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Proposal Summery  

 

Four analysis activities are executed in this paper; replacing the traditional roof with a 

green roof, installing a geothermal mechanical system, replacing the stick built masonry façade 

with a pre-fabricated system, and pursuing LEED certification. The green roof would address 

problems associated with storm water management, but would also provide additional load 

which would result in needing to redesign the structural system of a typical bay. A geothermal 

system would provide alternative energy, but at an additional upfront cost. Lifecycle analysis 

was used to weigh the additional upfront costs against the energy savings. A pre-fabricated 

system would involve less waste than stick-built masonry, but would require analyzing how the 

site could accommodate the additional requirements associated with pre-fabricated system. At 

the PACE Roundtable conference, it was discussed that many schools are moving towards LEED 

certification. The final analysis will look at the costs associated with pursuing LEED certification 

for Pershing Hill Elementary School, if the owner had decided to peruse LEED certification. 

This analysis will include looking at the possibility of a green roof and geothermal system, as 

they provide points towards LEED certification. 
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Executive Summary  

This report includes four analysis activities for Pershing Hill Elementary school; 

replacing the traditional roof with a green roof, installing a geothermal mechanical system, 

replacing the stick built masonry façade with a pre-fabricated system, and pursuing LEED 

certification. 

A green roof would offset the additional rainwater runoff due to the new building. To 

equalize the amount of runoff from the new building and existing structures would require a 

green roof with approximately 11.5 inches of growing media, which would represent a 

significant structural load. This green roof would result in the existing structural members 

needing to be resized, an increased need for coordination between the mechanical and roof 

contractors, and increased schedule duration for the roofing contractor.  

A geothermal system would represent a significant upfront cost, as well as impact the 

project schedule. The internal rate of return was found to be less than 2% and would not be 

expected to beat inflation. This resulted in an estimated lifecycle cost of $271,412.27, based on a 

3% annual inflation rate. 

Preconstruction would have a favorable impact to the project schedule, but would have 

mixed effects on the constructability of the project. These effects include additional crane usage,  

additional coordination between the steel erector and masonry contractor, eliminating the need 

for scaffolding, and eliminating the need for cold weather construction techniques.  

Perusing LEED Certification would result in additional cost for Pershing Hill Elementary 

School. The additional initial costs of 6.8% are much higher than the literature suggested. This is 

partially due to a difference in methods for tabulating the costs of perusing LEED certification.
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Building Information 

Pershing Hill Elementary School Replacement Project is the replacement of the existing 

school, which was built in 1960, and a consolidation with West Meade Elementary School at the 

same site. The state rated capacity of the existing school was 297 students, and the state rated 

capacity of the new school will be 733 students. The total costs to the owner are $15.1 million, 

and the construction costs are $13.3 million. Demolition of the existing school started on 

September 2, 2009 and substantial completion is scheduled for February 2011 with occupancy in 

August. The project is being delivered using the multiple-prime approach, which is required for 

public projects, with Jacobs acting at the construction manager.  

Pershing Hill Elementary school is two stories. The first floor contains the spaces used by 

all students including: the gymnasium, cafeteria, media center, computer lab, music room, health 

room (also known as a nurse’s office), principle’s office, and classrooms. The second floor 

consists primarily of classrooms, but also contains the science room and faculty lounge. Outside 

of the entrance to the vestibule is a curved aluminum canopy, which is attached to the façade by 

a one inch hanger pipe assembly attached to embedded plates.  

The first floor contains a large block to the North of the main hallway which contains the 

gymnasium and cafeteria (as well as the supporting facilities for these features). On the South 

side of the main hallway is the media center, which is attached to the computer lab. To the East 

and West of the media center are two wings which primarily contain classrooms, and closely 

follow the plan of the second floor wings. Because the entrance is to the West, the base of the 

west wing also contains the administrative offices.  
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The second floor consists of two wings and a hallway connecting them. The second floor 

hallway lies on top of the main hallway on the first floor, but there are no rooms to the north of 

it. This allows the gymnasium ceiling to rise in order to accommodate basketball games. Both 

wings are largely composed of classrooms on either side of the hallway. Four stairwells in total 

are located at the end of the hallway, as well as where it turns. The classrooms are on both sides 

of the hallway, and because they are along the wings of the building every classroom is open to 

natural light.  

Building Enclosure 

Building Facade: The exterior wall typically consists of a 4” brick veneer, 1¾” air space, 2” of 

extruded polystyrene insulation, and 8” CMU with a vapor retarder. Veneer ties are placed at a 

maximum of 16” on center, as are the weep holes. This is the typical system for the exterior 

walls, although it varies slightly at certain locations and the color of the brick changes 

throughout the building. The exterior brick comes in three different colors, with a lighter color 

being used on the second floor, and a darker decorative band running along the top of the walls 

on the second floor and gymnasium as well as along the top of the windows on the first floor. 

The building windows are made with aluminum frames and 1” insulated glazing. 

 The gymnasium and cafeteria wall are composed of the same system, but with minor 

modifications. The CMU in the gymnasium and cafeteria is 12” (as opposed to 8”) and the vapor 

retarder is replaced with a mastic vapor barrier. 

Roofing: Built-up asphalt roofing is used on top of the roofing insulation throughout the 

building. The insulation rests on top of the steel deck, and is made of two layers. The top layer 

slopes, in order to direct the water on the roof to the drains. 
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Project Schedule Summary 

The reinforced concrete footings will be poured in area B first, followed by area A and 

area C last. By sequencing the foundations in this manner, the contractor will be able to start on 

one part of the building and progress to the other side.  The structural and finish sequences will 

follow the sequence A1, B1, C1, B2, C2 where the first floor is completed before work starts on 

the second floor. This also means that once one contractor is finished in area A, the next 

contractor can start. Since Area A is the largest, there is little chance that they will “catch up” 

while the previous contractor is working in areas B and C.  A graphic display of the various 

sections of the building is shown below. 

 

The critical path of the project includes site work, pouring concrete in the first area, 

placing CMU block at the foundation level, placing masonry bearing walls in Area A, structural 

steel erection, hanging ductwork and MEP rough-in, and drywall. All these activities, except for 

Area B1 (First Floor)  

Area B2 (Second Floor) 

Area C1 (First Floor)  

Area C2 (Second Floor) 

Area A  
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structural steel erection, could be accelerated by bringing in additional labor and working on 

multiple sections concurrently.  

