be able to make without any specialty manufacturing charges. The site 

plan as designed to provide entrances to the site without needing to spend extra money on 

police men or temporary traffic lights for traffic control on nearby streets.  

Sustainability: 

        During the Revit design of the building a portion of extra flat roof was found. Through this 

design the group was able to find a place where the option of a green roof could be considered. 

As the new athletic facility is planned to be LEED certified, this will certainly add to its 

qualification. 

Manufacturability/Constructability: 

        Manufacturability was addressed during the truss design during truss type and member 

size selections. For both situations it was important to select an option that would keep the 

fabrication of the trusses simple and less complicated. 

        The group was only provided with initial rough designs, thus it was up to the group 

determine a reasonable building draft that could be used during the project. The Revit design 
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had to be a realistic design with consideration to constructability. 

Health and Safety: 

       Safety was also a major concern with regards to the layout of the site during construction 

operations. Many students, faculty, and staff travel by foot near buildings located close to the 

construction site in the center of c the campus. Due to the extreme hazards of construction, the 

site plan was designed in such a manner as to minimally interfere with day-to-day routines of 

the campus, and to locate the primary construction area distant from high-volume campus 

traffic in an effort to maximize safety of the WPI community. 

Social: 

        A main factor of the site plan design was to consider the social impacts of the construction 

on campus life. The site had to accommodate enough room for work, but also had to be 

situated correctly to avoid overtaking too much of the campus. One site plan considered, then 

rejected because of social impact had required the site to overtake half the quad. As the quad is 

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

Another social issue considered during the site plan design was the effects of using both 

union and non-union laborers for the project. In order to prevent the labor unions from 

picketing the entrance to the site, a second entrance would have to be appointed for the non-

union laborers. 

A social strategy utilized in this project was integrated practice. The different members 

of the group met and worked directly with one another to ensure any changes were addressed 

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

Political: 

        One of the few local political issues considered during the site plan design involved the 

possibility of using part of a nearby churches parking lot as an entrance onto the work site. WPI 

has worked with this church before but would need to come to an agreement with them to use 

their space.   
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1 Introduction  

 Integrated Practice (IP) is a relatively new way to approach the design and construction 

of a building. Standard practices divide up work between disciplines and communicate on a 

need to know basis. While these standard practices have been proven to work, there is room 

for improvement. Integrated Practice seeks to promote collaboration among all involved parties 

through increased communication techniques. Through the use of integrated practices in the 

pre-construction phases of a project, errors, issues and changes can be made early and 

therefore reduces costs and speeds up construction. While integrated practice seems all well 

and good on paper, it has yet to be implemented in the construction industry. In fact, the first 

construction project utilizing IP in Massachusetts is currently occurring on the Autodesk 

Headquarters in Waltham, Massachusetts.1 

 Many companies are tracking this project in order to understand and try to overcome 

the challenges of implementing Integrated Practice into their own program. Most of the 

resistance to incorporating integrated practices into the industry simply comes from 

unfamiliarity with IP and little willingness to take risk. Integrated Practice is not an addition or a 

tweak to standard practices. It is a shift from having disciplines separated to working as a 

group. Many companies prefer the ability to defer responsibility to other parties and protect 

themselves, while IP puts every party in the same position. Thus if one part of the project fails, 

every party takes the blame. This closed-mindedness within the industry is the major hurdle 

                                                      
1
 Sullivan, P. (2008, November 18). Autodesk to Open New AEC Headquarters in Waltham, MA Seeks Leed Gold 

Certification for Core and Shell, Platinum Leed for Interior. Retrieved February 25, 2009, from AEC Cafe: 
http:..www10.aeccafe.com/nbc/articles/view_article.php?articleid=619494 
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that IP must overcome. While IP has many advantages, this aspect is unappealing to 

construction companies and many are hesitant to implement it. 

 Worcester Polytechnic Institute promotes collaboration in the development of its 

construction projects, but it did not explicitly did not pursue IP in the development of its new 

athletics facility. It is commendable that WPI promotes IP and even exhibits features of IP in 

other projects, but due to time constraints, budget, and various other concerns with such a 

large project , WPI decided to not to take the risk of trying a new approach to construction WPI 

is in a great position to explore IP in future projects as identified in its Revised Strategic Plan.2 

Unfortunately, the decision to not take the risk and attempt an unfamiliar and untested 

method of construction is a typical response towards IP from most institutions and businesses. 

Without proper exploration and studies on how to properly implement IP into the construction 

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

 This Major Qualifying Project (MQP) is a limited exploration of how Integrated Practice 

can be implemented into the pre-ŎƻƴǎǘǊǳŎǘƛƻƴ ǇƘŀǎŜǎ ƻŦ ²tLΩǎ ƴŜǿ !ǘƘƭŜǘƛŎǎ CŀŎƛƭƛǘȅΦ ¢ƘŜ 

disciplines of construction management, cost management, structural engineering performed 

standard pre-construction tasks within the context of IP. By exploring and implementing various 

aspects of IP, and with the aid of Building Information Modeling (BIM), the project team sought 

to provide insight into the potential benefits and limitations of IP to the construction industry 

                                                      
2 Revised Strategic Plan. (2009, April 8). Retrieved February 2, 2009, from Worcester Polytechnic Institute: 

http://www.wpi.edu/Admin/president/strategicplan.html 
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and from the results, provide recommendations on how IP can be properly implemented into 

other construction projects. 

2 WPI New Athletic Facility  

As Worcester Polytechnic Institute (WPI) continues its long term goals of expanding 

both its student body and facilities, the need for a new state-of-the-art athletics facility is now a 

top priority for the institution.  The current facility is barely adequate for the continuously 

increasing student population, an issue that has been voiced by both the students and the 

faculty.3  With high aspirations of continually revitalizing the experience of undergraduate 

education at WPI, planning, programming, and design for a brand new athletics facility began in 

the 2007-2008 academic year.  

Worcester Polytechnic Institute is a NCAA division III collegiate athletics department 

consisting of nine ƳŜƴΩǎ ǎǇƻǊǘǎ ǾŀǊǎƛǘȅ ǘŜŀƳǎ ŀƴŘ ƴƛƴŜ ǿƻƳŜƴΩǎ ǎǇƻǊǘ ǾŀǊǎƛǘȅ ǘŜŀƳǎΦ4 The WPI 

community also includes approximately two dozen club sports for students to participate and 

even create more with administrative approval. Detailed in the WPI Athletics Department 

Mission Statement [below], the university firmly believes in the overall development of their 

student body by encouraging all students to become involved in athletics and recreational 

activities.  

"The Department o f Physical Education, Recreation & Athletics is committed to promoting an 

appreciation for lifelong wellness, to fostering growth in leadership, encouraging the pursuit of 

excellence, and enhancing the overall experience for our students.   

                                                      
3
 Richardson, J. (2008, May 2). WPI Town Meeting for Faculty. (B. Blanck, & B. Sealund, Interviewers) 

4
 WPI Athletics. (n.d.). Retrieved November 24, 2008, from Worcester Polytechnic Institute: 

http://wpi.prestosports.com/landing/index 
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We will provide an environment which develops health, work ethic, teamwork, leadership and 

integrity, all  of which are essential for our students, both personally and professionally.    

Through participation, our students will emerge well - rounded with the skill, knowledge and 

abilities to maintain active lifelong learning in order to help them be successful in life."  5     

WPI has established a large master plan of expansions and renovations to take place 

over the next ten years in order to improve the administrative, academic, housing, and 

recreational condition of the campus.6  These improvements are designed to increase student 

ŜƴǊƻƭƭƳŜƴǘΣ ŀŘǾŀƴŎŜ ŀŎŀŘŜƳƛŎ ŀƴŘ ǊŜǎŜŀǊŎƘ ŜŦŦƻǊǘǎΣ ŀƴŘ Ƴŀƛƴǘŀƛƴ ²tLΩǎ Ƴƛǎǎƛƻƴ ǘƻ ƛƴǘŜƎǊŀǘŜ 

technology with the humanities.7  Recently completed projects include the Campus Center, 

opened in the spring of 2001, the Bartlett Center, and the residence Hall currently named East 

Hall.  

Construction of the two-level, 15,000 square foot Admissions/Financial Aid building, the 

Bartlett Center, was completed in 2005 at the cost of four million dollars. The Bartlett Center, 

shown in Figure 1 and named for the generous donations by the James and Shirley Bartlett, 

provides a beautiful and warm welcome to the WPI campus ŀƴŘ ǿŀǎ ²tLΩǎ ŦƛǊǎǘ [ŜŀŘŜǊǎƘƛǇ ƛƴ 

Energy and Environmental Design(LEED) green building.8 With enrollment gradually increasing 

each year, the need for more on-campus living space for upper class undergraduate students 

was the next construction item ƻƴ ²tLΩǎ ƎǊƻŎŜǊȅ ƭƛǎǘ ƻŦ ŜȄǇŀƴǎƛƻƴǎΦ bƻǘ ƭƻƴƎ ŀŦǘŜǊ ǘƘŜ ƻǇŜƴƛƴƎ 

of the Bartlett Center, President Berkey and the WPI board of trustees announced the 

                                                      
5
 WPI Athletics Mission Statement. (2004, May). Retrieved November 24, 2008, from Worcester Polytechnic 

Institute: http://wpi.prestosports.com/navbar_red/mission_statement/index 
6
 Revised Strategic Plan. (2009, April 8). Retrieved February 2, 2009, from Worcester Polytechnic Institute: 

http://www.wpi.edu/Admin/president/strategicplan.html 
7
 Mission and Gaols. (1987, October 16). Retrieved January 12, 2009, from Worcester Polytechnic Institute: 

http://www.wpi.edu/About/statements.html 
8
 άJames and Shirley Barlett. (2008, March 27). Retrieved January 12, 2009, from Worcester Polytechnic Institute: 

http://www.wpi.edu/About/Bartlett/bartletts.html 
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construction of a brand new five-story residence hall. Construction for the new, and also LEED 

certified, five-story, thirty-five million dollar residence hall. Following a fast track schedule, 

design started in the summer of 2006, demolition of existing buildings quickly followed in the 

winter of 2006-2007 with construction and ground-breaking in the spring of 2007. Currently 

named East Hall, Figure 1, it was successfully completed without time delays or budget 

overruns in August of 2008, ready for the arrival for the upper classmen for the 2008-2009 

academic year.9  

While the construction of new buildings provides modern-day designs and top-of-the-

line materials and technology, major renovations to older facilities on the WPI campus is also 

being done to incorporate these upgrades. Current renovations include the biology and 

chemistry building, Goddard Hall as well as the close out on the renovation in the Science and 

Arts building, Salisbury Labs.10 The major upcoming changes include the conversion of Alumni 

Gymnasium into an academic center, major renovations to Harrington Gymnasium, and the 

ŀŘŘƛǘƛƻƴ ƻŦ ŀƴ ǳƴŘŜǊƎǊƻǳƴŘ ǇŀǊƪƛƴƎ ƎŀǊŀƎŜ ǳƴŘŜǊ ǘƘŜ Ŏƭŀǎǎ ƻŦ Ωфо CƛŜƭd. 

