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EXECUTIVE SUMMARY 
 
 
The following proposal contains information about the research that will be conducted 
during the spring semester. This research will be based off of four analyses that pertain to 
the construction of Constitution Center.  There are four analyses that will be outline include 
the chilled beam systems, curtain wall installation, structural integrity of the parking 
garage, and pedestrian safety. 
 
Analysis 1:  
 
The first analysis deals with the chilled beam system being installed. This is the largest 
system being installed in the United States and provides an area to gain knowledge to a 
system that may become widely used in future buildings. This analysis also provides an area 
for a critical industry research and a mechanical breadth. Both of these topics will deal with 
the commissioning requirements for Constitution Center. 
 
Analysis 2:  
 
The second analysis incorporates the MAE Graduate-Level component of CE 533 - 
Construction Productivity Analysis and Performance Evaluation. The research would focus 
around the curtain wall installation procedures and how they impact both the schedule and 
the site logistics.  
 
Analysis 3:  
 
The third analysis incorporates a structural breadth for a redesign of the parking garage 
waffle slab. During the renovation process, quadrants of the parking garage were 
completely shut down in order for the floors to be updated. The redesign will focus on a 
two-way reinforced concrete system and a flat plate, drop panel with column capitols. 
 
Analysis 4:  
 
The final analysis will study the safety requirements for the pedestrians about Constitution 
Center. Since the L’Enfant Metro Station Entrance was within the construction site, it was a 
problematic feature to keep the pedestrians safe, but not limiting the use of the metro or 
the work taking place on the construction site. This research will also be studying a critical 
industry issue and will allow for the expansion of knowledge in a field that is very important 
on every construction site. 
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ANALYSIS DESCRIPTIONS 

Analysis 1: Critical Issue Research Method - Chilled Beam System 
 

Problem/Opportunity Statement 
 
The chilled beam system being installed into Constitution Center started as a 
construction management issue due to the size of the plenum space. This system 
was then redesigned in order to fit into the space and utilize a system that is widely 
used in Europe. The chilled beams provide an opportunity for research in a field that 
is increasing in the United States. This research will allow for increased knowledge of 
the system, along with an understanding on why the project team decided upon the 
system. The chilled beam system also allows for the evaluation of how the system 
affects cost, schedule, and site logistics. Finally, this system presents a construction 
management issue that can be incorporated into a mechanical breadth.  

Mechanical Breadth 

While analyzing the chilled beam system, the chance to evaluate the commissioning 
requirements for the mechanical systems will provide an opportunity for a 
mechanical breadth as well as a critical industry issue. With a project the size of 
Constitution Center, the commissioning requirements are very detailed. After 
evaluating the requirements, if necessary an updated or new system of tracking the 
commissioning will be proposed.  

 
Research Steps 
 

1. Travel to Atlanta, Georgia to TROX USA, Inc. in order to see firsthand how the 
chilled beam systems, both passive and active, work. The CEO & President 
has activities planned to provide me with an understanding of how the system 
works in order to continue my research.  

2. Return to Constitution Center to become familiar with the installation 
requirements and storage limitations of the chilled beams. While there, I will 
also be able to capture construction photos of the chilled beams in both the 
marketing space and the DAVIS conference room. 

3. Evaluate publications of the chilled beams. Currently I have access to 
numerous articles and plan to incorporate them into my research. 

4. Interview the DAVIS project team in order to see how the schedule, cost, and 
site logistics were affected by the chilled beam systems.  

5. Interview SmithGroup to find out why they chose the chilled beam system 
and if the design of the building has changed because of their use. 

6. Interview Pierce Associates to determine how they have familiarized 
themselves with the system in order to properly install it. 

7. Research the typical costs of an HVAC system that would be installed into a 
building similar to Constitution Center and compare the costs. 

 
Survey Questions 

1. Does your company utilize commissioning? 
2. Does your company have full time staff that completes commissioning? 
3. Does your company use a specific program for commissioning? 

a. If so, what program(s)? 
4. What is one suggestion to make commissioning easier? 
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Expected Outcome 
 
The expected outcome of this research is to become familiar with the chilled beam 
system. Also, the goal is to understand why the system was chosen to be utilized at 
Constitution Center. Finally, the impacts that the system will cause on the cost, 
schedule, and site logistics will be outlined. From this information, it will be 
compared to typical systems being installed in similar building to see if the costs out 
way the benefits.  
 