The key areas that have the potential to accelerate the schedule are those on the critical 

path, particularly those with long durations. The drywall instillation represents the largest 

potential for schedule acceleration, since drywall instillation is fully dependent on manpower. 

There is not a long lead time, allowing it to be accelerated on short notice, and the contractor can 

simply provide more manpower. This activity is expected to take between 25 and 30 days, so by 

accelerating it the construction manager could potentially save two or three weeks.  

Constructability Challenges 

For the Pershing Hill Elementary School Replacement Project, three constructability 

challenges were: a burn pit which was found under the building pad (made more difficult since 

soil could not be removed from the site), work next to a critical wetlands area, and the site being 

located within an active US Army base. 

During site work, a burn pit was found directly under the building pad. This burn pit 

dated from the 1940’s or 50’s and contained tree trunks, branches, stumps and other organic 

debris that had been burned with diesel and buried on the site. This burn pit was 10,000 cubic 

yards, and took 12 days to undercut. 

The Pershing Hill Elementary School Replacement Project involves work next to a 

“critical wetlands area.” This involves an additional permitting process, greater sediment 

controls, and additional oversight by the Maryland Department of the Environment (MDE). The 

additional sediment controls were included in the site contractor’s bid package. 
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Fort George G. Meade is an active US Army base, which brings several unusual 

constructability challenges including the possibility of a base lockdown and site access 

restrictions. The process for obtaining site access involved filling out a form that was included in 

the specifications, and submitting it to the construction manager. The construction manager, in 

turn submitted the forms to the AACPS liaison to FGGM.  
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Analysis 1: Green Roof 

Introduction to Analysis 

Storm water management is an important issue. The Pershing Hill Elementary School 

Replacement Project requires additional sediment controls during construction, because of its 

proximity to a “critical wetlands area.” The “critical wetlands area” will be preserved through 

construction. Following construction of the building, one of the sediment control ponds will be 

demolished to build the parking lot. The parking lot, and the school, will reduce the amount of 

green space, which will increase the amount of storm water runoff after construction. A green 

roof would help manage storm water runoff after construction, but would weigh significantly 

more than a traditional roof, resulting in increased building loads. A green roof will also take 

more time to construct than the current built up roofing. 

System Preliminary Design 

Green roofs are broadly divided as intensive and extensive green roofs. Intensive green 

roofs are characterized by a growing medium six inches or deeper, while extensive green roofs 

are characterized by a growing medium of less than six inches. The depth of the growing 

medium is significantly correlated to the amount of rainwater runoff while the age, slope angle, 

and length of the green roof are not significantly correlated (Jeroen Mentensa, Dirk Raesa and 

Martin Hermy 2005). Because intensive green roofs have lower average runoff, an intensive 

green roof will be used in this analysis. 
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The components of a typical green roof include the plants, growing media (soil), filter 

fabric, a drainage layer, a root barrier, insulation, a waterproofing membrane, and a structural 

deck (Dr. Richard A. Behr 2010). 

The runoff percentage for a green roof is given by the equation: runoff in mm/year = 693-

1.15(average annual rainfall in mm)+0.001(average annual rainfall in mm)²-0.8 x depth of 

growing medium (in mm) (Jeroen Mentensa, Dirk Raesa and Martin Hermy 2005). While the 

runoff percentage for a normal roof is given by the equation: runoff in mm/year = 0.81(average 

annual rainfall in mm) for non-greened roofs (Jeroen Mentensa, Dirk Raesa and Martin Hermy 

2005). The runoff coefficients for paved areas can range from 0.70 to 0.95 and the runoff 

coefficient for unimproved areas can range from 0.1 to 0.3 (Susan K. Weiler, Katrin Scholz-

Barth 2009). 

The existing school, that has been demolished, had a building footprint of 20,245 sqft, 

three trailers each with a footprint of approximately 850 sqft each, and approximately 38,400 sqft 

of paved area. In addition, the new school will also be a consolidation with West Meade 

Elementary School, which currently has a building footprint of approximately 42,500 sqft and 

four trailers of approximately 850 sqft each. Because the new school will hold the students from 

West Meade Elementary School, it will effectively “give back” that building. It is unlikely that 

the impervious surfaces will be demolished, or used as effectively by the new owner, so their 

area is not included.  

 The replacement school has a building footprint of 42,595 sqft and approximately 

104,700 sqft of paved area. This represents approximately 86,100 sqft of land that was 

previously unimproved being improved upon. Using this information, it is possible to calculate 
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how thick the growing medium should be, in order for the new building to produce the same 

amount of runoff as the existing building. Because the runoff coefficients for unimproved areas 

and paved areas have a range, I assumed them to be 0.2 and 0.8 respectively (in the middle of the 

ranges) in the following calculation: 

Runoff (New Building) + Runoff (site) +Runoff (West Meade-Unimproved) = Runoff 

(Old Building)+ Runoff (site)+Runoff (West Meade Elementary) 

Runoff Coefficient of Green Roof (42,595) + 0.8(104,700) + 0.2(42,500+4*850) = 0.81 

(20,245)+0.81(3*850)+0.2(86,100)+0.8(38400)+0.81(42,500)+0.81(4*850) 

Runoff Coefficient of Green Roof (42,595) + 92,940 = 103,583 

Runoff Coefficient of Green Roof = 0.25 

This means that the green roof must retain 75% of all rainfall over the course of the year, 

in order for the new building to produce no more runoff than the building it was replacing. The 

average yearly rainfall for the area is 1075 mm, so 25% runoff would be 269 mm. This is used to 

determine the growing medium depth in mm: 

269 = 693-1.15(1075)+0.001(1075)²-0.8 x depth of growing medium (mm) 

269 = 693-1.15(1075)+0.001(1075)²-0.8 x depth of growing medium (mm) 

269 = 693-1236+1156-0.8 x depth of growing medium (mm) 

269 = 612-0.8 x depth of growing medium (mm) 

274 mm = depth of growing medium = 10.8 inches 



AE Senior Thesis 2010                                             Mitchell Reiners                                                                Page 15 
 Penn State AE Construction Management 
 

This means that to balance the total amount of storm water runoff from before 

construction and after construction, the growing medium would need to be nearly 11 inches 

deep. 12 inches is normally required for grass areas, so typical green roof plants for the local 

environment would need to be selected. Based on a hardiness zone of six for Anne Arundel 

County, this would include delosperma nubigenum and talinum calycinum. For lawns and 

shrubs, the weight of the actual plants is typically considered insignificant in comparison to the 

weight of the soil required for them to grow (Susan K. Weiler, Katrin Scholz-Barth 2009). 