                                                      
9
 A New Experience in Student Housing. (n.d.). Retrieved January 12, 2009, from Worcester Polytechnic Institute: 

http://www.wpi.edu/About/NewResHall/ 
10

 Recent & Ongoing Construction & Renovations at WPI. (2008, October 17). Retrieved January 14, 2009, from 
Worcester Polytechnic Institute: http://admissions.wpi.edu/Images/CMS/AO/Campus_Construction.pdf 
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Figure 1: Left - The Bartlett Center; Right ς East Hall

11
 

 

²tLΩǎ Ǉƭŀƴ ƻŦ ŜȄǇŀƴŘƛƴƎ ǘƘŜ ŎŀƳǇǳǎ ŦŀŎƛƭƛǘƛŜǎ ƛǎ ŜȄǘŜƴǎƛǾŜ ǘƻ ǎŀȅ ǘƘŜ ƭŜŀǎǘΣ ōǳǘ ƛǘ ǿŀǎ 

ŎƭŜŀǊ ǘƻ ǘƘŜ ƛƴǎǘƛǘǳǘƛƻƴΩǎ ŜȄŜŎǳǘƛǾŜǎ ǘƘŀǘ ǘƘŜ IŀǊǊƛƴƎǘƻƴ ŀƴŘ !ƭǳƳƴƛ DȅƳƴŀǎƛǳƳǎ ǿŜǊŜ 

restricting not only ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ ǳƴƛǾŜǊǎƛǘȅΩǎ ŀǘƘƭŜǘƛŎ ǇǊƻƎǊŀƳǎ, but more 

importantly the fitness and athletic growth of the WPI community. Alluding back to the 

universities global initiative to attract more students, the construction of a new athletics facility 

would exponentially adhere to and help fulfill this goal. With the current main operating 

ƎȅƳƴŀǎƛǳƳ ŀƴŘ ŀǘƘƭŜǘƛŎǎ ŎŜƴǘŜǊ ƻŦ ǘƘŜ ŎŀƳǇǳǎ ōŜƛƴƎ ƻƴŜ ƻŦ ²tLΩǎ ƻǊƛƎƛƴŀƭ ōǳƛƭŘƛƴƎǎ ƛƴ мусрΣ 

the construction of a new athletics facility quickly rose to the top priority of facility expansion.12 

During the planning stages ²tLΩǎ ƴŜǿ Athletics Facility, the institution is faced with a 

financial hurdle with which it has not had to overcome during the construction of its previous 

facilities.  Preliminary estimations have put the cost of constructing the new facility slightly 

above $40 million with added expenditures such as mitigation efforts. Currently the budget is 

not a fixed number but WPI is pushing to keep the design between to $40-45 million. As with 

                                                      
11

 The Bartlett Center. Photo taken April 2, 2008. East Hall Photo taken August 25, 2008. 
12

 Richardson, J. (2008, December 3). (B. Sealund, & B. Blanck, Interviewers) 
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any new construction project, funding and financial planning is an important factor in regards 

ǘƻ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǎǳŎŎŜǎǎ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘΦ ¢ƘŜ ŀƳƻǳƴǘ ƻŦ ŦǳƴŘǎ ŀǾŀƛƭŀōƭŜ ŘƛǊŜŎǘƭȅ ŀŦŦŜŎǘǎ Ƙƻǿ ŀ 

facility will look, and more importantly, if it will even be built. During the pre-construction 

phases of this project, an economic recession has jeopardized the planned construction of the 

new athletics facility. Even though the recession in the global market harms ²tLΩǎ ŎƘŀƴŎŜǎ ƻŦ 

funding this project, it also lightens the costs of labor, materials, and equipment. As a result of 

the poor economy, competition for fewer jobs among contractors increases, therefore they are 

bidding significantly lower prices as a method to gain work. On the other hand, financing is 

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

construction projects. With the help of construction managers, WPI can capitalize on this 

opportunity and thus reduce the direct costs attached to the construction of the athletics 

facility. 13 

Furthermore, the decision from the board of trustees to begin construction has yet to 

be made. ²tLΩǎ ŘŜǎƛƎƴ ŎƻƳƳƛǘǘŜŜ ŀƴŘ ǎǘŀƪŜƘƻƭŘŜǊǎ ƘŀǾŜ decided to continue with the design 

phase of the athletics facility and will continue to monitor the financial situation as time 

progresses.14 With the enormous financial obligations that the new athletics facility will bring, 

the institution must weigh the costs and benefits along with economic conditions before the 

decision to start construction can be made. The architectural design of the building directly 

ƛƴŦƭǳŜƴŎŜǎ ǘƘŜ Ŏƻǎǘ ƻŦ ŎƻƴǎǘǊǳŎǘƛƻƴ ŀƴŘ ǎƻ ƛǘ ǿƛƭƭ ōŜ ŎƭƻǎŜƭȅ ƳƻƴƛǘƻǊŜŘ ōȅ ōƻǘƘ ²tLΩǎ ŘŜǎƛƎƴ 

committee and Gilbane Construction Company in order to keep the cost within budget. While 

                                                      
13

 Benner, N. (2008, November 26). (T. Grant, A. Petrocchi, & R. Bernard, Interviewers) 
14

 (2008, December 11). WPI Design Committee Meeting. (T. Grant, & B. Blanck, Interviewers) 
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the preconstruction process continues, all eyes are on the board of trustees to give the final 

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

 The development of a new building requires the personal efforts and skills of many 

professionals within the construction industry, as well as their willingness to work together as a 

team to complete the project.  Architects, structural engineers, cost estimators, schedulers, 

financial accountants, contractors, and project managers all play major roles throughout the 

process.  It is important for the reader understand how these divisions fit into the construction 

of a building, the roles they play, and how these parties must interact in order to produce a 

timely and efficient construction project. 

3.1 Integrated Practice  

There is nothing new about architects, clients, and consultants collaborating to produce a 

ǇǊƻƧŜŎǘ ǘƘŀǘ Ŧƛǘǎ ǘƘŜ ƻǿƴŜǊΩǎ ƴŜŜŘǎ ŀǎ ǿŜƭƭ ŀǎ ŦǳƭŦƛƭƭ ǇǊƻǇŜǊ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ŀƴŘ ŎƻǎǘǎΦ ²ƛƭƭƛŀƳ 

Caudill, FAIA, of the firm Caudill Rowlett Scott, coined the term squatters in the 1950s to 

describe meetings between the architect, engineering consultants, owner, and usersτon the 

ƻǿƴŜǊΩǎ ƘƻƳŜ ǘǳǊŦ ōŜŦƻǊŜ ŘŜǎƛƎƴ ōŜƎŀƴτto program, clarify values, and brainstorm design 

ideas. William Lam, the renowned lighting designer, who often worked with Caudill, says, 

άwŀǇǇƻǊǘ ŀƴŘ ǎŜƴǎƛǘƛǾƛǘȅ ŀƳƻƴƎ ƛƴŘƛǾƛŘǳŀƭǎ ƛǎ ŜǎǎŜƴǘƛŀƭ ǎƻ ǘƘŀǘ ƳŜŀƴƛƴƎŦǳƭ ŘƛŀƭƻƎǳŜ Ŏŀƴ 

ŎƻƴǘƛƴǳŜΦ !ƴ ƛƴŘƛǾƛŘǳŀƭ Ƙŀǎ ǘƻ ŎŀǊŜ ƳƻǊŜ ŀōƻǳǘ ǊŜǎǳƭǘǎ ǘƘŀƴ Ƙƛǎ ƻǊ ƘŜǊ ŜƎƻΦέ15 It is interesting to 

note that Caudill did not mention the use of a construction manager which reveals that 

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

                                                      
15

 Pressman, A. (2007, May). Integrated Practice in Perspective: A New Model for the Architectural Profession. 

Retrieved January 11, 2009, from Architectural Record: 
http://archrecord.construction.com/practice/projDelivery/0705proj-1.asp 
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The construction industry is becoming more and more complex every day because of more 

demand for faster construction, tighter budgets, and more MEP systems. The cultural change 

needed within many firms is not an integration of technology but an attitude change, an 

adjustment to collaborate effectively from the start of a project to the very end.  Technology is 

just a tool that requires a conscious choice and competency to use.  With the increasing 

complexities of construction projects, a better effort to collaborate, with the help of new 

technologies, is the next step forward for the construction industry.  In the past the architects 

lead the way on most projects but today the process of construction has become much more 

complex which requires a new approach. 

Integrated Practice (IP) is a relatively new term that seeks to enhance collaboration 

between parties and facilitate communications.16  Lt ƛǎ ŀ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƛƴŘǳǎǘǊȅΩǎ 

drive for buildings that are faster to design and construct, at lower cost, as well as more 

sustainable and of higher quality than those built in the past. IP also requires the construction 

manager (CM) to get involved in the pre-construction and design processes, instead of waiting 

until the final designs are completed. Building Information Modeling (BIM), a relatively new 

type of software that creates virtual smart models of buildings rather than drawing lines that 

represent an object, is enablingτ some say forcingτthis information-sharing, integrated-

practice culture to emerge. 