Analysis 2: Curtain Wall Installation Procedures 
 

Problem/Opportunity Statement 
 
The curtain wall of Constitution Center is another construction management issue 
that will provide an area for research. The installation of the façade played a major 
role in how the exterior site work was phased and researching the installation will 
allow the productivity to be tracked.  

MAE Graduate-Level Component  

With this research, CE 533 – Construction Productivity Analysis and Performance 
Evaluation graduate class will be incorporated into the thesis research. Within this 
class, productivity measurements, control, and forecasting were addressed, along 
with the factors affecting productivity and the methods for improving the 
productivity. All of these elements play an important role in the installation of the 
curtain wall.  
 
Potential Solution(s) 
 
A potential solution to the installation of the curtain wall is to use a prefabrication 
system instead of installing each piece separately. This may have potential schedule 
and cost savings impacts that affect the overall construction of Constitution Center. 
 
Research Steps 
 

1. Research the panel descriptions (dimensions, weight, etc.) and become 
familiar with the installation requirements.  

2. Determine how the panels were shipped and how often. 
3. Determine where the panels were stored and if there were any restrictions. 
4. Determine if preparation was needed before the panels were installed. 
5. Determine what type of equipment was needed to install the panels. 
6. Interview the DAVIS project team to see if they kept a record of how many 

people worked on the installation each day and how many pieces were 
installed on that particular day 

7. Determine if weather was a factor in the installation process. 
8. Determine the Rules of Credit using R.S. Means 
9. Using CE 533 information, calculate: 

a. Expected and Actual Productivity  
b. Expected Performance Factor 
c. Planned and Actual Manning 
d. Actual Percent Complete  
e. Control Budget 
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10. If any delays occurred, determine the factors for the delays. 
11. Compare this data to the data collected from the CE 533 semester project of 

the Dickinson School of Law to determine if the installation procedure is 
productive.  

 
Data Collection Tool 
 
A table, similar to Table 1, will be used in order to gather the appropriate information 
to determine the productivity of the curtain wall installation. As one can see, the 
table is neatly laid out in order to incorporate all of the activities needed for the 
installation, the amount that were actually installed, and the weather for that day. 
The table would be updated to match the activities for Constitution Center’s curtain 
wall installation. The weather will be tracked using achieved information from the 
National Weather Service. 

 
 

Monday, March 17, 2008 

Activities 

Info: Set 
Glass Diverters Pressure 

Bar 
Caulking/Snap 

Covers Total Man hours 

Rules of 
Credit .4 .15 .15 .3 1 Hours 

Quantity 
Installed 
(panels): 

18 18 9 0 11 60 

  

*Weather: High Low Average Perc. (in.) Weather Comment 

 46 25 35.5 0.00 Sun and some clouds 
 

Table 1: Example of form used to collect data from CE 533. 

 
Expected Outcome 
 
The expected outcome of this research is to familiarize myself with the curtain wall 
installation procedures. After that I will be able to apply my knowledge learned in CE 
533 to determine the productivity of the installation. If it does not met a satisfactory 
productivity I will determine other productive ways to install the curtain wall.  
 
Note: 
 
Although an analysis of the actual curtain wall panels are not permitted due to 
security reasons, a study of the façade from a constructability perspective will take 
place and will not be affected by the security requirements. 



Analysis 3: Structural Integrity of the Parking Garage Waffle Slabs 
 

Problem/Opportunity Statement 
 
The structural integrity of the parking garage waffle slabs was a construction 
management topic that incorporates a structural breadth. There were areas of the 
parking garage that had to supported, the selection tore out, and a new area poured. 
Because of these areas, quadrants of the three level parking garage were closed for 
months at a time. These closures provided less construction parking and less onsite 
storage. 

Structural Breadth 

Analysis of the structural system will be conducted in order to determine the 
renovation requirements of the waffle slab. If necessary, an updated or new system 
will be proposed. There are two options for a redesign: a two-way reinforced 
concrete system or a flat plate, drop panel with column capitols. Both of these 
redesigns will have to have a detailed analysis on loads, cost, and schedule and will 
provide a structural breadth to be applied to the construction management issue. 
 
Potential Solution(s) 
 
A potential solution is to determine if there are other ways to renovate the slab 
without hindering the use of the quadrant for both construction parking and material 
storage.  
 