The weight of the soil is 120 pcf (Susan K. Weiler, Katrin Scholz-Barth 2009) and the 

size of the typical bay being redesigned is 29 feet 8 inches by 29 feet 9 inches (883 sqft). This 

means that the total weight of the growing medium over the typical bay will be 101,545 pounds. 

For the drainage layer, the filter fabric is assumed to weigh 4 psf and the lightweight 

aggregates weigh up to 55 pcf (Susan K. Weiler, Katrin Scholz-Barth 2009). For a 3” drainage 

layer of crushed brick, this would result in a total weight for the typical bay of 15,673 pounds. 

The additional soil increases the R-value of the roof, but by much less than the extruded 

polystyrene insulation. When an R-value analysis is done, the thickness of the polystyrene will 

not change from the current roof design. The insulation will add 0.5 psf per inch of thickness 

(Susan K. Weiler, Katrin Scholz-Barth 2009) which results in a total weight of 1766 pounds over 

the entire typical bay. The total dead load due to the roof components is 118,984 pounds, or 135 

psf. 
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Structural Impacts 

The additional weight of the green roof beyond the traditional roof means that the current 

structural design may not be sufficient if the green roof were added. The structural components 

from the typical bay from Technical Assignment 2 (below) will be analyzed to predict if the 

structural system will need to be redesigned.  

 

The design notes from drawing S2-1 list the design loads for the roof. It assumes a live 

load of 25 psf, a flat roof snow load of 22 psf. When these loads are added to the dead load of 

135 psf, the total load is found to be 182 psf.  

Drawing S2-1 notes that that the metal deck is designed to be continuous over three 

spans, and is to be 1½” 20 gauge deck. This is equivalent to a 1.5B20 metal deck from the 

Vulcraft catalog (Appendix A). That deck has a maximum span of 7’9”, which is greater than the 

5’ span for the typical bay. However, 1.5B20 deck has a total allowable uniform load of only 165 

psf, which is lea than the 182 psf needed, and not OK. The metal deck must be redesigned. A 

1.5B19 (19 gauge deck) had a maximum span of 8’5” (greater than 5’) and an allowable total 
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uniform load of 193 psf (greater than the 182 psf needed). This deck weighs 2.5 psf, so it would 

increase the dead weight of the roof to 137.5 psf. 

After the roof deck is selected, the joists for the second floor need to be analyzed. The 

LRFD method was used for this analysis. The total factored load is 1.2 (total dead load)+1.6(total 

live load). This gives a totaled factored load of 240.2 psf. With a 5’ on center spacing (given 

from drawing S1-5) WTL=240.2 x 5 =1201 plf and WLL= 47x 5 =235 plf. The current design calls 

for 18KCS2 steel joists at 5 feet on center. LRFD tables for the KCS open web steel joists lists 

the maximum uniformly distributed load capacity as 825 plf (Appendix B). Because 1201 plf is 

greater than 825 plf, the current joists carrying the roof would not be sufficient if the proposed 

green roof was added. If the spacing of the joists was reduced to 3’ on center WTL=240.2 x 3 

=720.6 plf and WLL= 47x 3 =141 plf. Because 721 plf is less than 825 plf, this is acceptable. 

When analyzing the girders that will carry the joists and roof, the weight of the joists 

must also be included. The weight of the joists is given from the LRFD table as 9lb/ft. The span 

of the joists can be rounded up to 30 feet, so that the total weight per joist is 270 lbs. This is 

multiplied by 10 joists total, divided by the floor area, and rounded up from 3.06 psf to 3.5 psf. 

This increases the dead load carried by the girders on the second floor to 141 psf. This gives a 

totaled factored load of 282 psf. Pu is calculated from this information. Pu = 282 (3’)(30’) = 25.4 

kips. This can be used to graph the shear force, as shown below: 



AE Senior Thesis 2010                                             Mitchell Reiners                                                                Page 18 
 Penn State AE Construction Management 
 

Shear (V) over the Length of the Girder
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The maximum shear from this graph is found to be 127 kips. The Shear can be used to 

calculate the maximum moment. Because the moment is the integral of the shear, the maximum 

moment will occur at 15 feet (as can be seen in the above chart). By taking the integral of V from 

0 to 15, the maximum moment is found to be 1143 kips*ft. These values are compared to the 

maximum values allowed in the Flexural Design Tables (Appendix C). The current design calls 

for W18 x 46 girders which are allowed a maximum shear of 195 kips and a maximum moment 

of 340 kips*ft. The 195 kips allowed are greater than the 127 kips calculated, but the 340 kips*ft 

allowed are less than the 1143 kips*ft calculated, so the girders would need to be resized. If the 

18 inch depth is maintained, W18 x 143 girders must be used. If the most economical girder is 

chosen, a W30 x 99 would be used. For the remainder of this analysis, it will be assumed that 

W18 x 143 girders would be used. 

The green roof will add additional weight to the roof, but not the second floor. As a 

result, the slab, joists, and girders that support the second floor will remain sufficient even if a 

green roof were added.  
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HSS columns are used and are sized differently for the interior and exterior. Because the 

exterior columns carry a smaller tributary area, they have a smaller size. The columns are 

assumed not to be spliced for this analysis. The exterior columns will be analyzed first. 

 The exterior columns will each have a tributary area of 441 sqft (29.75 x 29.67/2). The 

roof, decks, and joists represent a totaled factored load of 240.2 psf. The girder will weigh 143 lb 

per linear foot, which will result in a load of 4.25 Kips; which when factored will be 6.8 Kips. 