The advantages to incorporating integrated practice into the design and construction 

processes are numerous, but since the term is still in the infant stages many construction 

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

                                                      
16

 Ibid. 
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Integrated practice allows for changes, issues, and problems to be addressed earlier in the 

construction process than normal practices. By addressing these issues earlier the overall 

project can be constructed faster and with less RFIs and change-orders. These RFIs and change-

orders are the bane of many construction projects because they add time and cost money 

which often brings the cost over the original budget. Since IP is still young in development there 

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

Figure 2 below depicts how BIM Modeling, which forces integrated practices, fits into the 

ǎŎƘŜƳŜ ƻŦ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ǇǊƻŎŜǎǎΦ  !ƴȅ ǇǊƻƧŜŎǘ ōŜƎƛƴǎ ǿƛǘƘ ǘƘŜ άŘƛǎŎƻǾŜǊȅέ ƻŦ ŀ ƴŜŜŘ ŦƻǊ ŀ 

building. During the pre-construction process of design, BIM Modeling helps articulate aspects 

of the design to various parties as well as address issues related to construction planning.  BIM 

Modeling is also used during the construction phases of the project as a reference point for 

superintendants and managers alike. 
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Figure 2: BIM Outline
17

 

3.2 Building Information Modeling  

The development of any construction project requires extensive communication among 

owners, architects, engineers, project managers and contractors.  Each of these partiesΩ duties 

vary greatly and their knowledge is rather confined to specific tasks.  This increases difficulties 

in communications, and when communications break down mistakes are made.  However, 

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

Building Information Modeling (BIM) is a relatively new process for the construction 

industry that is slowly gaining popularity.  BIM was developed in the late 1980s to incorporate 

three dimensional modeling, real-time development, spatial relations and more recently 

geographical information.  Although the origin of BIM is debatable, it is agreed that it was 

popularized by Jerry Laiserin iƴ DǊŀǇƘƛǎƻŦǘΩǎ !ǊŎƘƛ/!5 ǎƻŦǘǿŀǊŜΦ18  BIM can be used to examine 

the life cycle of a building, incorporate materials of construction, define scopes of work, and 

display the systems of a building.  The most important aspect of BIM is that it promotes 

integrated practice between parties involved with a construction project.  Although BIM is a 

powerful tool for the industry it is not used by many companies.  Like any new addition to an 

already functioning industry, BIM requires time to become a mainstay of the construction 

industry. 

                                                      
17 

Mueller, V. BIM Modeling in the Construction Process. AIA of NBBJ.  

18
 Laiserin, J. (2003, January 19). Comparing Pommes and Narajas. Retrieved January 25, 2009, from The Laiserin 

Letter: http://www.laiserin.com/features/issue15/feature01.php 
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 .La Ƙŀǎ ōŜŜƴ ŘŜŦƛƴŜŘ ōȅ ǘƘŜ !D/ ŀǎ άŀƴ ƻōƧŜŎǘ-oriented building development tool that 

utilizes 5-5 ƳƻŘŜƭƛƴƎ ŎƻƴŎŜǇǘǎΦέ19 However BIM is much more than a modeling method.  BIM 

has evolved into a method to bridge communication within the architectural, structural and 

construction industries.  In order to make this bridge BIM encompasses many different 

software packages. Although each software package is unique, they all strive to offer similar 

components: 

¶ Improved 3D visualization 

¶ Support 4-D (Time), or 5-D (Cost) Models through interoperability between cost 

estimating/scheduling software 

¶ Coordination of construction documents 

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

¶ Increased speed of delivery 

BIM is a tool to enhance the integration of the different aspects of a development and 

increase communications between the parties involved.  In this project we utilize Revit, an 

Autodesk BIM software package, to increase communications, collaboration and exemplify 

project integration.  

/ǳǊǊŜƴǘƭȅ !ǳǘƻ/!5ϰ ƛǎ ǘƘŜ Ƴŀƛƴǎǘŀȅ ŘǊŀŦǘƛƴƎ ǘƻƻƭ ƻŦ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƛƴŘǳǎǘǊȅ ŀƴŘ Ƙŀǎ 

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

                                                      
19Khemlani, L. (2006). Contractor's Guide to BIM. 
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modeling means retraining workers and revamping practicesΦ  Lƴ ŀ ǊŜǎǇƻƴǎŜ ǘƻ .LaκwŜǾƛǘΩǎ 

2003 proposal for the construction industry Bentley Systems Incorporated, a software 

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

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

AutoCAD and that an overhaul of the system will not work. 20  There are several other BIM 

ǎƻŦǘǿŀǊŜ ǇŀŎƪŀƎŜǎ ŀǾŀƛƭŀōƭŜΣ ǎǳŎƘ ŀǎ !5¢ ƻǊ ¢ǊƛŦƻǊƳŀΣ ōǳǘ !ǳǘƻŘŜǎƪΩǎ wŜǾƛǘ Ƙŀǎ ōŜŎƻƳŜ ǘƘŜ 

front runner. While it is true that the construction industry is very dependent on AutoCAD, BIM 

and Revit are still evolving. 

Revit is simple enough for owners to understand yet sophisticated enough for architects 

and engineers to design with.  The program is capable of creating detailed documents that 

meet the standards of the construction industry and at the same time it creates 3-D models 

that a person outside the construction industry can easily visualize.  Currently AutoDesk has 

produced three distinct versions of Revit: Revit Architecture, Revit Structure and Revit MEP.  

Each of these packages is based on the same software, but they each have unique capabilities.  

Revit Architecture has increased customization capabilities allowing architects to create any 

type of object.  Revit Structure has analysis capabilities for structural engineers.  Finally Revit 

MEP provides information to design MEP systems for a building before it is built.  These three 

software packages are interlinked which allows users to overlay architectural, structural and 

MEP designs on the same model.  Many times there are discrepancies between designs, 

ƻǿƴŜǊǎΩ ƴŜŜŘǎ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴ ǇǊƻǾƛŘŜŘ ǘƻ ŎƻƴǘǊŀŎǘƻǊǎΦ  .ȅ ǳǘƛƭƛȊƛƴƎ ǘƘŜ ǎŀƳŜ ǇƭŀǘŦƻǊƳ ƻŦ 

                                                      
20

 Bentley, K. (2003). Does the Building Industry Need to Start Over? Bentley Systems Incorporated. 
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communication these differences can be found and dealt quickly with before they become a 

problem.21 

Among the many facets of construction, Revit is gaining the most ground with 

architects. Dr. Lachmi Khemlani, a consultant and author of Autodesk Revit: Implementations in 

Practice, said, 

ά¢ƘŜ ǇŀǊŀƳŜǘǊƛŎ ōǳƛƭŘƛƴƎ ƳƻŘŜƭƛƴƎ ǘŜŎƘƴƻƭƻƎȅ ƻŦ Revit...has revitalized the architectural 

profession and brought the fun back into design.  Those who have persevered in their 

learning and use of Revit have come to love the application and find it anathema to go 

back to traditional CAD.  For them, the practice of architecture will never be the same 

ŀƎŀƛƴΦέ22 

In the book, Autodesk Revit: Implementations in Practice, Khemlani documented several case 

studies of architecture firms who just introduced Revit Architecture into their company, such as 

Cannon DesignΣ ǘƘŜ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ŦƛǊƳ ŦƻǊ ²tLΩǎ ƴŜǿ !ǘƘƭŜǘƛŎǎ CŀŎƛƭƛǘȅ.  User reports from these 

firms confirmed an increased level of service, quality and performance for their clients.  Among 

these companies over half reported productivity increase of 50% and 17% of the firms reported 

productivity gains over 100%.  In addition to the increased efficiency firms reported reduced 

ŜǊǊƻǊǎ ōŜŎŀǳǎŜ ƻŦ wŜǾƛǘΩǎ ŀǳǘƻƳŀǘƛŎ ŎƻƻǊŘƛƴŀǘƛƻƴ ŎŀǇŀōƛƭƛǘƛŜǎΦ  Lǘ ŀƭǎƻ ǊŜŘǳŎŜŘ ǘƘŜ ŦǊǳǎǘǊŀǘƛƻƴǎ 

between project designers and IT support.23 

                                                      
21 Balding, J. J., & Fox, C. (2007). Introducing and Implementing Autodesk Revit Building. Cengage Delmar Learning. 

22
 Khemlani, L. (2004). Autodesk Revit: Implementations in Practice. Case Study. 

23 Ibid. 
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This software also supports construction management capabilities.  Most construction 

management firms require an entire department to scour over drawings and develop 

estimations for a project.  Much of this work, such as counting every instance of windows and 

doors, then referring to encyclopedia sized specifications for instructions, is painstakingly done 

by hand.  Since Revit is object based, it can easily create schedules that count objects, total 

costs, and link to specs, which drastically cuts down on the time needed to make these 

estimations. It is interesting to note that the CM for the athletics facility, Gilbane, is using Revit 

to some extent for construction management functions. 

Through the utilization of BIM modeling, the construction industry can become much 

more efficient.  The use of BIM modeling promotes increased communications among parties, 

reduce discrepancies and provide owners with tangible evidence of the progress of their 

development.  This project strives to explore aspects of BIM. 