Research Steps 
 

1. Determine the structural requirements of the parking garage waffle slabs. 
2. Determine the loads that the slabs are experiencing. 
3. Research how the waffle slabs were renovated. 
4. Determine what qualified a section to be renovated. 
5. Interview DAVIS project team in order to determine the schedule 

requirements of the renovation of the waffle slabs.  
6. Interview the subcontractor in order to determine the steps necessary for the 

renovation. 
7. Research other means of fixing the waffle slabs. 
8. Determine if there are schedule acceleration options available and used on 

other sites.   
 
Expected Outcome 
 
By conducting this research, the outcome that I expect to find is if there are other 
ways to renovate the waffle slab, without taking away the structural integrity.  
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Analysis 4: Critical Issue Research Method - Pedestrian Safety 
 

Problem/Opportunity Statement  
The critical industry issue, which also is a construction management issue, was the 
requirements for safety on jobsites. Since the L’Enfant Metro Station Entrance was 
within the construction site, it was a problematic feature to keep the pedestrians 
safe, but not limiting the use of the metro or the work taking place on the 
construction site. Safety is one of the biggest factors on jobsites, I would like to 
increase my knowledge on how companies are initiating the efforts to make their 
sites safer. The general audience and benefactor of this research are the companies 
that are managing jobsites.  

 
Research Steps 

1. Determine what safety requirements are utilized on the entire Constitution 
Center site. 

2. Determine the OSHA requirements for areas within a construction site that 
are also open to the public. 

3. Interview the DAVIS project team in order to determine if there were any 
special safety techniques that were unique to the site. 

4. Create a survey to be sent to industry members to determine their site safety 
requirements. 

5. Compile the results into a useful format in order to determine how companies 
are implementing safety procedures on their sites. 

 
Survey Questions 

5. Does your company have a safety department? 
6. Does your company have a full time safety manager on your site? 
7. Does your company require specific safety training? 

a. If so, what type? 
8. What types of consequences are enforced on your sites for not following 

safety procedures? 
9. Do your sites have a full time nursing staff? 
10. Does your company require a drug test before starting work on your sites? 

 
Expected Outcome 
The expected outcome of this research is to determine what safety requirements are 
implemented on job sites today and to determine if there were other ways to protect 
the pedestrians using the L’Enfant Metro Station.  
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WEIGHT MATRIX 
 
The weight matrix below illustrates how I plan to distribute my efforts among the different 
analyses. Within these four analyses critical issue research, value engineering analysis, 
constructability review, and schedule reduction/acceleration will be addressed.  
 

Description  Research Value 
Engineering 

Constructability 
Review Schedule Total 

Chilled Beam System 
(Mechanical Breadth) 30% 5% 0% 0% 35% 

Curtain Wall 0% 5% 15% 5% 35% 

Structural Integrity 
of the Parking 
Garage Waffle Slabs 
(Structural Breadth) 

5% 5% 5% 10% 25% 

Pedestrian Safety 
(Critical Issue 
Research) 

10% 0% 5% 0% 15% 

Total 45% 15% 25% 15% 100% 

 

Table 2: Weight Matrix showing the level of emphasis on each analysis. 

TIMETABLE 
 
 
January 

• Visit the Constitution Center jobsite 
• 7th – TROX USA Inc. site visit 
• 8th – Recap of experience at TROX USA Inc. 
• Analysis 1 completed 

 
February 

• Analysis 2 – 4 started 
• Send out safety surveys 
• Analysis 3 completed 

 
March 

• Evaluate safety surveys 
• Analysis 2 and 4 completed 

 
April 

• Begin final presentation 
• 13th – Faculty Jury  
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APPENDIX A: 
 

Mechanical Breadth 
 
While analyzing the chilled beam system, the chance to evaluate the commissioning 
requirements for the mechanical systems will provide an opportunity for a mechanical 
breadth as well as a critical industry issue. With a project the size of Constitution Center, 
the commissioning requirements are very detailed. After evaluating the requirements, if 
necessary an updated or new system of tracking the commissioning will be proposed.  
 
 
Structural Breadth 
 
Analysis of the structural system will be conducted in order to determine the renovation 
requirements of the waffle slab. If necessary, an updated or new system will be proposed. 
There are two options for a redesign: a two-way reinforced concrete system or a flat plate, 
drop panel with column capitols. Both of these redesigns will have to have a detailed 
analysis on loads, cost, and schedule and will provide a structural breadth to be applied to 
the construction management issue. 
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