This results in a total factored load of 110.2 Kips from the roof. Because the columns are not 

spliced, though, they will also carry the weight from the second floor. 

The design live loads for the classrooms from drawing S2-1 are 60 psf. The exterior 

columns only carry the weight from the classrooms. The second floor is supported by a deck 

with 3” normal weight concrete topping. The deck gives a weight of 2.5 psf, and the concrete 

topping adds a weight of 46 psf. The joists are 20K5 at 2’6” on center. The weight of the joists is 

found to be 8.2 lb/ft from the LRFD table (Appendix B), which equates to a weight of 3.2 psf. 

The weight of the W33 x 130 girder is 130 lb/ft which equates to 3.9 Kips. This means the total 

dead load due to structural members supporting the second floor is 51.7 psf plus 3.9 Kips, which 

results in an unfactored dead load of 26.7 Kips. This means that the total factored load, 1.2 (total 

dead load)+1.6(total live load), is 128 Kips. When added to the weight from the roof, this results 

in a total load of 238 Kips that must be carried. The current design calls for HSS 9 x 5 x 3/8 

columns for the exterior, which can carry a maximum of 205 Kips according to the 

manufacturer’s data (Appendix D).  This is less than the 238 Kips required, so it would be 

insufficient for this analysis. HSS 9 x 5 x 1/2 columns can carry a maximum of 262 Kips, which 

would be sufficient for this analysis.  
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The interior columns will have a tributary area of 882 sqft. In addition, they will carry 

some of the weight from the corridor (which is west of the typical bay selected for this analysis). 

The corridor is approximately 11’ wide, and the design live load used for corridors was 80 psf 

according to drawing S2-1.  This results in an additional live load (beyond that if it only 

supported classrooms) of 6.5 Kips, which becomes 10.5 Kips when factored. Because the interior 

columns have twice the tributary area, but the other loads are the same as the exterior columns 

the total load will be twice the exterior columns load plus the difference in live load for the 

corridor. This results in a load of 503 Kips. This load cannot be carried by 9x5 HSS columns, 

according to the manufacturer data, so a larger column would be required. There are several HSS 

column sizes that would be sufficient, so for this analysis 18 x 6 x 1/2 will be chosen.  

Constructability Impacts 

The largest constructability issue would be the increased soil and material brought to the 

roof. The construction of the roof coincides with the construction of the structural steel so that 

the crane can be used, although it would require sharing between the steel and roof contractor. 

The additional time spent by the roofing contractor would not interfere with the instillation of 

mechanical equipment on the roof, because the schedules of the contractors would not overlap. 

However, additional coordination between the roofing and mechanical contractor would be 

required so that the mechanical contractor is not required to dig up portions of the roof to place 

their equipment. This coordination would need to extend to mechanical equipment with 

penetrations in the roof.  
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Schedule Impacts 

A green roof will have an impact on the schedule for the roofing contractor but not for 

the other trades, and will not affect the critical path. The project schedule for the roofing 

contractor without the green roof is shown on the left and the roofing schedule with the green 

roof is shown on the right. The durations for the additional activities were based on daily output 

from RS Means 2009 (Appendix E). Because the roof is enclosed relatively early in the green 

roof construction process, the waterproofing is installed before the drainage layer, the addition of 

a green roof has little effect on the activities of the other trades and did not effect the critical path 

or scheduled end date.  

 

As can be seen by comparing these schedules, 9 additional work days are added to the 

roofing contractor’s schedule when the green roof is added. This is based on the assumption that 

there will be six crews of 1 laborer each. The additional time for the roofing contractor could be 

negated by hiring additional laborers. Additional workers in the same space can lead to 

decreased productivity (because of crowding). Because the schedule calls for the roofing to start 
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once the entire area is ready, and there is about 72 feet in the shortest dimension, the roofing 

contractor can utilize up to up to 14 workers, assuming they need 5 feet each on average. 

Conclusion 

The additional amount of impervious area in the new building will contribute to a major 

increase in storm water runoff. One method to combat this is through the use of a green roof. To 

equalize the amount of runoff from the new building and existing structures would require a 

green roof with approximately 11.5 inches of growing media (in depth). This would represent a 

significant structural load that would result in the existing structural members needing to be 

resized. In addition, a green roof would result in an increased need for coordination between the 

mechanical and roof contractors, and increased schedule duration for the roofing contractor. This 

increased schedule duration could be offset by the use of additional crews.  
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Analysis 2: Geothermal System 

Introduction to Analysis 

As was discussed in the PACE Roundtable conference earlier this semester, new 

standards for energy performance are emerging and clients are becoming more aware of the 

energy impacts in their buildings. This is a critical industry issue. It was also discussed that 

builders are seeing more geothermal systems being implemented in schools, as a way to meet 

these energy demands, and alternative energy sources are becoming more popular due to 

government incentives. A geothermal mechanical system will provide alternative energy, and 

reduce the building’s demand for outside energy. However, there are significant upfront costs 

associated with geothermal energy systems.  

System Preliminary Design 

Geothermal energy can be collected through the ground (direct expansion), or the 

transport of ground water. With a ground water system the highest coefficient of performance 

can be achieved and the best system is an open loop (Karl Ochsner 2008). However, the 

adequacy of water and temperature for this site was not tested, and the water quality can change 

over time (commonly due to fertilizer use), which is more likely to be a future problem with this 

building due to the long service life of the schools. For these reasons, a direct expansion system 

(which must be a closed loop) is chosen for this analysis. Although the water at the specific site 

was not tested, the soil is suitable for geothermal heat pumps (U.S. Department of Energy). 
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Most refrigerants installed in closed systems will be chlorine free due to the risk of 

leakage. Common refrigerants installed in geothermal systems include R134a, R407c, R410A 

and R404A (Karl Ochsner 2008). The refrigerant is normally installed during the manufacturing 

process, so an appropriate one will be chosen by the manufacturer. 

When estimating the size of the geothermal system, the heating demand must be 

determined. Systems with ground heat collectors are operated as monovalent systems, where the 

heat pump provides 100% of the heating demand (Karl Ochsner 2008). The ground serves as an 

ideal heat source for monovalent systems since energy is available even in winter, including 

when the ground is covered in snow (Karl Ochsner 2008).  