3.3 Construction Project Management  

The Construction industry is one of the largest and most important industries affecting 

the world today. The products of the construction industry can be seen everywhere.  From the 

residential homes, to commercial office buildings, to industrial factories, the construction 

industry is responsible for almost every building known to man. Not only does the construction 

industry build buildings, it also is responsible for the infrastructure of any country, i.e, roads 

and bridges.  The construction industry is not just a single job.  It incorporates workers and 

scholars of all backgrounds to keep the industry functioning. 
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Construction in itself is a process to create a finished product; a building or road, on 

schedule. Construction is a detailed and extensive collaboration among people, materials, 

equipment, time, and money. The efficiency of the process of construction directly relates to 

the efficiency and state of the resources used to drive this process, as well coordination of 

resources. Similar to any other processes, construction needs to be managed.  It is very difficult 

for an untrained party to coordinate the involvement of many different people of varying skills 

to meet working standards, government laws, company guidelines, time deadlines, and 

financial quotas. Thus, construction management has become a very important role in the 

construction industry. It is the duty of construction managers to ensure that the project is 

completed in the most efficient and convenient manner while keeping the cƭƛŜƴǘǎΩ ōŜǎǘ ƛƴǘŜǊŜǎǘǎ 

in mind ς and it is during the pre-construction phase that this process, and its results, can be 

most influenced. 

Every construction project, whether large or small, entails at the very least, the involvement 

of a project owner, a designer, and a builder24. While the titles and magnitude of responsibility 

may fluctuate, their duties are rather self-explanatory, and the relationships between each of 

them are essential to the construction of a facility.  

All projects ŀǊŜ ŘǊƛǾŜƴ ōȅ ǘƘŜ ƻǿƴŜǊΩǎ ƛƴŎŜƴǘƛǾŜ ŀƴŘ ƛƴƛǘƛŀǘƛǾŜ ǘƻ ōǳƛƭŘ ŀ ƴŜǿ ŦŀŎƛƭƛǘȅΦ hƴŎŜ 

the owner decides that a new facility is to be constructed, it is then time to begin appointing a 

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

                                                      
24 

Nunnally, S. (1980). Construction Methods and Management. Prentice Hall. 
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owner must have clear and accurate project objectives to relay to the other team members ς 

most importantly the designer.  

These project objectives may be derived and composed in several manners. In projects 

where the owner decides to assume a more active role, the owner may take on full 

responsibility and self-compose the master plan with all objectives for the project. Another 

approach builds upon the previous method in which the project owner will appoint a team, 

usually being people whom he/she has a business relationship with, that will assist in 

developing the project objectives. In these scenarios, the owner is very involved in the project 

development at the early stages and plays a major role in making decisions. A step away from 

the intense involvement of the owner occurs when he/she hires an agent to oversee the entire 

project. This agent will work for the owner and be granted a large amount of responsibility. In 

this scenario, the agent must carefully make decisions and understand that ultimately, the 

owner has the final word. Once the owner has established the proper relationships, then the 

master plan and project objectives can be further developed in the next phase of the project: 

the design.  

The primary responsibilities of the designer are to deliver an architectural, structural, and 

mechanical/electrical/plumbing (MEP) solution to the owner based on the project objectives 

that have been developed. Several meetings with the owner, as well as extensive preliminary 

research of the site are conducted by the architect. This is done to ensure the design will serve 

the owner in the most productive manner possible. The architect must a have a thorough 
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ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ƻǿƴŜǊΩǎ ƻōƧŜŎǘƛǾŜǎ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜƛǊ Ŏƻǎǘ ŀƴŘ schedule 

limitations. These two factors will greatly affect the design product.  

Once the designer feels confident in their background knowledge and has a good 

understanding of what is requested by the owner, it is then their responsibility to produce a 

design. The design is often presented in phases: a conceptual design, a schematic design, and a 

detailed development design. One phase builds upon the one preceding it and takes into 

account the modifications and opinions that are continuously presented until the project is 

constructed. Most construction begins once the detailed design is completed, but in some cases 

construction may occur earlier.  

¢ƘǊƻǳƎƘƻǳǘ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ǇƘŀǎŜ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΣ ƛǘ ƛǎ ǘƘŜ ƻŦǘŜƴ ǘƘŜ ŀǊŎƘƛǘŜŎǘΩǎ 

responsibility to act as an agent to the owner to ensure the building is being is constructed 

according to the drawings and specifications that have been set forth. While this type of 

relationship fluctuates based on the contractual regulations of the project, it is most often in 

the best interest of the owner to have an architect serve as an agent, to ensure construction 

accuracy and quality. The architect shall remain as an agent throughout the lifetime of the 

construction of the project, maintaining a relationship with both not only the owner, but the 

contractor and construction manager to complete the project and meet all specifications, 

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

For projects being completed using Construction Management services, a professional 

construction manager is most often hired during the pre-construction phase of the project. A 

construction management firm has a broader understanding of the construction of facilities and 
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can be a positive influence to the design of the project. It is often very important that the 

construction management firm has a thorough understanding of the development of the 

design, as well as its key components. The integration of owner, architect, and general 

contractor/construction manager will prove to be a very crucial matter throughout the 

development of the project. 

Project Management is defined as the art and science of coordinating people, 

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

ŀǇǇǊƻǾŜŘ ŎƻǎǘΦέ25 Pertaining to construction, professional construction management unites a 

three-party team consisting of the owner, designer, and construction manager in a non-

adversarial relationship.26 This three-part team works together under the limitations of people, 

equipment, materials, money and schedule, to produce an 

Architectural/Construction/Engineering product. The degree of collaboration among these 

three parties is essential to the development of any project. It is important that each member 

understands that they are a crucial part of the project and that without the other, success is 

impossible. While each party may have a thorough understanding of their duties and required 

contributions to the project, miscommunication and lack of properly presenting information 

can cause more severe issues within the project, including cost overruns, schedule overruns, 

adversarial relationships, and design flaws.   

                                                      
25 

Oberlender, G. D. (1993). Project Management for Engineering and Construction. McGraw-Hill. 

26
 Barrie, D., & Paulson Jr, B. C. (1978). Professional Construction Management. McGraw-Hill.  
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Due to the fact that no two Architectural/Construction/Engineering projects are alike, 

the duties of a construction project manager are never pre-determined. Their role and 

responsibilities are dependent on the project scope, as well as the contractual relationships 

between the parties of the project. However, in a broad sense, the duties of a construction 

manager can be broken down into seven categories27. 

¶ Project Planning Management ς this entails planning of the overall project. The 

construction manager creates an overall plan and a method of how to successfully meet 

ǘƘŜ ǊŜǉǳŜǎǘǎ ƻŦ ǘƘŜ ƻǿƴŜǊΦ !ƴŀƭȅȊƛƴƎ ǘƘŜ ƻǿƴŜǊΩs project objectives to develop a more 

specific project scope is a key task. This scope will then be implemented through the 

process of construction project management.  

¶ Time Management ς the construction manager must continuously be aware of the 

schedule requirements and trends - making sure that all deadlines are met. This entails 

creating preliminary schedules, tracking the work as it progresses, presenting periodic 

schedule reports to the owner, and assessing if the project is ahead of schedule, on 

schedule, or behind schedule.  

¶ Cost Estimation and Managementς Cost control is a primary concern of the owner. The 

construction manager must create their own cost estimates; keep an up-to-date track of 

the costs and expenditures of the project; make sure that all charges are accurate; 

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

                                                      
27 

Outline of CM Functions. (n.d.). Retrieved March 4, 2009, from Construction Management Association of 

America: http://cmaanet.org/outline-cm-functions 
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under budget, on budget, or over budget; present cost trends to the owner and provide 

recommendations on how to remedy any problems.  

¶ Quality Management ς It is the duty of the construction manager to ensure that the 

sub-contractors are performing according to the specified details, building codes, and 

construction standards. 

¶ Contract Administration ς The construction manager is often contractually related to the 

sub-contractors involved in the project. This makes the construction manager 

responsible for the sub-ŎƻƴǘǊŀŎǘƻǊǎΩ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜƛǊ ǇǊƻŘǳŎǘΣ ǘƘŜ ǘƛƳŜ ƛƴ ǿƘƛŎƘ ǘƘŜȅ 

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

¶ Safety Administration ς Safety is of extreme concern in the construction industry due to 

its dangerous conditions. Safety ratings of the construction management firm are 

significant factors in developing a positive reputation.  Projects can be stopped and 

ceased due to the potential costs of severe accidents that take place on site. It is the 

responsibility of the construction manager to perform periodic accident reports and on-

site inspections to ensure all safety standards are met. 

¶ Professional Practice ς In essence, ǘƘƛǎ Řǳǘȅ ƛǎ άǇŜƻǇƭŜ ƳŀƴŀƎŜƳŜƴǘέ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ 

project runs smoothly and efficiently. Here the construction manager organizes and 

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

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

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

contract administration likely to give rise to disputes and claims.  
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An extensive process takes place in hiring a construction management firm. The firm can be 

introduced to the project in one of two ways ς by negotiation, or via a proposal and bidding 

session. Negotiation is limited to private projects only, and results in the owner choosing the 

firm to construct and manage the project. This negotiation process is often the result of a 

lasting relationship between the owner and the general contractor or construction 

management firm. If the owner decides to bid out the project, a requirement of all public 

projects, an invitation to bid is sent out to various general contracting firms or construction 

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

If the invitation is accepted, a bid package is sent out to the firm which specifically details 

the project objectives, deadlines, conceptual designs, and project limitations. At this point, the 

general contractor or construction management firm composes a bid package to be presented 

to the owner in an attempt to win the project. In compiling this package, the firm must 

convince the owner that they are the best suited firm to manage the project and provide 

extensive information to the owner in an attempt to prove this point. To do this, the firm will 

gather background knowledge of the area in which the project is being constructed, research 

secondary logistics that the project is concerned with, explain their experience with similar 

projects, prove to be financially stable, and produce a cost estimate with a schedule that will 

meet the requirements of the owner. All firms who have submitted all materials as requested 

will be reviewed and some will be allowed to present their information in-person. Based on all 

this information, the owner will then choose the firm to manage and construct the project, at 

which point, the contract is discussed, awarded, and finalized.  
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²ƘŜƴ ŀ ŎƻƴǎǘǊǳŎǘƛƻƴ ƳŀƴŀƎŜƳŜƴǘ ŦƛǊƳ ƛǎ ƘƛǊŜŘΣ ǘƘŜȅ ŀǊŜ ŎƻƴǘǊŀŎǘŜŘ ƻƴ ŀƴ άŀǘ-Ǌƛǎƪέ ƻǊ άƴƻ-