The conductive heat load for Pershing Hill Elementary can be found through R-Value 

Analysis. The R value Analysis from the H.A.M. Toolbox (Appendix F) was done for a typical 

wall section and gives an R value of 13.73. The climatic conditions from the H.A.M. Analysis 

gives an internal and external design temperature of 70 and 15ºF during the winter based on 

location. The Washington, DC location was used since that is the closest location to Ft. Meade. 

Because the U value of the system is the inverse of the sum of the R values of the 

components, the U value of the wall is 0.73 BTU/(Hr x Ft2 x ºF). The U value is multiplied by 

the area of the walls (below), and the 55ºF temperature difference to find the BTU needed per 

hour.  
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Walls  U‐Values 
Area 
(ft^2)  U*A 

North  0.072833 6555 477.4217
South  0.072833 6555 477.4217
East  0.072833 8467.2 616.6934
West  0.072833 8467.2 616.6934
Roof  0.05 42592 2129.6
      Total  4317.83

 

When multiplied by the 55ºF temperature difference, 237,481 BTU/Hr are needed to heat 

the building during the winter. The heat transferred by geothermal heating is approximately 40 

Watts per square meter of contact area (Karl Ochsner 2008). This corresponds to 18,722 square 

feet of surface area needed. The typical active depth of a geothermal borehole is 300 feet, with 

the pipes placed in an enhanced bentonite grout which has a thermal conductivity of 1.2 

(Foreman University 2009). Given the typical active depth and an 8” hole diameter, 27 

geothermal boreholes would need to be excavated.  

Schedule Impacts 

Based on the relevant RS Means data (Appendix E) it would take an estimated 19.3 days 

to install the pumps for the geothermal system, and 83.5 days for the additional excavation with a 

single crew. With four crews performing the additional excavation, and two crews installing the 

pumps, this would equate to 9.6 (round up to 10) days to install the pumps and 20.9 (round up to 

21) days to perform the additional excavation. All of this time is on the critical path, so it would 

increase the duration of the project by 31 work days. 

The additional time can be minimized by overlapping the additional excavation and 

instillation of the pumps. The project is divided into three areas for construction. By allowing the 
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pump instillation to begin following the additional excavation in that area (and not waiting for 

the additional excavation to be completed over all areas before starting) the additional instillation 

time could be reduced to 25 workdays.  

The additional time during excavation would result in additional general conditions (for 

the extra time on site) or the need to accelerate the schedule later in construction. The drywall 

instillation provides the greatest potential for schedule acceleration and could save 15 days 

(Mitchell Reiners 2009) by bringing in additional manpower and starting from two locations. For 

this analysis, it will be assumed the geothermal instillation adds 10 workdays to the critical path. 

Life Cycle Analysis 

To perform a life cycle analysis, the costs of the system are compared to the savings over 

the course of the building’s use. The upfront costs of the geothermal system will include 

construction costs and additional general conditions due to the schedule impact. The additional 

construction costs for the 27 bores and pumps will be $686,475 based on the data from RS 

Means (Appendix E). The total general conditions were estimated to be $1,694,443 (Mitchell 

Reiners 2009). However not all elements will require additional cost, for example additional 

aerial photos may not be required. Temporary heating will not be required during this stage of 

the project, based on the project schedule. Temporary lighting and power will also not be 

required during excavation. The additional general conditions, based on 10 additional work days 

and an additional $49,548 to the project, are broken down on the following page: 

 

 



AE Senior Thesis 2010                                             Mitchell Reiners                                                                Page 27 
 Penn State AE Construction Management 
 

      Cost  Quantity  Unit  Total 

Staffing 

Project Manager  2975  2  week  $5,950 
Superintendent  2750  2  week  $5,500 
Assistant Super.  2475  2  week  $4,950 
Project Engineer  1800  2  week  $3,600 

Clerk  590  2  week  $1,180 

CM Fee     4.6    
% of 

Project 
$31,683 

Temporary Utilities  Trailer Rental  310  0.5  month  $155 

Field Office Expenses 

Office Equipment  171  0.5  month  $86 
Office Supplies  94  0.5  month  $47 
Telephone bill  88  0.5  month  $44 
Lights and HVAC  165  0.5  month  $83 

Estimated Cost  $53,277 
Location 
Factor  

0.93  Total Cost  $49,548 

 

The additional upfront general conditions and construction costs are estimated at 

$736,023 based on this data. This is partially offset by $10,000 in a state rebate program for 

geothermal heat pumps (DSIRE). The original Pershing Hill Elementary school was first 

occupied in 1960 (Appendix G). This means the original school’s life cycle was approximately 

50 years. Therefore a 50 year life cycle will be used in the life cycle analysis. 

The yearly savings are going to be dependent to the yearly energy need of the building. 

For Maryland and D.C. during the 2008/2009 heating year, there were 4889 degree days (U.S. 

Department of Commerce National Oceanic and Atmospheric Administration: National 

Environmental Satellite, Data, and Information Service 2010). Given the surface area and U-

value of the building, this corresponds to 506,636,919 BTU per year. The cost for natural gas 

heating in 2007 was $1.218 per 100,000 BTU which corresponds to an annual heating cost of 

$6,171. As a rule of thumb one fourth of the energy needed to heat the building is used to run the 

geothermal pumps (Karl Ochsner 2008). With an electrical cost of $31.21 per million BTUs 
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(National Propane Gas Association) this corresponds to an annual cost of $3,953.03. In this 

analysis an annual energy escalation cost of 8% was assumed. 

When a life cycle analysis is performed (Appendix H) the internal rate of return for the 

instillation of the geothermal system is found to be 1.6756% which is a very small internal rate 

of return, and is not likely enough to convince the owner to adopt a geothermal system. If an 

inflation rate higher than the internal rate of return is used, the system will not be profitable. 

When an inflation rate of 3% is assumed, the net present value is found to be -$271,412.27  

In a colder climate, a geothermal heating system is more likely to be profitable. 

Pennsylvania had 5968 degree days in the 2008/2009 heating year (U.S. Department of 

Commerce National Oceanic and Atmospheric Administration: National Enviornmental Satellite, 

Data, and Information Service 2010). If the same system is sufficient for that environment, it will 

have an internal rate of return of 3.01% 

Conclusion 

A geothermal system would represent a significant upfront cost, as well as impact the 

project schedule. The schedule impacts would result in increased general conditions for Pershing 

Hill Elementary School which would further increase the upfront costs. Although the geothermal 

system would provide an annual savings, the internal rate of return is less than 2% and would not 

be expected to beat inflation. This resulted in an estimated lifecycle cost of -$271,412.27, based 

on a 3% annual inflation rate. In colder climates, geothermal systems represent a greater annual 

energy savings, and are more likely to be economical. 
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Analysis 3: Pre-Fabricated System 

 

 Introduction to Analysis 

Although Lean Production theory was initially developed for manufacturing, and has 

been widely accepted in that field, the similarities between craft manufacturing and the 

construction process make it very applicable to construction (J. Farrar, S. AbouRizk, and X. Mao 

2004). Lean Construction is to a great extent an adaptation and implementation of the Lean 

Production principles within the construction process (S. Bertelsen 2004). Any time, space, or 

materials used for an activity that does not directly contribute value to the finished product is 

considered waste (J. Farrar, S. AbouRizk, and X. Mao 2004). The underlying goal of lean 

production theory is the avoidance, elimination, or reduction of waste (J. Farrar, S. AbouRizk, 

and X. Mao 2004).  

Pre-fabricated systems are typically higher quality due to the ability to construct them in 

a controlled environment. On-site time can be reduced compared to stick-built construction, and 

prefabricated masonry may eliminate the need for cold weather construction practices and on-site 

scaffolding (The Brick Industry Association). The schedule for Pershing Hill Elementary School 

calls for masonry work to be done on site from the 13th of November 2009 to the 13th of August 

2010 (Mitchell Reiners 2009). This encompasses winter, so there would be a need for cold 

weather construction practices using stick built masonry. Because cold weather methods and the 

on-site scaffolding do not contribute value to the final product, eliminating them will be 

considered an elimination of waste.  
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System Properties 

Most pre-fabricated systems have lifting devices built into the panels so that they can be 

lifted into place by a crane (The Brick Industry Association). For this analysis it will be assumed 

that the current wall system will be prefabricated in a series of panels that are welded or bolted to 

the structure. The panels would be constructed off site by the hand-laying method. The hand-

laying method is chosen, since the masonry contractor’s regular force can serve as the off-site 

prefabricator. The casting method would not be appropriate for production on this project, as the 

walls contain an air space. In some cases the structure of the building can be downsized due to 

the ability of the prefabricated system to span column to column (The Brick Industry 

Association). An analysis of the structural impacts is beyond the scope of this analysis, and as a 

result it will be assumed that the structural system remains the same.  

Schedule Impacts 

Prefabricated masonry panels have a daily output between 500 and 750 square feet per 

crew according to RS Means (Appendix E). For this analysis a daily output of 500 square feet 

will be assumed. Traditional (stick build) masonry has a daily output of 240 square feet per crew 

per day, according to RS Means. For this analysis it will be assumed that the entire façade will be 

replaced with a pre-fabricated system. 

When the durations are adjusted for the pre-fabricated System (Appendix I) the final end 

date of the project moves up by 2 days. The end date for the masonry contractor moves from July 

21st to July 2nd. Although there is a significant reduction in time for the masonry subcontract, 

there is a minimal effect on the final end date because not all masonry activities are on the 
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critical path and when the critical masonry activities are shortened other activities become 

critical. 

Constructability Analysis 

Adopting a pre-fabricated system will have several impacts on building construction. 

These impacts include: the need for a crane, the elimination if scaffolding and cold weather 

construction methods, and the need for storage of the masonry panels.  

The use of pre-fabricated panels would require use of a crane for erection. There is 

already a crane on site for steel erection, but there are three different crane locations based on 

which area the steel is working on. While the masonry contractor is scheduled to work on area A 

starting November 13th 2009 the steel contractor doesn’t start until January 2010. This means 

that the crane would need to be brought on site earlier, which would result in additional 

expenses. Both trades work on area B at the same time, which means an additional crane would 

not be needed (since both trades are in the same area) but coordination would be needed between 

the trades in order to “share” the crane. The masonry contractor is scheduled to finish area B in 

June, while the steel contractor isn’t scheduled to finish area B until July. This means that the 

masonry contractor begins work on area C a month earlier, during which time two cranes would 

be needed on site (because of the different areas). The masonry contractor is scheduled to finish 

in area C two weeks before the steel contractor. Renting a crane for the additional three months 

would represent a significant cost to the owner.  

The masonry work is scheduled to be done over winter. This would require cold weather 

methods of construction for the stick built masonry. Pre-fabricated systems do not require 

additional cold weather methods (The Brick Industry Association). This would make 
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construction easier during the winter, and the workers are likely to be more productive. Pre-

fabrication will also eliminate the need for scaffolding (The Brick Industry Association). This 

would free up the area around the building during construction, and eliminate safety problems 

associated with objects falling from scaffolding. 

Storage space will be required for panels that are delivered before erection. This could 

take the space of the scaffolding on the existing site plans. However, when proper schedule of 

delivery is maintained, the panels can be erected as they are delivered, eliminating any need for 

panel storage at the site (The Brick Industry Association). If delivery is timed to eliminate the 

need for storage at the site, it would free up a large portion of the site currently used by 

scaffolding. 

Conclusion 

Preconstruction would have a favorable impact to the project schedule, but would have 

mixed effects on the constructability of the project. Because the durations of the masonry and the 

structural steel do not line up perfectly, an additional crane would be needed for three months of 

the project. During the other portion of the masonry duration, coordination between the steel 

erector and masonry contractor would need to be increased in order to share the crane. 

Prefabrication would provide some benefits to construction, by eliminating the need for 

scaffolding and cold weather construction techniques.  

 

 



AE Senior Thesis 2010                                             Mitchell Reiners                                                                Page 33 
 Penn State AE Construction Management 
 

Analysis 4: LEED Certification 

Introduction to Analysis 

It was discussed at the PACE Roundtable conference that schools are moving towards 

LEED certification. There are many benefits to LEED certification. Green schools are healthy 

for occupants and the environment, as well as productive learning environments (U.S. Green 

Building Council). LEED certification can often be achieved for little or no additional cost 

(James D. Qualk and Paul McCown 2009). This analysis will look at the additional costs that 

would be associated with perusing LEED certification for Pershing Hill Elementary School. 