Ǌƛǎƪέ ōŀǎƛǎΦ ! /a ƴƻǘ-at-risk contract is typically formatted in the following manner: 

 

Figure 3: CM at No-Risk
28

 

 

In this format, the owner has separate, direct contractual relationships with the 

Architectural/Engineering firm, the Construction Management firm, and each of the 

subcontractors involved in the project.  Although they work with one another very closely, the 

construction management firm and architectural/engineering firm do not have a contractual 

ŀƎǊŜŜƳŜƴǘ ōŜǘǿŜŜƴ ǘƘŜƳΦ ¦ƴŘŜǊ ŀ άƴƻ-Ǌƛǎƪέ ŎƻƴǘǊŀŎǘΣ ǘƘŜ /a ŦƛǊƳ ŀŎǘǎ ŀǎ ŀƴ ŀƎŜƴǘ ǘƻ ǘƘŜ 

owner and is released from the financial and scheduling obligations, with the subcontractors. It 

ƛǎ ǘƘŜ ƻǿƴŜǊΩǎ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ǘƻ ǳƭǘƛƳŀǘŜƭȅ ƴŜƎƻǘƛŀǘŜ ŀƭƭ ŎƻƴǘǊŀŎǘǎ ǿƛǘƘ ǘƘŜ ǎǳōŎƻƴǘǊŀŎǘƻǊǎΣ 

usually with advice from the construction manager.  However, the construction management 

firm does hold the responsibility of executing the contracts that have been negotiated with the 

owner. While the construction manager may not be at a direct financial loss for mishaps with 

the sub-contractors, their reputation for successfully managing projects is at stake.  
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Construction management firms involved in non-risk contracts typically charge a fee to 

the owner for their services. This fee may be a lump-sum price or a percentage of the project 

cost.  

/ƻƴǎǘǊǳŎǘƛƻƴ ƳŀƴŀƎŜƳŜƴǘ άŀǘ-Ǌƛǎƪέ ŎƻƴǘǊŀŎǘǎ ǊŜǎǳƭǘ ǿƛǘƘ ǘƘŜ /a Ŧƛrm holding complete 

responsibility for the coordination of the project, as well as the project cost and schedule.  A 

CM at Risk relationship is set-up as follows: 

 

Figure 4: CM at Risk
29

 

 

Here, the owner has a direct contractual relationship with the construction 

management firm, and the architectural/engineering firm. It is important to note once again 

that, while the construction management firm and architectural engineering firm work closely 

together throughout the entire project, the two organizations do not have a contractual 

relationship. As the above figure represents, the CM firm has direct contractual relationships 

with all subcontractors involved in the project. The subcontractors are hired and managed by 

the construction management firm, and it is the responsibility of the construction managers to 
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ensure that these contracts are performed as specified.  As a result of these relationships, the 

construction manager is entirely responsible for cost and schedule commitments. Therefore, if 

the sub-contractors do not perform under their contractual obligations, the construction 

management firm will suffer from all cost and schedule overruns. These obligations make many 

construction manageƳŜƴǘ ŦƛǊƳǎ ǇŜǊŦƻǊƳƛƴƎ ǳƴŘŜǊ άŀǘ-Ǌƛǎƪέ ŎƻƴǘǊŀŎǘǎ ŎǊŜŀǘŜ ŀƎǊŜŜƳŜƴǘǎ ǿƛǘƘ 

the owner to complete the project at a Guaranteed Maximum Price (GMP). Under a GMP, the 

construction management firm ensures the owner that the project will be completed for no 

more thaƴ ǘƘŜ ǎǇŜŎƛŦƛŜŘ ƳŀȄƛƳǳƳ ǇǊƛŎŜΦ Lǘ ƛǎ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƳŀƴŀƎŜǊΩǎ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ǘƻ 

ensure this contractual arrangement is met, and if not, they will suffer the losses. The 

Construction Management firm is compensated for their services based on a negotiated fee 

with the owner.  

There are many benefits to taking a construction management approach within the 

construction industry. The simple fact that an experienced professional is managing the project 

is the greatest benefit ς most especially during the pre-construction/design phases of the 

project development. The professional construction management firm has the resources and 

knowledge to properly handle all situations within the project and execute the job in the most 

efficient manner. An added benefit of having a construction manager on-hand, is that there will 

most likely be an overall time reduction of the project which can greatly affect the projected 

cost. 

Benefits of a construction manager are both prominent and very influential to the 

project during the design phase. The construction manager is available to provide construction 
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expertise and knowledge in areas where the architect does not have a clear professional 

authoritative knowledge of the situation. With a construction point-of-view as a resource, the 

designer can avoid taking the time to develop an idea and design component that is not 

feasible for construction. In preparation of construction, professional construction manager 

develops site plans and constructability reviews that will faucet construction approach best 

suited for the building and construction scenario. This service, acting not only as a means of 

increasing the efficiency with which the building is constructed, but also researches any major 

issues which may potentially force the owner into re-evaluating his decision to build. This 

opportunity for the owner saves extremes amount of money when compared to situations 

where major issues are discovered once the construction phase of the project has already 

begun.  

Besides their expertise in constructability, construction managers also provide the 

owner with cost and schedule estimates. These estimates provide a characteristic gauge for the 

life-cycle of the project development. This service allows the owner to have an early 

understanding of the approximate length of time the project will take to complete, the 

associated costs, the relationship between the two, and, any possible infringements that may 

force either prediction [cost or time] to stray from its estimated track. CǊƻƳ ǘƘŜ ƻǿƴŜǊΩǎ ǎide, 

the construction manager is a professional consultant with binding responsibility, and shoulders 

some of the risks involved with construction. The construction manager also has professional 

experience with the interaction of sub-contractors which results in better cost control and a 

much less risk of overruns from sub-contractor issue 
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At the end of a project, the Construction Manager is responsible to ensure that all 

aspects of the project were carried out and completely properly and as per the requests of the 

owner. As a benefit to the owner, the contract of the Construction Manager is continually 

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

3.4 Structural Engineering  

Many consider the Colosseum in Rome to be the first athletic facility. Constructed 

between 80 and 96 A.D. it housed many sporting events including chariot races, naval battles, 

and gladiatorial combat. Built with blocks of solid travertine, the Colosseum was built with little 

explicit consideration to structural analysis. The building was constructed using overly large 

stone blocks which guaranteed that the building would stand. These examples imply a primitive 

sense of structural design and analysis. A huge supply of material and a bloated budget made 

this feat possible. As the available materials and financial constraints changed, structural 

analysis became more important. Modern athletic facilities are constructed of many different 

materials that rely upon proper structural analysis to obtain the greatest strength from the 

economical components. 

The structural branch of civil engineering was one of the earliest to distinguish itself. 

{ǘǊǳŎǘǳǊŀƭ ŀƴŀƭȅǎƛǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ŀǎ ŜŀǊƭȅ ŀǎ мсоу ǿƘŜƴ DŀƭƛƭŜƻΩǎ ά5ƛŀƭƻƎǳŜǎ ŎƻƴŎŜǊƴƛƴƎ ǘǿƻ ƴŜǿ 

ǎŎƛŜƴŎŜǎέ ǿŀǎ ǇǳōƭƛǎƘŜŘ ƛƴ IƻƭƭŀƴŘΦ In this manuscript he reviewed experiments concerning the 

strength of materials in different construction situations such as cantilever beams and simply 

ǎǳǇǇƻǊǘŜŘ ōŜŀƳǎΦ ¢Ǌǳǎǎ ŀƴŀƭȅǎƛǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ŀǎ ŜŀǊƭȅ ŀǎ мунс ƛƴ ǘƘŜ CǊŜƴŎƘ ŜƴƎƛƴŜŜǊ bŀǾƛŜǊΩǎ 

publisheŘ ǿƻǊƪ ά[ŜœƻƴǎέΦ  hƴŜ ƻŦ ǘƘŜ ǘƻǇƛŎǎ ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘƛǎ ǿƻǊƪ ǿŀǎ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ŀ ǘǊǳǎǎ 



29 
 

with three bars and a single redundancy. Through his study he established some of the earliest 

truss analysis equations. 

The profession of a structural engineer is to use mathematical calculations to satisfy the 

design criteria of a specified brief. Although most well-known for the design and analysis of 

buildings, this profession is much broader. Structural engineers may also work on projects 

involving bridges, tunnels, dams, or even submarines. They are also not restricted to just 

projects before or during initial construction, but also work on the renovation of historical 

buildings in need of restoration. 

When designing a project, a structural engineer is not only responsible for computing 

the most cost efficient solution for the owner, but more importantly is responsible for the 

safety of the users of the design as well. This makes it imperative for structural engineers to not 

only adhere to the local building code during the initial design, but to ensure the structure still 

remains true to it after any revisions. One example of substandard work is the Hyatt Hotel 

disaster of 1981 in Kansas City. One of the most attractive features of this new hotel was the 

aerial walkways that spanned the lobby. There were three suspended walkways in all, one on 

each of the second, third, and fourth floors. The walkway on the second floor was placed 

directly beneath that on the fourth. The design conducted by Jack D Gillum& Associates called 

for two W 16 X 26 beams to cross the lobby connected by box beams created from pairs of MC 

8 X 8.5 beams welded toe-to-toe. The initial design had these walkways secured individually by 

a series of rods hung from the ceiling, Figure 5. During construction a series of calls were 
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conducted between the engineering firm and the fabricator, the Havens Steel Company, to 

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

 

Figure 5: Double Hanger Rod System 

As shown in Figure 5Figure 5the double hanger rod system involved hanging the second 

floor walkway from the welded cross beams of the fourth floor walkway instead of hanging it 

from the ceiling. Although this was thought to reduce the complexity of the construction 

process it also effectively doubled the load on the fourth floor box beams.30 

On July 17, during a large dance event, the connections failed on the fourth floor 

walkway resulting in a catastrophic collapse killing 114 and injuring more than 200 more. In the 

following investigation it was discovered that the hanger rod connections were not designed to 

hold the loads specified in the Kansas City Building Code. The initial connection design of 

hanging the walkway from the ceiling could only hold approximately 60% of the load required 

by the code and the revision only compounded the problem. As a result of this incident Daniel 

Duncan and Jack Gillum, the structural engineers for the project, were found guilty of gross 

negligence, misconduct, and unprofessional conduct in the practice of engineering. They were 
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subsequently stripped of their engineering licenses to practice in Missouri or Texas. G. E. C. 