Requirements Currently Met 

Pershing Hill Elementary would face the requirements of LEED for schools. This 

requires certain prerequisites be met among with at least 40 of a possible 110 points accumulated 

for LEED Certification. Current prerequisites met include: construction activity pollution 

prevention, environmental site assessment, fundamental refrigerant management, storage and 

collection of recyclables, minimum air quality performance, and environmental tobacco smoke 

control. 

Sustainable Sites Prerequisite 1: Construction Activity Pollution Prevention requires the 

creation and implementation of an erosion and sediment control plan for all construction 

activities. This requirement would be met by the sediment control plan that was already required 

by Anne Arundel County. 
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Sustainable Sites Prerequisite 2: Environmental Site Assessment requires an 

environmental site assessment, and for any contamination to be removed. A portion of the site 

was previously used as a burn pit, which was discovered and removed during site excavation.  

Energy and Atmosphere Prerequisite 3: Fundamental Refrigerant Management requires 

zero use of chlorofluorocarbons. The building design currently meets this requirement.  

Materials and Resources Prerequisite 1: Storage and Collection of Recyclables requires a 

dedicated area for the collection and storage of recyclables, to reduce waste generated by 

building occupants. Anne Arundel County Public Schools currently has a recycling program that 

meets these requirements. 

Indoor Environmental Quality Prerequisite 1: Minimum Air Quality Performance 

requires the minimum requirements of sections 4 through 7 of ASHRAE standard 62.1-2007, 

Ventilation for Acceptable Indoor Air Quality be met. Although a full analysis of the mechanical 

system is beyond the scope of this analysis, it is assumed that it was designed to meet ASHRAE 

standards. 

Indoor Environmental Quality Prerequisite 2: Environmental Tobacco Smoke Control 

requires the owner to prohibit smoking within the building and within 25 feet from entries, 

outdoor air intakes, and operable windows. Anne Arundel County Public Schools already 

prohibits smoking in these areas.  

In addition to the prerequisites, at least 40 points must be earned to achieve LEED 

Certification. The building, as designed, and with the current construction practices would only 
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achieve 20 points (Appendix J). This means that 20 additional points must be achieved for LEED 

Certification. 

Additional Requirements 

Additional Requirements that would need to be met to achieve LEED Certification 

include prerequisites and additional points. Current prerequisites not met include: water use 

reduction, fundamental commissioning of building energy systems, minimum energy 

performance, and minimum acoustical performance. 

Water Efficiency Prerequisite 1: Water Use Reduction requires that strategies be used 

such that the building uses 20% less water than a baseline building.  Potential strategies to 

achieve this point include the use of WaterSense-Certified fixtures, high-efficiency fixtures, dry 

fixtures, and alternate on site sources of water (U.S. Green Building Council 2008). The current 

specified water closets, urinals and faucets use the same amount of water as the baseline building 

(only water closets, urinals, faucets, and spray valves are counted towards this credit) 

Energy and Atmosphere Prerequisite 1: Fundamental Commissioning of Building Energy 

Systems requires commissioning to ensure the building’s energy related systems are functioning 

as designed. The current project schedule does not include commissioning.  

Energy and Atmosphere Prerequisite 2: Minimum Energy Performance has three possible 

options in order to satisfy the requirement. Option 1 involves energy calculations using a 

computer simulation model for the entire project. Although it is possible the building could 

achieve this prerequisite under this option, the analysis involved is beyond the scope of this 
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analysis. The other options involve compliance with prescriptive design guides, and would need 

to be implemented during the design phase of the project.  

Indoor Environmental Quality Prerequisite 3: Minimum Acoustical Performance requires 

a maximum background noise from HVAC systems of 45 dBA and that classrooms include 

sufficient finishes for compliance with ANSI Standard S12.20-2002. It is assumed for this 

analysis that ANSI Standards are met during design. This prerequisite further requires that the 

ceiling area in core learning spaces of less than 20,000 cubic feet is finished with a material that 

has a noise reduction coefficient (NRC) of 0.7 or higher. The current acoustical ceiling 

specifications only require a NRC of 0.55 or higher.  

There are a variety of ways the additional 20 points could be met. A green roof (as 

studied in analysis 1) would provide 2 additional points (for storm water design and heat island 

effect) as well as an innovation and design process additional credit for exemplary performance 

under SS credit 7.2 if 100% of the roof were green. Given the additional structural impacts of the 

green roof (as well as increased general conditions for the roofing contractor’s additional time) 

this likely is not the most cost efficient method towards LEED Certification. 

A Geothermal system (as studied in analysis 2) could potentially provide 7 credits under 

energy and atmosphere credit 2, on-site renewable energy, and potentially three additional credits 

under Innovation in Design for exemplary performance. This would result in an additional 10 

credits. However, there is a large upfront cost with the geothermal system, and analysis 2 found 

that there was a life cycle cost as well.  

There are other ways to achieve LEED credits not previously analyzed in this report. By 

reducing parking to the minimum required by the building code, and providing preferential 
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parking for energy efficient vehicles, it is possible to achieve four credits for alternative 

transportation. A construction waste management plan that diverts 50% of materials from 

landfills (e.g. to be recycled) provides another credit. Some points can be achieved through 

buying certain materials. Providing at least 35% of the building’s electrical need through “green 

power” sources for at least two years following construction can earn two additional points, and 

additional points can be achieved through using salvaged or recycled building materials. If 5% of 

the building materials are salvaged or reused one point is awarded, and if 10% of the building 

materials are salvaged two points are awarded. Because the first phase of the project includes 

demolition of the existing school, this project has the opportunity to salvage certain materials 

from it.  

A final credit is awarded to schools for using the school as a teaching school. To do this, 

a curriculum based on the sustainable features must be integrated into the school’s curriculum 

and the curriculum must be implemented within 10 months of LEED certification. The 

curriculum must include at least 10 hours of classroom instruction per student per year. 