International, the father company to Jack D. Gillum& Associates, was also found guilty of these 

charges and its certificate of authority as an engineering firm was revoked.31 

 

Figure 6: Hyatt Regency Walkway Collapse 

As depicted in the Hyatt Regency Hotel incident, each project is unique and has specific 

problems that must be solved. In this MQP the ceiling trusses of the natatorium were chosen 

for design. Following the trend of multitudes of previous projects, this design came with its own 

unique problems. Since these truss systems spanned over the pool they were subjected to 

conditions different from other recreational areas. The air was more humid than most areas 

and corrosive vapors, such as chlorine, were present in much larger quantities. This situation 

also required the trusses be able to provide support over an open span of at least seventy-five 

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

                                                      
31

 Ibid. 



32 
 

caused the live loads to be much greater than in other cases. A few solutions for dealing with 

these issues included using appropriately sized beams within the trusses to provide enough 

support to satisfy local, state, and national building codes and coating them with an anti-

corrosive paint. 

3.5 Budgeting, Investment Analysis, and Community  

 The goal of every academic institution is to provide students with the best higher level 

learning opportunities available, but every institution needs funding to function.  There are 

many avenues to attain funding for a university but in the case of a private college much of that 

money comes from student tuition.  If a university cannot provide adequate facilities for 

students how will it support academic and social functions?  No matter how a person looks at 

the situation, except for some well-invested schools such as Harvard, a university needs student 

ǘǳƛǘƛƻƴ ǘƻ ŦƛƴŀƴŎŜ ǘƘŜ ǊŜǎǘ ƻŦ ǎŎƘƻƻƭΩǎ ƻǇŜǊŀǘƛƻƴǎΦ 

{ŎƘƻƻƭ ŦŀŎƛƭƛǘƛŜǎ ǎŜǊǾŜ ŀƴ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ ƛƴŦƭǳŜƴŎƛƴƎ ǎǘǳŘŜƴǘǎΩ ŎƘƻƛŎŜ ƻŦ ǿƘƛŎƘ 

university to attend.  Though academic factors will always serve as the primary decision maker, 

facilities do provide some additional pull for schools to bring in new students.  According to a 

study done by Matzdorf, Smith, and Agahi, depending on the institution, facilities can play a 

ƳŀƧƻǊ ǊƻƭŜ ƛƴ ŀ ǎǘǳŘŜƴǘΩǎ ŎƘƻƛŎŜ ƻŦ ǳƴƛǾŜǊǎƛǘȅΦ32  The study shows that reputation and facility 

quality serve as two different factors in college choice, where the weight of each factor 

ŘŜǇŜƴŘǎ ǳǇƻƴ ǘƘŜ ǎŎƘƻƻƭ ƛǘǎŜƭŦ ŀƴŘ ǘƘŜ ǇǳōƭƛŎΩǎ ƻǾŜǊŀƭƭ ǾƛŜǿ ƻŦ ǎŀƛŘ ǎŎƘƻƻƭΦ  ¢ƘŜ ƎŜƴŜǊŀƭ ǇƘȅǎƛŎŀƭ 

ŀǇǇŜŀǊŀƴŎŜ ƻŦ ǘƘŜ ŦŀŎƛƭƛǘƛŜǎ ŎŀǳǎŜŘ ǘƘŜƛǊ ƛƳǇƻǊǘŀƴŎŜ ƛƴ ǎǘǳŘŜƴǘǎΩ ƳƛƴŘǎ ǘƻ ƛƴŎǊŜŀǎŜΦ  This means 
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that the more modern and clean facilities of a university are, the more of an impact they will 

have upon student enrollment.33   

 The new athletic facility can serve an important role in the development of not only the 

WPI community but the surrounding areas of Worcester as well.  Though there have been 

studies proving that there is no statistically significant correlation between newly constructed 

sports facilities and local economic development, promotional studies usually state just 

opposite.34  Promotional studies refer tƻ ƭƛǘŜǊŀǘǳǊŜ ǿǊƛǘǘŜƴ ǘƻ ǎǘǊŜƴƎǘƘŜƴ ǘƘŜ ǇǳōƭƛŎΩǎ ǾƛŜǿ ƻŦ 

their own respective facilities using selective evidence.  These studies refer to professional level 

sports arenas, such as Fenway Park or Yankee Stadium, not smaller facilities of institutions and 

their local communities.  For relatively small facilities such as the one WPI is planning, the 

negative impacts discussed by these studies are negligible.  This new facility will add to the 

recently renovated look of the campus already provided by the Bartlett Center and East Hall 

dormitory.  The more attractive a campus, the more the community will enjoy campus and the 

area around WPI.  The new athletic facility can only bring help to the community.  Local camps 

and groups will be able to rent the gym space for use during the summer, using it however they 

see fit.  Summer athletic programs may use the facility for practice or game space.  While the 

new athletics facility serve many functions on campus and possibly generate some revenue, 

gaining funding such a large project can stop it before it gets off the ground. 

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

such way is through alumni donations which account for a significant part of funding.  Alumni 
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donations help to pay for other items such as scholarships and professorships.  Donations can 

range from 100 dollars to legacy gifts. A legacy gift is one in which a person donates a portion 

(usually 10 percent) of their net worth to the organization after their passing away.  Another 

way in which organizations fund new projects is through tax exempt bonds.  Not for Profit (NFP) 

organizations such as WPI can issue these bonds to be traded on the market.  The way these 

bonds work is since WPI is NPF the interest paid to the bond holders is exempt from both 

Massachusetts state tax as well as federal tax.  WPI also pays a lower interest on these bonds 

since it is a NPF organization. While WPI is an institution that wants its facilities to be up to date 

and technologically advanced within the realm of financial feasibility, it also needs to be aware 

of its impact on the health of the people using those facilities. 

 Lƴ ǘƻŘŀȅΩǎ ǿƻǊƭŘ ǘƘŜ ƘŜŀƭǘƘ ƻŦ ǘƘŜ natural environment is important to everyone, 

including institutions.  We as the human race have a responsibility to try not to pollute the 

planet in order to sustain our current environment.  LEED or the Leadership in Energy and 

Environment Design Green Building Rating System will be used to rate the new athletic facility. 

The goal of LEED certification is to reduce the negative environmental impacts a building may 

ƘŀǾŜ ƻƴ ƛǘǎ ŜƴǾƛǊƻƴƳŜƴǘΤ ŀǎ ǿŜƭƭ ŀǎ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ƻŎŎǳǇŀƴǘǎΩ ƘŜŀƭǘƘΦ  ¢Ƙƛǎ ǊŀǘƛƴƎ 

system has four levels of certification: Certified, Silver, Gold, and Platinum.  These are achieved 

through five different green categories: sustainable sites, water efficiency, energy and 

atmosphere, materials and resources and indoor environmental quality.35 It is important that 

the new building obtain the highest rating possible in order to show that the Institution is 

interested in environmental sustainability.  Environmental sustainability is an important subject 
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that everyone considers in order to continue living on this planet.  If we do not try and sustain 

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

ǘƘŜ ƛƴǎǘƛǘǳǘƛƻƴ ǿƛƭƭ ǎƘƻǿ ǘƘŀǘ ƛǘ ƛǎ ƛƴǘŜǊŜǎǘŜŘ ƛƴ άƎǊŜŜƴέ ǇǊƻƧŜŎǘǎΦ  ¢Ƙƛǎ ƘƛƎƘŜǊ ǊŀǘƛƴƎ ŘŜƴƻǘŜǎ ŀƴ 

ƛƴŎǊŜŀǎŜŘ ǇŜǊŦƻǊƳŀƴŎŜ ƛƴ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ sustainability through the use of 

recycling technologies and better construction practices.  Certified buildings are receiving 

marketing exposure through the United States Green Building Council (USGBC) Web site, 

Greenbuild conferences, and media announcements.  There are also an increasing number of 

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

certification. 
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4 Methodology 

 This MQP incorporates various tasks and ties them together within the context Project 

Integration. Every individual both led specific pre-construction tasks and constantly 

collaborated on group work throughout the project. The five major topics of work that this 

MQP includes are Integrated Practice, Construction Management, Structural Engineering, BIM 

Modeling, and Cost Analysis. It is important to note that even though each member has 

different training and individual tasks to complete, everyone was working on the same project 

with the same goals in mind. 

4.1 Integrated Practice  

 In order to complete the project within the context of integrated practice, the project 

team first defined various integrated practice activities and programs before splitting up into 

individual tasks. It is important to note that these programs were designed and implemented 

before actual work on the new athletics facility began. These programs, along with BIM 

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

 The various methods the project team implemented included the use of technology, 

scheduled group meetings, and individual meetings. The project team used the myWPI website 

where project members posted information for all to examine and collaborated on materials 

hosted. Weekly meetings were scheduled in order to force communication among members 

and keep the project on schedule. These meetings became increasingly frequent as the project 

progressed, in parallel the increasing amount of work the project entailed. Lastly the individual 

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

required the attention of the structural engineer and BIM modeler. 

4.2 Construction Management  

 In any preconstruction process, there are several professional tasks that must be 

executed by the construction manager during the early phases of design. This student project 

concentrates on the following: site plan, project schedule, constructability review, and the use 

of union vs. non-union labor.   

The site plan is an important issue with regards to any construction project.  For the 

construction of the WPI new Athletics Facility the design of the site plan requires additional 

attention due to the added considerations of volume of traffic throughout the college campus ς 

thus making safety an important matter of business.  With reference to literature used within 

the academia and professional realms, several site plan alternatives have been designed as 

options during the construction phase of the actual project.  As a topic for project integration, 

the site plans were analyzed with a final site plan providing the best compromise of the issues 

chosen. 

A project schedule has been composed to provide deadlines to move the project along 

as time passes.  The schedule includes the planning and programming phase, design phase, 

construction phase, and post-construction project closeout.  Combined with their working 

knowledge of construction-task durations, the team analyzed the schedules of similar, 

previously-completed facilities to compose the schedule of the WPI new Athletics Facility.  The 

schedule accounts for all possible concerns that may affect the efficiency of the work. 
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 A constructability review of the site was conducted to properly acknowledge and 

become aware of the standing issues related to the feasibility of construction the project 

design. Major considerations for any construction project lie within the general topics and 

concerns that constructability reviews encompass. The project team consulted a guidebook, 

written by professional consultants, in order produce a constructability review of the WPI new 

Athletics Facility. The results and general conclusions generated from the constructability 

review were considered during the design phase of the WPI new Athletics Facility.  

The use of Union vs. Non Union labor was researched to determine the benefits and 

downfalls of hiring one versus the other to complete work on a building. The typical contractual 

stipulations associated with these parties were analyzed with consideration to the early stages 

of the project development and the design process. The financial obligations and managerial 

obligations associated became the prime area of research and comparison. 

4.3 Structural  Engineering  

 TƘŜ ǇǊƻƧŜŎǘ ǘŜŀƳΩǎ ŘƛǎŎǳǎǎƛƻƴs involved the design of the supporting structure for the 

floor above the large new natatorium arose.  A large truss system with A-36 structural steel was 

designed to accommodate the gym floor above.  The use a long girder to support the ceiling 

was also considered as an alternative solution.  However, this was not used because of the 

ridiculously large beam size it would require.  Due to the truss being in a high humidity area 

wood was quickly eliminated as an option.  Synthetic materials were also considered though 

their higher price was too high given the limitations of the ōǳƛƭŘƛƴƎΩǎ ōǳŘƎŜǘΦ  A-36 steel was 

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

weatherproofing. 

 Joists were also deemed necessary to provide stability to the floor slabs between the 

trusses.  Joist size selection was based off of the dead load of the floor and the maximum load 

capacity of each type of joist.  A-36 steel was used again here to simplify the connections 

between trusses and joists. 

 The most important references used during this portion of the project were the 

Massachusetts State Building Code and the ASCE 7 manuals. These references included vital 

information regarding expected loading patterns, regional building regulations, and load 

combination equations. 

4.4 Building Information Modeling (BIM)  

 Though BIM is a relatively new practice for many construction companies it was 

incorporated it into the pre-construction processes of this student project in order to explore 

its uses and challenges.  In order to develop preliminary cost estimates, scheduling and 

feasibility analyses, the project team assumed both the role of an architect and a construction 

management firm.  The design process involved a constant dialogue between the group 

members in order to address any concerns that arose.  Every section of work in this project 

either directly or indirectly influenced another.  This constant influence required us to work 

very closely with one-another. In order to create the BIM model a simple design cycle was 

conceived that encompassed several checks and balances. 
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Figure 7 BIM Chart 2 

This process was applied to every facet of the BIM Model; from the design of trusses to the 

ōǳƛƭŘƛƴƎΩǎ ƭŀȅƻǳǘ ƻƴ ǘƘŜ ǎƛǘŜ ǇƭŀƴΦ  Examples of this interactive process are described in the 

Results section below. 

 Considering that the design process was a constant ebb and flow of changes we used 

the model to construct two major and several minor quantity take offs with varying accuracy.  

As the project scope was gradually defined the estimates became increasingly accurate.  These 

estimates were then compared with the budget and the building design was changed 

accordingly. 

4.5 Cost Analysis 

 Two major preliminary cost estimates were performed from the Revit models produced 

by the project team.  The first estimate was based on a square footage estimate from massing 

models, and the second, more accurate, estimate was based on a rough schematic design Revit 

Design

ReviewEvaluate
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model. In order to estimate the cost of the building several key items must be determined: the 

size of the building, geotechnical soil reports, the cost of materials based off of current market 

values, labor costs, and the project scopeΦ  Lƴ ǘƻŘŀȅΩǎ ŜŎƻƴƻƳȅ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ŦƻǊ Ǉƭŀƴǎ ǘƻ ōŜ 

made to make sure the project is feasible. 

 A large source of information for the project group was historical data and interviews.  

Historical data provided a basis for preliminary cost estimate with an accuracy of +30% to -20% 

for a conceptual design. An example of historical data research was how the project group 

determined the cost of materials from similar completed projects around the country, Gilbane 

Construction Company, Cardinal Construction, and the RS Means data. Interviews helped take 

historical data and refine it to be more accurate within the context of the current project. 

Multiple face-to-face interviews were conducted with key personnel related to the actually 

construction project.  The interviews were accomplished using open-ended questions leaving 

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

 Lastly the project team examined the probable maintenance costs of the proposed 

facility and researched the impact LEED certification can have over the life cycle of the building. 

These analyses were completed through interviews and research into the constantly growing 

movement of green building and design. 

5 Integrated Practice  

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

identified different roles and developed an internal organization and coordinated their 
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activities in an integrated fashion. Organized collaboration and efficient integration became the 

foundation upon which the project team formulated its solutions and results of the new WPI 

Athletics Facility MQP. The student project team incorporated integrated practices into the pre-

construction tasks of planning, design, organization, project management, and analysis. In order 

to combine and relate each aspect of the project, the team established several systematic 

methods of collaboration which allowed for efficient communication, organized file exchange, 

efficient problem solving, and supportive use of resources.  

The decision-making process for the WPI new Athletics Facility MQP team, although 

rather simple, was effective. Being efficient can be described as the strongest combination of 

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

equivalent to using the most efficient method. ¢ƘŜ ǇǊƻƧŜŎǘ ǘŜŀƳΩǎ ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎ ǇǊƻŎŜǎǎ 

derived from the discussions of project details, goals, and objectives in face-to-face weekly 

meetings. At these meetings, the project members came prepared with completed work, 

necessary materials, reliable resources and background knowledge, all available to support 

input into the decision making process. Presenting these materials in a physical manner allowed 

for other project members to clearly understand the project status, provide input, and work 

together on deciding what needed to be done in order to move forward with the MQP.  
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Figure 8: Decision Making Process of MQP Team 

Communication served as the basis for all work, and quickly became the most crucial 

aspect of project integration for the success of the MQP team. Knowing that technology would 

serve as an integral tool to the communication process but recognized that it could hamper 

communication, the project team scheduled face-to-face meetings and open forum discussions 

of work. These meetings were established in an effort to reduce confusion made from 

technology and improve efficiency. During the beginning weeks of the project, the MQP team 

scheduled two weekly meetings; one that only included the project members to discuss the 

progress of work internally, and a second meeting to display and communicate this progress of 

work to the project advisors and collect their feedback. This system of holding internal 

meetings allowed for the project members to decide and combine thoughts on tasks that 

needed to be done, set deadlines, divide work fairly and accordingly, and to review previous 

work completed with the feedback given from meetings with project advisors.  
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 To better organize their work over the life of the MQP, one of the earlier meetings 

ōŜǘǿŜŜƴ ǘƘŜ ƳŜƳōŜǊǎ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ ǘŜŀƳ ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ŀ άŎŀǊŘ-ǘǊƛŎƪΦέ Lƴ 

construction jargonΣ ŀ άŎŀǊŘ ǘǊƛŎƪέ ƛǎ ŀ ǇǊƻŎŜǎǎ ƛƴ ǿƘƛŎƘ ŀƭƭ ǎǳō-contractors involved in the 

construction of a building meet together with their major tasks written on post-it notes. With 

the project scheduler often acting as the organizer of the meeting, the sub-contractors would 

άǎǘƛŎƪέ ǘƘŜƛǊ ŘǳǘƛŜǎ ƻƴ ŀ ƭŀǊƎŜ ŎŀƭŜƴŘŀǊ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǘƘŜ ƻǘƘŜǊ ǎǳō-contractors also performing 

work on the project as seen in Figure 9. Related activities are connected and the result is a 

time-lined network of project activities. 36 Understanding that much of the work performed for 

the project is interrelated, the project team simulated this process and proceeded to write 

down the respective activities they each plan to accomplish over the course of the MQP on 

post-it notes. With some trial and error, the project team was able to successfully create an 

organized network of activities. The network put into perspective how the integration process 

throughout the life of the MQP will evolve and clearly identify which activities are directly 

depend on the one another.  

                                                      
36

 Frank, J. (2004, December). Construction Scheduling 101. Retrieved November 24, 2008, from Pinnacle One: 
http://www.pinnacleone.com/assets/files/PinnacleOne_Characteristics_Good_Construction_Schedule.pdf 
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Figure 9: Card Trick of all activities of WPI new Athletics Facility MQP (top), with graphic representation (bottom) 

 The project team made efforts to make the communication process more efficient by 

ǳǎƛƴƎ ƳŜǘƘƻŘǎ ƻŦ ŘƛǊŜŎǘ ŎƻƳƳǳƴƛŎŀǘƛƻƴΦ 5ƛǊŜŎǘ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ŜƭƛƳƛƴŀǘŜǎ ǘƘŜ άǇŀǎǎƛƴƎ ƻŦ 

ƛƴŦƻǊƳŀǘƛƻƴέ ǘƘǊƻǳƎƘ ŀ ƳƛŘŘƭŜ ƳŀƴΣ ǘƘŜǊŜŦƻǊŜ ǇǊŜǾŜƴǘƛƴƎ ƳƛǎŎƻƳmunication, as well as wrong 

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

conversations discussing work could be effective and productive.  
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The WPI new Athletics Facility MQP team did not have to use a middleman within the 

communication process. Quite often in the industry, this situation is un-avoidable ς or is 

implemented for convenience; however, direct communication provides many benefits when 

collaborating with several team members.  As shown below, the use of a middle-man increases 

the chance of miscommunication between party members and can reduce the overall efficiency 

of the process. 