If the additional credits for the geothermal system, parking plan, construction waste 

management, green power, use of salvaged materials, and using the school as a teaching school 

are awarded, it is likely the school would be LEED certified. 

Additional Costs 

Additional costs are associated with some of the LEED certification prerequisites and 

additional credits.  
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The water use reduction prerequisite could be met through the use of water efficient and 

dry fixtures. The average cost of a urinal is $625 (RSMeans 2008) but the average cost of a 

waterless urinal is $470 (RS Means 2009) although there are not enough urinals on this project 

for this to represent a significant savings (only 2 as opposed to 55 water closets). Low flow 

toilets costs are similar to conventional fixtures in initial cost, although there is a wide range in 

cost, meaning this prerequisite could be perused at little to no additional cost. 

Additional initial cost is associated with the commissioning of the building systems, 

although commissioning can lower operating costs (U.S. Green Building Council 2008).  The 

costs of commissioning vary from 0.5 to 0.75% of the project cost (RSMeans 2008) which would 

result in an additional cost of between $66,558 and $99,838.  

The minimum acoustical performance prerequisite would require replacing the acoustical 

ceiling tiles with ones that have a NRC of 0.7 or higher in the classrooms. The current tiles, not 

including the suspension system, have an average cost of $1.59 per square foot (RSMeans 2008). 

Cirrus Tile and Lay-In by Armstrong meets this requirement (Armstrong) and costs $120.46 per 

box (Denver Ceilings). With 12 2x2 tiles per box (same size as current tiles) this breaks down to 

a cost of $2.51 per square foot. This is a difference of 92 cents per square foot, which is 

approximately $30,636 when applied to all 37 classroom areas.  

A full cost analysis of the geothermal system was provided in analysis 2. It was found to 

have an upfront cost of $726,023 and a lifecycle cost of $271,412. 

The parking plan would require reducing the amount of parking area, and providing 

preferential parking for energy efficient vehicles. Preferential parking can be provided at 
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minimal to no additional cost. While reducing the amount of parking would provide a savings to 

the owner, the amount of parking would change only slightly, so the savings would be minimal. 

Construction waste management would involve segregating recyclables from other trash. 

The most common method of this involves a separate dumpster for recyclables. At a cost of $775 

per week, this represents an additional cost of $68,200 over the course of the project. 

Green energy can be purchased at a cost of 10.8 cents per kWh for 100% green energy at 

this project’s location (Clean Currents). This is actually cheaper than the average cost for electric 

energy of 11.14 cents per kWh for commercial buildings in the state of Maryland (U.S. Energy 

Information Administration). This suggests that the owner would want to switch to green energy 

even if they chose not to pursue LEED certification. The savings will not offset the additional 

costs of pursuing LEED certification, because the option to purchase green energy is still 

available if the owner chooses not to pursue LEED certification.  

The demolition of the existing school gives the owner the opportunity to reuse a portion 

of the building materials from the existing school. To get a single credit, 5% of the building 

material must be reused. This would represent a significant savings to the owner but this savings 

will not offset the additional costs of pursuing LEED certification, because the option to reuse 

material from the existing building is still available if the owner chooses not to pursue LEED 

certification.  

Using the school as a teaching tool would not require additional facilities or material 

costs, but would require modifying the curriculum. While there is not a direct cost associated 

with this option, it requires participation from the school board, additional training for the 
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teachers in the green features of the building, and has the potential to be politically difficult to 

implement. 

These strategies would result in an additional initial cost between $891,417 and $924,697 

to pursue LEED certification. When these numbers are averaged, it represents 6.8% of the 

current construction costs. It should be noted that $726,023 is the additional cost estimated for 

the geothermal system in analysis 2. When the life cycle cost of the geothermal system is used 

instead, the cost of pursuing LEED certification falls to between $436,806 and $470,086. When 

these numbers are averaged, it represents 3.4% of the current construction costs. 

Conclusion 

Perusing LEED Certification would result in additional cost for Pershing Hill Elementary 

School. Although there would be significant initial costs, there would be lower lifecycle costs. 

The additional initial costs of 6.8% are much higher than the literature suggested. While green 

schools averaged only a 1.7% premium, the premium varied between projects and one school 

faced a 6.3% premium (Greg Kats 2006). Additional costs are associated with starting perusing 

LEED certification later in the project lifecycle.  

In addition, most studies only look at the additional costs of LEED certified projects 

when compared to the cost of non certified projects. When performing this analysis there were 

several options (e.g. reducing the size of the parking lot) which would have reduced project cost. 

These were not factored in to offsetting the premium for this analysis though, as they could be 

applied even if the project did not pursue LEED certification. It is likely these options would 

have been perused if the project sought to achieve LEED certification, which would have offset a 

portion of the initial costs.  
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MAE Summary 

Research methods learned in AE 597K (Research Methods in Architectural Engineering) will be 

used to perform research on green roofs, geothermal systems, and precast systems, as identified 

in analysis activities 1, 2, and 3. A large portion of information on green roofs and green roof 

properties was taken from the class notes and lectures in AE 542 (Building Enclosure Science 

and Design). When assessing schedule impacts, information from CE 533 (Construction 

Productivity and Performance Analysis) was used to determine the optimal way to accelerate the 

schedule as to avoid a decrease in productivity associated with long durations of overtime, and 

overcrowding. . 

The H.A.M tool used to aid in determining the heating loads for the geothermal system in 

Analysis 2 was introduced in used in AE 542 in the analysis of wall systems. The proforma used 

to determine the internal rate of return of the geothermal system was introduced in AE 572 

(Project Development and Delivery Planning) to assess the profitability of projects and was 

modified to find the internal rate of return of the geothermal system. 
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Appendix A 

Vulcraft Catalog 
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Appendix B 

LRFD Tables 
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Appendix C 

Flexural Design Tables 
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Appendix D 

HSS Tubing Allowable Loads 
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Appendix E 

RS Means 2009 Data 
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Appendix F 

R Value Analysis 
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Appendix G 

AACPS School List 
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Appendix H 

Geothermal Life Cycle Analysis 
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Appendix I 

Pre-Fabricated System Schedule 
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Appendix J 

LEED Checklist 

 

 