 

Figure 10: Lines of Communication - MQP team vs. Actual Design Team 

Overall, direct, face-to-face communication, with the support of intermediate e-mails, 

proved to be a successful method of collaboration for the project team. These meetings were 

designed to make members aware of their responsibilities, as well as to ensure an 

understanding of how each ǇŜǊǎƻƴΩǎ ǘŀǎƪǎ interacted with each other and the project as a 

whole. Along with the use of e-mail for quick updates, the project team stayed in constant 

contact and continuously understood the goals and projected status of the project for 

upcoming work development.  
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With technology as the primary tool used to produce work and results for the pre-

construction tasks of the WPI new Athletics Facility, utilizing a convenient and organized file 

ŜȄŎƘŀƴƎŜ ǇƻǊǘŀƭ ǿŀǎ ŎǊǳŎƛŀƭ ǘƻ ǘƘŜ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ ǘŜŀƳΩs collaboration and 

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

ŜƭŜŎǘǊƻƴƛŎŀƭƭȅ ŘƛǎǇƭŀȅ ǘƘŜ ǇǊƻƧŜŎǘ ǘŜŀƳΩǎ ƛŘŜŀǎ ŀƴŘ ǎƻƭǳǘƛƻƴǎΦ wŜŀƭƛȊƛƴƎ ǘƘŀǘ ǘƘŜ ǿƻǊƪ ŘƻƴŜ ōȅ 

any one member of the project team would be integrated with work done by another member 

of the team, the myWPI portal for communication and file exchange was implemented as a way 

of conveniently transferring files.  

 

Figure 11: Ψ/ƻǳǊǎŜ aŀǘŜǊƛŀƭǎΩ ǘŀō ŦƻǊ ǘƘŜ ²tL ƴŜǿ !ǘƘƭŜǘƛŎǎ CŀŎƛƭƛǘȅ MQP myWPI portal. 

To create efficient teamwork and integration through use of the myWPI, Similar to the 

άŎŀǊŘ ǘǊƛŎƪέ ǇǊƻŎŜŘǳǊŜΣ ŜŀŎƘ ǘŜŀƳ ƳŜƳōŜǊ ƴƻǘŜŘ ǘƘŜ ƳŀƧƻǊ ǇƻǊǘƛƻƴǎ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ ŦƻǊ ǿƘƛŎƘ 

they were responsible for, and from this, created folders on myWPI that would house all 
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materials related to the completion of this portion of work. Through discussions between the 

ǘŜŀƳ ƳŜƳōŜǊǎ ŀƴŘ ǘƘŜ ǇǊƻƧŜŎǘ ŀŘǾƛǎƻǊǎΣ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ŀ ΨCƛƴŀƭ wŜǇƻǊǘΩ ŦƻƭŘŜǊ ŀƴŘ ŀƴ 

Ψ!ŘǾƛǎƻǊǎΩ /ƻƳƳŜƴǘǎΩ ǘŀō ǿŀǎ ǎŜǘ ŦƻǊǘƘΦ ¢ƘŜ final report folder served as an on-going, working 

culmination of all materials presented by the project team members. This allowed the team to 

Ŏƻƴǘƛƴǳŀƭƭȅ ƘƻƭŘ ŀ ǎŜƴǎŜ ƻŦ άǇŜǊŎŜƴǘ ŎƻƳǇƭŜǘŜέ ƻŦ ǘƘŜ Ŧƛƴŀƭ ǇǊƻƧŜŎǘ ǊŜǇƻǊǘΦ ¢ƘŜ ƳŜƳōŜǊǎ ƻŦ ǘƘŜ 

team, as well as the advisors, agreed that an efficient tracking system would increase efficiency 

throughout the lifespan of the project.   

MyWPI served its purpose as a collaborative device well, however it was not without 

some faults. While we planned to gather reports and results in a constantly updated file, at 

times it created confusion. By not signing updates or hosting incorrect files at various times, 

sections of results were lost. It was reassuring that every member kept personal copies of their 

individual work, but these confusions produced minor delays in the generation of the final 

report. Another example of miscommunication using myWPI was the absence of submittals. 

Appendix B: Meeting Minutes shows the minutes from weekly meetings with the project team 

and the advisors. Unfortunately as the project progressed, reporting these minutes onto 

myWPI became lax and copies are missing. This failure to report can have major implications in 

the real work place and cost a company valuable time and money. It is important to note that 

this file sharing technique was very successful in the creation of the BIM model where 

individual designs, specifications and analyses were compiled in an easy to access folder. By 

utilizing myWPI, the project team was able to implement the BIM process efficiently, but 

overall any type of file sharing network needs explicit directions on how to conduct the 

collaboration in order to reduce confusion.  
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One of the key factors in determining the level of efficiency of integration is the speed 

with which problems are identified, resolved and solutions implemented. While each member 

contributed their own ideas, values, methods, and practices to the working MQP project team, 

all members developed a very similar approach and understanding of team work and 

collaboration. Similarly, the members of the team often sought the input and advice of other 

project members as a method of improving work and ensuring the end product was a fair 

representation of a group effort. Project team members understood that each decision made 

no matter how smallΣ ŘǳŜ ǘƻ ǘƘŜ ƭŜǾŜƭ ƻŦ ƛƴǘŜƎǊŀǘƛƻƴ ŀƴŘ ǊŜƭƛŀƴŎŜ ƻŦ ƻƴŜ ŀƴƻǘƘŜǊΩǎ ǿƻǊƪΣ ǿƻǳƭŘ 

have a global effect on the project.  It was from this understanding that constant 

communication was prevalent throughout the project. 

Important to the advancement and development of the WPI new Athletics Facility MQP 

was the ability to attend the bimonthly design committee meetings with members of the WPI 

executive team, Gilbane Inc., Cannon Design, and fellow WPI community members.  These 

meetings were led by Cannon Design and occasionally Gilbane with the purpose of defining the 

project scope and discussing various design options. It is important to note that Gilbane and 

/ŀƴƴƻƴ 5ŜǎƛƎƴ ƳŜŜǘ ƻƴ ŀ ǿŜŜƪƭȅ ōŀǎƛǎ ƻǳǘǎƛŘŜ ƻŦ ²tLΩǎ ƛnfluence to work on various design and 

cost estimating issues that are more involved than defining the scope. In comparison the MQP 

team met more often in the given period of three academic terms, initially having biweekly 

meetings and increasing to tri-weekly meetings near the end of the project, however Gilbane 

and Cannon Design have dozens of professionals at hand constantly working on this project 

ƛƴǘŜǊƴŀƭƭȅΦ Lǘ ƛǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ǎŀȅ ǿƘŜǘƘŜǊ ƻǊ ƴƻǘ ǘƘƛǎ avtΩǎ ƛƴǘŜƎǊŀǘƛƻƴ ǿŀǎ ōŜǘǘŜǊ ǘƘŀƴ ǘƘŀǘ ƻŦ 
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Gilbane and Cannon but it is clear that project integration used both in this MQP and in the 

actual design process greatly increased the efficiency of work. 

Overall, the project team relied on their own personal efforts and interactions to 

procure meetings and to garner results ς only reverting to technology as a form of simple 

discussion or convenient transfer or files. In-person discussions served as the foundation for the 

integration process and allowed to team to clearly transfer ideas, explain material, and make 

definitive decisions. This method was a prime factor in reducing the amount of effort and time 

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

   As integrated practice was the grand scheme of the project, each result section 

reflects on how it affected the work. It has already been documented that integrated practice 

increases efficiency, reduces errors, and reduces construction costs, but many construction 

companies do not how to implement integrated practices. While there is no tried and tested 

way to implement project integration, this project attempted to exemplify how valuable 

integrated practices can be.  

  



51 
 

6 Construction Management  

 The processes represented by the construction management portion of the WPI new 

Athletics Facility MQP (site plan with analysis, constructability review,  project schedule, and 

cash flow analysis) are the predominant tasks performed by professional construction 

management firms. These tasks are essential to the feasibility and execution of construction, 

accuracy of the project timeline, and accomplishment of the project budget. The end result of 

each task is the culmination of an integrated process involving the input and expertise of the 

important stakeholders from within the project. While organized and detailed discussions are 

required to assemble such diagrams, tables, and figures; the representation, understanding, 

and continuous tracking of the project site plan, constructability review, project schedule, and 

cash flow analysis throughout the life-cycle of the project proves the importance of efficient 

project integration. Proper tracking of such issues and tasks from project start through project 

end constantly have an effect on the major restrictions and definitive outlines to the project ς 

time, cost, and scope. Properly representing the project site plan, constructability review, 

schedule, and cost-analysis and relying their information periodically throughout the lifespan of 

the project, through a method of efficient integration, will allow the major stakeholders of the 

project to remain aware of any possible cost overruns, schedule delays, or scope discrepancies 

of the project ς all of which can be proven to have drastic effects on the overall success of 

construction.   

6.1.1 Site Plan 1 

The purpose of the following site plan analyses were to assess the feasibility of various 

site plan options in terms of accessibility, campus disruption, construction equipment, and 
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safety.  In order to determine the best site plan, each option was thoroughly analyzed to 

produce various pros and cons. The results of these analyses were weighed with the input from 

other group members and a final decision was made.  

Site plan 1 places the primary construction area on the main campus of the university, 

taking over the western half of the quadrangle. Given the footprint of the proposed facility, the 

main concern and overall goal with the site plan design is to construct a way to best facilitate all 

necessary construction activities.  

 

Figure 12: Site Plan 1 

Figure 12, showing the design of Site Plan 1, illustrates the construction site area 

including the location of the necessary on-site resources, such as disposal, storage and 

equipment of materials, field office, and traffic patterns. Although this arrangement has a 

major effect on the look, as well as daily activity of the main campus, it has several benefits. 


